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Abstract

Formyl peptide receptor (FPR) are chemoattractant receptors that belong to the
G protein coupled receptor (GPCR) family and are present on professional
phagocytes like PMNL, macrophages, etc. The FPR are activated by n-formyl
peptides, released from bacteria and mitochondria leading to trafficking of
phagocytes to the sites of bacterial invasion or tissue damage. Over the past five
years, data from several groups have indicated that these receptors might act in
a more complex manner. Other than phagocytic leukocytes, FPR were also
detected in mesenchymal stem cells (MSCs), dendritic cells, astrocytes,
hepatocytes, but their biological significance in these cells is not well
understood. FPR are involved in chemotaxis, cytoskeletal reorganization, Ca*™"
mobilization and inflammation. All these parameters are altered in transformed
cells leading to rounded cell morphology, reduced adherence, increased growth
rate, loss of contact inhibition, etc. Furthermore, expression of functional FPR on
solid tumors and alteration of FPR expression and FPR related functions in PMNL
form chronic myeloid leukemia (CML) patients collectively suggest that FPR have
an important role in cellular transformation.

This Ph.D. project entitled “Role of Formyl Peptide Receptor in Transformed
Cells” was aimed to study the possible role of FPR in oncogenic transformation
with specific reference to CML and breast cancer. In addition, role of FPR in drug
resistance and cellular pluripotency of these cancers was also explored.

CML is a myeloproliferative disorder, characterized by the presence of the Ph!
chromosome. It is one of the most extensively studied human malignancy. PMNL

from CML exhibit defects in various events which are activated by the FPR. FPR
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on normal PMNL activated PMNL for host defense after binding to fMLP. PMNL
from CML were reported to be defective in adhesion, transmigration, motility,
chemotaxis, actin polymerization, phagocytosis and respiratory burst activities.
The results demonstrated that interphase cells from CML patients showed
decreased expression of FPR1, FPR2 and FPR3 than that in normal interphase
cells while CML PMNL showed lesser FPR1 expression than that in CML PMNL. All
CML cell lines showed FPR gene and protein expression. Similar to clinical
samples FPR1 and FPR2 gene and FPR1l, FPR2 and FPR3 protein expressions
were less in bcr-abl positive cell lines than that in bcr-abl negative cell lines. All
the receptors in the cell lines were functional as they all showed ligand binding
which was higher than that in bcr-abl negative cell line. This ligand binding
resulted in increase in cytoplasmic Ca?* and F-actin polymerization. Increase in
calcium in CML cell lines was at par with bcr-abl negative cell line, while F-actin
polymerization in response to 10°® M fMLP was higher in CML cell lines than that
in bcr-abl negative cell line. CML cell lines were more pluripotent as they
expressed higher CD34 and CD117. Changes in the expression of FPR1, FPR2,
FPR3 genes & protein, bcr-abl protein, CD34, CD117 and CD38 in imatinib
resistant (SR) cell lines in comparison to the imatinib sensitive cell lines vary
depending on the type of bcr-abl fusion transcript expressed by these cell lines.
SR cell lines showed higher ligand binding than their respective sensitive cell
lines and therefore were more sensitive to the FPR ligands. Imatinib treatment
increased expression of all the three FPR homologues in bcr-abl positive cell lines
while bcr-abl negative cell line was unaffected. Role of FPR as therapeutic target
in CML especially in imatinib resistant cell lines was established by the results

that the FPR antagonist doubled the cytotoxic effect of imatinib in all the SR cell
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lines. The results suggested that FPR might play role in imatinib resistance of
stem like CML cells.

Another model system chosen for the study was human breast cancer, because
more than 80% cancers are of epithelial origin. Breast carcinoma is the most
common malignancy among women worldwide and is second only to lung cancer
as the cause of death in women. Earlier, unpublished data from our lab showed
expression of FPR in breast cancer cell lines. In view of these results, role of FPR
in breast cancer was explored. The results from present study showed
expression of all the three functional FPR homologues, in breast cancer and
normal breast epithelial cell lines. Decreased FPR1 expression and increased
FPR2 and FPR3 expressions was found in human breast cancer cell lines (HBCC)
than that in the normal breast epithelial cell line. Expression of FPR1 and FPR2
was found to be associated with the aggressive and invasive nature of cell line
as the highest aggressive and invasive cell line MDA-MB-231 showed the highest
FPR1 and FPR2 gene and protein expression. FPR1 association was also found to
be associated with the Cox-2 expression while FPR2 and FPR3 expressions were
found to be linked with cellular pluripotency markers —oct-3/4, nanog, and klif4.
FPR stimulation led to change in F-actin content in HBCC and induced epithelial-
mesenchymal transition like process. FPR stimulation also led to increase in the
level of cellular pluripotency markers in MCF-7. FPR1 and FPR2 stimulation by
fMLP and WKYMVm, respectively led to activation of PISK-Akt and Ras-Raf-MEK-
Erk pathways in HBCC. Both of these pathways are responsible for oncogenic
transformation and drug resistance in breast cancer. FPR1 and FPR2
transactivated EGFR and each other. Moreover, they showed cross talk with JAK-

STAT pathway. These results indicated that FPR played important role in
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oncogenic transformation of breast cells. Furthermore, inhibition of FPR
signalling resulted in inhibition of MCF-7 and MDA-MB-231 cell proliferation
suggesting that FPR could be a molecular target for drug development in breast
cancer too. Their utility as biomarkers in prognosis of the breast cancer needs to

be explored using clinical samples.
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Introduction

Phagocytic leukocytes accumulate at the site of inflammation and microbial
infection in response to a variety of chemoattractants. The first structurally
defined such chemoattractant was the N-formyl peptide!. As prokaryotes and
eukaryotic mitochondria initiate protein synthesis with N-formyl methionine, the
N-formyl peptide could originate from either an endogenous source or
exogenous source!l. This N-formyl peptide was recognized by the formyl peptide
receptors (FPR) present on the cell surface of phagocytic leukocytes!. Although
the FPR was identified and cloned many years ago, its biological significance in

cells other than hematopoietic origin remained poorly understood.
Formyl Peptide Receptor (FPR)

FPR is a family of chemoattractant receptors that belong to the G-protein
coupled receptors (GPCR) super family and is present on professional
phagocytes like PMNL, macrophages, etc.? (Table-IN 1). FPR family consists of
three FPR members - FPR1, FPR2 and FPR3 (Table-IN 1 and Fig IN 1 & 2). The
three members of the human FPR gene family are clustered on chromosome
19q13.3-19q13.4% 4. FPR1 was the first discovered member of the FPR family?.
It is a high affinity fMLP receptor, with Kd in the nanomolar range (Table IN 2).
It binds to the variety of ligands, which are listed in the Table IN 2. FPR2, also
known as FPRL1, FPR2/ALX, is a low affinity fMLP receptor?. Other than fMLP,
FPR2 also binds to lipoxin A4 (LXA4), aspirin-triggered lipoxins (Table IN3). FPR2
shares 69% of its amino acids with FPR1 (Table-IN 1). FPR2 showed more

affinity to mitochondria-derived formyl peptide than fMLP>. Agonists for FPR2 are
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Table IN 1: FPR Family

iszlt:yl?;oe Other Names Used Gene Location \I;Iv(i’trilgg!
FPR1 FPR, NFPR, FMLP, FMLPR NA
oz | TPRO/AL FPRLL FPRHE RFP UXASR [ o0135.q13.4 | so%
FPR3 FPRL2, FPRH2, FMLPY 19g13.3-g13.4 56%
NA: Not Applicable
Source: Trends Immunol. 23(11):541-548, 2002
Table IN 2: Agonists of FPR1
Ligand Origin Kd/EC50/1IC50
fMLP and analogues Gram negative bacteria 0.1-1 nM
T20 (DP178) HIV-1LAVgp41l (aa 643-678) 0.5 mM
T21 (DP 107) HIV-1LAVgp41l (aa 558-595) 0.1 mM
gG-2p20 HSV type 2 0.6 mM
WKYMVm Random peptide library 1 nM
WKYMVM Random peptide library 30 nM
Annexin 1 Endogenous (ubiquitary) N.A.
Ac2-12 Annexin 1 (aa 1-12) N.A.
Ac2-26 Annexin 1 (aa 1-26) 5 mM
Ac9-25 Annexin 1 (aa 9-25) 10 mM
Cathepsin G Endogenous (neutrophils) 85 nM
Formylated peptides Mitochondrial proteins 0.1-1 nM

NA: Not Applicable

Source: Cytokine Growth Factor Rev. 17(6):501-519, 2006.
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expression in various tissues and main ligands are shown schematically.
Source: Pharmacol Rev 61: 119-161, 2009



listed in Table IN 3. The third member of this family is FPR3, also known as
FPRL2. It does not show any binding to fMLP® though; it has shown activity in
calcium flux assays when stimulated with fMMYALF, a peptide derived from a
mitochondrial protein, which could be an agonist for FPR3°. FPR3 shares 56%
sequence homology with FPR1 at the protein level. Its agonists are listed in
Table IN 4. After binding with the ligand these receptors activate a cascade of
signalling, which results in chemotaxis and activation of leukocytes? (Fig IN 3).
In depth studies using recombinant FPR, showed that these receptors mediate
fMLP induced calcium mobilization’, actin polymerization®, production of
superoxide®, NADPH oxidase activation!® and chemotaxis in pertussis toxin
sensitive manner?. When cells are treated with antagonists for FPR (Table IN 5),
the above mentioned events are inhibited. These observations indicate that

these receptors play an important role in host defence and inflammation.
Cellular and Tissue Distribution of FPR

The three receptors of the FPR gene family are primarily found in myeloid cells,
but the distribution varies within myeloid cell subsets (Fig IN 2). FPR2 and FPR3
can be detected together with FPR1 in monocytes, although the expression
pattern changes with the differentiation of monocyte into dendritic cells (DCs)
and macrophages. In particular, in the process of monocyte differentiation into
immature DCs, the cellular expression of FPR2 progressively declines!!, whereas
FPR2 expression remains unchanged during monocyte differentiation into
macrophages. There is a progressive loss of FPR1 during differentiation of
immature DC to mature DC, making FPR3 as the predominant human FPR in

mature DC® 2, Biological significance of differential expression of FPR in



monocytes, macrophages and DCs has not yet been clearly delineated. Becker et

al. (1998) found immunoreactivity for FPR at the histological level in multiple

Table IN 3: Agonists of FPR2

Ligand Origin Kd/EC50/IC50
fMLP and analogues Gram negative bacteria 1 mM
Hp2-20 Helicobacter pylori 0.3 mM
N36 HIV-1LAVgp41l (aa 546-581) 12.5 mM
F peptide HIV-1Bru gp120 (aa 414-434) 10 mM
V3 peptide HIV-1MNgp120 (V3loop) 2 mM
T21 (DP 107) HIV-1LAVgp41l (aa 558-595) 50 nM
WKYMVm Random peptide library 1pM
WKYMVM Random peptide library 2 nM
Other hexapeptides Random peptide library
MMK1 Random peptide library 0.5 nM
Quin-C1 Synthetic 1.9 mM
NADH
Sﬂﬁ:}'}?tr?_g oo Mitochondria 0.5 NM
peptide
Lipoxin A4 Endogenous 1 nM
Annexin 1 Endogenous 0.9 mM
Ac2-26 Annexin 1 0.9 mM
Ac2-12 Annexin 1 20 mM
LL37 hCAP18 (aa 1-37) 1 mM
Temporin Rana temporaria 250 nM
sCKb8-1 Human CCL23 1 nM
D2D388-274 Human uPAR (aa 88-274) 0.1 nM/83 nM
uPAR84-95 Human uPAR (aa 84-95) Not determined
SAA Human acute phase protein 50 nM
Ab42 Human APP (aa 1-42) 0.2-1 mM
PrP106-126 Human prion protein (aa 106-126) 25 mM
Humanin Endogenous 3.5nM
Formylated humanin Humanin 0.12 nM
Formylated peptides Mitochondrial proteins 0.1-1 nM
PACAP27 Endogenous 1 mM

Source: Cytokine Growth Factor Rev. 17(6):501-519, 2006.




Table IN 4: Agonists of FPR3

Ligand Origin Kd/EC50/IC50
Hp(2-20) Helicobacter pylori 10 mM
WKYMVm Random peptide library 3 mM
WKYMVM Random peptide library 3 mM
Annexin 1 Endogenous >10 mM

Ac2-26 Annexin 1 >10 mM
Humanin Endogenous 2.6 nM

Formylated peptides Mitochondrial proteins >1 mM
F2L Heme-binding protein 10 nM
Source: Cytokine Growth Factor Rev. 17(6):501-519, 2006.
Table IN 5: Antagonists for FPR Family
Ligand Assay Potency Selectivity
Chemotaxis inhibitory
protein of S. aureus Binding pKd=7.46 FPR1
(CHIPS)
FPRL1-inhibitor Binding,
protein (FLIPr) Ca2flux N.D. FPR2/ALX>>FPR1
Trp-Arg-Trp-Trp-Trp- _ N
Trp (WRW4) Ca2 flux pIC50=6.64 FPR2/ALX>>FPR1~FPR3
CsH Binding pKi=7.00 FPR1
CsA Enzyme pKi=6.22 FPR1
release
i-Boc-Met-Leu-Phe 02 pIC50=6.60 FPR1
generation
t-Boc-Met-Leu-Phe Enzyme pIC50=6.19 FPR1
release
t-Boc-Phe-Leu-Phe- Enzyme pIC50=6.59 FPR1>>FPR2/ALX
Leu-Phe release
Quin-C7 Binding pKi=5.19 FPR2/ALX
CDCA Binding pKi=4.76-4.52 FPR1>FPR2/ALX
DCA Binding pKi=4.00 FPR1
. . 02" _
Spinorphin generation pIC50=4.30 FPR1

Source: Pharmacol Rev. 61(2):119-161, 2009
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organs and tissues that include epithelial cells in organs with secretory functions,
endocrine cells (including follicular cells of the thyroid and cortical cells of the
adrenal gland), hepatocytes, Kupffer cells, smooth muscle cells, endothelial cells,
brain, spinal cord and both, motor and sensory neurons!3. In most cases, this
has not yet been verified at the RNA level or by functional studies. Human FPR2
has a tissue distribution pattern similar to that of FPR1 (Table IN 6). Another
study showed endothelial cells expressing formyl peptide binding sites'4.
Functional FPR1 has also been found in brain!>, hepatocytes, dendritic cells, and
astrocytes® 17, lung epithelial cells!®, fibroblasts!®, bone marrow-derived MSCs?°,
hepatocytes, glial cells, astrocytes, and platelets!® 2% 22, Since chemotaxis and
degranulation are not the primary functions of these cells, the role of the FPR in
these cells is not clear and remains to be defined.

Table IN 6: Cell Type and Tissue Expression of FPR Family

FPR Cells and tissues Methods of detection

Neutrophils;
monocytes/macrophages;
differentiated U937, HL-60 and
NB4

Ligand binding

Immature dendritic cells;
astrocytes (HSC2), microglia,
neuroblastoma; glioblastoma;

FPR1 hepatocytes; Kupffer cells;
) . . Flow cytometry,
endothelial cells; lung carcinoma|.
R . . |limmunofluorescence, RT-PCR,
cells; epithelial enzyme-secreting - - .
and immunohistochemistry
cells, smooth muscle cells of
muscularis propria and of
mucosa of ileum, arterioles,
retina, some neurons
Neutrophils; ) Ligand binding and calcium
monocytes/macrophages; mobilization
differentiated HL-60 cells
FPR2 Colonic epithelial cells (T84,
HT29, Caco-2, CL. 19A); medial | Immunohistochemistry ligand
tissue of coronary arteries; binding and RTPCR

astrocytoma cell lines

Monocytes; immature and
FPR3 mature dendritic cells; lung;
medial tissue of coronary arteries

Immunohistochemistry and
Northern blot

Source: Biochimie. 89(9):1089-1106, 2007




Signal Transduction and Cellular Function of FPR

FPR1, FPR2 and FPR3 are all coupled to the Gi family of the G-proteins, which is
sensitive to pertussis toxin?. Upon agonist binding, FPR undergoes rapid
phosphorylation and internalization. FPR phosphorylation is catalysed by G
protein-coupled receptor kinases (GRK) and does not require G protein
activation?. After binding to its agonists, the receptor activates the
heterotrimeric G protein, which dissociates into a and By subunits?. These
subunits then activate complex signalling events (Fig IN 4), which could be
classified as follows:

» Activation of Calcium signalling

» Activation of NFkB pathway

> Activation of PI3K-Akt pathway

» Activation of mitogen-activated protein kinase (MAPK) pathway

» Activation of Rho-GTPase pathway

» Transactivation by FPR
Activation of Calcium signalling
Ligand binding to FPR activates PLCB. Activation of PLCPB results in hydrolysis of
phosphatidylinositol 4,5-bisphosphate (PIP2), generating DAG and inositol-1,4,5-
trisphosphate (IP3)2. IP3 in turn releases Ca?* from intracellular stores. Increase
in Ca%* takes place in two stages: initial transient release from intracellular
storage sites, followed by a delayed influx across the plasma membrane?3.
Increase in cytosolic Ca?* levels is one of the first detectable events induced by

fMLP. Ca%* works as a second messenger in chemotaxis. Change in intracellular
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calcium is linked with various cellular events e.g. degranulation, cellular kinase
activation, regulation of cytoskeleton binding protein?.

Activation of NFxB signalling

As mentioned above, hydrolysis of PIP2 by PLCB generates DAG and IP3. DAG
activates PKC2. PKC in turn activates NFkB. PKC also activates Raf and thereby
activates the Raf-MEK-Erk-1/2 pathway. This pathway is also activated by Ras.
fMLP, however, is proved weaker NF«B activator than LPS or TNFa, and it elicits
very delayed response?>. Browning et al. reported that fMLP activates NF-xB in
human monocytes, but not in neutrophils, even after stimulation with LPS or
TNF?%. NFxB is a transcription factor that exists as a dimer?’. NFkB dimers are
kept inactive in the cytoplasm by forming a complex with cytoplasmic inhibitor
proteins, collectively termed as IkB proteins?’. Upon fMLP stimulation, multimeric
IxB kinase complex (IKK) phosphorylates 1xB which leads to IxB ubiquitination?.
This process releases NFkB and it is transported to the nucleus, where it
activates transcription of many proinflammatory genes?.

Activation of PI3K-Akt pathway

GBy unit of FPR activates PI3K?. PI3K phosphorylates PIP2 to PIP3. PIP3 recruits
and activates various cytosolic effectors and thereby controls chemotaxis,
proliferation, oxidative burst and gene transcription. PI3K stimulates DOCK2 and
P-Rex1 that activates Rac128.PI3K also activates Ras-Erk pathway and Akt-mTOR
pathway. PI3K activates Akt by inducing its phosphorylation at two sites - T308
and S473. Phosphorylation at T308 is mediated by phosphoinositide-dependent
kinase-1 (PDK1)2° and phosphorylation at S473 is mediated by MAPKAP kinase-2
(MAPKAPK-2), which is a p38-MAPK substrate3®. Phosphorylation of S473

stabilizes Akt in the active conformation. Akt plays the central role in the
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regulation of cell differentiation, apoptosis, respiratory burst, chemotaxis and
cell cycle.

Activation of MAPK pathway

The mammalian mitogen-activated protein kinases (MAPK) consist of
cytoplasmic serine/ threonine kinases that participate in the transduction of
signals from the surface to the interior of the cell. This group includes the
extracellular signal-regulated kinase (ERK) family, the p38 kinase family, and
the c-Jun N-terminal kinase family (JNK, also known as stress-activated protein
kinase or SAPK). Each MAPK signalling cascade consists of at least three
components, or module: a MAPK kinase kinase (MAP3K), a MAPK Kkinase
(MAP2K), and a MAPK. Signals are transmitted through this cascade by
sequential phosphorylation and activation of these components. The MAPKKK is
in turn activated by interaction with a family of small GTPases3! and/or other
protein kinases connecting the MAPK cascade to the cell surface receptor or
external stimuli. There are three major groups of MAPK cascades —extracellular

response kinases 1 and 2 (ERK1/2), Jun N-terminal kinases (JNKs) and p38.

Extracellular response kinases 1 and 2 (ERK1/2)

ERK1/2 MAPKs are proteins of 44 and 42 kDa which are nearly 85% identical,
with much greater identity in the core regions that is involved in binding to the
substrates. ERK1 and ERK2 are activated by a pair of closely related mitogen
and extracellular signal-regulated kinases (MEKs), MEK1 and MEK2, which are
regulated by growth factor receptors and tyrosine kinases that activate through
Ras®?, Upon translocation to the nucleus, ERKs are responsible for

phosphorylation of multiple substrates.



Jun N-terminal kinases (JNKs)

JNKs are encoded by three genes INK-1, JNK-2, and JINK-3, which are
alternatively spliced to form the INK isoforms33. The INKs are activated when
dual phosphorylation occurs at the threonine-proline-tyrosine motifs. These are
activated by GTP-binding proteins from the Rho family3!. JNKs were originally
identified as the major kinases responsible for the phosphorylation of c-Jun,
leading to increased activity of the AP-1 transcription factor3*. Other nuclear
transcription factors also known to be its targets are ATF-2, Elk-1, Myc, Smad3,
tumor suppressor p53, NFAT4, DPC4 and MADD, a cell death domain protein33.
p38-MAPK

The p38 MAPKs are subject to dual phosphorylation at the threonine-glycine-
tyrosine motif3> 3¢, Till date, four p38-MAPK isoforms have been identified; they
share about 60%homology and two of these isoforms - p38a and p38B are
ubiquitously expressed3> 36, The p38y isoform is predominantly expressed in
skeletal muscle, whereas p38d gene expression is found in the lungs, kidneys,
testes, pancreas and small intestine. In most of the inflammatory cells, p38a is
the major activated isoform. p38 MAPK has been reported to be indispensable
for chemotaxis®’.

Activation of small Rho-GTPases

The ras GTPases is a superfamily of GTPases with the molecular weight in the
range of 20-30kDa%®. They are structurally classified into five families: ras, rho,
arf, rab and ran3®. Out of these five, fMLP stimulates ras and rhoGTPases. The
main members of rhoGTPase family are rhoA, rac-1 and cdc42.

Rho-GTPases exist in an inactive GDP-bound conformation and an active GTP-

bound conformation3°. Their interconversion is controlled by 1) a large family of
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guanine nucleotide exchange factors (GEFs) that increase GDP/GTP exchange
rate, 2) an equally large family of GTPase activating proteins (GAPs) that
stimulate intrinsic GTPase activity, thereby down regulating rhoGTPases and 3)
guanine dissociation inhibitors (GDIs) that sequester GDP-bound rhoGTPases in
the cytoplasm and inhibit spontaneous GDP to GTP exchange. RhoGTPases
modulate and control numerous aspects of actin filament dynamics and
cytoskeleton structure. They link many cytoplasmic signaling effectors to actin
cytoskeleton?® and their activity influences diverse processes such as cell growth,
migration, cell shape and cell fate3® 4, The specific mechanical and chemical
cues that modulate activity of more prominent family members, rho, rac, and
cdc42, to each of the above mentioned processes is likely to vary among
different cell or tissue types.

RhoA is generally localized in the adhesion plaques and stress fibers. It plays
important role in regulation of actomyosin contractility and in cell locomotion*2.
Active myosin II binds to actin filaments and forms actomyosin and generate
actomyosin contraction. Stress-fiber assembly and actomyosin contraction are
predominantly induced by RhoA*2. Main downstream effector of RhoA which is
involved in the actin dynamics is the serine/threonine kinase, ROCK. ROCK
stabilizes F-actin by preventing action of actin depolymerizing factor —cofilin by
cofilin phosphorylation. Activation of another downstream effector of RhoA,
mDIA facilitates actin nucleation and polymerization by the actin-binding protein
- profilin®3,

Rac is localized in the lamellipodia. It is the key regulator of migration because
of its ability to stimulate lamellipodium extension. Rac interacts with IRSp53,

which in turn interacts with WAVE, which then binds to and activates Arp2/3
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complex. The Arp2/3 complex initiates polymerization of new actin filaments
next to existing filaments leading to formation of a branching actin filament
network**, IRSp53 also binds to Cdc42% and acts as a direct link between Cdc42
and Rac. Through IRSp53, Cdc42 can induce Rac-dependent lamellipodium
extension?®. IRSp53 can also bind to a Rho target, Dial*’ and contribute to
lamellipodium extension. Rac can also stimulate actin polymerization by
promoting uncapping of actin filaments at the plasma membrane*4.

Cdc42 is seen in filopodia as it regulates filopodium formation, which is required
for direction sensing during chemotaxis*® 4°. Cdc42 initiates actin polymerization
required for filopodium extension, via its interaction with WASp and N-WASp,
leading to activation of the Arp2/3 complex*.

Transactivation by FPRs

Many reports show that GPCR can utilize receptor tyrosine kinases (RTK) to
mediate important cellular responses such as proliferation, differentiation and
survival®® 3!, Recent reports suggest that GPCR induced trans-activation of RTK
might be important in diseases such as cancer and cardiac hypertrophy.
Depending on the receptor and cell type, GPCR signaling involves activation of
different subsets of RTK and thus GPCR can fine-tune their effects on target
cells®? 33, A diverse group of agonists e.g. peptide hormones, neurotransmitters
and phospholipids that do not directly interact with RTK, rather act through
GPCR and induce proliferative responses and even cellular transformation in a
variety of cell lines and tissues>*. In fact, the major mitogenic activity of serum
is by a GPCR ligand, lysophosphatidic acid (LPA). Such cross talk occurs in a cell
type specific manner via activation of different RTK by the same GPCR ligand>3.

Ligand-independent EGFR trans-activation occurs in diverse cell types via
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GPCR>>. Tumor cells stimulated with the FPR agonist fMLP, show rapid
phosphorylation of EGFR which is restricted to a single tyrosine residue Tyr992>¢-
9, Studies are being carried out to know various proteins involved in this trans-
activation and its significance.

Recent Developments

FPR has been shown to activate expression of VEGF and PDGF>% >° thus assisting
the growth of tumor cells in the absence of extracellular growth factor signals.
FPR in glioblastoma cells stimulates phosphorylation of STAT3 at Ser-727 and
Tyr-105 residues as well as another transcription factor - hypoxia inducible
factor-1a (HIF-1a). Both STAT3 and HIF-1a are implicated in the transcriptional
activation of the gene coding for VEGF. It has been demonstrated that FPR
induces expression of VEGF>’. Increased FPR expression has been reported
glioblastoma multiforme and anaplastic astrocytomas®. fMLP stimulation
mediated motility, growth and angiogenesis in these. Functional expression of
FPR in glioma cells plays an important role in regulating vasculogenesis by
endothelial progenitor cells®’. Chen et al. have reported that functional FPR
expression was essential for sustaining growth and aggressive phenotype of

glioma®2.
Cellular Transformation

Malignant cellular transformation is a process by which normal cells acquire
characteristics of malignant cancer cells. Malignant cellular transformation is a
multistep process, during which cells acquire various abilities to evade anticancer
defense mechanisms of cells and tissues. These capabilities could broadly be
divided into six major types as described by Hanahan and Weinberg®3. These six

biological capabilities are also known as “hallmarks of cancer” (Fig IN 5).
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Proliferation autonomy

To enter into the active proliferative state, normal cells require growth signals
(GS). However, tumor cell enables to produce its own signals. Many oncogenes
in the cancerous cells mimic normal GS. These GS work by binding to the cell
surface receptors that often possess tyrosine kinase activity at the cytoplasmic
end. These receptors are overexpressed in many of the cancers therefore cancer
cells become hyper responsive to these signals. Hence, cancer cells start
proliferation even in response to the ambient level of GS which otherwise fail to
initiate proliferation in normal cells. Three strategies are evident in cancer cells
for achieving self-sufficiency - alteration of extracellular GS, alteration of
transcellular transducers of GS, or alteration of intracellular circuits that
translate GS into action. FPR played role in cell proliferation per se as well as in
trans-activation of GS receptors or cross talk with their downstream signalling as
mentioned earlier. Hence FPR activity could also help the tumor cells in achieving

self-sufficiency to proliferate>* 64 63,
Non-responsive to antigrowth signals

Various antiproliferative signals are found in normal tissues. Similar to growth
signals these signals also mediate their effect on cells via transmembrane cell
surface receptors. These signals maintain cell quiescence and tissue
homeostasis. These antigrowth signals could inhibit cellular proliferation by two

mechanisms:
1. Turn active proliferative cells into the quiescent Gy state, so that in future
when GS permit they could again be tuned into the active proliferative

state.
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2. Permanently inhibit the proliferative potential of cells and hold them into
GO state.

Many of these strategies to inhibit cell growth depend on the actions of tumor

suppressor genes. Two of the most studied tumor suppressor genes are p53 and

Rb (retinoblastoma associated). It was reported that FPR1 promoter contains

p53 response element and p53 inhibit expression of FPR®¢, Hence, inactivation of

p53 in cancer make FPR constitutively active and this active FPR would be

capable of promoting cellular proliferation.
Escaping programed cell death (apoptosis)

Programmed cell death or apoptosis is a sequence of tightly regulated events
that eliminate the cells, which are no longer required or are a threat to the
organism, without releasing harmful substance. The ability of tumor cells of
limitless proliferation is restricted by apoptosis. Hence, all types of tumors

acquire resistance to apoptosis.
Infinite proliferative ability

Despite aforementioned abilities, a cell could proliferate only for a certain
number of times and after that it stops growing. This phenomenon is known as
cell senescence. Mutation in tumor suppressor genes could help the cells to
proliferate for some additional generations until they enter into crisis state,
which is characterized by massive cell death due to the end-to-end fusion of
chromosomes®3. However, tumor cells acquire the ability to multiply without
limit, which is called immortalization. This immortalization was achieved by

cancerous cells by up-regulation of telomerase enzyme.
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Persistent angiogenesis

In spite of achieving limitless proliferation and independence in growth signals, a
cell needs oxygen and supply of nutrients via vasculature. The process of new
blood vessels formation is known as angiogenesis. To get sustained blood supply
cancer cells produce angiogenic factors such as VEGF and thereby induce
angiogenesis. FPR1 was shown to activate VEGF and could induce
angiogenesis®.

Invasive and metastatic potential

Cancer cells spread from the site of the primary tumor to distant organs or
tissues and established new colonies. This process is known as metastasis. To
achieve metastasis, cancer cells require various capabilities - motility,
transmigrate through endothelial cells and tissue invasion. The role of FPR could
not be ruled out in achieving first two abilities. In fact, these two capabilities
could be compared to the chemotaxis of PMNL induced by activation of FPR,
where FPR signalling initiated PMNL motility and transmigration. On the other
hand, FPR could also help in tissue invasion. Cancer cells require extracellular
proteases such as Matrix metalloproteinases (MMP) for tissue invasion. FPR had
been shown to activate MMPs. Hence, fMLP could help in invasion too%"-%°.

Cellular malignant transformation is a complex process which requires various
changes in the cellular genome, as well as cell function. To study the role of FPR
in cellular transformation, two model systems —chronic myeloid leukemia and
breast cancer, were chosen. Since FPR expression has been studied extensively
in myeloid cells and CML is myeloid disorder, it would be good model system to
study the role of FPR. Breast cancer was chosen as model to study because

there were no confirmed reports available for expression of FPR in breast cancer
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whereas earlier unpublished data from our lab showed differential FPR

expression in breast cancer cell line.
Chronic Myeloid Leukemia (CML)

CML is a malignant disorder of pluripotent stem cells with the predominance of
mature myeloid cells and their precursors accumulating in excess in the marrow
and blood. The cause of CML is unknown and most cases occur sporadically.
There appears to be no genetic predisposition to the development of the disease.
Some predisposition is associated with nuclear and radiation exposure, but the
development of the disease has not been linked to any chemical exposure. At
the molecular level CML is characterized by the bcr-abl fusion gene, creating the
Philadelphia (Ph!) chromosome’® (Fig IN 6). The Ph! chromosome results from a
reciprocal translocation between the long arms of chromosomes 9 and 22. This
transposes the large 3' segment of the c-ab/ gene from chromosome 9q34 to the
5' part of the bcr gene on chromosome 22q11 in a head-to-tail fashion, creating
a hybrid bcr-abl gene that is transcribed into a chimeric bcr-abl mRNA.
Chromosome 9 and 22, both possess various break points. Depending on the
break points involved in the translocation, bcr-abl gene could be of four types -
ela2, b2a2, b3a2, and el9a2. These four bcr-abl genes are translated into three
chimeric proteins - p190, p210 and p230. b2a2 and b3a2 mRNA are translated
into a protein of same size — p210. p190 is sometimes associated with acute
lymphoblastic leukemia. p210 is linked to CML while p230 is associated with
chronic neutrophilic leukemia.

Classical CML has three phases - chronic, accelerated and terminal blast crisis.
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Fig IN 6: Philadelphia (Ph') Chromosome in CML: Ph! chromosome is a hallmark of CML. It results from translocation
between chromosome 9 and 22. This translocation results in an oncogene bcr-abl. On the basis of break-point on bcr gene

there are four bcr-abl fusion transcript named ela2, b2a2, b3a2 and el9a2.
Source: The New England Journal of Medicine 341: 164-172, 1999



Chronic Phase

During this phase patient have less than 10% blasts cells in blood and bone
marrow’!, Most of the patients for CML are diagnosed in this phase. Duration of
chronic phase depends on how early the disease was diagnosed as well as
therapeutic interventions provided. During this phase, patients were treated with
targeted therapy with tyrosine kinase inhibitor alone or in combination with
chemotherapy. In absence of treatment the disease progresses to accelerated

phase.
Accelerated Phase

During this phase more than 10% but less than 20% blasts were seen in blood
and bone marrow of the patient’l. Acquisition of chromosomal changes in
addition to presence of Ph! chromosome and development of myelofibrosis are
also included in criteria for accelerated phase. Treatment of accelerated phase
chronic myelogenous leukemia may include 1) stem cell transplant 2) targeted
therapy with a tyrosine kinase inhibitor 3) immune therapy (interferon) with or
without chemotherapy 4) high-dose chemotherapy 5) chemotherapy and
transfusion therapy to replace red blood cells, platelets, and sometimes white
blood cells, to relieve symptoms and improve quality of life’l. However, Drug

treatment often becomes less effective in the advanced stages.
Blast Crisis

This is an advanced stage of CML and behaves like an acute leukemia. During
blast crisis there is a rapid increase in proportion of blast cells. During this
phase, patients show >20% blast cells in blood and bone marrow. Treatment of
blastic phase CML may include secondary tyrosine kinase inhibitors, allogeneic

transplantation and chemotherapy as palliative therapy to relieve symptoms and
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improve quality of life’?. Disease-free survival for allogeneic transplantation
ranges from approximately 40 % to 50 % for accelerated phase to
approximately 20 % for blast crisis. Other therapeutic agents are being
developed for blast crisis and drug resistant CML (e.g., the aurora kinase

inhibitors), but these are not curative’?.
Therapy for CML

There are three goals to be achieved in CML through therapeutic intervention.
These are hematologic remission characterized by normalcy of blood count,
cytogenetic remission characterized by 0% Ph! positive cells and molecular
remission which is characterized by negative polymerase chain reaction (PCR)
results for bcr-abl mRNA. The only curative treatment for CML is a bone marrow
transplant or an allogeneic stem cell transplant, which achieve these three goals.
Other than these, four main strategies were used to treat CML; targeted therapy
with tyrosine kinase inhibitors, myelosuppressive or leukopheresis therapy,
splenectomy and interferon alfa-2b treatment. In the first half of the 20%
century patients were treated predominantly with radiation therapy and later on
with busulfan, hydroxycarbamide or interferon-alfa (IFN-a). From 1980 onwards,
allogeneic stem cell transplantation (SCT) became the treatment of choice for
eligible patients. The era of tyrosine kinase inhibitors (TKI) began in 1998 and
today use of the TKI, imatinib has replaced SCT as initial therapy for patients
who present with CML in chronic phase’3. Imatinib has improved duration of
hematologic and cytogenetic remissions.

Imatinib mesylate that was originally called as STI571 is commercially known
as Gleevec. It works by binding to bcr-abl and blocking its function. To activate

downstream signalling molecules, bcr-abl requires adenosine triphosphate (ATP),
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which donates the phosphate group. ATP has a special binding site on bcr-abl
close to the substrate proteins’ binding site. If the ATP binding site is occupied,
then ATP cannot donate the phosphate and bcr-abl can no longer activate
downstream signaling proteins that promote cell division’*. However, a small
number of patients fail to respond to imatinib (primary resistance), while others
respond initially and later lose their response (secondary resistance). In the last
few years, new TKIs, dasatinib, nilotinib, bosutinib, ponatinib are available,
which are more potent inhibitors of the bcr-abl kinase than imatinib and are
useful in case of development of imatinib resistance

CML stem cell resistance

Understanding how CML cells or CML stem cells evade the effects of abl kinase
inhibitors is crucial for disease eradication. According to Brian Druker, the innate
resistance of leukemic cells is likely to be bcr-abl independent. Therefore, bcr-abl
inhibitors as single agents may not be capable of curing patients with CML.
Identifying agents that target stem cells that could be combined with bcr-abl
inhibitors to eradicate disease is necessary’>.

Minimal residual disease (MRD) is to the term used for small number of
residual leukemic cells that remain in patients during treatment or during
remission. It is the major cause of relapse in CML. These cells can be detected

only by using highly sensitive molecular biology techniques.
Possible Role of FPR in CML

In spite of being a myeloid disorder, infections are not commonly seen in CML.
This could be because the increased number of PMNL seen in peripheral blood.
These PMNL may arise from Ph! positive leukemic stem cells or normal stem
cells. But, morphologically they are indistinguishable from each other. When the
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functional normalcy of these cells was questioned, alterations were found at
several levels in CML PMNL. CML PMNL exhibited defects in several functions
such as motility, chemotaxis, transmigration, adhesion, agglutination,
aggregation,  phagocytosis/endocytosis and  microbicidal  activities’®78,
Furthermore, CML PMNL have been reported to be defective in a panel of
physiological and functional events stimulated by binding of fMLP. These include
chemotaxis, actin polymerization, microtubule organization, phagocytosis,
pinocytosis, degranulation, NADPH-Oxidase activity, superoxide generation and
formation of H,0,7°®., CML PMNL showed defective FPR expression and
downstream signalling in CML. It might be possible that FPR has role in CML
pathogenesis. Therefore, the presented study was aimed to understand the role
of FPR in CML, using imatinib sensitive as well as imatinib resistant CML cell lines

and CML clinical samples.
Breast Cancer

Another model system chosen for the study was human breast cancer because
more than 80% cancers are of epithelial origin. Breast carcinoma is the most
common malignancy among women worldwide. Breast tumours are highly
heterogeneous. Breast cancer could be divided into categories based on
histopatholgical studies, grade and stage of tumour and expression of proteins &

genes.
Histopathological classification

It is based upon characteristics seen upon light microscopy of biopsy specimens.
On the basis of histopathology, breast cancer could be divided into three major

types:
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Invasive ductal carcinoma

This is the most common type of breast cancer. It represents 55% of breast
cancer®®. Invasive (or infiltrating) ductal carcinoma (IDC) starts in a milk duct of
the breast, breaks through the wall of the duct and grows into the fatty tissue of
the breast.

Ductal carcinoma in situ (DCIS)

It is also known as intra ductal carcinoma, is a pre-cancerous or non-invasive
cancerous lesion of the breast. It constitutes 15-20% of all cancers®®. DCIS
means that the cancer cells are inside the ducts, but have not spread through
the walls of the ducts into the surrounding breast tissue. Nearly all women
diagnosed at this early stage of breast cancer can be cured.

Invasive lobular carcinoma (ILC)

ILC accounts for 5-10% of invasive breast cancers®. Invasive lobular carcinoma
(ILC) starts in the milk-producing glands (lobules). Loss of E-cadherin is

common in ILC but is also seen in other breast cancers®!.

Classification based on receptor status

Cells express receptors on their surface, cytoplasm and nucleus. Hormones are
chemical messengers that bind to these receptors and cause changes in the cell.
Breast cancer cells are classified on the basis of the presence or absence of
three most important receptors —estrogen receptor (ER), progesterone receptor
(PR), and HER2/neu. Cells with or without these receptors are called ER positive
(ER+), ER negative (ER-), PR positive (PR+), PR negative (PR-), HER2 positive
(HER2+), and HER2 negative (HER2-). Cells without all these receptors are
called basal-like or triple negative. Another hormone receptor - androgen

receptor is expressed in 80-90% of ER+ breast cancers and 40% of "triple
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negative" breast cancers. Activation of androgen receptors appears to suppress
breast cancer growth in ER+ cancer while in ER- breast cancer, it appears to act
as growth promoter. Efforts are underway to utilize this as prognostic marker
and treatment®? %3,

Receptor status is combined with the tumour grade, to categorize breast cancer
into several conceptual molecular classes:

» Basal-like: ER", PR" and HER2"; also called triple negative breast cancer
(TNBC)%4.

> Luminal A: ER+ and low grade®>

> Luminal B: ER+ but often high grade®> %

» Luminal ER-/AR+: (overlapping with apocrine and so called molecular
apocrine) - recently identified androgen responsive subtype which may
respond to antihormonal treatment with bicalutamide®?

> ERBB2/HER2+: has amplified HER2/neu®*

> Normal breast-like®” %8

» Claudin-low: this class has been recently described. There is a low
expression of cell-cell junction proteins, including E-cadherin® and

frequently there is infiltration with lymphocytes®’ %°,
BRCA Genes

BRCA1 and BRCA2 genes are tumor suppressor genes. BRCA1l and BRCA2
proteins are involved in repair of DNA double-stranded breaks. Mutations in any
of these genes disable the protein. Mutations in these genes may produce a
hereditary breast-ovarian cancer syndrome in affected persons. 5-10% of breast
cancer cases in women are attributed to BRCA1 and BRCA2 mutations where

BRCA1 mutations are more common than BRCA2 mutations. Women with
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mutations in either BRCA1 or BRCA2 have a 5 times higher risk of breast cancer.
The risk of breast cancer is higher for women with a high-risk BRCA1 mutation
than with a BRCA2 mutation. BRCA1l mutations are associated with triple-
negative breast cancer, which does not respond to hormonal treatments. BRCA2
mutations are associated primarily with post-menopausal breast cancer

however, highly responsive to hormonal treatments.
Possible Role of FPR in Breast Cancer

No. of reports available on study of FPR in breast cancer are negligible. Binding
of fMLP and chemotaxis in response to fMLP binding was reported in breast
carcinoma cell line, Walker 256100101 These cells showed chemotaxis in
response to fMLP treatment in a concentration dependent manner. Binding and
internalization of radiolabeled fMLP was also reported in these cells. FPR1 and
FPR2 stimulation induced breast cancer cell proliferation®2,  The above-
mentioned reports do provide a basis that breast cancer cells express functional
FPR and stimulate chemotaxis and proliferation.

But, very little information was available about FPR per se in breast cancer.
Therefore, the present studies were aimed to understand the role of FPR in

breast cancer using breast cancer cell lines.
Hypothesis

In view of the defective FPR signaling and downstream cellular functions in CML
PMNL at the various stages of the disease, it was hypothesized that FPR play role
in CML pathogenesis as well as in disease progression

Though very little information was available about the function and expression of

FPR in breast cancer, the role of FPR in breast cancer cell motility is
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unambiguous. FPR expression was never shown in the breast cancer cells at
molecular levels, but binding of FPR ligand fMLP and its effect on breast cancer
indicated that FPR might have role in malignant transformation of breast cells.
Furthermore, reports of EGFR transactivation and activation of VEGF by FPR are
seen. Hence, it was hypothesized that FPR play complex role in malignant
transformation of breast cells.

Drug resistance and disease recurrence are major challenges in cancer research.
It's been reported that stem cell like cancer cells play role in these phenomena.
Recent reports have demonstrated expression of FPR in mesenchymal stem cells
and its role in their differentiation. Hence, it was postulated that FPR play role in

the drug resistance of stem like cancer cells.
Aim

To investigate the role of FPR in transformed cells.
Objective

1. To study role of altered FPR expression in CML.

1. To investigate role of FPR in breast cancer.

2. To check whether FPR cross talk with other receptors.

3. To evaluate FPR as a diagnostic/prognostic marker or as a therapeutic

target.
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Materials

Chemicals

All chemicals and salts used unless otherwise mentioned were of analytical
grade. All solutions otherwise mentioned were prepared in deionized Milli Q

water (Milli Q).

Reagents were obtained from various sources as mentioned below:

Chemicals: Annexure Table-1

Bio-chemicals: Annexure Table-2

Kits: Annexure Table-3

Plastic wares: Annexure Table-4

Primary Antibodies: Annexure Table-5

Secondary Antibodies: Annexure Table-6

Fluorescent probes: Annexure Table-7

Primers: Annexure Table-8

Reagents

Inhibitors: Stock Solutions

Stock solutions were made as mentioned below and stored at -20°C. All the
working stocks were prepared in complete medium/PBS. For all the experiments,
the final concentration of the inhibitors mentioned below was achieved in the cell

suspension. The inhibitors were used in treatment of cells for 1) cell proliferation
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assays, 2) cell |lysate preparation for Western blotting and 3)
immunofluorescence staining.

Imatinib (M.W. - 589.7) - 5.897 mg was dissolved in 1 ml of sterile DMSO to
get a 10 mM stock. The working stock of 10 uM was obtained after 1:1000
dilution of 10 mM stock. Final concentration was 1 uM after 1:10 dilution in cell
suspension.

Dasatinib (M.W. - 488.0) - 0.98 mg was dissolved in 1 ml of sterile DMSO to
get a 2 mM stock. 2 uM concentration was obtained after 1:1000 dilution of 2
mM stock in PBS. This 2 pM solution was diluted to 1:10 to get 0.2 yM working
stock. Final concentration was 0.02 uM after 1:10 dilution in cell suspension.
Nilotinib (M.W. - 529.5) - 1.59 mg was dissolved in 1 ml of sterile DMSO to
get a 3 mM stock. 3 uM concentration was obtained after 1:1000 dilution of 3
mM stock in PBS. This 3 pM solution was diluted to 1:10 to get 0.3 uM working
stock. Final concentration was 0.03 uM after 1:10 dilution in cell suspension.
fMLP (M.W. - 437.55) - 4.375 mg was dissolved in 1 ml of sterile DMSO to get
a 10 mM stock. The working stock of 10 uM was obtained after 1:1000 dilution of
10 mM stock. Final concentration was 1 uM after 1:10 dilution in cell suspension.
Cyclosporin H (M.W. - 1202.6) - 12.02 mg was dissolved in 1 ml of sterile
DMSO to get a 10 mM stock. The working stock of 100 uM was obtained after
1:100 dilution of 10 mM stock. Final concentration was 10 uM after 1:10 dilution
in cell suspension.

WKYMVm (M.W. - 855.41) - 8.554 mg was dissolved in 1 ml of sterile DMSO
to get a 10 mM stock. The working stock of 10 uM was obtained after 1:1000
dilution of 10 mM stock. Final concentration was 1 uM after 1:10 dilution in cell

suspension.
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WRW4 (M.W. - 1104.28) -11.043 mg was dissolved in 1 ml of sterile DMSO to
get a 10 mM stock. The working stock of 100 uM was obtained after 1:100
dilution of 10 mM stock. Final concentration was 10 uM after 1:10 dilution in cell
suspension.

EGF (M.W. ~ 6000) - 1 mg was dissolved in 1 ml of sterile 10 mM acetic acid to
get a 1 mg/ml (167 uM) stock. The working stock of 1 ug/ml (167 nM) was
obtained after 1:1000 dilution of 1 mg/ml stock with PBS containing 0.1% BSA.
Final concentration was 100 ng/ml (=16.7 nM) after 1:10 dilution in cell
suspension.

AG1478 (M.W. - 315.8) - 3.158 mg was dissolved in 1 ml of sterile DMSO to
get a 10 mM stock. The working stock of 5 uM was obtained after 1:2000
dilution of 10 mM stock. Final concentration was 0.5 uM after 1:10 dilution.

IL6 (M.W. ~ 20000) - 1 mg was dissolved in 1 ml of sterile DMSO to get a 1
mg/ml (=50 uM) stock. 1 pg/ml (=50 nM) was obtained after 1:1000 dilution of 1
mg/ml stock. This 1 ug/ml solution was further diluted to 1:10 to get 100 ng/ml
(=5 nM) solution. Final concentration was 10 ng/ml (» 0.5 nM) after 1:10
dilution.

AG490 (M.W. - 294.31) - 2.943 mg was dissolved in 1 ml of sterile DMSO to
get a 10 mM stock. The working stock of 200 uM was obtained after 1:50
dilution of 10 mM stock. Final concentration was 20 uM after 1:10 dilution.

PP2 (M.W. - 301.8) - 3.018 mg was dissolved in 1 ml of sterile DMSO to get a
10 mM stock. The working stock of 100 uM was obtained after 1:100 dilution of

10 mM stock. Final concentration was 10 uM after 1:10 dilution.
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Cell Lines

HL60: It is a promyelocytic cell line established by S.J. Collins, et al 1%, It was
established from peripheral blood Ileukocytes that were obtained by
leukopheresis from a 36 years old Caucasian female with acute promyelocytic

leukemial®3 104 HL60 was obtained from ATCC.

K562: K562 was established by Lozzio and Lozzio from the pleural effusion of a
53 years old female with CML in terminal blast crisis!®>. The cell population was
characterized as highly undifferentiated, hematopoietic malignant cells that can
be made to differentiate into recognizable progenitors of the erythrocytic,
granulocytic and monocytic series. K562 cells contain at least one Ph!
chromosome with the b3a2 bcr-abl gene arrangement!®. K562 was obtained

from ATCC.

KU812: This cell line was established by Kishi K. from the peripheral blood of a
38 years old male CML patient in blast crisis %7, Patient was treated with
busulfan for 10 years before cell line development. The patient also had an
extramedullary spinal tumor which was treated with various combinations of
chemotherapy with no neurological improvement %7, This cell line was initially
found to contain basophilic precursors but later it was discovered that this cell
line was bipotent, containing basophilic as well as erythroide lineages®. The
KU812 cells contain at least one Ph! chromosome with the b3a2 bcr-abl gene

arrangement07, 108,

KCL22: This was established by cultivation of pleural effusion cells obtained

from a 32 years old woman with CML in blast crisis and expressing b2a2 fusion

transcript of bcr-abli® 119 This cell line was characterized as immature
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undifferentiated hematopoietic cell line which showed properties of

monocytes/macrophages and some characters of megakaryocytes!%® 110,

K562/SR: It was derived from K562 and is resistant to 1 uM concentration of

imatinibl,

KU812/SR: It was derived from KU812 and is resistant to 1 uM concentration

of imatinib®!i,

KCL22/SR: It was derived from KCL22 and is resistant to 1 uM concentration

of imatinib!12,

All the above mentioned imatinib resistant (SR) cell lines did not show any
mutation in the bcr-abl gene and there was no increase in the levels of bcr-abl
protein and P-glycoprotein as compared to the respective parent imatinib
sensitive cell lines!!! 12, Mechanisms independent of bcr-abl signaling were

involved in the imatinib resistance in all SR cells.

K562/SR, KU812, KCL22, KU812/SR and KCL22/SR cell lines were received as a

kind gift from Dr. Tadashi Nagai, Jichi Medical University, Japan.

MCF-10A: This cell line is a non-tumorigenic cell line, obtained from human
fibrocystic mammary tissue of a 36 years old parous premenopausal woman with
no family history of breast malignancy 3. MCF-10A has the characteristics of
normal breast epithelium by the following criteria: (a) lack of tumorigenicity in
nude mice; (b) three dimensional growth in collagen; (c) growth in culture that
is dependent on hormones and growth factors; (d) lack of anchorage-
independent growth; and (e) piling up or foci formation in confluent cultures!?!3.

This cell line was procured from ATCC.
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MCF-7: MCF-7 is the first hormone responsive breast cancer cell line. MCF-7 is
an acronym of Michigan Cancer Foundation 7, institute where the cell line was
established by Soule et al 114, This cell line was derived from pleural effusion of
adenocarcinoma of 69 years old Caucasian woman. MCF-7 is positive for
estrogen (ER) and progesterone (PR) receptors with no amplification of Her2/neu
and expresses wild type p53i4116 MCF-7 is triploid to tetraploid and
tuomorogenic in mice, when estrogen supplement is given. It contains WNT7B
and Tx-4 oncogenes!!*116 This cell line was a kind gift from Dr. Padma Shastry,

NCCS, Pune.

MDA-MB-231: This cell line was derived from pleural effusion of
adenocarcinoma of 51 years old Caucasian female!!’. This cell line is negative for
ER, PR and Her2/neu. The cell line contains B type phenotype of G6PD. MDA-MB-
231 is aneuploid, contains WNT7B oncogene and expresses mutated p5311> 117,
MDA-MB-231 is tumorigenic in mice and does not need hormone supplement for

tumor development !, This cell line was procured from ATCC.

MDA-MB-468: MDA-MB-468 cell line was derived from pleural effusion of
metastatic adenocarcinoma of 51 years old black woman!!’, This cell line is also
negative for ER, PR and Her2/neu'!’. MDA-MB-468 is aneuploid and expresses
mutated p5311> 117, MDA-MB-468 is the only cell line among all the MDA-MB
series of cell lines which contains A type phenotype of G6PD. MDA-MB-468 is
tumorigenic in mice and does not need hormone supplement for tumor

development 17, This cell line was procured from ATCC.

T-47D: This cell line was derived from pleural effusion from metastatic site of

infiltrating ductal carcinoma of mammary gland tissue of 54 years old woman.
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This cell line is hypotriploid, positive for ER and PR with no amplification of
Her2/neu and expresses mutated p53!''> 18 This cell line was procured from

ATCC.
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Methods

Cell Culture

Reagents

All tissue culture reagents were sterilized by autoclaving (unless mentioned
separately) at 15 Ibs/sq. inch at 121°C for 20 min and stored at 4°C till further
use.

Phosphate buffered saline (PBS) (10X):

Reagents Quantity

80 mM NazHPO4 14.5¢g

10 mM KH2PO4 2.0g

20 mM KCl 2.0g

1.36 M NaCl 80.0 g

The volume was made up to 1000 ml with Milli Q after adjusting the pH to 7.4.

Trypsin-EDTA:

Reagents Quantity
0.2 mM EDTA (disodium salt) | 50 mg
5.5 mM D-Glucose 500 mg
5.36 mM KCl 200 mg
0.13 M NaCl 449

6 mM NaHCOs3 290 mg
10 mM Trypsin 125 mg

The volume was made up to 500 ml with Milli Q and sterilized by filtration

through 0.45 p Millipore filter.
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Complete RPMI for hematopoietic cell lines:

Reagents Quantity
RPMI-1640 90 ml
FBS 10 mi
Antibiotic antimycotic liquid (100x) 1ml

Complete DMEM for MCF-7, MDA-MB-231, MDA-MB-468 and T-47D:

Reagents Quantity
DMEM 89 ml
FBS 10 ml
10 mM HEPES pH 7.5 1ml
Antibiotic antimycotic liquid (100x) 1ml

Complete DMEM for MCF-10A:

Reagents Quantity
FBS 10 ml
10 mM Hepes pH 7.5 10 ml
Antobiotic anti mycotic liquid (100x) 1 ml
MEGM SingleQuot Kit Suppl. & Growth Factors 1 unit

The volume was made up to 100 ml with DMEM and Ham’s F-10 nutrient mixture
in 1:1 ratio.

Freezing Medium:

Reagents | Quantity
FBS 90 %
DMSO 10 %

Freezing medium was always prepared fresh
Maintenance of cell lines
All the cell lines were maintained at 37°C in a humidified atmosphere with 5 %

CO2 in 25 cm? tissue culture flasks. Cells were passaged twice a week.
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For passaging hematopoietic suspension cell lines, the old cell culture was
centrifuged at 1000 rpm for 5 min. The cell pellet was resuspended in fresh
medium. Cells were seeded at the desired density to a new flask in 5 ml fresh
medium as per the table-MM1.

Imatinib resistant cell lines, K562/SR, KCL22/SR and KU812/SR were maintained
under selection of 1 uM imatinib at every alternate passage i.e. imatinib was
added only once in a week.

For passaging adherent breast epithelial normal and cancer cell lines, cells were
washed twice with PBS to remove cell debris and serum. Cells were trypsinized
by treating with 500 ul of Trypsin-EDTA / 25 cm? flask at room temperature
approximately for 1-2 min. Cells were suspended in 2 ml of the respective
complete medium and mixed well to get single cell suspension. Cells were
seeded in the new flask containing 5 ml of medium at the desired density as per
the table-MM1.

Table-MM1: Cell density for passaging

S/R No. Cell line Seeding density

HL-60 3x10° /ml
2 K562 1x10°/ml
3 K562/SR 1x10°/ml
4 KCL22 2 x 10° /ml
5 KCL22/SR 2 x 10° /ml
6 KU812 2 x10° /ml
7 KU812/SR 2 x 10° /ml
8 MCF-10A 5x 10° /ml
9 MCF-7 1 x10°/ml
10 MDA-MB-231 1x10°/ml
11 MDA-MB-468 3 x10° /ml
12 T47D 3x10° /ml
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Cell Proliferationtt?

Reagents

Cell Counting Kit - 8 (CCK-8)

Protocol:

1. Cells were harvested from 70-75 % confluent flask either by centrifuging at
1000 rpm for 5 min (suspension cell lines) or by trypsinization (adherent cell
lines) followed by centrifugation.

2. Supernatant was discarded and cell pellet was resuspended in 2 ml of
complete medium.

3. Cell count was taken using hemocytometer and cell viability was checked by

trypan blue dye exclusion method?*?°.
Following formula is used for calculating cells/ml and cell viability.
c=n/v
Where,
¢ = cell density (cells/ml)
n = number of cells counted in all four WBC squares of hemocytometer/4

volume counted (ml)

<
Il

c=n/10%orn x 104
Total cells = Live cells + Dead cells
% Cell viability = (Live cells/Total cells) x 100

Cultures with more than 95 % cell viability were used for the experiment. Cell

suspension of 1x10° cells/ml density was prepared.
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Cell suspension was dispensed in 96-well plate as described in the table-MM2.
Cells were incubated at 37°C in CO; incubator for 24 hours before addition of
test compounds or inhibitors.

20 ul of the test compound or inhibitor from the working stock were added to
wells, in triplicate to get the earlier —-mentioned final concentrations. Same
amount of the corresponding solvent dilution (DMSO in complete medium)
was added in the solvent control wells to make up the total volume to 200 pl.
Cells were then further incubated. Cell proliferation was measured every 24
hours after addition of the inhibitor or test compound, that is, day O
(immediately after addition), day 1, day 2 and day 3.

To estimate cell growth, at the end of incubation period 10 ul of CCK-8'2! were
added to wells and incubated at 37°C in CO; incubator for 4 hours. Wells with
200 pl complete medium were used as blank.

Absorbance was read at 450 nm with 650 nm as the reference wavelength.

% growth inhibition of cells after treatment was calculated with respect to the
solvent control.

Table-MM2: Cell seeding details for cell proliferation experiment

. . No. of

. Cell suspension Complete medium
Cell line (ul/well) (ul /well) cells
K H /well
K562/SR 50 130 5000
KCL22/SR 50 130 5000
KU812/SR 50 130 5000
MCF-7 50 130 5000
MDA-MB-231 50 130 5000
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Percent growth inhibition of the cells was calculated as follows:

For each well, ratio of optical density at different time points with the respective

reading at 0 hour time point, was calculated. The percent growth of each treated

sample was calculated by considering growth in the solvent control well, equal to

100 %. The percent growth inhibition was calculated by subtracting the percent

growth from 100. Thus, the inhibitory effect of the test compounds was

expressed as percent growth inhibition. Experiments were done in triplicate.

Experimental setup

K562/SR, KCL22/SR, and KU812/SR cells were seeded into wells of 96-
well plate as mentioned above and incubated at 37°C in CO; incubator for
24 hours. After 24 hours. 1 uM fMLP, 10 uM CsH, 1 uM imatinib or their
combinations were added to the wells in triplicate. Dilution of the solvent,
DMSO similar to the lowest dilution among the treatment group was
added to the control wells. Cells were further incubated at 37°C in CO;
incubator. Cells growth was monitored after 0, 24, 48 and 72 hours after
treatment, by CCK-8 assay. % cell growth inhibition was calculated as
mentioned above.

MCF-7 and MDA-MB-231 cells were seeded into wells of 96-well plate as
mentioned above and incubated at 37°C in CO; incubator for 24 hours.
After 24 hours, cells were treated with 10 yM CsH, 10 uM WRW4 or
solvent. Cells were then incubated for 1 hour at 37°C in CO; incubator.
After 1 hour, 3 wells each of CsH treated and untreated cells, for each
time point, were stimulated with 1 uM fMLP for 15 min at 37°C in CO;
incubator. Similarly three wells treated with WRW4 and three untreated

wells, for each time point were stimulated with 1 uM WKYMVm for 15 min
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at 37°C in CO; incubator. To the solvent control wells, similar dilution of
DMSO was added. After 15 min, old medium containing test compounds or
solvent was replaced by complete medium. Cells were further incubated at
37°C in CO; incubator. Cell growth was monitored at 0, 24 and 48 hours
after treatment, by CCK-8 assay and % cell growth inhibition was

calculated as mentioned above.

Separation of Lymphocytes and Neutrophils from

peripheral blood'22

Reagents for Blood Processing

0.6 M KCL:

44.7 g KCL was dissolved in 800 ml of Milli Q water and volume made up to 1

liter. Solution was autoclaved and stored at 4°C.

Phosphate buffer (pH= 7.2) for Giemsa Staining:

Solution A: 27.6 g NaH2P0O4.H20 was dissolved in 1 liter Milli-Q water. Solution
was autoclaved and stored at 4°C.

Solution B: 28.4 g of Na2HPO4 was dissolved in 1 liter Milli-Q water. Solution
was autoclaved and stored at 4°C.

For Buffered water (pH=7.2), add 140 ml solution A and 360 ml solution B.

Giemsa Stain:
Giemsa stain was diluted 1:20 with milli-Q water before use.
Method
1. Blood collected from CML patient was incubated at 37°C for 15 min to
separate WBC layer or buffy coat.

2. This buffy coat was washed and diluted to 107 cells per 5 ml in PBS.
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10.

11.

12.

13.

Blood collected from healthy volunteered donor was diluted 1:1 with PBS.

3 ml ficoll-hypaque of density 1.077 was taken in a 15 ml centrifuge tube
and 5 ml of diluted blood or diluted buffy coat (10’ cells per 5 ml) was
layered on it.

This was centrifuged at 400 g for 30 min with minimal break and
acceleration.

Erythrocytes and PMNL settled down at bottom, whereas mononuclear cells
settled at the interphase of ficoll-hypaque of density 1.077 and plasma.
Mononuclear cells were collected carefully and washed twice with PBS.

At the bottom of tube PMNL were present in the upper layer of pallet. This
fraction was collected in a fresh tube.

Contaminating erythrocytes present in the PMNL fraction, were lysed by
hypotonic shock.

This procedure was carried out on ice. To the mixture of erythrocytes and
PMNL, 3 ml of chilled Milli Q was added, briefly vortexed and after 30
seconds isotonicity was restored by addition of 1 ml chilled 0.6 M KCI.
Depending on the amount of cell pellet, the volumes of the lysing solutions
could be varied with 3:1 proportion maintained.

PMNL pellet was washed with PBS.

Enrichment and viability of the cells were checked by Giemsa staining and
trypan blue dye exclusion technique, respectively.

PMNL fraction showing more than 90% enrichment and more than 95%

viability were used for the various experiments.

Giemsa Staining

1. Thin cell smear was prepared on glass slide and dried in air.
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2. The cells were fixed with methanol for 5 min.
3. The slides were immersed in diluted Giemsa’s stain for 30 min.
4. Slides were then washed with phosphate buffer.

5. Slides were then dried in air and were examined under microscope.

RNA Extraction

Reagents: RNeasy Kit (Qiagen) and TRIzol
For Monolayer Culture Cells
» 0Old media was discarded from the culture disk/flask and 1 ml of TRIzol
Reagent was added to a 3.5 cm diameter dish/ 25 cm? flask. Flask/ dish
was then incubated at room temperature for 15 min. Cells were then
thoroughly mixed with pipette and collected in 1.5 ml centrifuge tube.
For Suspension Culture Cells
> Cells were pelleted down by centrifugation. 1 ml TRIzol was added per 10°
to 107 cells. Cells were suspended thoroughly with pipette and incubated
at room temperature for 15 min. Cells were then suspended again with
pipette and collected in 1.5 ml centrifuge tube.
TRIzol samples were either processed for RNA, DNA and/or protein isolation or
stored at -80°C till further use.
Experimental setup
Cells from 70-80% confluent K562 and HL60 cell culture were harvested. Cell
pellet were resuspended in fresh medium and cells were counted. The cells were
seeded as 10° cells/3 mi/well in 4 wells of 6 well plate. They were treated with 1
uM imatinib, 0.02 uM dasatinib, 0.03 uM nilotinib or solvent and plates were
incubated for 4 hours at 37°C in CO. incubator. After 4 hours cells were

processed for RNA extraction as mentioned above.
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RNA isolation123

RNA was extracted by combining the protocol of TRIzol (Invitrogen) and RNeasy

mini kit (Qiagen). The detailed protocol used was as follows.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Freshly prepared TRIzol samples were kept at room temperature for 15-20
min. Frozen samples were thawed on ice.

To these TRIzol samples equal volume of 70% ethanol was added and mixed
by inverting the tube.

This mixture was loaded on RNeasy spin column and centrifuged for 15
second at 10000 rpm. Flow-through was discarded and the spin column was
placed in a new collection tube.

350 ul of RW1 buffer (supplied in RNeasy kit) was added to the spin column
and centrifuged for 15 second at 10000 rpm. Flow-through was discarded
and the spin column was placed in a new collection tube.

10 ul RNase free DNase stock (supplied in RNeasy kit) was diluted with 70 pnl
of RDD buffer (supplied in RNeasy kit).

70 ul of this diluted RNase free DNase was added on the membrane of the
RNeasy spin column. The spin column was then incubated for 15 min at
room temperature.

350 ul of RW1 buffer was added to the spin column and it was centrifuged
for 15 second at 10000 rpm. Flow through was discarded.

500 ul of RPE buffer was added to the spin column and centrifuged at 10000
rpm for 15 second. Flow through was discarded.

500 ul RPE buffer was again added to the spin column and the spin column
was centrifuged for 2 min at 10000 rpm for complete removal of ethanol.

Flow through was discarded.
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23.

24.

25.

27.

RNeasy spin column was placed in a new 1.5 ml collection tube and 50 pul
RNase free water was added on the membrane of the spin column.

The spin column was incubated for 1 min at room temperature and then
centrifuged for 1 min at 10000 rpm. Flow through fraction contained RNA.
RNA purity was checked and quantitated by spectrophotometer. Absorbance
(0.D.) of RNA was measured at 260 nm and 280 nm and quantitated as

follows.

Concentration of RNA (pg/ml) = 0.D. at 260nm X 40* X dilution factor

Note: 1 O.D. equals to 40 ug/ml RNA.
Ratio of A260 and A280 was also calculated and RNA having A260/A280 ratio

higher than 1.9 were only used for further experiments.

cDNA Synthesis?4

cDNA was synthesized using the RevertAid™ H-minus First Strand cDNA

Synthesis Kit (Fermentas) as per manufacturer’s instructions. The detailed

protocol was as follows:

1.

2.

4,

2 ug RNA was taken for cDNA synthesis. 1 ul of 100 uM Random hexamer
primers were added to RNA and volume was made up to 12 ul by nuclease
free water (NFW).

This mixture was incubated at 70°C for 10 min and then cooled on ice for 1
min.

Master Mix was made with 5x reaction buffer — 4 ul, 10 mM dNTP - 2 ul, and
RiboLock™ (20U/ul) - 1 pl and RevertAid™ H minus M-MuLV reverse
transcriptase (200U/ul) - 1 pl.

8 ul master mix was added to RNA and Random hexamer mixture.
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5. This mixture was vortexed, spun-down and incubated at 42°C for 1 hour (for

oligo dT primer) or incubated at 25°C for 5 min then at 42°C for 1 hour (for

random hexamer).

6. The reaction was terminated by heating at 70°C for 10 min.

Real time polymerase chain reaction (QPCR) 125

Reagent

MESA green QPCR master mix was used for QPCR.

Primers: Dried primers were reconstituted to 100 uM. This Primer stock was

further diluted to working stock of 10 uM. Primers were stored at -20°C

Method

PCR reaction mix was prepared as per the following table and 10 ul was

distributed in each well of MicroAMp Fast optical 96-well Reaction plate.

Reagents 1 E?:itli)on Final Concentration
2 X MESA green QPCR master mix 5.00 1x
10uM Primer 1 0.25 0.25 uM
10uM Primer 2 0.25 0.25 uM
cDNA io0 | -
NFW 25 0 mme--

1. cDNA was not added to three wells. These wells would serve as non-

template control (NTC) or negative control.

2. PCR plates were then placed in ABI-7500 thermal cycler.

3. The PCR reaction was run using following conditions:

a. 95°C for 5 min
40 cycles of

b. 95°C for 15 second

for Taqg activation

denaturation
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c. 60°C for 1 min primer annealing and extension

4. After completion of 40 cycles, melting curve analysis was performed.
QPCR analysis25
Levels of the target genes were expressed relative to the expression levels of the
reference genes -HPRT1 —for CML cell lines & actin —for breast cancer cell lines.
mRNA level for a gene was calculated by the AACt method. For each run and for
each gene a PCR cycle threshold (Ct") value was determined using the in-built
instrument software SDS v1.4.1.
*Ct Value or cycle threshold: The Ct value is defined as the number of cycles
required for the fluorescent signal to cross the threshold i.e. to exceed
background level. Ct level or Ct value is inversely proportional to the amount of
target nucleic acid in the sample, i.e. lower the Ct value greater the amount of
target nucleic acid and vice-versa.
Difference in the Ct value of the target gene and the reference gene was
calculated by subtracting the later from the former and this difference was
termed as ACt.
ACt = (Cttarget — Ctreference)
An average of the ACt values of triplicates of each sample was calculated and
this values was termed as Avg (ACt)
AACt value was calculated for each sample from the average ACt values using
following equation.
AACt = AVQ(ACL) treated - AVG(ACL) untreated
Fold change in the gene expression of the treated sample with respect to the
control or the untreated sample was calculated using the following formula.

Fold Change = 2-2¢t
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Whole cell protein lysate preparation for Western
Blotting'2°

Reagents

RIPA buffer (4X):

Reagents Quantity
10 mM Tris 0.49¢
150 mM NacCl 3.51g
1 mM EDTA 0.15¢
Triton X-100 49
Sodium deoxycholate 2.0g
SDS 0.4g

Volume was made up to 100 ml after adjusting pH to 7.4 with 1N HCI. Solution
was sterilized by filtering through 0.45 u filter.

Protease inhibitors:

Complete™ tablets from Roche were used. One tablet was dissolved in 2 ml of
sterile Milli Q (25X).

Phosphatase inhibitors stock solutions:

1 M NazHPO4.2H,0: 0.356 g was dissolved in 2 ml of sterile Milli Q. Used at final
concentration of 10 mM.

1 M NaF: 0.084 g was dissolved in 2 ml of sterile Milli Q. Used at final
concentration of 10 mM.

100 mM NasVO4: 0.037 g was dissolved in 2 ml sterile Milli Q. Used at final
concentration of 10 mM.

Protease and phosphatase inhibitors were aliquoted and stored at —20°C.

46



RIPA lysis buffer (1X) :

For 500 pl
Reagents Quantity
4X RIPA Buffer 125 ul
Complete™ 40 pl
Milli-Q 320 ul
10 mM NaF 5 pl
1 mM NasVOs4 5ul
10 mM NaxHPO4.2H20 5ul

Laemmli’'s sample buffer (2X):

Reagents Quantity
1 M Tris pH 6.8 1.2 ml
SDS 400 mg
Glycerol 2 ml
B-mercaptoethanol 1 ml
Bromophenol blue 10 mg

Dissolved in Milli Q and final volume was made up to 10 ml.
Lysate preparation for Western blotting
1. Cells were seeded at a density of 3x10° cells/well of 6 well plate.
2. After 24 hours cells were treated with the compounds for various time point
as mentioned in the table MM-3.

Table-MM3: Compounds treatment details for Western Blotting:

Compound Final Conc. Time Remarks
CsH 10 uM 1 hr
WRW4 10 uM 1 hr
AG1478 500 nM | 30 min (PréT’cr:’iet)ailEc(:\'r\Znt)
AG490 20 uM 1 hr
PP2 10 uM 6 hr
fMLP 1uM 16 min
WKYMVm 1uM 15 min Stimulant
EGF 100 ng/ml 10 min (Alone or after treatment with inhibitors)
IL6 10 ng/ml 15 min
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3. After the treatment, cells were immediately kept on ice. Medium was removed
from the well. 100 pl RIPA lysis buffer was added per well and kept for 10 min
on ice.

4., Cells were then scraped off using cell scraper and collected in 1.5 ml

centrifuge tube.

5. Cell lysate was further incubated on ice for 30 min with intermittent vortexing.
Cell lysis was confirmed by observing a drop from this mixture under

microscope.

6. Cell lysate was then centrifuged at 14000 rpm 10 min at 4°C and supernatant
was collected in a fresh 1.5 ml centrifuge tube.
7. 3 ul supernatant was taken out for protein estimation**.
8. One volume of 4X Laemmli’'s sample buffer was added to 3 volumes of cell
lysate to get 1X and heated at 100°C for 5-10 min.
9. Lysate was allowed to cool at room temperature and then centrifuged at
12000 rpm for 5 min at room temperature.
10. 20 ul of this protein was loaded on gel for SDS page.
** Protein estimation: 3 ul of cell lysate and 300 pl of Precision Red were added
in a well of 96 well plate. In another well, 3 ul lysis buffer and 300 pl of Precision
Red was added and this was considered as a blank. This mixture was incubated
for 1 minute at room temperature. Absorbance was measured at 600 nm on a
96-well plate reader and protein quantity was calculated as follows.
1 ODsoonm = 125 pg protein per ml reagent
Dilution factor = 100

Protein concentration (ng/ul) = (O.D. x 125 x 100)/1000

48



Western Blotting

Reagents

30 % Acrylamide-bisacrylamide

Reagents Quantity
Acrylamide 29.2 g
Bisacrylamide 0.8¢

Dissolved in Milli Q and the volume was made to 100 ml with Milli Q. Solution

was stored at 4°C in amber colored bottle.

10 % Sodium dodecyl sulphate (SDS): 10 g of SDS was dissolved in 100
ml of Milli Q.

0.5 M Tris, pH 6.8: 6.06 g of Tris was dissolved in 60 ml Milli Q. pH was
adjusted to 6.8 with 2 N HCI. Volume was made up to 100 ml with Milli Q.

1.5 M Tris, pH 8.8: 18.17 g of Tris was dissolved in 60 ml Milli Q. pH was
adjusted to 8.8 with 2 N HCI. Volume was made up to 100 ml with Milli Q.

10 % Ammonium per sulfate (APS): 0.1 g of APS was dissolved in 1000
ul of Milli Q.

SDS PAGE

Resolving gel

Reagents 10%

Milli Q 4 ml
30 % Acrylamide - bisacrylamide 3.3 ml
1.5 M Tris pH 8.8 2.5 ml
10 % SDS 0.1 ml
10 % APS 0.1 ml

TEMED 4 pl

Stacking Gel
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Reagents 5%
Milli-Q 2.7 ml
30 % Acrylamide -bisacrylamide 0.67 ml
0.5 M Tris pH 6.8 0.5 ml

10 % SDS 40 ul

10 % APS 40 ul

TEMED 4 ul

Tank buffer (5X)

Reagents Quantity
0.2 M Tris 3049
1.9 M Glycine 144 g
0.5 % SDS 5¢g

Dissolved in Milli-Q and the volume was made to 1000 ml with Milli Q. Diluted to
1X before use.

Transfer buffer for blotting (1X)

Reagents Quantity

40 mM Tris 5.90 g
0.4 M Glycine 29g

0.1 % SDS 1g

Dissolved in Milli Q and volume was made to 800 ml with Milli Q. 200 ml of
methanol was added to it before use.

Destainer: Methanol: Acetic acid: Water: 45: 10: 45

0.25 % Coomassie blue R250: 0.25 g of Coomassie blue powder was
dissolved in 100 ml of destainer.

0.1 % Fast green: 0.1 g of Fast green powder was dissolved in 100 ml of

destainer.
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Tris Saline Tween Buffer (TBST) (10X)

Reagents Quantity

20 mM Tris-HCI 24.228 g

130 mM NacCl 75.972 g
0.1 % Tween-20 1 ml

1.

Tris-HCI and NaCl were dissolved in Milli Q, pH was adjusted to 7.4-7.6 with 1N
HCI and volume was made up to 1000 ml with Milli Q. Diluted to 1X and then 0.1
% Tween-20 was added before use.

Buffer 1: 5 % w/v Non-fat milk in 1X TBST.

Buffer 2: 5 % w/v Bovine serum albumin (BSA) in 1X TBST.

Buffer 3: 1% w/v Non-fat milk in 1X TBST.

Protocol

Proteins were resolved on 10% SDS-PAGE gels using constant current at 20
mA.

PVDF membrane (8 cmm X 9 cm) was activated in methanol for one minute and
then equilibrated in transfer buffer for 5 min.

Proteins were transferred to pre-activated PVDF membrane at 75 mA, for 20
hours, at 4°C, using wet blotting method.

The PVDF membrane was stained by 0.1% fast green to confirm the protein
transfer.

The gel was stained with 0.25 % coomassie blue to confirm complete transfer
from gel.

The membrane was destained by using destainer and then washed once with

1X TBST.
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7. The membrane was blocked using blocking buffer (buffer-1) for 2 hours, at
room temperature.

8. To probe the proteins, the membrane was incubated overnight at 4°C on
rocker with the desired primary antibody at dilutions mentioned in the table-
MM4.

9. The membrane was washed thrice for 10 min each with 1X TBST at room
temperature, on rocker at maximum speed.

10. The membrane was then incubated for 1 hour at room temperature with
1:1000 dilution of secondary antibody as mentioned in table-MM4.

11. The membrane was washed five times for 5 min each with 1X TBST at room
temperature on rocker at maximum speed.

12. Proteins were detected using the Supersignal ELISA Femto Maximum
Sensitivity Kit from Thermo Scientific and images were captured using gel
documentation system, BioSpectrum 500 BiochemiHR Imaging System from

UvP

Densitometry

Images of the Western blots were analyzed using Visonworks Imaging Software
from UVP. The bands were selected on blots using magic wand tool. Background
regions were automatically selected by the software. On the basis of selection of
band and background, total density™ was calculated by the software. To measure
the effect of treatment on protein expression, fold change in the intensity was
calculated as a ratio of the total intensity of treated to that of the control. Fold
changes in the range from 0.6 to 1.4 were considered as no change whereas fold
changes below 0.6 and above 1.4 were considered as decreased and increased
in expression, respectively.
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*Total Density: The total density is the sum total of intensities of all pixels within

the region, minus the background.

Total Background (default): It is equal to the sum total of the perimeter around

the region marked, three pixels wide.

Table-MM4: Primary antibodies for Western blotting

Primary antibody

protein cdv‘:'lif(ul)lg; B‘I{;frer Dilution origin S:'(‘::igg:;y
antibody

Akt 60 Buffer-2 | 1:1000 | Rabbit | 9°2] "L 00T
Akt-P-Ser473 60 Buffer-1 | 1:250 | Mouse moﬂgztlggt_;Rp
Akt-P-Thr308 60 Buffer-2 | 1:1000 | Rabbit goafg‘g‘_tﬁ rapbit
Anti-Racl / 2 /3 21 Buffer-2 | 1:500 | Rabbit | 9°2] “iL 00T
Beta-Catenin 92 Buffer-1 1:2000 | Mouse moﬂzztlg?st—ihRP
Cdc42 21 Buffer-3 | 1:100 | Mouse moﬂZ’ZtISEtLRp
CDH-1 135 Buffer-2 | 1:1000 | Rabbit | 9°2] “NiL 00T
EGFR 175 Buffer-2 | 1:1000 | Rabbit 9°afg"’g‘_t;£ibb‘t
EGFR-P-Tyr845 175 Buffer-2 | 1:500 | Rabbit 9°a§g"g‘_ti|‘£ibb‘t
EGFR-P-Tyr992 175 Buffer-2 | 1:500 | RepPit 9°a§ga(;‘_t;£ibbit
Erk1/2 44/42 Buffer-2 | 1:1000 | Rapbit 9°a§gaG”_tL|'Fr{?Dbb‘t
Erk1/2-P 44/42 | Buffer-2 | 1:1000 | "EPP | 002 SMLLEOON
p-38 38 Buffer-2 | 1:1000 | RPOIT | 0081 SHELTOL
p38-P 38 Buffer-2 | 1:1000 | ROt | 6081 SHELIOOT
Pten 54 Buffer-2 1:1000 Rabbit goa%g?_ﬁ:&?)bbit
(Ser380/Thr382/363) >4 Buffer-2 | 1:1000 | REPP | 907 FEENe
RhoA 21 Buffer-3 | 1:500 | Mouse | 993t 2W
STAT3 79/86 | Buffer2 | 1:1000 | Mouse | 90200
STAT3-P 79/86 Buffer-2 | 1:500 | Rabbit | 903t anti-rabbit

IgG-HRP
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>

Fluorescence staining

Reagents for fluorescence staining

Fixative (8 % paraformaldehyde):

8 g paraformaldehyde was weighed and approximately 80 ml PBS was
added.

Paraformaldehyde is not completely soluble at room temperature. So the
suspension was heated and brought to boil. 100 pyl 1N NaOH was added to
bring the pH to 7.0 to 7.4 and volume was made to 100 ml with PBS.

The paraformaldehyde solution thus obtained was filtered through

Whatmann filter paper no. 1. It was aliquotated and stored at -20°C till use.

Triton X-100:

>

0.5 % and 1 % Triton X-100 were prepared in PBS for permeabilization of
cells grown on coverslips and for cells in suspension, respectively.
Triton X-100 tends to settle down. So before adding to cells it was vortexed

thoroughly.

Reagents for Intracellular Protein Staining

Blocking buffer:

0.3% Triton X-100 and 5% goat serum were dissolved in PBS. Triton X-100

tends to settle down. So before adding to cells it was vortexed thoroughly.

Reagents for F-actin Staining Solution

FITC-Phalloidin:

» The whole vail content (~116.33 ng) of FITC-Phalloidin (MW= 1175) was

dissolved in 61.8 ul methanol to obtain 1.6 X 10 M stock.

> 5 ul aliquots were made and sealed immediately to avoid evaporation of

methanol.
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> Aliquots were stored in dark and dry conditions, at -20°C till use.

4 % BSA:

» 0.4 g BSA was weighed and dissolved in 10 ml PBS

» It was filter sterilized. Aliquots were prepared and were stored at -20°C till
use.

10 ug /pl Lysolecithin:

» 1 mg Lysolecithin was dissolved in 100 ul methanol to obtain 10 ug /ul stock.

» 5 ul aliquots were made and sealed immediately to avoid evaporation of
methanol.

» Aliquots were stored at -20°C till use.

Staining Solution for F-actin: For 100 pl

Reagents Quantity
10 pg /ul Lysolecithin 1ul
Methanol 10 ul
1X PBS 86.75 ul
4% BSA 1.25 ul
1.6 X 10"*M FITC-Phalloidin 1l

Reagents for FPR ligand binding
n-formyl-Nle-Leu-Phe-Nle-Tyr-Lys, fluroescein derivative (FITC-
fNLPNTL)

1 mg was dissolved in 824 ul Dimethylformamide (DMF) to obtain a final
concentration of 1 mM. The working stock of 10 uM was obtained after 1:100
dilution of 1 mM stock in PBS. Final concentration was 1 uM after 1:10 dilution in

cell suspension. The stock solution was stored at -20°C
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Immuno-fluorescence staining for flow-cytometry

1.

A) For adherent cells — Cells were trypsinized. For studying surface protein
expression, cells were transferred to a low attachment flask in low serum
(5%) medium. To regenerate the surface markers/ receptors, flasks were
incubated overnight on rocker at slow speed. For staining proteins other
than the surface protein, after trypsinization cells were processed from
step-2.

B) For suspension cells- processed directly from step-2

. Cell suspension was centrifuged at 1000 rpm for 5 min to obtain cell pellet.

. Supernatant was discarded and the cell pellet was suspended in 1 ml of

PBS.

. Using the trypan blue dye exclusion method!??, cell viability and cell counts

were determined. Cultures with more than 95 % cell viability were used for

the experiments.

. The cells were washed twice with PBS containing 1% BSA and processed for

staining.

Surface receptor/markers staining using antibodies

1.

2.

The cells were distributed as mentioned in table-MM5.
Antibodies were added in the tubes and incubated in dark at the

temperature mentioned in the above table.

. After completion of the designated incubation time, cells were washed twice

with PBS and resuspended in 500 ul PBS containing 0.5%

paraformaldehyde and stored at 4C until analyze by flow-cytometry.
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4. Samples were analyzed on

BD FACSCalibur

flow

cytometer

appropriate setting for respective fluorophore as mentioned in the

MM6.

Table-MM5: Staining with fluorescently tagged antibodies for flow-

using

table-

cytometry
Antibod Cell Vol. of Cell Vol. of Time of Temp. of
y no. suspension | antibody | Incubation | Incubation
FPR1- 5 . _qo
FITC 10 25 pl 10 pl 30 min 2-8°C
FPR2-PE 106 25 ul 10 pl 30 min 2-8°C
FPR3-APC | 2.5x105 25 pl 10 pl 30 min room
temperature
CD34-PE | 106 90 pl 10 pl 30 min room
temperature
CD38- 6 . room
perCP 10 20 ul 10yl 30 min temperature
CD117- 6 . room
PE 10 90 pl 10 pl 30 min temperature
CD133- 6 . room
PE 10 90 pl 10 pl 30 min temperature
CD44-PE | 106 90 ul 10 pl 30 min room
temperature
CD24- 6 . room
FITC 10 20 ul 10 ul 30 min temperature

Table-MMG6: Fluorophores, their properties and flow-cytometer setting

Dye Excitation | Emission Instrument Setting
Maxima Maxima Excitation Laser Fl. Channel
FITC 495 519 Argon (488 nm) FL1 (530/30 BP)
Alexa
fluor 488 488 517 Argon (488 nm) FL1 (530/30 BP)
PE 496/565 575 Argon (488 nm) FL1 (585/42 BP)
PerCP 482 690 Argon (488 nm) FL3 (670LP)
APC 645 660 Red Diode (635 nm) FL4 (616/16 BP)
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Indirect immunofluorescence staining of intracellular protein
staining:
1. Equal volume of 8% paraformaldehyde (final concentration = 4%) was
added to the 106 cells suspended in 1 ml PBS, and incubated at 37°C, for
15 min, for fixing the cells.
2. After 15 min, cells were washed twice with PBS.
3. The cells were suspended in blocking buffer and incubated for 1 hour, at
room temperature.
4. The cells were spun down and the pellet was suspended in 1% BSA.
5. The cells were distributed at a density of 106 cells/90ul in flow tubes.
6. Primary antibodies were added in the tubes and incubated in dark at the
temperature mentioned in the table MM7.
7. After completion of incubation period, cells were washed twice with PBS.
8. Cells were then incubated with 1:1000 diluted Alexa-488-goat anti-rabbit
secondary antibody in 1% BSA for 30 min, at room temperature, in dark.
Table-MM7: Indirect immunofluorescence staining of intracellular

protein for flow-cytometry:

Primarv Antibod Final Cell | Incubation Incubation
y Y | dilution used | no. time temperature

Oct-4A Rabbit mAb 1:200 106 Overnight 4°C

Nanog Rabbit mAb 1:200 106 Overnight 4°C

9. Cells were washed twice with PBS and resuspended in 500 pl PBS.
10. Samples were analyzed on BD FACSCalibur flow cytometer at appropriate

settings as mentioned in the table-MM6.
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Direct immunofluorescence staining of intracellular protein
staining:
1. Cells were processed as mentioned above up to step 5.
2. Antibody was added in the tube and incubated in dark at the temperature
mentioned in the table MM8.
3. After completion of incubation period, cells were washed twice with PBS
and resuspended in 500 pl PBS.
4. Samples were analyzed on BD FACSCalibur flow cytometer at appropriate
settings as mentioned in the table-MM6.
Table-MMS8: Direct immunofluorescence staining of intracellular protein

for flow-cytometry

Primary Antibody Final Cell no. | Incubation Incubation
dilution used time temperature
Mouse anti-Sox-2-PE 1:10 106 2 hrs 4°C

F-actin staining for flow cytometry:
The cells were distributed at the density of 106 cells/100 pl.
The cells were stimulated with fMLP (10 nM and 1 puM for 5 min, for
hematopoietic cell lines and 1 uM for 16 min, for breast epithelial and breast
cancer cell lines).
The cells were then fixed by adding equal volume of 8% paraformaldehyde
(final concentration 4%), at 37°C, for 15 min.
The cells were washed twice with PBS and the cell pellet was suspended in
100 pl actin staining solution.

The cells were then incubated for 15 min, at 37°C, in dark.
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After incubation, equal volume of 4% BSA was added to cell suspension and

further incubated for 10 min at room temperature.

Samples were analyzed on BD FACSCalibur flow cytometer at appropriate

settings as mentioned in the table-MM6.

Detection of ligand binding to FPR127, 128,

Protocol:

1.

2.

The cells were distributed at the density of 106 cells/90 pl.
10 pl from 10 uM working stock of FITC-fNLPNTL was added to the tube

whereas unstained cells served as control.

. The cells were then incubated at 37°C in water bath, for 30 min in dark.

After incubation, the cells were fixed by adding equal volume of 8%

paraformaldehyde (final concentration 4%), at 37°C, for 15 min.

. The cells were then washed twice with PBS and resuspended in 500 ul PBS.

Samples were analyzed on FACSCalibur flow cytometer at appropriate

settings as mentioned in the table-MM6.

Estimation of Calcium

Reagents

Calcium ionophore A23187: (M.W. - 523.6)

Stock solution was prepared in dry DMSO. To prepare 10 mM stock solution,

5.236 mg was dissolved in 1 ml dry DMSO. Aliquots were stored at -20°C.

Manganese chloride (MnCi2): (M.W. - 197.9)

To prepare solution of 4 mM, 1.58 g was dissolved in 2 ml Milli-Q. This 4 mM

solution was diluted to 1:10 to get stock of 0.4 mM. Aliquoted and stored at 4°C.

EGTA: (M.W. - 380.25)
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To prepare stock solution of 0.4 M, 1.521 g of EGTA was dissolved in 9.2 ml of

1.5 M Tris buffer, pH 8.7. pH was adjusted to 7.4 with 10 N HCI. The final

volume was made to 10 ml with Milli-Q.

Fluo-4 NW Calcium Assay Kit:

Fluo-4 NW dye mix (Component A)

Probenecid, water soluble (Component B)

Assay buffer [1X Hanks' balanced salt solution (HBSS) with 20 mM HEPES]

Quantitation of Ca?* release upon fMLP stimulation was measured using Fluo-4

NW calcium assay kit (Invitrogen) as per the manufacturer’s instructions.

Detailed protocol used was as follows:

1.

2.

Cell suspension was centrifuged at 1000 rpm for 5 min to obtain cell pellet.
Supernatant was discarded and cell pellet was resuspended in 1 ml of assay
buffer (provided with the kit).

Cell viability and cell count of the cell suspension was checked using trypan
blue dye exclusion method.

Cell count was adjusted to 2.5 x 106 cells/ml in assay buffer.

50 ul cell suspension (125,000 cells/well) was seeded per well of 96 well
plate.

To make 250 mM stock solution of probenecid (component B), 1 ml assay
buffer was added to the one vial of component B.

5 ml of assay buffer and 100 ul of 250 mM stock solution of component B
was added to vial of component A to prepare 2X dye solution.

50 ul of dye solution was also added to each well of 96 well plate.

The plate was incubated at 37°C, in CO2 incubator, for 30 min.
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10. The plate were then placed in FlexStation 3 benchtop multimode microplate
reader. Temperature of the FlexStation was maintained at 37°C during the
complete experiment.

11. At every 2 seconds fluorescence was measured at 516 nm, using 494 nm
excitation.

12. 10 pyl of 1 uM fMLP was added to each well (final concentration = 100 nM)
after 2nd reading.

13. Post fMLP addition readings were recorded after every 2 second up to 5 min.

14. After 5 min, 10 pl of 100 uM calcium ionophore A23187 was added to each
well and readings were taken up to 2 min at every 2 second interval.

15. After 2 min 15 ul of 0.4 M EGTA was added to each well and readings were
taken for further 1 min at every 2 seconds interval.

16. After 1 min 20 ul of 0.4 mM MnCI2 was added to each well and readings

were taken for further 1 min at every 2 seconds interval.
Calculations for calcium estimation

Readings before fMLP addition were taken as basal calcium levels.

Relative fluorescence intensity measured at various time points was plotted
against time. Highest relative fluorescence unit (RFU) readings after fMLP
stimulation was termed as fMLP Max and the corresponding time was termed as
t-fMLP Max. Some cell lines showed two peaks in a plot RFU v/s time. Hence,
there were two fMLP Max readings, which were termed as fMLP Max-1 and fMLP
Max-2 and the corresponding time points were termed as t-fMLP Max-1 and t-
fMLP Max-2. Lowest RFU reading after fMLP Max was marked as fMLP Min and
the corresponding time was marked as t-fMLP Min. There were two fMLP Min i.e.

fMLP Min-1 and fMLP Min-2 and two corresponding t-fMLP Min i.e. t-fMLP Min-1
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and t-fMLP Min-2, for the cell lines which showed two peaks in the plot. Highest
RFU reading, post ionophore treatment, minimum RFU reading after EGTA &
MnCl, treatments and the respective time points were also marked and named
accordingly. Ratios of these RFU readings with the basal calcium reading were
calculated. These RFU readings per se and ratios were compared across the cell

lines.
Statistical Analysis

GraphPad Prism-5 software was used to statistically analyse all the data. All the
values were expressed as mean £ SEM or median £ SEM as mentioned in
various experiments.

Mainly two nonparametric statistical tests were used to calculate significance of
the data.

The tests are listed below -

Wilcoxon signed-rank test:
This is a nonparametric test used to compare two related samples i.e. to
compare stimulated/treated cells with unstimulated/solvent control for a given

cell line. Probability value less than 0.05 was considered significant.

Mann-Whitney test:

This is a nonparametric test used to compare two independent samples. Two cell
lines were compared with each other using this test. For example, MCF-10A, a
normal cell line was compared with breast cancer cell line. Probability value less

than 0.05 was considered significant.
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Cluster Analysis 12°

A key initial step in the analysis of large data is the detection of groups of genes
that exhibit similar expression patterns. The goal is to partition the elements into
subsets, which are called clusters, so that two criteria are satisfied:
Homogeneity -elements in the same cluster are highly similar to each other; and
separation - elements from different clusters have low similarity to each other.
Several algorithmic techniques were previously used for clustering gene
expression data, including hierarchical clustering!?®, self- organizing maps?!3°
(Tamayo et al. 1999), and graph theoretic approaches?3!,

Two-way cluster analysis was carried out using Genesis software. QPCR and WB
data, were used to cluster cell lines as well as genes and proteins in a given
stimulation condition. Unsupervised Hierarchical clustering analysis was
performed using average linkage and Euclidean distance. Data was interpreted
on divisive approach. Each of these terms are explained below:

Hierarchical clustering

Hierarchical clustering is represented by a dendrogram. In Hierarchical clustering
two approaches were used to generate dendrogram:

Divisive or top-down: It starts with one cluster containing all the data objects,
and at each step split a cluster until only single clusters of individual objects
remain.

Agglomerative or bottom-up: It initially consider each data object as an
individual cluster, and at each step, merge the closest pair of clusters until all
the groups are merged into one cluster.

Algorithms used for hierarchical clustering:
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Complete Linkage: Distance between clusters is distance between farthest pair
of points.

Single Linkage: Distance between two clusters is the distance between the
closest points. Also called “neighbour joining”.

Centroid Linkage: Distance between clusters is distance between centroids
Average Linkage: Distance between clusters is average distance between the
cluster points

Proximity measurement:

Proximity measurement measures the similarity (or distance) between two data
objects. In Hierarchical clustering Euclidean distance and Pearson correlation and
‘uncentered’ correlation were used for proximity measurement. In the present
data, Euclidean distance was used.

Euclidean Distance: The Euclidean distance or Euclidean metric is a straight
line distance between two points in Euclidean space. Euclidean distance is more

appropriate for log ratio data'3?.
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Results and Discussion

FPR family member —-FPR1 and FPR2 were extensively studied for their role as
chemoattractant receptor in professional phagocytes! 2 6>133.134 and as
vomeronasal sensor!3>137, Role of FPR1 was also studied in glioblastoma, where
stage dependent increase in FPR1 expression contributed to disease
pathogenesis®®. On other hand, FPR2 was extensively studied for its role in
Alzheimer’s disease!3® 13° as serum amyloid A (SAA)° and amyloid p42
(AB42)*! were found to be agonist for FPR2. Though, there was no study, which
directly implicate, role of FPR in CML, events activated by FPR after binding to its
ligand were found defective in CML PMNL’%-8%, Significance of these defective FPR
stimulated events in CML pathogenesis was not known. In breast cancer, binding
of FPR ligand to HBCC and resulting chemotaxis and motility of these cells was
demonstrated? 19! but their significance in disease pathogenesis and role of
FPR in breast cancer per se was not yet known. The aim of this study was to
decipher the role of FPR in CML and breast cancer. FPR was also evaluated as
candidate for diagnostic/prognostic marker as well as candidate for therapeutic
target for CML and breast cancer. To study the role of FPR in these cellular
malignancies, expression of FPR was checked in cell lines and clinical samples.
Effect of FPR signalling activation and inhibition was checked on cell proliferation,
differentiation and cancer markers. Furthermore, transactivation of RTKs by

FPR1 and FPR2 was also explored.
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Chronic Myeloid Leukemia

CML is a myeloproliferative disorder, characterized by presence of the Ph!
chromosome’®. It is one of the most extensively studied human malignancy.
PMNL from CML exhibit defects in various events which are activated by the FPR.
Binding of fMLP to FPR on normal PMNL activates it for host defense. This
activated PMNL adheres on endothelium and transmigrates through the
intercellular junction of endothelial cell monolayer'#?. This transmigration is
followed migration to the target site i.e. chemotaxis. At the target site PMNL
performs microbicidal action such as phagocytosis and respiratory burst!42,
PMNL from CML patients were reported to be defective in adhesion,
transmigration, motility, chemotaxis, actin polymerization, phagocytosis and
respiratory burst activities’6-8°, Mechanism of this defective stimulation by FPR in
CML PMNL was investigated in depth. In the present study, role of FPR in these

defects in CML PMNL was studied.

Expression of FPR Genes in Clinical Samples from CML

Patients

To understand the defective behavior of CML PMNL, expression of FPR genes was
examined in peripheral blood samples from CML patients. Peripheral blood
samples from CML patients and normal donors were collected. Interphase cells
and PMNLs were separated from buffy coat of peripheral blood from CML
patients and normal donors, using ficoll-hypaque density gradient. In normal
donors, interphase cells are mature mononuclear cells, that is, lymphocytes and
monocytes (peripheral blood mononuclear cells i.e. PBMC) whereas in CML

patients, the PBMCs fraction also contains immature cells and blast cells. To
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know changes in the FPR gene expression CML, interphase cells and PMNL from
CML patient’s peripheral blood were checked for FPR genes expression and
compared with that of interphase cells and PMNL from normal donors,

respectively (Annexure-II).

Expression of all the FPR genes; FPR1, FPR2 and FPR3 was lower in CML
patients’ interphase cells as compared to that in the respective cells from normal

donors (Fig-RC 1A, 1B & 1C; Table-RC 1).

Table-RC 1: Expression of FPR Genes in Clinical Samples

Normalized Quantity

NL CL NN CN

FPR1 (ng) 0.22 + 0.02 0.10 £ 0.01 0.25 £ 0.04 0.19 £ 0.03

FPR2 (ng) 0.069 = 0.017 0.060 = 0.013 0.154 £ 0.045 0.122 £ 0.045

FPR3 (ng) | 0.040 + 0.007 | 0.033 + 0.010 | 0.059 + 0.013 | 0.060 + 0.014

NL= Normal Interphase, CL= CML interphase, NN=Normal PMNL, CN=CML PMNL, All the
values are average £ SEM (n=13)

However, only FPR1 expression was lower in CML PMNL than that in normal
PMNL. Expression of FPR2 and FPR3 were at par in CML PMNL and normal PMNL.
Decrease in FPR1 was statistically significant in interphase cells as well as in
PMNL (Fig-RC 1A). Expression of the FPR3 was significantly lower in CML
interphase cells than in the normal interphase cells while lowered FPR2
expression in CML interphase cells wasn’t statistically significant. Comparative
expression of all the three receptors revealed that FPR1 was the highest
expressing homologue of FPR followed by FPR2 (Fig- RC 1D; Table-RC 2). FPR3
was the least expressed FPR homologue. Although, earlier reports have
suggested that FPR3 expression was not found in PMNL* 143 144 FPR3 expression

in PMNL was seen in the present study. This could be due to following reasons.
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The studies* %4, which claimed that FPR3 was not present in neutrophil, were
not performed on neutrophil per se but HL60 cells differentiated into neutrophils

were used.

Table-RC 2: Expression of FPR 1 and FPR2 Genes with respect to FPR1 in

Clinical samples

Fold Change in Expression*
NL CL NN CN
FPR2 0.051 £ 0.013 | 0.078 £ 0.019 | 0.057 £ 0.020 | 0.064 + 0.023
FPR3 0.011 £ 0.003 | 0.012 + 0.003 | 0.009 + 0.004 | 0.018 + 0.008

*=Fold change with respect to FPR1, All the values are average £ SEM (n=13)

In present study, human neutrophils were used. Hence, conclusion of the
present study is more reliable representations. Moreover, in the present study,
real time PCR was used as a detection technique which is far more sensitive to
Northern blotting, that was used in aforementioned studies* %4, claiming
absence of FPR3 in PMNL. Devosse et al. showed minimal expression of FPR3 in
PMNL%3, which is similar to the present findings as FPR3 expression was the

least expressed FPR in PMNL as compared to FPR1 and FPR2.

To summarize, expression of all the FPR genes was decreased in CML patients.
The decrease in the expression of the FPR1 might be the cause of the defective
behavior of CML PMNL in response to fMLP stimulation. Distinct difference in
expression of FPR genes in PBMC of normal and PMNL could be because of
immature cells present in CML PBMC. As the disease progresses, percentage of
immature cells in PBMC as well as bone marrow increases. Hence, further
studies on immature CML cells would help in understanding pathogenesis of

CML. Various CML cells lines are derived from bone marrow or blood samples of
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Fig-RC 1: Expression of FPR Genes in Clinical Samples: Expression of FPR1 (A),
FPR2 (B) and FPR3 (C) mRNA in clinical samples; NL= normal interphase cells, CL=CML
interphase cells, NN=normal PMNL, CN=CML PMNL (D) Expression of FPR2 and FRP3

mMRNA in clinical samples with respect to (wrt) FPR1 mRNA. FPR expressions were

normalized with actin expression. Data is presented as average fold expression + SEM;

n=13. * p<0.05 wrt the respective normal sample (Mann-Whitney test).




CML patients. These are at different stages of differentiation. Use of various cell
lines is well accepted as models in clinical application oriented initial studies.
Hence, expression of FPR genes as well as protein levels and their functionalities
were checked in bcr-abl positive cell lines. Conclusions drawn on the basis of
studies using more than one cell lines are more likely to resemble in vivo
conditions than those based on the use of a single cell line. Therefore, to carry
out these studies, a panel of cell lines was chosen which included; a) cell lines
expressing b3a2 fusion transcript of bcr-abl -K562 & KU812 and the respective
imatinib resistant cell lines (SR) -K562/SR & KU812/SR; b) cell line expressing
b2a2 fusion transcript of bcr-abl ~-KCL22 and its respective imatinib resistant cell

line -KCL22/SR; c) bcr-abl negative cell line —HL60.

Expression of FPR genes in Cell Lines

MRNA expression studies from the cell lines followed the similar trend as clinical
samples for FPR1 and FPR2 (henceforth referred as mFPR1 and mFPR2 for FPR1
and FPR2 gene/mRNA expression, respectively), whereas FPR3 (henceforth
referred as mFPR3 for FPR3 gene/mRNA expression) showed the reverse picture

(Fig-RC 2A, 2B & 2C; Table-RC 3).

Table-RC 3: Expression of FPR Genes in Different Cell Lines

Genes Fold Change in Expression
HL60 | K562 K562/SR | KCL22 KCL22/SR_| KUB12 KUS12/SR
. |1.00 £ 046 *]0.58 =*]0.02 *]0.05 +|002 =
mFPR1I™ 1 h00 | 0.04 0.03 0.00 0.01 0.00 0.02 £ 0.01
org- | 100 %[0.007 #[0013 %0003 #*|0.007 #|0.00I %0001 %
0.00 | 0.003 0.005 0.001 0.001 0.000 0.000
701 £]011 *]0.17 +|1.65 =*]|1.17 034 =
$
mFPR2* 1457 | 0.03 0.04 0.54 0.36 0.06 0.63 +0.45
1 1.00 £]747.05 = | 1907.41 = | 8.97 % |12.33 %1831 =
mFPR3™ 1 500 103.07 | 148.89 0.78 1.11 1.28 /.15 +0.62
0.004
6.81 +|14.10 +£|2.79 + 488 =
$
mFPR3 3001 o8 il 2.7 11+042 | 458 1.85 4 0.57

Fold change was calculated; * With respect to HL60, $ with respect to FPR, All the values are
average + SEM ((n=3)
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Expression of mFPR1 and mFPR2 was higher in bcr-abl negative cell lines than
that in bcr-abl positive cell line, while expression of mFPR3 was found higher in
bcr-abl positive cell lines than that in CML negative cell lines. Changes in mFPR
expression among bcr-abl positive and negative cell lines indicated that the bcr-
abl expression might have affected expression of mFPR. It might have decreased
expression of mMFPR1 & mFPR2 and increased expression of mFPR3. Inhibition of
mFPR1 and mFPR2 was also seen in the clinical samples but mFPR3 in cell lines
did not match the results from the clinical samples. Among the three imatinib
sensitive bcr-abl positive cell lines, K562 expressed the highest mFPR1, mFPR2
and mFPR3, while KU812 expressed the lowest mFPR2 and KCL22 expressed the
lowest mFPR3. mFPR1 levels were at par in KCL22 and KU812 (Fig-RC 2A). On

the basis of these results three bcr-abl cell lines could be categorized as follows:

K562 | KCL22 | KU812
mFPR1 | +++ + +
mFPR2 | +++ ++ +
mFPR3 | +++ + ++

CML is a stem cell disease and oncoprotein bcr-abl is essential for its
pathogenesis’®. Bcr/abl tyrosine kinase inhibitor -imatinib transformed the
approach to treatment of CML’°. Imatinib is currently accepted as the first line
therapy for CML patients, regardless of the phase of disease’®. While, imatinib is
highly effective therapy against CML, a minority of patients fails or responds
suboptimally to imatinib. Intrinsic and acquired resistance against imatinib has
been described and recognized as the key challenge in CML research. Three
imatinib resistant cell lines -K562/SR, KU812/SR and KCL22/SR were obtained
from Dr. Tadashi Nagai, Jichi Medical University, Japan!!l 112, These cell lines
were generated from their respective parent cell lines -K562, KU812, and KCL22

by treatment with step-wise increasing concentration of imatinib. Genetic
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analysis of these cell lines showed no mutation in bcr-abl gene, suggesting that
mechanism involved in imatinib resistance in these cell lines were independent
of becr-abl''! 12, To study the effect of imatinib resistance on mFPR expression,
imatinib resistant (SR) cell lines -K562/SR, KCL22/SR and KU812/SR were
checked for the mFPR expressions and compared with their respective imatinib
sensitive (S) cell lines. Various theories had been proposed for the bcr-abl
independent imatinib resistance in CML. There are four proteins, which played
important role in bcr-abl independent imatinib resistance. Comparative gene and
proteomic analysis suggested that underexpression of Annexin A1 (ANXA1l) was
responsible for bcr-abl independent imatinib resistance in CML!¥>. ANXA1l is a
Ca?* dependent phospholipid binding protein#®. It is inhibitor of glucocorticoid
induced eicosanoid synthesis and PLA2, thereby plays role in various
inflammatory pathways. It is found in the gelatinase granules of PMNL. When
these granules were released on cellular adhesion to the endothelium, ANXA1
was also secreted at the site. ANXA1 then bind to its receptor —FPR family, and
exerts its effect. Downregulated expression of ANXA1l is also responsible for
multidrug resistance in CML'%, while overexpression of ANXA1 was reported in
CML blast crisis. Another study suggested the role of SH2-containing tyrosine
phosphatase 1 (SHP-1) in bcr-abl independent imatinib resistance in KCL2248, It
was shown that the expression of SHP-1 was decreased in bcr-abl independent
imatinib resistance cells. Ectopic expression of SHP-1 in imatinib resistance cells
restored the imatinib responsiveness. The study was also confirmed on the
group of CML patient who failed to respond to imatinib. Higher expression of
SHP-1 was reported in hematopoietic precursor cells. SHP-1 physically

associated with bcr-abl and thereby blocked bcr-abl dependent transformation
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and mediated PP2A-induced bcr-abl proteasome degradation. SHP-1 was
activated by tyrosine phosphorylation upon fMLP treatment. Study by Donato et
al suggested role of Src related kinase Lyn in bcr-abl independent imatinib
resistance in K562'%% 130 It was shown that Lyn was highly expressed and
activated in imatinib resistant cells. The data was also confirmed in clinical
samples from CML patientsi?®. Inhibition of Lyn in imatinib resistant cells
decreased proliferation and survival, while it had no effect on imatinib sensitive
cell lines. However, the effect of Lyn on bcr-abl independent imatinib resistance
seems to be SHP-1 dependent because Lyn kinase was regulated by Jak2 via
SET-PP2A-SHP-1 pathway. Jak2 was activated by bcr-abl, which in turn activates
SET. SET is an inhibitor of PP2A, which is an activator of SHP-1. Activated SHP-1
inhibits Lyn activation, hence Jak2 activation led to the inhibition of SHP-1. So it
could not inhibit the Lyn anymore, hence resulted in activated Lyn. As it was
seen that SHP-1 expression was decreased in bcr-abl independent imatinib
resistance cells and this decreased SHP-1 expression could be the reason of Lyn
activation in bcr-abl independent imatinib resistance cells. Another molecule,
which was found, associated with acquired imatinib resistance is PKCn!®i.
Upregulated PRKCH -gene encoding PKCn was found in bcr-abl independent
imatinib resistant cells as well as in CML clinical samples. Its upregulation was
also found in imatinib resistant CML stem cells. Combined treatment of imatinib
and PKCn inhibitor kills bcr-abl independent imatinib resistant CML cells as well
as CML stem cells. Taken together these observations, it would be worth noting
that all these molecules were directly related to FPR. ANXA1 is the ligand for all
the three FPR whereas activation of PMNL by fMLP led to the activation of SHP-1

as well as Lyn and PKCn.
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Increase in the expression of all the three mFPRs -mFPR1, mFPR2, and mFPR3
was observed in SR cell line of b2a2 fusion transcript expressing cell line
KCL22/SR than that in KCL22 (Fig-RC 2A, 2B & 2C; Table-RC 3). Cell lines
expressing b3a2 fusion transcript of bcr-abl showed a different expression
pattern between SR and S. mFPR1 level was not affected by imatinib resistance,
as mFPR1 levels were at par in S and SR of K562 and KU812. mFPR2 and mFPR3
levels were higher in K562/SR than that in K562 whereas S and SR of KU812 did
not show any difference in mFPR2 levels and mFPR3 levels were lower in
KU812/SR than that in KU812. SR cell lines could be classified on the basis of

changes in the level of mFPRs as compared to imatinib sensitive cell lines, as

follows:

K562/SR | KCL22/SR | KU812/SR
mFPR1 | No Change | Increase No Change
mFPR2 | Increase Increase No Change
mFPR3 | Increase Increase Decrease

When expression of all the three mFPR was compared among the cell lines, it
was found that FPR3 was the highest expressed mFPR in bcr-abl positive cell
lines, whereas it was the least expressed mFPR in bcr-abl negative cell line (Fig-
RC 2D; Table-RC 3). mFPR2 was the highest expressed mFPR in bcr-abl negative
cell line. Among bcr-abl positive cell lines, comparative expression of mFPR1 and
mFPR2 was found to be linked with the type of bcr-abl fusion transcript. Cell
lines expressing b3a2 fusion transcript -K562 and KU812, expressed significantly
higher mFPR1 than mFPR2 whereas the levels of mFPR1 and mFPR2 were at par
in KCL22 -b2a2 fusion transcript expressing cell lines. These results were
completely different than the clinical samples’ finding where among all the three
mFPRs, mFPR1 was the highest and mFPR3 was the lowest, in both normal as

well as CML samples. In imatinib resistant cell lines, b3a2 expressing cell lines
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Fig-RC 2: Expression of FPR Genes in CML Cell Lines: Expression of mFPR1 (A),
mFPR2 (B), mFPR3 (C), in CML cell lines with respect to the bcr-abl negative cell line HL-
60 and (D) expression of mFPR2 and mFPR3 genes with respect to mFPR1, in CML cell

lines and HL-60, as estimated by QPCR. Gene expressions were normalized with HPRT1

expression. Data presented as average fold change + SEM (n=3) . For fig A, B and C

statistically significant changes is are marked as; * p<0.05 wrt HL60, # p<0.05 wrt the

respective sensitive cell line and for fig D * p<0.05 wrt FPR1, # p<0.05 wrt FPR2 (Mann-

Whitney test).




did not show any change in the comparative expression of mFPR than their
respective sensitive cell lines, i.e. mFPR3 showed the highest expression and
mMFPR2 expression was the lowest. But b2a2 fusion transcript expressing cell
lines showed differences between S and SR. Expression of all the three mFPR
were at par in the KCL22/SR, whereas in KCL22, FPR3 was the highest
expressing mFPR followed by mFPR1 and mFPR2, whose expressions were at

par.

Taken together results of mFPR from clinical samples and cell lines, it could be
stated that bcr-abl expression might be affecting expression of mFPR, where
expression of mFPR1 was decreased in CML clinical samples and mFPR1 and
mFPR2 was decreased in CML cell lines. However, mFPR3 expression showed
different results in clinical samples and cell lines. Expression of mFPR3 was
higher in bcr-abl positive cell lines than that in bcr-abl negative cell lines,
contrasting to the results from clinical samples. HL60 though taken as a bcr-abl
negative cell line is not a normal cell line but acute promyelocytic leukemia cell
line. HL60 cells are neutrophilic precursors and as it was reported that
neutrophils derived from HL60 did not express mFPR3% 43144 On other hand, all
bcr-abl positive cell lines were multipotent. When comparative FPR gene
expression was seen, it was clear that HL60 expressed negligible mFPR3 than
mFPR1 and mFPR2, on other hand bcr-abl positive cell lines probably due to
their multipotent nature expressed more mFPR3. Comparative expression
pattern of all three mFPR was also different between clinical samples and cell
lines. In clinical samples the highest expressing mFPR was mFPR1 sequentially
followed by mFPR2 and mFPR3, in normal as well as in CML samples, whereas in

cell lines comparative gene expression of mFPR not only affected by the
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presence of bcr-abl gene but also by the type of bcr-abl fusion transcript present
in the cell line. There could be two possible reasons for the differences between
clinical sample’s results and cell line results’. First, in clinical samples, CML
patients’ samples were compared with normal donors, whereas in the cell lines,
bcr-abl positive cell lines were compared with HL60. Second, the number of
immature cells was less in interphase fraction of clinical samples than that in cell
lines, hence cell line data would be a better indicator of differences in gene

expression between mature and immature cells.

Furthermore, differences in the FPR gene expression between imatinib sensitive
and resistance cell line might also be linked with type of bcr-abl fusion gene
expressed and cell line lineage. K562 contains erythrocytic, granulocytic and
monocytic lineage while KU812 contains basophilic as well as erythroide
lineage!® 198 K562 was obtained from an untreated patient whereas KU812 was
developed from peripheral blood of a patient who was treated with busulfan for
10 years as well as various combination of chemotherapy for extramedullary
spinal tumori®: 197, KU812 did not differentiate into granulocytic lineage. Hence,
the effect could not resemble CML PMNL. KCL22 is also a multipotent and shows
properties of monocytes/macrophages and some characters of
megakaryocytes!® 110, h2a2 expressing cell line showed increase in all the three
mFPR while b3a2 expressing cell lines showed expression pattern as per their
lineage. SR cell line with granulocyte lineage showed increase in mFPR2 and
mFPR3 while SR cell line with basophilic lineage showed decrease in mFPR3 than
that in their respective S cell lines. Hence, changes in mFPR expression between
SR and S cell lines might be linked with lineage of cell lines or type of bcr-abl

fusion transcript expressed by these cell lines.
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Surface Expression of FPR Protein in Cell Lines:

It was seen that expression of FPR was affected by bcr-abl expression at the
genetic level. To know the effect of bcr-abl expression on FPR at protein level all
the cell lines were analyzed for FPR protein expression level. FPR are surface
receptors and their activity is linked to their surface expression. Hence FPR
receptors present on the cell surface (sFPR) were estimated flow cytometrically,

by staining with fluorescently tagged antibodies at 4°C.

Median fluorescence Intensity was compared for sFPR2 and sFPR3 because all
the cell lines showed more than 95% positivity for sFPR2 and sFPR3 whereas for
sFPR1, sFPR1 % cell positivity was compared among the cell lines because all

the cell lines except HL60 showed lower positivity (Table-RC 4).

Table-RC 4: Expression of sFPR in Various Cell Lines

Protein HLeO | Kks62 | K962/S | kcron | KCL22/ | \yg1o | KUBLZ/S
R SR R
33 + 8 + 9 +
MFI >3 8403|7035 8+0.5 |, 14 £1.3
SFPR1
% 988 * | 750 = |723 +|558 = |83.0 % |456 £|70.1 =
Positivity | 0.9 2.7 1.3 3.3 5.6 2.2 3.6
21 £ |15 £ |14 = |13 =+ |17 = |14 =
MEl 0.9 0.4 1.3 0.3 1.2 0.6 12 £0.5
SFPR2
% 997 £|993 £ |983 +|996 +|998 +|995 +|98.3 =
Positivity | 0.3 0.6 0.7 0.1 0.1 0.4 0.6
100 |19 |13 =18 =|22 +|19 =
MFI 111 | 1.3 0.6 0.5 1.1 0.5 16 = 0.7
SFPR3
% 963 +|97.0 £ |89.6 £|96.7 £ |93.4 +|94.4 £ |90.7 =
Positivity | 1.7 1.4 5.1 0.7 15 2.0 2.5

HL-60, a non-bcr-abl, promyelocytic cell line is used as a control. All the values are
average * SEM, n=3, MFI= Median Fluorescence Intensity, % positivity =% cellular
positivity for given protein.

Expression levels of all the three sFPR -sFPR1, sFPR2 and sFPR3 were

significantly higher in bcr-abl negative cell line than that in bcr-abl positive cell
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lines. Lowering of the sFPR1 and sFPR2 levels in CML cell lines were in line with
mFPR1 and mFPR2 levels in cell lines as well as in clinical samples. sFPR3 levels
did not follow the mFPR3 level in cell lines, but was similar to the clinical sample
findings. Among imatinib sensitive CML cell lines, the highest % positive cells for
sFPR1 were K562 while KCL22 and KU812 showed similar expression for sFPR1
(Fig-RC 3A). The expression level of sFPR2 and sFPR3 were at par in all three
imatinib sensitive CML cell lines. The sFPR1 results were in line with mFPR1
results where K562 showed the highest expression and KCL22 & KU812 showed

similar expression for mFPR1, but lower than K562.

However, in imatinib sensitive cell lines, sFPR2 and sFPR3 expression did not
match with mFPR2 and mFPR3 results, respectively. K562 showed the highest
mFPR2 and mFPR3. KCL22 showed higher mFPR2 expression than KU812 while
MFPR3 expression was higher in KU812 than that in KCL22. This differential
expression of mFPR2 and mFPR3 in imatinib sensitive cell lines was not reflected
in sFPR 2 and sFPR3. In Imatinib resistant cell lines, significant increase in the
levels of all sSFPR was seen in the SR cell lines of KCL22. This was similar to the
mFPR levels. K562/SR showed significant decrease in sFPR3 compared to K562,
which was in contrast to the mFPR3 expression, where a significant increase in
the expression was observed (Fig-RC 3C). However, no changes in sFPR1 and
sFPR2 were seen between S and SR of K562 (Fig-RC 3A & 3B). Similar trend of
sFPR1 and mFPR1 expression suggested that imatinib resistance did not affect
FPR1 expression in K562. sFPR2 expression did not match with the mFPR2
expression. There was an increase in the mFPR2 in SR than that in S cell line of
K562, while no changes in the sFPR2 were seen. These results showed that

imatinib resistance differently affected the gene and protein expression of FPR2
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and FPR3 in K562, while had no effect on FPR1 protein and gene expression. In
KU812, significant increase in sFPR1 and decrease in sFPR3 were seen in SR
compared to S whereas no change in the expression of sFPR2 was seen between
KU812 S and SR cell line (Fig-RC 3C). The sFPR2 and sFPR3 results were in line
with mFPR2 and mFPR3 expression, respectively, showed that imatinib
resistance decrease the gene as well as protein expression of FPR3 in KU812
whereas did not affect the gene & protein expression of FPR2. The sFPR1
expression was different than mFPR1 expression. Significant increase in the
expression of sFPR1 was seen in SR than that in S cell line while no changes in

the expression of mMFPR1 were observed. Above results could be summarized as

follows.
K562 | KCL22 | KU812

mFPR1 | +++ + +
mFPR2 | +++ ++ +
mFPR3 | +++ + ++
sFPR1 | +++ ++ ++
sFPR2 | +++ | +++ +++
SFPR3 | +++ | +++ +++

K562/SR | KCL22/SR | KU812/SR
mFPR1 | No Change | Increase No Change
sFPR1 | No Change Increase Increase
mFPR2 | Increase Increase No Change
sFPR2 | No Change | Increase No Change
mFPR3 | Increase Increase Decrease
sFPR3 Decrease Increase Decrease

Expression of all the three sFPRs was lower in CML cell lines than that in non-
CML cell line. Thus, expression of bcr-abl was associated with the expression of
sFPR. Since the expression of sFPR1 was similar to the expression of mFPR1, it
could be said that, bcr-abl expression might be affecting transcription of FPR1

and the effect on transcription was translated in protein expression. Bcr-abl
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Fig-RC 3: Expression of sFPR in CML Cell Lines: Expression of sFPR1 (A), sFPR2 (B)
and sFPR3 (C) proteins in CML cell lines and HL60 as indicated. Data presented as (A)
average % positive population + SEM (B & C) average Median Fluorescence Intensity +
SEM.* p<0.05 wrt HL60, # p<0.05 wrt the respective sensitive cell line (Mann-Whitney
test).




expression might exert different effect on transcription and translation of FPR2
and FPR3, hence the results of gene expression for FPR2 and FPR3 were different
than protein expression. There are many reports suggesting that mRNA and
protein expression usually does not matched. A global analysis of mRNA and
protein abundance in 3 human cancer cell lines —-brain glioblastoma (U-251MG),
squamous cell carcinoma (A-431) and bone osteosarcoma (U-2 0OS) was
performed by Lundberg et al*>2. Using digital RNA seq and triple-SILAC method.
Although this paper focused on the differences between the cell line types,
supplementary figure showed three correlation plot between mRNA transcripts
and protein levels for three cell lines. The Spearman correlation coefficient for
mMRNA and protein expression were 0.42, 0.42 and 0.43 respectively for U-2 OS
(n=5210), A-431 (n=5158), U-251MG (n=5197). Tien et al. measured steady
state levels of protein (ICAT/MS) and mRNA (Agilent microarrays) in multipotent
mouse EML cells and their differentiated progeny MPRO cells!>3. The abundance
ratios of 425 proteins were mapped to the corresponding mRNA expression
levels. The correlation coefficient R? between mRNA and protein was 0.35 for all
the genes examined. Vogel et al. pointed out that transcription, mRNA decay,
translation and protein degradation are key processes, which determined steady
state protein concentrations!®*. They measured protein using shotgun MS and
mMRNA levels using microarrays for 1025 genes from human medulloblastoma
cells harvested at steady state logarithmic growth. A plot of protein versus
mRNA level for these proteins gave an R? value of 0.29. Schwanhausser, et al. in
2011 performed a definitive global analysis of protein versus mRNA levels in
NIH3T3 mouse fibroblasts!®>>. The group used metabolic pulse labeling (SILAC)

followed by mass spectrometry to measure protein turnover and 4-thiouridine to
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measure mRNA turnover in exponentially growing, non-synchronized cells. They
calculated absolute cellular mRNA copy number based on number of sequencing
reads in the unfractionated sample. They also calculated absolute protein copy
numbers from the mass spectrometry data, by summing peak intensities of all
peptides matching to a specific protein. The log-log plot of mRNA versus protein
showed a R? value of 0.41. Removal of less reproducible data points did not
improve the correlation, but rather brought R? to about 0.3. These reports clearly
showed that mRNA level could not predict or correlated with the protein levels.
Hence, the differences in the expression data of mMRNA and protein of FPR could

be attributed to various biological factors.

These results also showed that the effect of imatinib resistance on FPR was
dependent on bcr-abl fusion types as in b2a2 expressing cell lines increase in all
the three mFPR & sFPR was seen, but in b3a2 expressing cell lines effect of
imatinib resistant was different on different FPR and also different on mRNA &
protein expression of these FPR. Various studies have examined the influence of
type of fusion transcript (b3a2 versus b2a2) on duration of survival or chronic
phase. The issue is debatable till date, since some evidences are in favor!>6-1>8
and some are against!>®-1%4 to the hypothesis that a link exists between type of
fusion transcript and disease feature. It was very well reviewed by Melo J, where
it was mentioned that if the number of patients were increased in the studies
favoring hypothesis, the difference in disease feature due to type of fusion
transcript became insignificant'®>, Similar situation was observed where
association of thrombopoiesis with type of fusion transcript was shown. It was
reported that patients with b3a2 fusion transcript had significantly higher
number of platelets'®®-168, However, other studies did not corroborated with
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these finding'63 16% 170 Tt was also reported that the study supporting this claim

had smaller sample size and therefore was prone to statistical error.

All the cell lines were also studied for the co-expression patterns of the three
sFPR homologues. Since, sFPR2 and sFPR3 showed more than 95% cellular
positivity in all the cell lines, it was sFPR1 cellular positivity which altered the co-
expression patterns of sFPR. Dual positivity for sFPR1 & sFPR2, sFPR1 & sFPR3
and triple positivity for all the cell lines displayed a similar pattern (Fig-RC 4A,

4B & 4D; Table-RC 5).

Table-RC 5: Co-expression of sFPR by Flow Cytometry

% Positivity
Protein

HL60 K562 K562/SR | KCL22 | KCL22/SR | KU812 | KU812/SR
f{PRl 97.7 +|773 +|647 +|50.8 +|[871 +|32.1 +|557 =
cFpry | 15 4.3 6.5 7.7 5.4 1.4 2.2
ZFPRl 94.4 +|69.9 +|50.5 +[53.6 +|788 +|325 +|56.2 &
PR3 | 25 2.5 4.9 2.6 3.3 2.0 2.1
ZLFPRZ 945 +|92.0 +|746 +|950 +|925 +|90.1 +|87.0 %
ckpr3 | 23 4.4 12.7 1.3 1.0 3.0 3.9
SFPR1,
SFPR2 [93.7 +|72.6 +|509 +[281 +|80.0 +|31.7 +|54.4 =+
& 2.8 2.5 5.3 5.3 4.9 1.6 1.9
SFPR3

HL-60, a non-bcr-abl, promyelocytic cell line is used as a control. All the values are
average £ SEM, n=3, % positivity =% cellular positivity for given proteins.

Bcr-abl negative cell line HL60 had a higher % of cells co-expressing sFPR1 &
sFPR2, sFPR1 & sFPR3 and triple positivity than all the CML cell lines. Among
imatinib sensitive bcr-abl positive cell lines, K562 showed the highest number of

cells co-expressing sFPR1 & sFPR2, sFPR1 & sFPR3 and triple positivity, whereas
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KU812 showed the least number of cells co-expressing sFPR1 & sFPR2, sFPR1 &
sFPR3 and triple positivity. Co-expression of sFPR2 & sFPR3 were at par in all the
three CML cell lines (Fig-RC 4C). In imatinib resistant K562, decrease in co-
expression of sFPR1 & sFPR2, sFPR1 & sFPR3, sFPR2 & sFPR3 and triple positivity
was seen (Fig-RC 4A, 4B, 4C & 4D). There was an increase in the co-expression
of sFPR1 & sFPR2, sFPR1 & sFPR3 and triple positivity in SR than that in S in
KCL22 and KU812 (Fig-RC 4A, 4B & 4D). No changes in the co-expression
pattern of sFPR2 & sFPR3 were seen between SR and S of KU812 and KCL22,
whereas a decrease in the co-expression of sFPR2 & sFPR3 were seen in SR

compared to S, in K562 (Fig-RC 4C).

Above results showed that bcr-abl expression affecting the co-expression pattern
of sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 & sFPR3, as there was
decrease in these co-expressions in bcr-abl positive cell lines than that in bcr-abl
negative cell lines. However, bcr-abl did not affect the co-expression of sFPR2 &
sFPR3. Furthermore, the imatinib resistant also affected the co-expression

pattern, but this effect was cell line dependent.

K562 | KCL22 | KU812
mFPR1 +++ + +
mFPR2 +++ ++ +
mFPR3 +++ + ++
sFPR1 +++ ++ ++
sFPR2 +++ | +++ +++
sFPR3 +++ | +++ +++
sFPR1 & sFPR2 +++ | ++ +
sFPR1 & sFPR3 e+ |+ +
sFPR2 & sFPR3 +4++ | +++ | +++
sFPR1, sSFPR2 & SFPR3 | +++ | ++ +

83



A SsFPR1&sFPR2 ® _ sFPR1&sFPR3
> >
£ 100 * 4 = 100
> ha 2 *
E *# % *# E *#  x o *#
8 so- o « o 907 s *
o o
O\o o- o\o .
LR SR AT ™ ® 0¥ I\
@ o 6’1’\ q.c,\; 2\ ‘(&‘b% 2\ Qv “’6660’\ & o ’13’\ ‘&\3‘?’% 2\
+ « o * « o
¢ ..  SFPR2&SsFPR3 P ... SFPR1, sFPR2 & sFPR3
2 2
'S 100 # 'S 100 *#
2 z "N v
0 so 3 so0
o * o *# *
S S
° 1 ° ® _or 9@ % 9 6?’
’L AV
V\» 96'”\ &\ ® @ Yt M@ 6@\ @C W 0!
* & N * A

Fig-RC 4: Co-Expression of sFPR in CML Cell Lines: Co-expression of sFPR1 & sFPR2
(A), sFPR1 & sFPR3 (B), sFPR2 & sFPR3 (C) and sFPR1, sFPR2 & sFPR3 triple positive (D)
in CML cell lines and HL60 as estimated by flow cytometry. Data presented as average %
positive population + SEM (n=3). * p<0.05 wrt HL60, # p<0.05 wrt the respective

sensitive cell line (Mann-Whitney test).
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Fig-RC 5: Expression of sFPR in CML Cell Lines: Histogram overlays showing surface
expression of sFPR1, sFPR2 and sFPR3 in CML cell lines and HL60 as indicated. In each overlay
plot, black solid line indicates unstained isotype control while colored lines indicate cells stained
for sFPR1 (red), sFPR2 (green), and sFPR3 (blue).



K562/SR | KCL22/SR | KU812/SR
mFPR1 No Change | Increase No Change
sFPR1 No Change Increase Increase
mFPR2 Increase Increase No Change
sFPR2 No Change | Increase No Change
mFPR3 Increase Increase Decrease
sFPR3 Decrease Increase Decrease

sFPR1 & sFPR2 | Decrease Increase Increase
sFPR1 & sFPR3 | Decrease Increase Increase
SFPR2 & sFPR3 | Decrease | No Change | No Change

Bcr-abl Expression

Above results had shown that expression of FPR did change in CML. To see
whether this change in expression of FPR was connected with the expression of
bcr-abl gene or protein, expression of bcr-abl was studied in all the CML cell

lines.

mRNA

As already mentioned, there were two sets of cell lines as per the expression of
bcr-abl fusion proteins. One set with b3a2 fusion expressing cell lines -K562 &
KU812 and another set with b2a2 expressing cell line -KCL22. Among b3a2
expressing cell lines K562 and KU812, bcr-abl expression was higher in KU812

than that in K562 (Fig-RC 6A; Table-RC 6).

All the three SR cell lines showed lowered bcr-abl than their respective S cell line
(Fig-RC 6A & 6B). The higher expression of bcr-abl in KU812 than that in K562
was opposite of all the mFPR expression, sFPR1 expression, sFPR1& sFPR2 co-
expression, sFPR1 & sFPR3 co-expression and sFPR1, sFPR2 & sFPR3 co-
expression results. This indicates that bcr-abl expression showed an inverse

relationship with FPR expression.
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Table-RC 6: Expression of bcr-abl genes in CML cell lines

Genes Fold Change in Expression
K562* K562/SR* | KCL22% KCL22/SR$ | KU8B12* KU812/SR*
1.00 + 0.25 + 1.54 +
- # +
Ber-abl | 5’00 003 N.A. N.A. 018 0.08 + 0.02
1.00 + 0.25 + 1.00 + 0.03 + 1.00 +
ahl@ .06 % 0.
Ber-abl® 1 4 00 0.02 0.00 0.00 0.00 0.06 + 0.01

Fold change was calculated; # with respect to K562, @ with respect to the respective
sensitive cell lines. N.A.: Not applicable, All the values are average £ SEM (n=3); * cell
lines were tested for b3a2 fusion transcript, $ cell lines were tested for b2a2 fusion
transcript.

In imatinib resistant cell lines decrease in the expression of bcr-abl was seen.
There was increase in the expression of all the three mFPR and sFPR in b2a2
fusion transcript expressing SR cell line than that in S cell line, while bcr-abl
gene expression was lower in b2a2 fusion transcript expressing SR cell line than
that in its S cell line. It indicate an inverse relationship of bcr-abl gene with
mFPR and SFPR in b2a2 fusion transcript expressing cell line. In b3a2 expressing
cells, bcr-abl expression and FPR expression, were not opposite to each other. In
K562, bcr-abl gene expression was reverse to mFPR2 and mFPR3 expression.
However, bcr-abl expression in the SR and S cell lines of K562, was in line with
the expression of sFPR3, sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 and
sFPR3 co-expression patterns. In KU812, bcr-abl gene expression change was
reverse to sFPR1, sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 and sFPR3
expression between SR and S cell lines while in line with the expression pattern
of mFPR3 and sFPR3. It could be drawn from these results that bcr-abl
expression that S and SR cell line expressing b2a2 fusion transcript had an
inverse relationship with all three FPR gene and protein expression. Between SR

and S cell lines, expressing b3a2 fusion transcript, relation between FPR and bcr-
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abl gene was cell line dependent. However sFPR3 expression pattern matched
with bcr-abl gene expression between SR and S cell lines of both b3a2 fusion
transcript expressing cell lines. The results for imatinib sensitive cell lines are

summarized in following table.

K562 | KCL22 | KU812
mFPR1 +++ + +
mFPR2 +++ ++ +
mFPR3 +++ + ++
sFPR1 +++ ++ ++
sFPR2 +++ | +++ +++
sFPR3 +++ | +++ +++
sFPR1 & sFPR2 +++ ++ +
sFPR1 & sFPR3 +++ ++ +
SFPR2 & sFPR3 +++ | +++ +++
sFPR1, sFPR2 & sFPR3 | +++ ++ +
Bcr-abl gene ++ NA +++

The results for imatinib resistant cell lines with respect to their sensitive cell lines

are summarized in following table.

K562/SR | KCL22/SR | KU812/SR
mFPR1 No Change | Increase No Change
sFPR1 No Change | Increase Increase
mFPR2 Increase Increase No Change
sFPR2 No Change | Increase No Change
mFPR3 Increase Increase Decrease
sFPR3 Decrease Increase Decrease
SsFPR1 & sFPR2 | Decrease Increase Increase
SsFPR1 & sFPR3 | Decrease Increase Increase
SFPR2 & sFPR3 | Decrease No Change | No Change
Bcr-abl gene Decrease Decrease Decrease

Protein

To see the bcr-abl protein expression levels in the cell lines, all the cell lines
were subjected to the Western blot analysis and total bcr-abl protein was probed

using c-abl antibody. Density for the 210 kDa band was measured. The band
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density of all the cell lines were ratioed to the band density of K562 and cell lines

were compared for bcr-abl expression.

The highest bcr-abl protein among imatinib sensitive cell lines was expressed by
K562, followed by KU812 (Fig-RC 6C; Table-RC 7). The lowest bcr-abl protein
among imatinib sensitive cell lines was expressed by KCL22. K562/SR showed
decreased expression of bcr-abl protein than that in K562 while SR cell lines of
KCL22 and KU812 showed higher expression of bcr-abl protein than that in their
respective S cell lines. The highest expression of bcr-abl protein by K562, among
all the S cell lines was in line with all the three mFPR and sFPR1 expression
results. In b3a2 fusion transcript expressing cell lines -K562 and KU812, K562
expressed higher bcr-abl protein than that in KU812 which was opposite of bcr-
abl gene expression results, but in line with the FPR gene expression, sFPR1 &
sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 and sFPR3 co-expressions. Higher
expression of bcr-abl protein by KU812 than that in KCL22 was similar to the
mFPR3 expression, but in contrast to the mFPR2, sFPR1 & sFPR2, sFPR1 & sFPR3

and sFPR1, sFPR2 and sFPR3 co-expression results.

Decreased expression of bcr-abl in K562/SR than that in K562 was matched with
bcr-abl gene, sFPR3, sFPR1 & sFPR2, sFPR1 & sFPR3, sFPR2 & sFPR3 and sFPR1,

Table-RC 7: Expression of bcr-abl Protein

Fold Change
K562 K562/SR KCL22 KCL22/SR | KU812 KU812/SR

Protein

Bcr-abl | 1.0 £ 0.0 0.6 £ 0.04 |0.4+£0.28 |0.8+0.13|0.9+0.19 |1.5+0.04

Normalized with respect to K562, All the values are average £ SEM (n=3)

sFPR2 and sFPR3 co-expression results, but opposite of the mFPR2 and mFPR3
expression. The increase of bcr-abl protein in KU812/SR than that in KU812 was
in contrast to bcr-abl gene expression as well as mFPR3 and sFPR3 expression,

but matched with the sFPR1, sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2
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and sFPR3 co-expression. There was also increase in the bcr-abl protein in
KCL22/SR than that in KCL22. This was in contrast to bcr-abl gene expression,
but matched with all mFPR and sFPR. Also, this was matched with the co-
expression of sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 and sFPR3. The

results are summarized as follows:

K562 | KCL22 | KU812
mFPR1 +++ + +
mFPR2 +++ ++ +
mFPR3 +++ + ++
sFPR1 +++ ++ ++
sFPR2 +++ | +++ +++
sFPR3 +++ | +++ +++
sFPR1 & sFPR2 +++ ++ +
sFPR1 & sFPR3 +++ ++ +
sFPR2 & sFPR3 +++ | +++ +++
sFPR1, sFPR2 & sFPR3 | +++ ++ +
Bcr-abl gene ++ NA +++
Bcr-abl Protein +++ + ++

The results for imatinib resistant cell lines with respect to their sensitive cell lines

are summarized in following table.

K562/SR | KCL22/SR | KU812/SR
mFPR1 No Change | Increase No Change
sFPR1 No Change Increase Increase
mFPR2 Increase Increase No Change
sFPR2 No Change | Increase No Change
mFPR3 Increase Increase Decrease
sFPR3 Decrease Increase Decrease

sFPR1 & sFPR2 | Decrease Increase Increase
sFPR1 & sFPR3 | Decrease Increase Increase
SFPR2 & sFPR3 | Decrease | No Change | No Change
Bcr-abl gene Decrease Decrease Decrease
Bcr-abl Protein | Decrease Increase Increase

The published reports said that there were no changes in the bcr-abl gene
expression between SR and S cell lines but no data has been presented, hence
we could not comment on the different results!!' 112, Furthermore, these papers

also said that there was not any change in the bcr-abl protein, but we had found
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Fig-RC 6: Expression of bcr-abl in CML Cell Lines: (A) Expression of bcr-abl gene (b3a2
fusion transcript) in CML cell lines with respect to that in the K562 cell line. (B) Expression
of bcr-abl in imatinib resistant cell lines with respect to the respective imatinib sensitive cell
lines. Gene expressions were normalized with HPRT1 expression. Data presented as average
fold expression + SEM (n=3). (C) Expression of bcr-abl protein in CML cell lines. Experiment
was done in triplicate and a representative blot is presented. Densitometry data from the
Western blots is presented as an average fold expression wrt K562 + SEM. * p<0.05 wrt

K562, # p<0.05 wrt respective the sensitive cell line (Mann-Whitney test).




that there was decrease in bcr-abl protein in K562/SR than that in K562 and
increase in bcr-abl protein in KCL22/SR and KU812/SR as compared to KCL22
and KU812 respectively. The aforementioned paper by Miyoshi et al. and Ohmine
et al. had presented data only for KCL22 & KCL22/SR but not for K562 &
K562/SR and KU812 & KU812/SR!i/ 112 In KCL22, the protein expression was
normalized against GAPDH>°, which is not a suitable loading control in imatinib
resistant bcr-abl positive cells!’! because imatinib resistant cells overexpressed
GAPDH, a mechanism used by cells to prevent caspase independent cell death.
Hence, fast green image should be produced to confirm equal loading. The
Western blot image in the paper by Ohmine et al. showed increase in bcr-abl
protein expression in KCL22/SR similar to our finding but when it was normalized
with the GAPDH, the increase was neutralized. Lee et al. have showed that there
was decrease in the bcr-abl protein and mRNA expression in imatinib resistance
cell line of K562 upon acquiring bcr-abl mutation independent imatinib
resistancel!’?, They proposed that loss of target might be the mechanism of
imatinib resistance. Recently Karimiani et al. showed that imatinib resistance
increased adhesion in K562 cells!’3. These adherent K562 cells showed increase
in bcr-abl mMRNA. These two reports showed contrasting results indicating that
the imatinib resistance was acquired by different mechanism. Taken together,
these results it could be said that bcr-abl protein expression and mMRNA
expressions were opposite of each other except for the K562 and K562/SR. This
indicates that gene and protein expression of bcr-abl might be regulated by a
different mechanism. Association of imatinib resistance with the bcr-abl gene
and protein expression is different and varies from cell line to cell line. B2a2

expressing cell line showed an increase in the expression of bcr-abl protein in SR
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cell line than that in S cell, while in b3a2 expressing cell lines, the difference
between expression of bcr-abl gene and protein in SR and S cell line varied

depending on cell line.

Expression of Hematopoietic Stem Cell Markers

CML is a myeloproliferative disease characterized by bcr-abl oncoprotein. Bcr-abl
is a constitutively active tyrosine kinase that has been targeted by TKIs (tyrosine
kinase inhibitors). Imatinib is the front-line therapeutic against bcr-abl TK.
Intrinsic and acquired resistance to imatinib pose a challenge to the complete
cure of the disease. Scientific evidences accumulated over the time have
attributed imatinib resistance to presence of CML hematopoietic stem cells
(HSC)'7# 175, HSC were identified by the presence of selective markers on their
cell surface. Most of these markers belong to cluster of differentiation series.
Most commonly used markers for human HSC are CD34*, CD38°, and CD117*
73176 - Since differences in the FPR expression between imatinib resistant and
sensitive cell lines were seen in the above results, presence of HSC markers
(CD34 and CD117) and differentiation marker for hematopoietic cells (CD38)
was studied in these cell lines. Furthermore, correlation of expression of these
markers with imatinib resistance, FPR expressions and bcr-abl expression was

checked. % cell positivity above 10% was considered as positive expression.

CD34

CD34 is a cluster of differentiation molecules that is expressed on early
hematopoietic and vascular associated tissues!’’. Using fluorescently tagged
antibody, expression of CD34 and percent of cells expressing CD34 (%
positivity) was studied in all the cell lines. % positivity below 10% was

considered as negative.
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HL60, KCL22, and KU812 were negative for CD34 as the % cell positivity were

less than 10% (Fig-RC 7A & 7D; Table-RC 8). Only one bcr-abl positive, imatinib

Table-RC 8: Expression of CD Markers

% Positive Cells
Protein
HL60 K562 K562/SR | KCL22 | KCL22/SR | KU812 KU812/SR
9.3 £|30.0 £|17.6 |59 <+ |65.9 + |97 +
CD34 2.0 3.1 2.6 0.5 9.4 0.5 65.1 £ 5.2
97.3 14.1 +£|10.2 =+ |5.1 =+ |68.7 +|16.6 =+
CD38 +0.5 |25 0.8 0.5 5.4 2.8 55.1+1.2
62.4 73.6 £ 744 £ |27.2 £]96.2 + (46,2 £
COI17 1149 122 |13.1 1.3 1.7 5.2 92.5 + 1.7
All the values are average £ SEM (n=3)

sensitive cell line —K562 showed 30% positivity for CD34. In imatinib resistant
cell lines, decrease in the CD34 cellular positivity were observed in the SR cell
lines of K562 compared to S cell line, whereas a remarkable increase in the
CD34 cellular positivity was observed in the SR cell lines of KCL22 and KU812
compared to their respective S cell lines. When above results were compared
with the FPR and bcr-abl expression, it was found that CD34 expression was
very much similar to the expression pattern of mFPR1 in imatinib sensitive cell
lines, where K562 expressed the highest amount of mFPR1 and KCL22 and

KU812 were negligible.

The highest expression of CD34 in K562, among imatinib sensitive, CML cell lines
was also similar to expression patterns of all other mFPR, sFPR1, bcr-abl protein,
co-expression of sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 and sFPR3.
When the results of SR and S cell lines were compared with the previous results,
CD34 expression pattern for the SR and S cell line of K562 matched with the
expression of sFPR3, bcr-abl mRNA & protein expression and co-expression

pattern of sFPR1 & sFPR2, sFPR1 & sFPR3, sFPR2 & sFPR3 and sFPR1, sFPR2 &
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sFPR3 but was opposite of mFPR2 and mFPR3 expression. CD34 expression
pattern of SR and S cell line of KCL22 matched with the expression pattern of all
the three mFPR, sFPR, bcr-abl protein expression and co-expression pattern of
sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 & sFPR3. Results of CD34
expression between SR and S cell line of KU812 matched with the expression
changes of sFPR1, bcr-abl protein and co-expression of sFPR1 & sFPR2, sFPR1 &
sFPR3 and sFPR1, sFPR2 & sFPR3. It was in contrast to the expression patterns

of mFPR3, sFPR3 and bcr-abl gene.

From above data, it may be suggested that in imatinib sensitive cell lines,
mFPR1 and between SR and S cell lines bcr-abl protein, showed the expression
correlation with CD34. However, more evidences will be required to confirm it.
Furthermore, all the imatinib resistant cell lines showed the positivity for the
CD34 whereas the only one out of three imatinib sensitive cell lines showed the
positivity for CD34. Since CD34 expression was correlated with the HSC, it could
be said the imatinib resistant cells had more stemness properties than imatinib

sensitive cell lines.

CD38

CD38 (cluster of differentiation 38), also known as cyclic ADP ribose hydrolase is
a glycoprotein found on the surface of many immune cells (white blood cells),
including CD4*& CD8* B lymphocytes and natural killer cells!’®, CD38 is a
multifunctional ectoenzyme that catalyzes synthesis and hydrolysis of cyclic
ADP-ribose (cADPR) from NAD* to ADP-ribose!’®180, These reaction products are
essential for the regulation of intracellular Ca?*17818_  Since chemotaxis of
neutrophils to fMLP is dependent on Ca?* mobilization and is mediated by cyclic

ADP-ribose, CD38 controls chemotaxis of neutrophils to fMLP through its
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production of cyclic ADP-ribose, and acts as a critical regulator of inflammation
and innate immune response!’®18  CD38 is also used as a negative marker for
HSC identification. Since, it was earlier reported from our lab that CML
neutrophils were defective in Ca?* signalling, it would be interesting to see the
levels of CD38 markers in the CML cell lines. Using fluorescently tagged
antibody, expression of CD38 and percent of cells expressing CD38 (%
positivity) were studied in all the cell lines. % positivity below 10% was

considered as negative.

Among all the cell lines tested b2a2 fusion transcript expressing cell line, KCL22
was found negative for the expression of CD38 as the % positivity was less than
10% (Fig-RC 7B & 7D;Table-RC 8). All the bcr-abl positive cell lines showed
lower % positivity for the CD38 than that in bcr-abl negative, promyelocytic cell
line HL-60. Very few cells in K562 and KU812 cell lines (i.e. 14.1 and 16.6,
respectively) were positive for the CD38. SR and S cell lines of K562 showed
similar cellular positivity for CD38. However, the SR cell lines of KU812 and
KCL22 showed an increase in the CD38 cellular positivity than that in their

respective S cell lines.

The higher expression of CD38 in HL60 than that in CML cell lines was similar to
all the mFPR and sFPR expression pattern. Furthermore, no change in the
expression level of CD38 between SR and S cell line of K562 was similar to the
expression pattern of mFPR1, sFPR1 and sFPR2. An increase in the expression of
CD38 in SR than S cell lines of KCL22 and KU812 was similar to the CD34

expression pattern.
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CD38 data clearly showed that bcr-abl positive cell lines were less differentiated
than HL60. Furthermore, the expression of CD38, among imatinib sensitive, bcr-

abl positive cell lines, was limited to b3a2 fusion transcript expressing cell lines.

CD117

CD117 is a cytokine receptor or receptor tyrosine kinase type III expressed on
the surface of HSC, multipotent progenitors (MPP), and common myeloid
progenitors (CMP) as well as other cell types!8!, CD117 is also known as
mast/stem cell growth factor receptor (SCFR), proto-oncogene c-Kit and

tyrosine-protein kinase Kit!8?,

All the cell lines tested, showed expression of CD117, however distinction was
not seen between bcr-abl negative and positive cell lines (Fig-RC 7C & 7D;Table-
RC 8). The highest CD117 positive cells among imatinib sensitive CML cell lines,
was expressed by K562 followed by KU812. KCL22 showed the least cellular
positivity for the CD117. Similar to CD38, there was no difference in cellular
positivity for CD117, between SR and S cell lines of K562 while increase in the
CD117 positive cells was observed in the SR cell lines of KCL22 and KU812 than
their respective S cell lines. The highest expression of CD117 by K562 among
imatinib sensitive cell lines was similar to the expression of mFPR1, mFPR2,
mFPR3, sFPR1, bcr-abl protein, CD34 and co-expression of sFPR1 & sFPR2,
sFPR1 & sFPR3 and sFPR1, sFPR2 and sFPR3. The differences in the expression
of CD117 between SR and S cells of all three cell lines were similar to the
differences in sFPR1 expression between SR and S cell lines. Increase in the
CD117 positivity in the SR cell line of KCL22 was similar to all the mFPR, sFPR,
bcr-abl protein, CD34, and co-expression of sFPR1 & sFPR2, sFPR1 & sFPR3 and

sFPR1, sFPR2 and sFPR3. Increase in the cells showing positivity for the CD117
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in SR cell line than that in S cell line of KU812 was similar to the sFPR1, bcr-abl
protein, CD34 and co-expression of sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1,

sFPR2 and sFPR3.

The above result showed that there was no distinction in CD117 expression of
bcr-abl positive and negative cell lines. However, among bcr-abl positive,
imatinib sensitive cell lines, its expression might be dependent on the type of
bcr-abl fusion transcript. B2a2 expressing cell line showed the least CD117
cellular positivity. In imatinib resistant cell lines, its expression increased in two
out of three cell lines and found to be similar to the CD38 and bcr-abl protein

expression pattern.

On the basis of these CD markers expression the phenotype of cell lines could

now be expressed as follows:

HL60 CD34~-/CD38**/CD117**

K562 CD34++/CD38/°¥/CD117+*

K562/SR | CD34/°v/CD38/°w/CD117+*

KCL22 CD34-/CD38°/CD117**

KCL22/SR | CD34**/CD38**/CD117+**

KU812 CD34/w/CD38w/CD117+*

KU812/SR | CD34+**/CD38**/CD117+*

CD markers expression pattern confirmed the lineage of these cell lines as HL60
was negative for CD34 and strongly positive for CD38 and CD117 —characteristic
feature of promyelocyte!®. Among imatinib sensitive CML cell lines, only K562
showed positivity for CD34 while KCL22 and KU812 were negative for CD34.
K562 also showed positivity for CD38 and CD117 while KU812 showed marginal

positivity for CD38 but strong positivity for CD117. KCL22 showed only CD117
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Fig-RC 7: Expression of CD Markers in CML Cell Lines: Representative 3D-histogram
overlays showing surface expression of (A) CD34, (B) CD38 and (C) CD117 in CML cell
lines and HL60 as indicated. (D) Bar plot showing average percent positive cells + SEM of
each cell line for all the three CD markers is plotted (n=3) * p<0.05 wrt HL60, # p<0.05

wrt respective sensitive cell line (Mann-Whitney test).




positivity. K562 has features of myeloblasts, KCL22 showed features of

promonocytes and KU812 showed features of early basophilic origint82,

K562 | KCL22 | KUu812
mFPR1 +++ + +
mFPR2 +++ ++ +
mFPR3 +++ + ++
sFPR1 +++ ++ ++
sFPR2 +++ | +++ +++
sFPR3 +++ | +++ +++
sFPR1 & sFPR2 +++ ++ +
sFPR1 & sFPR3 +++ ++ +
sFPR2 & sFPR3 +++ | +++ +++
sFPR1, sFPR2 & sFPR3 | +++ ++ +
Bcr-abl gene ++ NA +++
Bcr-abl Protein +++ + ++
CD34 +++ + +
CD38 ++ + ++
CD117 +++ + ++

To summarize the CD expression results, it could be said that all the bcr-abl
positive cell lines were less differentiated than bcr-abl negative cell lines.
K562/SR showed lowered CD34 than K562, while CD38 and CD117 expressions
were at par in both the cell lines. It showed that in K562/SR, imatinib resistance
was not due to quiescent CML stem cells. K562/SR showed decrease in bcr-abl
gene, and bcr-abl protein expression. This indicate that loss of target could be
the reason for imatinib resistance in K562/SR. KCL22/SR, showed increase in all
the three CD markers than that in KCL22. This cell line had also shown increase
in the level of bcr-abl protein and all three mFPR and sFPR. Increase in the
target protein with increased cellular stemness might be responsible for the
imatinib resistance of this cell line. Furthermore, increase in the expression of
FPR might be promoting imatinib resistance because as mentioned earlier
molecules that play role in acquiring imatinib resistance, have shown direct link

with FPR. KU812/SR, also showed increase in all the three CD markers than that
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in KU812. Similar to KCL22/SR, this cell line also showed increase in the
expression of bcr-abl protein. Hence, the mechanism for the resistance for both
of these cell lines were same except KU812/SR had involvement of different FPR.
There was increase in sFPR1 and decrease in sFPR3 in KU812/SR, which showed
that these two proteins also played role in imatinib resistance in this cell lines.
The results for imatinib resistant cell lines with respect to their sensitive cell lines

are summarized in following table.

K562/SR | KCL22/SR | KU812/SR
mFPR1 No Change | Increase No Change
sFPR1 No Change Increase Increase
mFPR2 Increase Increase No Change
sFPR2 No Change | Increase No Change
mFPR3 Increase Increase Decrease
sFPR3 Decrease Increase Decrease

SFPR1 & sFPR2 | Decrease Increase Increase
sFPR1 & sFPR3 | Decrease Increase Increase
SFPR2 & sFPR3 | Decrease | No Change | No Change
Bcr-abl gene Decrease Decrease Decrease
Bcr-abl Protein | Decrease Increase Increase
CD34 Decrease Increase Increase
CD38 No Change | Increase Increase
CD117 No Change | Increase Increase

Ligand Binding

The first step in any ligand mediated receptor signalling is binding of the
receptors to their ligand. This leads to the activation of downstream signalling
cascade. It was earlier reported by our group that CML neutrophils were
defective in ligand binding. Since we have found that CML cell lines had shown
differences in their expression of FPR mRNA as well as protein as compared to
the bcr-abl negative cell lines, these receptors were checked for their ligand
binding ability by using fluorescent ligand. FITC-fNLPNTL is a fluorescently
tagged ligand with high affinity for FPR1 and FPR2. Hence, FITC-fNLPNTL was

used to investigate the ligand binding ability of FPR receptors in CML cell lines.
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Cells were incubated with 1.0 uM ligand at 37°C for 1 hr and ligand binding was

checked by flow-cytometry.

All the cell lines showed 100% positivity for ligand binding (Fig-RC 8A & 8B;

Table-RC 9: Binding of fNLPNTL-FITC

MFI
HL60 K562 K562/SR | KCL22 | KCL22/SR | KU812 KU812/SR
fNLPNTL- | 34.5 +|53.1 £|50.3 +]76.1 +£|71.1 + | 121.5 + | 66.8 +
FITC 1.7 4.3 1.6 0.8 0.7 10.9 5.8

All the values are average £ SEM (n=3)

Table-RC 9). Among all the cell lines, bcr-abl negative cell line -HL60 showed
the lowest binding to the ligand whereas all the bcr-abl positive cell lines showed
significantly higher binding to the ligand, which was in contrast to mFPR1,
mFPR2 and sFPR expression. In FPR expression studies in normal PMNL, it has
been shown that in addition to the surface receptors, an intracytoplasmic pool of
receptors exists. Hence, at physiological temperature, the receptor trafficking
may occur, i.e. the surface receptors are endocytosed and receptors from the
intracytoplasmic pool translocated to the surface. Staining of sFPR1 and sFPR2
was done at 4°C and ligand binding was done at 37°C. Therefore, binding assay
carried out at 37°C could be considered as an estimation of the total humber of
receptors in cell lines. Taken into account both, surface expression and ligand
binding assay data, it could be said that though expression of sFPR1 and sFPR2
was lower in CML cell lines, the total receptor pool or functional receptor pool
was higher. The % cell positivity for the sFPR1 was more than 95% only for HL-
60. All other cell lines showed cellular positivity less than HL-60. Among bcr-abl
positive cell lines, KU812, showed the highest binding to the ligand while K562

showed the lowest ligand binding, again contrasting to the sFPR expressions.
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Fig-RC 8: fNLPNTL-FITC Ligand Binding: fNLPNTL-FITC ligand binding to CML cell lines
- (A) Representative histogram overlays showing fNLPNTL-FITC binding in all the CML cell
lines and HL-60 as indicated. In each plot black solid line represents unstained isotype
control, pink line represents cells stained by fNLPNTL-FITC. (B) Bar plot showing average
MFI + SEM of fNLPNTL-FITC treated CML cell lines and HL60, as estimated by flow
cytometry (n=3) . * p<0.05 wrt HL60, # p<0.05 wrt the respective sensitive cell line
(Mann-Whitney test).



Receptor ligand dynamics is an important step in understanding the activation of
the cells by external stimuli. Studies by Fletcher and Gallin, and Perez et al.,
have indicated that for PMNL to continuously sense a chemotactic gradient and
move along the gradient, continuous occupancy of FPR or recovery of FPR on the
membrane is required!®318, FPR expressed on PMNL are present on the cell
membrane as well and as an intracytoplasmic pooli®3 186, 187  Gtydies by
Sengelov et al., using a high affinity, photoactivable, radioiodinated derivative of
fMLFK-12°I-B-ASD demonstrated that the compartment in human PMNL that is
mobilized most easily and fastest, the secretory vesicles, is a major reservoir of
FPR®, Earlier studies from our group showed defective functional responses
upon FPR activation, hence ligand binding ability of CML cell lines was also
checked. Earlier report by Baker et al., has shown lower formyl peptide binding
to PMNL from CML patients in chronic phase’’. Another report from our
laboratory has shown lower number of FPR in CML PMNL at 4°C. However, the
association and dissociation constants of normal and CML were comparable®’. In
present study, CML cell lines showed higher ligand binding despite lower sFPR
expression than bcr-abl negative cell line —HL60. As mentioned earlier, though
bcr-abl positive cell lines were compared with the bcr-abl negative cell line -
HL60. Being a cancerous cell line —HL60 could also exhibit defect in the ligand
binding to FPR, hence higher ligand binding was observed in CML cell lines, while
CML PMNL showed lower ligand binding than normal PMNL. Furthermore, cell
lines have more immature cells, while PMNL are highly differentiated cells. As
per the CD marker expression, all the CML cell lines were less differentiated than
HL60. Hence, the receptor status and its kinetics could probably differ as per

differentiation status. This difference would also affect the receptor expression
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as well as affinity of the receptor to the ligand. There would also be various
reasons for the difference in the surface protein level obtained from antibody
staining and ligand binding data. Observations from different studies have shown
that not all the receptors present on the cell bind to the ligand. Sklar et al., have
shown using fNLPNTL-FL that only 1-2 % of FPR are occupied %, Hence,
detection of FPR using antibodies, aids in studying the receptor in totality in
contrast to only the ligand bound receptor when detected using labelled ligand.
Studies of antibody binding assume 1:1 receptor and antibody binding, while
ligand did not bind to receptor in 1:1 ratio. Furthermore, staining of sFPR1 and
sFPR2 was done at 4°C and ligand binding was done at 37°C. As mentioned, FPR
is present on cell membrane as well as present as a cytoplasmic pool. At 4°C
receptor internalization, translocation and upregulation was inhibited hence only
surface receptors were available for binding, while at 37°C surface as well as
cytoplasmic pool of receptor would be available. Study form Hoffman et.al
showed that binding of FNLPNTL-FL at 37°C was 1.5 to 2.5 times higher than the
quantity bound at 4°C. The reason for cited was a rapid movement of receptors
from an internal pool to the plasma membrane surface and/or a physical change
in surface receptor due to temperature that may expose a previously hidden
binding pocket to the ligand. Among imatinib sensitive cell lines, highest ligand
binding was observed in KU812, while K562 showed the least ligand binding.
Differences in the level of ligand binding among the CML cell lines could be
attributed to their lineages. There were no study comparing the FPR status
among various fractions of blood cells, but given the fact that there were
difference in the level of FPR expression and ligand binding, it might be possible

that different hematopoietic cell might have different FPR expression level
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and/or ligand binding affinity. KCL22/SR and KU812/SR showed lower ligand
binding than their respective imatinib sensitive cell lines, while ligand binding
was at par in K562 and K562/SR. In KCL22/SR and KU812/SR, imatinib
resistance might be affecting the ligand binding affinity of FPR or the receptor
folding was defective so that ligand binding pocket might not be freely accessible

to ligand.

Signaling of FPR

It was shown in our previous results that expression of mFPR1 and mFPR2 as
well as sFPR1, sFPR2 and sFPR3 expression was lowered in bcr-abl cell lines.
However, the ligand binding of the bcr-abl positive cell lines was higher than the
bcr-abl negative cell line. To see if downstream signaling of FPR was affected by
the change in FPR expressions, the downstream events, activated by binding of

ligand to the FPR were studied in all the cell lines.

Release of calcium is one of the earliest events in FPR activation pathway
followed by actin polymerization. It has been reported that CML PMNL were
defective in both Ca?* signalling as well as actin polymerization. Hence, both the

phenomena were studied in all the cell lines.

Calcium signaling:

Binding of the chemoattractants to their receptors on PMNL transmits signals
across the plasma membrane, initiating phosphorylation cascade and changes in
Ca?* concentration, that are crucial to cell activation. Both calcium release from
the intracellular stores and the calcium influx from the extracellular space
contribute to the rise in Ca?* levels. This Ca?* in turn regulates chemoattractant

receptor availability in PMNL'®°, Calcium from the extracellular space enters the
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cell cytoplasm through various types of channels, i.e. voltage operated Ca?*
channels (VOCCs), ligand gated non-specific cation channels (LGCCs) and
receptor activated Ca?* channels (RACCs). Calcium can also be released from
internal Ca?* stores through inositol 1,4,5-triphosphate (IP3) or ryanodine
receptors and is replenished by store operated channels (SOCs)!®°. Two distinct
Ca’* storage sites have been identified in PMNL. One site was located
peripherally under the plasma membrane and the other in the juxtranuclear
space. The central Ca?* storage site released Ca?* in response to fMLP, whereas
engagement and clustering of CD11b/CD18 integrins caused Ca?" release from
the peripheral stores!®!. The peripheral stores of Ca?* are known to be regulated
by the cytoskeleton interactions!®2. The rise in Ca?* concentration is caused by
mobilization of Ca?* from intracellular stores to the cytosol followed by an
immediate increase in plasma membrane permeability to extracellular calcium.
Efflux of Ca?* is mediated by calmodulin dependent calcium adenosine
triphosphatase (Ca-ATPase). Ca-ATPase probably serves as the regulatory and
homeostatic mechanism required to maintain low Ca?* concentrations. When the
cytosolic Ca%* concentration is increased by either fMLP or ionophore, efflux of
Ca%* from the cell occurs as a result of calmodulin mediated activation of Ca-
ATPase!®3,

Mobilization of Ca?* is upstream to various biochemical and functional events in
PMNL stimulated by various chemoattractants. Since there were differences in
the expression of FPR in CML cell lines and their ligand binding, study on
mobilization of Ca?* in response to fMLP was performed. The cell lines were
loaded with fluo-4 and changes in relative fluorescence in response to activation

by the ligand - fMLP, were recorded using a spectrophotometer.

102



Basal

Except K562, all the bcr-abl positive cell lines showed significantly higher basal
Ca?* level than the bcr-abl negative cell line HL-60. K562 showed basal Ca%*
level at par with HL-60 (Fig-RC 9; Table-RC 10) . There were not significant
difference in the basal Ca?* levels, between SR and S cell lines of KCL22 and
KU812, whereas significantly higher Ca?* levels were observed in the SR cell line

of K562 as compared to the S cell line.

fMLP stimulation

Ca?* levels: After stimulation with fMLP, all the cell lines showed the increase in
Ca?* levels with respect to their respective basal levels (Fig-RC 10 & 11; Table-
RC 11). In bcr-abl negative cell line HL60, Ca?* levels increased and reached at
the peak by 18s which came down at 22s and again increased showing the
second peak at 44s (Fig-RC 10). These high levels were maintained for a longer
duration. Ca?* levels were back to the basal levels at 131s (Fig-RC 10). This type
of two peaked response after stimulation with fMLP is a characteristic feature of
neutrophils. Among bcr-abl positive, imatinib sensitive cell lines, only KU812
followed this two peaks pattern upon fMLP stimulation. In HL60, the first
increase in Ca’* level was not statistically significant with respect to the basal
level, but the second peak was significantly higher than the basal Ca?* level (Fig-
RC 11A). In KU812 both the peaks showing increase in Ca?* levels, were
significantly higher than the basal Ca?* level. K562 and KCL22, both showed the
single peak pattern. Increase in the Ca?* level of K562 and KCL22 was
significantly higher than their respective basal Ca?* level. The peak of Ca?* level
increase in K562, in response to fMLP, was at par with the first peak of HL60.

KCL22 showed significantly higher increase in the Ca?* level, in response to fMLP
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stimulation, than that in HL60. Among imatinib resistant cell lines, both b3a2
fusion transcript expressing SR cell lines -K562/SR and KU812/SR showed the
two peak pattern, upon fMLP stimulation similar to that in HL60. Both the peaks
of increase in Ca?* levels for K562/SR and KU812/SR were significantly higher
than their respective basal Ca?* level. The first peak of increase in Ca?* levels for
K562/SR was at par with the peak of increase in Ca?* levels for K562. Increase in
Ca?* levels in both the peak of KU812/SR were lower than the respective peak of
Ca?* levels increase in KU812. SR cell line with b2a2 fusion transcript -KCL22/SR
showed only one peak pattern, similar to its S cell line. This increase in the Ca?*
level in KCL22/SR, upon fMLP stimulation was significantly higher than its basal

level, but lower than the increase in the Ca?* level in KCL22.

All the cell lines were treated with the ionophore A23187 as a positive control.
Ionophore is an artificial mobile ion carrier that normally acts as an ion-
exchange shuttle molecule transporting one divalent calcium ion into the cell in
exchange of two H*. All the cell lines showed remarkable increase in the Ca?*
level after ionophore treatment, indicating that the cells were healthy and their

Ca?* channels were open.

Quenching of Ca?* level with EGTA showed decrease in Ca?* levels in all the cell
lines below their basal level. MnCl, treatment did not show any further decrease

in Ca2* levels in the EGTA treated cells.

104



Table-RC 10: Calcium Levels in Various Cell Lines

HL60 K562 K562/SR KCL22 KCL22/SR KU812 KUS12/SR
Time* Time* Time* Time* Time* Time* Time*
RFU (Sec.) RFU (Sec.) RFU (Sec.) RFU (Sec.) RFU (Sec.) RFU (Sec.) RFU (Sec.)

300237 297757 516227 399480 437901 444349 519281
Basal + NA |+ NA |+ NA |+ NA |+ NA |+ NA |+ N.A
20935 25568 43825 31244 33774 35435 32680

ax. | 319875 [ 18.4 | 339038 | 18.2 | 559565 | 17.8 | 477962 | 65.6 | 467321 | 17.1 | 496995 | 16.5 | 540665 | 18.7

1aX + + + + + + + + + + + + + +
20337 |0.58 |33378 |0.79 |48055 |1.14 |41550 |5.86 |35758 |1.27 |37132 |2.09 | 34005 |1.07
win. | 291798 [ 22.3 293283 | 24.9 | 519721 | 23.1 | 433203 | 128.0 | 421922 | 21.5 | 449942 | 25.6 | 502506 | 23.1

1In + + + + + + + + + + + + + +
16437 | 0.43 | 25006 |1.29 |44490 |1.47 |41515 |12.44 | 34524 |1.00 |36650 |5.14 |31994 |0.95
mLp [ [ 322685 | 43.8 554327 | 221.8 496271 | 95.8 | 550516 | 60.41

! + + N.E. NE |+ : N.F. N.E. | N.E. N.E. |+ T + +
19705 | 2.06 62507 | 18.73 61492 | 14.24 | 36890 |5.78
win. | 285326 | 131.2 523475 | 264.1 461220 | 131.9 | 21/1°1 | 128.8

! + + NLF. NE. |+ + N.F. N.E. | N.E. N.E. |+ + s | *
18565 | 6.16 59470 | 14.65 59545 | 16.58 5.93
727577 | og 5 | 493877 | 109.6 | 849293 | 82.9 | 615789 | 50.7 | 681711 |56.5 | 824781 | 123.9 | 845775 | 72.0

Ionophore + :I:.25 + + + + + + + + + + + +
22176 > | 42580 |7.65 | 47810 |4.99 |34959 |6.69 |16725 |5.35 |78154 |3.53 | 33206 |8.55
. 154g05 | 28:2 | 1149801 33.2 1456085 | 289 | 437541 [ 271 | 127763 | 223 | 152086 | 2101 | 183650 | 508
8099 | 356 |13035 |2.37 |T9932 |5, |E8466 |55, | £8034 [, 45 | E9BAT |, 05 [E9942 |5 6y
rovaga | 180 | 136076 | 184 | 174950 | 184 | 151305 | 17-8 | 216560 | 163 | 214813 | 17.0 | 237534 | 14.6

MnCl2 +9328 | £ + 4986 | T +5345 | £ + 9405 | £ + £ * * * *
1.51 1.70 0.89 1.01 |15329 |2.33 |11040 |1.55 | 14658 |1.35

* Time after addition of each compound,

All the values are average £ SEM (n=3)
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Table-RC 11: Changes in Calcium Levels upon fMLP stimulation

Ratio wrt Basal HL60 K562 K562/SR KCL22 KCL22/SR KU812 KU812/SR

Max-1 1.08 = 0.04 1.13 £ 0.03 1.08 £ 0.01 1.18 £ 0.04 1.07 £ 0.01 1.12 £ 0.03 1.04 £ 0.01
MLe Min-1 0.99 £ 0.05 0.98 £ 0.01 1.00 £ 0.02 1.06 £ 0.02 0.96 £ 0.01 1.01 £ 0.01 0.97 £ 0.01

Max-2 1.08 £ 0.02 N.F. 1.12 + 0.02 N.F. N.F. 1.10 £ 0.01 1.06 £ 0.01
rMLP Min-2 0.95 + 0.01 N.F. 1.06 = 0.02 N.F. N.F. 1.02 = 0.01 0.99 £ 0.01
Ionophore 2.72 £ 0.21 1.82 £ 0.12 1.72 £ 0.12 1.61 £ 0.12 1.82 £ 0.12 1.94 £ 0.21 1.83 £ 0.08
EGTA 0.57 £ 0.04 0.42 + 0.02 0.32 £ 0.03 0.27 £ 0.01 0.37 £ 0.01 0.36 = 0.02 0.48 + 0.03
MnCI2 0.58 +£ 0.04 0.52 £ 0.03 0.36 £ 0.02 0.37 £ 0.03 0.62 = 0.03 0.51 £ 0.04 0.62 £ 0.03

All the values are average £ SEM (n=3)
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Fig-RC 9: Basal Ca2* levels: Basal Ca2* levels in CML cell lines and HL60 measured by
using Fluo4. Data presented is average relative fluorescence unit + SEM for each cell line
(n=3). * p<0.05 wrt HL60, # p<0.05 wrt the respective sensitive cell line (Mann-Whitney
test).
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Fig-RC 10: Change in Calcium Levels upon fMLP Stimulation: Histograms showing
Ca2* levels in CML cell lines and HL-60 as indicated. Data presented as average relative
fluorescence unit + SEM of each cell lines as indicated (n=3). * p<0.05 wrt the basal

calcium level (Wilcoxon paired test)
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Fig-RC 11: Time Kinetics of Calcium in CML Cell Lines: Flurometric analysis of
calcium release in responses to fMLP treatment in CML cell lines and HL60. (A) Average
increase in OD from baseline £+ SEM for each cell line was plotted (n=3). (B) Time required
to reach the peak or minimum value after various treatments for each cell line is plotted
as average time in sec + SEM (n=3). * p<0.05 wrt HL60, # p<0.05 wrt the respective
sensitive cell line (Mann-Whitney test). @ p<0.05 wrt the basal Ca2+ levels (Wilcoxon

paired test)



Time Kinetics: Time required by the cell lines to reach up to first peak was
similar for the HL60 and b3a2 fusion transcript expressing, imatinib sensitive as
well as imatinib resistant cell lines (Fig-RC 11B; Table-RC 10). B2a2 fusion
transcript expressing, imatinib sensitive cell line KCL22 was the slowest cell line
to respond to fMLP. As mentioned earlier among imatinib sensitive cell lines, only
KU812 showed the two peak pattern for Ca?* signalling. KU812 required a longer
time to reach to the second peak as compared to HL60. Among the SR cell lines,
only b3a2 expressing cell lines showed the two peak pattern. Both these SR cell
lines -K562/SR and KU812/SR too took longer time to reach to the second peak
than that taken by HL60. Between both of the SR cell lines, K562/SR took longer
time to reach to the second peak than KU812/SR. KU812/SR required more time
to reach to the second peak compared to its S cell line. B2a2 fusion transcript

expressing SR cell line, was faster responding than its S cell line.

Post ionophore treatment, imatinib sensitive cell lines with b3a2 fusion transcript
were slow responding and took longer time than HL60 to reach the peak Ca?*
level, whereas imatinib sensitive and resistant cell line with b2a2 fusion
transcript were the fastest responding and took less time than taken by HL60 to
reach peak Ca?* levels. SR cell lines of b3a2 were faster to reach to peak Ca?*
levels after ionophore treatment than their respective S cell lines. Quenching of

the cell lines with the EGTA took similar time for all the cell lines.

Above result showed that all the CML cell lines responded to fMLP and showed
increase in the Ca?* levels. Though increase in the Ca?* levels was to a lesser
extent, it was significantly higher than their respective basal levels. The range
for the fold increase of Ca?* levels in CML cell lines were 1.04-1.18. This fold

increase in the Ca?* levels upon fMLP stimulation, in CML cell lines was very
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much lower than the increase in the CML PMNL, where fold increase was
reported 1.45-2.7'%4, Similarly, bcr-abl negative cell line HL60 also showed the
lower increase in the Ca?* levels post fMLP stimulation than that in normal PMNL
as well as CML PMNL'®*. Less activation of calcium in cell lines than the
respective PMNL could be due to their less differentiated status. As already
mentioned HL60 is a promyelocytic cell line, which justifies its different behavior
than PMNL. However the two peak pattern of Ca?* release of PMNL was seen in
HL60. Montero et al. reported that undifferentiated HL-60 did not show any
increase in Ca?* levels upon fMLP stimulation®>. Cowen et al. showed 1.5 fold
increase in Ca?* level in undifferentiated HL60 after stimulating with 30 pM
fMLP1°6, Our results matched with the report of Cowen et al., as there was very
light increase in the Ca?* level in HL60 upon fMLP stimulation. HL-60 showed
calcium release time kinetics similar to b3a2 expressing cell lines suggesting that
expression of b3a2 bcr-abl does not affect calcium release time kinetics. But
type of bcr-abl fusion transcripts might be playing a role in alteration of Ca?*
signalling in CML. b2a2 fusion transcript expressing, S cell line was the slowest
responder to the fMLP while all other cell lines required similar time to reach to
the first peak after fMLP stimulation. Differences among the cell lines in the
expression of sFPR and ligand binding were not reflected in calcium signalling.
Hence, it could be said that calcium release upon fMLP stimulation in CML cell
lines might be independent of the FPR expression levels and extent of ligand
binding.

CD38 is a 42-kDa type II transmembrane glycoprotein that catalyzes the
synthesis and hydrolysis of!”8-18 three molecules — cyclic adenosine diphosphate

ribose (cADPR), adenosine diphosphate ribose (ADPR), and nicotinic acid adenine
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dinucleotide (NAADP). These molecules are essential for the regulation of
intracellular Ca?*178180 cADPR produced by the enzymatic reaction of CD38, is
able to mobilize the calcium release from ryanodine receptor gated stores. Fujita
et al reported that fMLP treatment to PMNL decreased the CD38 protein in
neutrophil, but increased its release in conditioned media in a p38-MAPK
dependent manner. However, fMLP did not affect the mRNA expression of CD38.
Sanchez et al had shown that CD38 controlled neutrophil chemotaxis to fMLP
through production of cyclic ADP-ribose, by controlling calcium signalling. Hence
the above calcium signalling data was compared with the CD38 expression data
of these cell lines. Any correlation was not found between the CD38 expression
and calcium release upon fMLP stimulation in CML cell lines, except that the
lowest CD38 expressing cell line —-KCL22 was the slowest fMLP responder. It
could be suggested from these results that in CML cell lines, Ca signalling upon
fMLP treatment was independent of bcr-abl expression, CD38 expression, FPR
expression and extent of FPR ligand binding.

Actin polymerization

Actin polymerization is one of the downstream events after FPR activation. To
study actin polymerization in CML cell lines, cells were stimulated with fMLP or
solvent and F-actin was quantitated flow-cytometrically before and after

stimulation using FITC-phalloidin.

Basal
Basal F-actin quantity was maximum in the bcr-abl negative cell line HL-60 (Fig-
RC 12A & 12B; Table-RC 12). All the bcr-abl positive cell lines showed basal

levels of F-actin significantly lower than that in HL-60, this was similar to that in
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CML PMNL®> 8, Among bcr-abl positive cell lines, both the b3a2 fusion transcript

expressing cell lines showed lower basal F-actin than that in b2a2 fusion

transcript expressing cell lines. Both the b3a2 fusion transcript expressing,

imatinib sensitive cell lines were at par with respect to their basal F-actin levels.

Table-RC 12: F-actin in Various Cell Lines

MFI
HL60 K562 K562/SR | KCL22 | KCL22/SR | KUB12 | KUS12/SR
Control |259:9 #[59.4 *[63.6 +[1204+[97.6 *|74.6 *[128.3 =
10.3 1.41 0.38 1.57 0.77 2.14 1.39
108 M| 428.5 +|103.4 +|13590 £ |173.7 | 134.2 =+ |112.5 *|209.6 =
fMLP 12.86 1.12 3.53 3.38 1.46 7.75 9.84
106 M|393.1 +|1108 = |111.2 +|187.0 | 150.8 = |132.7 +|234.5 =
fMLP 15.61 3.45 1.01 6.02 1.19 3.80 5.93

All the values are average £ SEM (n=3)

Their SR cell lines, especially KU812/SR showed higher levels of basal F-actin
than that in their respective S cell line while lower levels of the basal F-actin
were seen in the SR cell line of b2a2 fusion transcript expressing cell line than

that in the respective S cell line.

Stimulation with 10 M fMLP

Cells were stimulated with two different concentrations of fMLP (10® M and 10
M). Normal PMNL had shown concentration dependent increase in F-actin
content from 10'' M to 108 M%7, At concentrations above 10°® M, significant
changes were not seen in the F-actin level of normal PMNL than that with 108 M
fMLP stimulation'®’. There are no reports on actin polymerization in CML PMNL in
response to various concentrations of fMLP. However, there are reports on

difference in stimulation of F-actin polymerization between normal PMNL and
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CML PMNL after treatment with 108 M fMLP®. CML PMNL showed lower and

slower F-actin polymerization than that in normal PMNLS,

On stimulation with 10® M fMLP, 1.5 to 2 fold increase in the F-actin was
observed in all the cell lines (Fig-RC 12C; Table-RC 12). Distinct differences in F-
actin polymerization between bcr-abl negative and bcr-abl positive cell lines in
response to 10® M fMLP was not seen. Among imatinib sensitive cell lines
highest change in F-actin content was seen in K562. KCL22 and KU812 showed
the least stimulation of actin polymerization in response to 108 M fMLP. Between
SR and S cell lines, the SR cell lines with b3a2 fusion transcript showed higher
stimulation of actin polymerization than that in their respective S cell lines,
whereas SR and S cell line with b2a2 fusion transcript showed at par stimulation

of actin polymerization.

Stimulation with 10°°M fMLP

Upon stimulation with 10® M fMLP, b3a2 fusion transcript expressing cell lines
showed higher stimulation of actin polymerization than that in bcr-abl negative
cell line HL60. b2a2 fusion transcript expressing cell line showed stimulation of
actin polymerization similar to HL60 in response to 10°°M fMLP (Fig-RC 12C;
Table-RC 12). There were no differences in stimulation of actin polymerization
upon 10°® M fMLP treatment, between the SR and S cell lines of KCL22 and
KU812. The SR cell line of K562 showed the slightly lower stimulation of actin
polymerization than that in S cell line, but this difference was statistically

significant.

Binding of chemotactic peptide to polymorphonuclear leucocytes (PMNL) results
in rapid changes in the cytoskeleton of the cells finally leading to a directed

movement of the cells towards the source of chemoattractant. A very early
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Fig-RC 12: F-actin Quantitation by Flow Cytometry: F-actin quantitation in CML cell
lines and HL-60 by flow cytometry (A) Representative histogram overlays of FITC-
phalloidin intensity in unstimulated and fMLP stimulated cells. In each plot black solid line
represents unstained isotype control, green line represents unstimulated control and cells
stimulated with 108M and 10°M fMLP are represented by pink line and blue ling,
respectively (B) Bar plot showing basal F-actin expressed as average MFI £ SEM of FITC-
phalloidin stained various cell lines (n=3). (C) Bar plot showing change in F-actin content
after fMLP (10°M and 10-8M) stimulation as a fold change in the median fluorescence
intensity £ SEM (n=3) * p<0.05 wrt HL60, # p<0.05 wrt the respective sensitive cell line
(Mann-Whitney test). @ p<0.1 wrt the basal F-actin level (Wilcoxon paired test)



event in changes in the cytoskeletal organization is the polymerization of
cytoplasmic G-actin to F-actin, which forms the motile apparatus of the cells.
Earlier work from our laboratory has shown that PMNL from CML patients in
active phase of the disease and also during subsequent remission do not exhibit
chemotaxis after stimulation with the synthetic chemotactic peptide fMLP8 83, F-
actin plays a force-generating and structural role in nonmuscle cell motility!°7-1°°,
Many chemoattractants such as fMLP and TPA are known to stimulate
polymerization of actin in PMNL2%% 20! polymerization of actin stimulated by
chemoattractants involved, an immediate phase of polymerization lasting few
seconds followed by depolymerisationt®’ 202204 The F-actin present in the cells
gets reorganized after stimulation®’ 203205206 Most of the F-actin gets
concentrated in the peripheral region, especially in the lamellipodium and
uropods. Existence of two subpopulations among the normal PMNL cells on the
basis of NBD-ph binding has been shown by Downey et al.?°’. Factors such as
type of chemoattractant used, actin binding proteins, pH, osmolarity, and level
of chemo-attractant receptor occupancy are known to modulate the rate and
extent of polymerization of actin and F-actin organization?°®. Hsu and Becker
attributed abnormal gelation and contraction of extracts of PMNL from CML
patients, to the absence of CaZ+-dependent regulatory factor?®®. Boxer and
Stossel observed that PMNL from CML patients had less myosin, which was
different from normal myosin?%°. A polymerization inhibiting protein has been
reported in leukemic myeloblasts?!®, Changes in actin related gelation in crude
extracts from myeloid leukemic cell line M1 have also been observed?!!. Earlier
studies from our group had shown defective actin polymerization in PMNL from

CML patients®. CML PMNL showed lower actin polymerization in upon fMLP
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stimulation. An impairment of PMNL locomotion and ingestion has been shown to
be associated with abnormally functioning actin'®® 212 and it has been postulated
that actin dysfunction might be responsible for aberrant PMNL movements. From
studies on F-actin content in neonates and adults it was suggested that
abnormalities in microfilament organization of neonatal cells may in part, be
responsible for their reduced chemotactic response??, In both these
reportst®® 212 the basal F-actin content in PMNL from the patients and neonates
was comparable to that of normal cells but the rate and extent of polymerization
into F-actin after stimulation was lower than in normal PMNL. Naik et al.
reported that, normal PMNL showed the increase of 1.14 fold with respect to its
basal level, upon 10® M fMLP stimulation at 5 min while the decrease in F-actin
content was seen in CML PMNL at similar time point after fMLP stimulation®>. The
highest increase in F-actin in normal PMNL and CML PMNL was recorded at 30s
post fMLP stimulation. At 30s of fMLP stimulation normal PMNL showed 1.24 fold
increase in F-actin whereas CML PMNL showed 1.14 fold than basal level®. In
the present experiment, bcr-abl negative cell line showed increase of 1.6 fold to
its basal level, in F-actin content upon stimulation with similar concentration of
fMLP for 5 min, while fold increase in F-actin in bcr-abl positive cell lines in the
said conditions ranged from 1.4-2.1 fold. Various studies published from our
group have shown defects in F-actin polymerization in CML PMNL upon
chemoattractant stimulation. Anklesaria et al. and Naik et al. showed that CML
PMNL were defective in chemotaxis towards fMLP during active phases as well as
in remission phase of the disease’® 83. Naik et al. showed that CML PMNL showed
slow as well as lesser actin polymerization®. Furthermore, CML PMNL showed

different F-actin organization than that in normal PMNL. Tarachandani et al.
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showed that amount of actin was significantly lower in CML PMNL®. In the
present results too, CML cell lines showed lowered basal F-actin than that in
non-CML cell line HL60. Actin polymerization upon fMLP stimulation did not
match with the reported results of CML and normal PMNL. As seen earlier, HL60
did not behave like normal PMNL probably due to its leukemic origin. In context
of F-actin polymerization also, HL60 showed different behavior. Moreover, CML
cell lines have more undifferentiated cells than CML PMNL. HL60 showed
decrease in the extent of stimulation of actin polymerization in response to
increasing concentration of fMLP. In contrast, except K562/SR, all the CML cell
lines showed concentration dependent increase in the actin polymerization. At 10
nM fMLP stimulation HL60 showed higher F-actin polymerization than that in
imatinib sensitive and resistant KCL22 and KU812 cell line while imatinib
resistant and sensitive cell line of K562 showed higher F-actin polymerization
than HL60. At 1 pM fMLP stimulation CML cell lines showed higher F-actin
polymerization than that in HL60. In past, various group have already reported
the defects in actin polymerization in HL60 upon fMLP stimulation. Marinovich et
al. showed very little actin polymerization in undifferentiated HL60 upon fMLP
stimulation?!3, Meyer et al., Rao et al., and Cui et al. showed no actin
polymerization in HL60 upon fMLP stimulation?'42'6, These reports confirmed
that undifferentiated HL60 showed little or no F-actin polymerization. Hence, HL-
60 is not a good control cell line for actin polymerization studies. However,
among CML cell lines results could be compared between b2a2 and b3a2
expressing cell lines as well as imatinib sensitive verses imatinib resistance cell
lines. The lowest increase in F-actin upon fMLP stimulation was seen in b2a2

expressing cell line. Also, At 108 M fMLP stimulation, imatinib resistant cell lines
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of b3a2 fusion transcript showed a lesser increase in F-actin content than their
respective S cell lines while difference was not observed between b2a2
expressing, S and SR cell line. From these observations, it could be said that

bcr-abl fusion transcript type might be affecting the signalling downstream FPR.

Effect of bcr-abl Tyr-Kinase Inhibitor (TKI) on FPR

Expression

Imatinib is a bcr-abl TKI and is used as the first line of treatment for CML. It was
observed that imatinib sensitive and resistant cell lines differ in the FPR
expression. Since, these cell lines were maintained under continuous selection
medium containing imatinib, differences found between imatinib resistant and
sensitive cell lines could be the effect of imatinib treatment instead of imatinib
resistance. Studies were carried out to confirm that the changes in the FPR
expression in the imatinib resistant cell lines were not due to imatinib treatment,
but were result of imatinib resistance. Imatinib sensitive, bcr-abl positive cell
line K562 was treated with imatinib and expression of FPR & bcr-abl genes were
checked. Bcr-abl negative cell line, HL60 was used to confirm, that the effect of
imatinib is a result of bcr-abl tyrosine kinase inhibition and is not due to any
other side effect. In addition to imatinib, two more bcr-abl TKI -dasatinib and
nilotinib, were used to further confirm the specificity of imatinib resistance

effect. Less than 50% change in the gene expression was not considered.

Imatinib

Upon imatinib treatment, significant increase in the expression of all the three
FPR and bcr-abl was observed in K562 wherein FPR1 increase was the maximum

(Fig-RC 13A; Table-RC 13). In HL60, upon treatment with imatinib, noteworthy
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changes were not observed in any of the tested gene (Fig-RC 13B). K562/SR
and K562 cell lines did not show any differences in FPR1 gene expression
whereas significantly higher expression of FPR2 and FPR3 genes was observed in
K562/SR as compared to K562. Similarly FPR2 and FPR3 expression is higher in
other SR cell lines i.e. KU812/SR and KCI22/SR as compared to KU812 and
KCL22, respectively. This suggests association between increased FPR2 and

FPR3 with imatinib resistance.

Dasatinib

Dasatinib is a second generation bcr-abl TKI and can be used as the first line
therapy for bcr-abl positive CML. Treatment of dasatinib did not show
noteworthy effect on expression of any genes tested, in both the cell lines (Fig-
RC 13A & 13B;Table-RC 13).

Nilotinib

Nilotinib is also a bcr-abl TKI and it is used for the treatment of imatinib
resistant bcr-abl positive CML. Nilotinib treatment did not exerts any effect on
expression of the genes tested, in both the cell lines (Fig-RC 13A & 13B; Table-

RC 13).

Table-RC13: Effect of bcr-abl tyrosine kinase inhibitor on gene

expression

Fold Change in Expression
Imatinib Dasatinib Nilotinib
Treatment
Gene FPR1 | FPR2 | FPR3 S;lr' FPR1 | FPR2 | FPR2 Sglr' FPR1 | FPR2 | FPR2 aBglr'
149 |25 |17 |18 |10 |10 |07 |10 |12 |[1.1 |1.1 |1.04
K562 + + + + + + + + + + + +
5.8 |0.16 | 0.42 | 0.03]0.05 | 0.03 | 0.06 | 0.05]0.04 | 0.08 | 0.06 | 0.02
1.1 |09 |0.9 1.3 | 1.0 |15 1.0 |08 |08
HL60 + + + N.A. | £ + + N.A. | £ + + N.A.
0.03 | 0.01 | 0.09 0.06 | 0.03 | 0.05 0.1 |0.03 |0.01

All the values are average = SEM (n=3)
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Fig-RC 13: Effect of bcr-abl Tyrosine Kinase Inhibitors on Expression of Various
Genes: Effect of bcr-abl tyrosine kinase inhibitors on expression of FPR1, FPR2, FPR3 and
bcr-abl genes in K562 (A) and HL60 (B). Data presented as average fold change + SEM
(n=3). * p<0.05 wrt the untreated cells (Willcoxon paired test).



Above results suggested that changes in the expression of FPR1 gene upon
imatinib treatment were imatinib specific effect on the bcr-abl positive cells. This
was not due to inhibition of expression of bcr-abl tyrosine kinase because other
bcr-abl TKI did not show this effect. Similar changes were not seen in the bcr-abl
negative cell line -HL60, hence this effect was specific to bcr-abl positive cell
line. Since this this type of differences in the expression of FPR1 was not
observed between K562 and K562/SR cell lines, it could be said that this might
be the effect of transient treatment of imatinib. Imatinib, though preferentially
inhibits abl kinase of bcr-abl, it also have many off targets. Most prominent off-
targets for imatinib were c-kit, PDGFR and NAD(P)H:quinone oxidoreductase
(NQO2)?Y7, There could be possibility that inhibition of any of these proteins
could result into increase in mFPR1 expression. Since there were no increase in
mFPR1 in K562/SR than K562, it might be possible that imatinib resistant cell
other mechanisms might be preventing imatinib induced increase of mFPR1.
Changes in the expression of FPR2 and FPR3 genes in K562 after imatinib
treatment, were similar to the differences between the SR and S cell lines.
Hence, it could be suggested that changes in expression of these two genes
might be associated with the acquisition of imatinib resistance. Furthermore,
changes in these two genes after imatinib treatment were specific to imatinib
treatment of the bcr-abl positive cell line as such changes were not observed
after treatment with any other bcr-abl TKI and not observed in HL60. Increase in
the expression of bcr-abl gene upon imatinib treatment and lower expression of
bcr-abl gene expression in SR cell line compared to S cell line, demonstrated
that increase in the bcr-abl gene expression might be the effect of transient

imatinib treatment, while lower expression of bcr-abl in K562/SR, could be
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imatinib resistance specific effect. However, none of these effects could be
considered as the result of bcr-abl tyrosine kinase inhibitors, in general because

other bcr-abl TKI did not show any such effect.

Effect of bcr-abl Tyr-Kinase Inhibitor, FPR1 Agonist and

FPR1 Antagonist on Imatinib Resistant Cell Proliferation

Imatinib is a very potent inhibitor of CML cell proliferation, but some CML cells
acquire the resistance to imatinib. All the three SR cell lines showed differences
in expression of FPR genes and protein as compared to their respective S cell
lines, indicating that FPR expression might be affected by imatinib resistance. To
study role of FPR in imatinib resistance, impact of imatinib on the growth of
imatinib resistant cell lines was checked by coupling stimulation or inhibition of
FPR signaling with imatinib treatment. All the three imatinib resistant cell lines
K562/SR, KU812/SR, KCL22/SR were treated with imatinib, FPR1 agonist -fMLP
and a specific inhibitor of FPR12%!8 —cyclosporine H (CsH) and their combinations.
Since, bcr-abl protein has half-life of 48 hrs, the cell growth was checked at 24

hrs, 48 hrs and 72 hrs.

In K562/SR, which has highest expression of all the three FPR receptors, growth
inhibition was seen after treatment with all -fMLP, CsH and imatinib and
inhibitory effect of all these treatment was almost at par (Fig-RC 14A; Table-RC
14). Treatment with the combination of fMLP-imatinib and CsH-imatinib showed
more growth inhibition than that seen after individual treatments. The inhibitory
effect of the CsH-imatinib combination was maximum and almost double than

the individual anti-proliferative effect of both.

118



Table-RC 14: Effect of FPR and bcr-abl on cell proliferation

% Growth Inhibition

fMLP CsH Imatinib II:hr:lgiinib+ g:nsjgtinib+
I R R R Pver
s [, |95 500 3357 3|0 F[mrees
N R E A o e PpeT
210 Tl Flsaxas |2 Tlurevs
KU812/SR ﬁfs jé“ *|178+5.0 1.9537 * ;‘47 *134.9+3.0
Zﬁs 4.8+ 1.0 i_90'3 * ?6'0 * 3_02'4 *139.3+7.1
24 lasx2s8 |10 FIIGT FI32 Flsoe+3s
A e R F R Py
Zfs 2.8+ 1.4 f_5§9 * f_51'2 * 3_65'8 *1359+25

All the values are average £ SEM (n=3)

In KU812/SR, which had the lowest expression of all the three FPR receptors
growth inhibitory effect of fMLP was not seen at any of the time points and same
was true for CsH at 48 hrs (Fig-RC 14B; Table-RC 9). CsH treatment showed
cellular growth inhibition at 72 hrs as much as that shown by imatinib at the
same time point. Combination of fMLP-imatinib showed slightly lower growth
inhibitory effect than the effect of imatinib alone. However CsH-imatinib
combination which shuts down signalling of FPR1 and bcr-abl both, appeared to

be more lethal and effective than their individual treatments.

In KCL22/SR, fMLP had no effect on cell growth (Fig-RC 14C; Table-RC 9). Cell

growth inhibition by CsH and imatinib was at par. Combination of fMLP-imatinib
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Fig-RC 14: Effect of FPR and bcr-abl Signalling on Cell Proliferation: Effect of FPR agonist -
fMLP, FPR antagonist -CsH, bcr-abl tyrosine kinase inhibitor —imatinib and their combinations on
proliferation of imatinib resistant cell lines -K562/SR (A), KCL22/SR (B), and KU812/SR (C). Data
presented as average % growth inhibition £ SEM. * p<0.05 wrt the solvent control, $ p<0.05 wrt to
fMLP, @ p<0.05 wrt to CsH, # p<0.05 wrt to imatinib (Willcoxon paired test).



did not show any effect on cell growth at 24 hrs. Since, imatinib alone, had
shown inhibition of growth at this time point, it could be said that fMLP nullified
the effect of imatinib at 24 hrs time point. At 48 & 72 hrs inhibitory effect of
fMLP-imatinib was same as that of imatinib treatment. In this cell line too, CsH
almost doubled the effect of imatinib at 24 hrs and 41% and 44% higher than

imatinib treatment at 48 hrs and 72 hrs, respectively.

Thus effect of FPR stimulation by fMLP, alone or in combination with imatinib,
was cell line specific. Inhibition of FPR1 signaling by CsH had an additive effect

on the growth inhibitory effect of imatinib in imatinib resistant cell lines.

To summarize, the above presented results showed that there was decrease in
the expression of FPR in bcr-abl positive cells, though there was inverse
relationship between the expression of FPR and expression of bcr-abl gene and
protein. On the basis of CD markers expression data, it could be said that bcr-
abl positive cell lines were less differentiated than bcr-abl negative cell lines.
HL60 did not behave like normal PMNL in some experiments for example
expression of mFPR3 was lower in HL60 than bcr-abl positive cell lines while
normal PMNL expressed higher mFPR3 than CML PMNL. Despite higher sFPR
expression, HL60 showed decreased FPR ligand binding while normal PMNL were
reported to have higher ligand binding than CML PMNL®. Similarly, increase in
the Ca?* level, upon fMLP stimulation was at par in bcr-abl positive and negative
cell lines except for KCL22, while normal PMNL showed more increase in Ca?*
than that in CML PMNL!“, This could be because of two reasons; one is its
oncogenic origin and second its differentiation status with respect to normal

PMNL. Being promyelocytic, HL-60 is less differentiated than the PMNL.
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Among bcr-abl positive cell lines, as mentioned there were two groups on the
basis of expression of bcr-abl fusion transcript. K562 and KU812 expressed b3a2
fusion transcript whereas KCL22 expressed b2a2 fusion transcript. Their
expression pattern should represent the effect of the presence of a particular
fusion transcript. KCL22, the b2a2 fusion transcript expressing cell line, turned
out to be different then b3a2 expressing cell lines. It was negative for the
presence of CD34, CD38 and had the least expression of CD117. Among FPRs, it
had the least expression of mFPR3. It also expressed the least amount of bcr-abl
protein. It contained the highest basal actin among bcr-abl positive, imatinib
sensitive cell lines and it showed the highest increase in the Ca?* level upon fMLP
stimulation. B3a2 fusion transcript expressing cell lines did not show similarities
with respect to all the parameters. It could be explained by the fact that both
the cell lines expressing b3a2 fusion transcript were of different hematopoietic
lineages. K562 was pluripotent cell line that could be differentiated into
erythrocytic and granulocytic while KU812 could be differentiated into basophilic
and erythroide lineage!®> 1%, Furthermore, K562 was developed from bone
marrow of an untreated patient, whereas KU812 was developed from peripheral
blood of a patient who was treated with busulfan for 10 years as well as various
combinations of chemotherapy for extramedullary spinal tumor. Hence K562
would be a better indicator for b3a2 specific effect on basal gene expression,
than KU812. It was evident from the results that K562, expressed the highest
mFPR and sFPR1 among all the bcr-abl positive, imatinib sensitive cell lines. It
also expressed the highest percentage of the cells co-expressing the sFPRs.
K562 also expressed the highest percentage of cells positive for CD34, CD38 and

CD117 among all the bcr-abl positive, imatinib sensitive cell lines. On the other
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hand KU812 was more similar to KCL22 than K562. Hence it could be concluded
that presence of specific type of bcr-abl fusion transcripts have different effect

on expression of various gene and it also affects behavior of CML cell lines.

Comparison between pairs of imatinib resistant and sensitive cell lines, showed
that change in expression pattern of CD34, bcr-abl protein, percent of cells co-
expressing sFPR1 & sFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 & sFPR3 were
similar for all the three pairs of S and SR. SR cell line of b2a2 fusion transcript
expressing cell line, showed increase in the expression of all the three mFPR,
sFPR, bcr-abl protein, CD34, CD38 and CD117 compared to S cell line. Similar to
the trend of imatinib sensitive cell lines, changes between SR and S cell lines

expressing b3a2 expressing imatinib were cell line dependent.

To understand the mechanism behind the imatinib resistance, the imatinib
sensitive cell line was treated with imatinib and gene expression of FPR1, FPR2,
FPR3, and bcr-abl was checked. It was concluded that in K562, expression of
FPR2 and FPR3 gene might play role in imatinib resistance. Furthermore, when
imatinib resistant cell lines were treated with combination with imatinib and
FPR1 antagonist -CsH, it was found that CsH doubled the growth inhibitory
effect of imatinib. In short, FPR expression showed an inverse relationship with
bcr-abl mRNA expression. FPR expression was very well associated with the
increased expression of stemness and imatinib resistance. Hence, it could be

suggested that FPR might play role in imatinib resistance of stem like CML cells.
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Breast Cancer

Earlier, expression of FPR was thought to be restricted to hematopoietic cells
involved in the first line of immunity. However, over the past years, data from
several groups have reported their expression in many cell types other than
hematopoietic cells, such as mesenchymal stem cells (MSCs)?°, dendritic cells?*?,
astrocytes???, hepatocytes?!. However, their biological significance in these cell
types is not well understood. To understand the role of FPR in solid tumors,
breast cancer was chosen as a system. Breast cancer is the most common
cancer in women worldwide. It accounts for 22.9% of all the cancers in women.

It is also the principle cause of death from cancer among women globally. In
U.S., Breast cancer affects 1 in eight women during their lives??!. In India,
breast cancer incidence rate ranges from 6.2 - 39.5 females per 100,0002%%2,
Countrywide, relative proportion of breast cancer (incidence of breast
cancer/total number of cancer registries) in female varied from 14.4% in

Guwahati to 30.3% in Mumbai.
Classification of the cell lines based on their properties

As already mentioned, use of various cell lines is well accepted as models in
preliminary clinical application oriented studies. Conclusions drawn based on
studies using more than one cell lines are more likely to resemble in vivo
conditions than those based on the use of a single cell line. Therefore, to study
role of FPR in breast cancer, a panel of human breast cancer cell lines (HBCC)
along with one non-cancerous cell line of breast epithelial origin as a control,
was chosen. Properties of the selected cell lines are tabulated in Table-RB 1. Cell
lines were selected based on their growth rate, hormone receptor status, and

tumorigenicity.
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Table-RB 1: Properties of the selected cell lines

Characters MCF-10A MCF-7 MDA-MB-231 MDA-MB-468 T47D
Cancerous No Yes Yes Yes Yes
Cell growth rate Slow - Fast Fast Slow Slow
Hormone receptors
negative positive negative negative positive
-ER-PR
Her2 Low Low Negative Negative Negative

Cancer subtype

Not applicable

Adenocarcinoma

Adenocarcinoma

Adenocarcinoma

Infiltrating ductal

carcinoma
Racial Origin Unknown Caucasian Caucasian Black Unknown
p53 Wild Type Wild Type R280K Mutation??3 R273H Mutation??* F194F Mutation?24
Hypertriploid to
Ploidy Near Diploid Aneuploid Aneuploid Hypertriploid

hypertetraploid

Tumorigenicity

Non tumorigenic

Tumorigenic, but with

hormonal supplement

Tumorigenic

Tumorigenic

Tumorigenic
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Basal expression of FPR in HBCC

To start with, basal expression of the FPR (mFPR as well as sFPR) was studied in
all the HBCC and the expression was then compared to the respective expression
in the normal breast epithelial cell line —-MCF-10A.

Gene expression

Expression of mFPR1 was significantly higher in normal breast epithelial cell line

MCF-10A than that in all the HBCC (Fig-RB 1A, Table-RB 1).

Table-RB 1: Basal Expression of FPR Genes

Fold Change
MCF-10A MCF-7 MDA-MB-231 | MDA-MB-468 T47D
mFPR1" 1.00 £+ 0.00 0.12 + 0.01 0.26 + 0.01 0.12 £ 0.004 | 0.07 £ 0.002
mFPR2" 1.00 £+ 0.00 4,16 £ 0.28 2.16 £ 0.10 4,75 £ 0.09 2.76 = 0.09
mFPR2* 0.02 + 0.00 0.68 £ 0.05 0.15 £ 0.01 0.64 £ 0.04 0.68 £ 0.04
mFPR3* 1.00 £ 0.00 6.70 £ 0.28 2.59 £ 0.17 6.03 £ 0.16 4.42 + 0.26
mFPR3% | 0.01 + 0.0003 | 0.28 + 0.02 | 0.05 £ 0.002 0.22 + 0.02 0.30 + 0.02

Fold change calculated - * with respect to MCF-10A, $ with respect to FPR1

Among the HBCC, expression of mFPR1 was the highest in the triple negative

cell line MDA-MB-231. MCF-7, MDA-MB-468, and T47D showed similar
expression of FPR1. Unlike mFPR1, mFPR2 expression was higher in HBCC than
that in MCF-10A (Fig-RB 1B, Table-RB 1). Furthermore, among HBCC the least
mFPR2 was expressed by MDA-MB-231, which expressed the highest mFPR1
among HBCC. Expression of mFPR2 was at par in MCF-7 and MDA-MB-468 and
was the highest among all the cell lines. Expression pattern of mFPR3 was
similar to the mFPR2 expression pattern. Expression of mFPR3 was also higher in
HBCC than that in MCF-10A (Fig-RB 1C, Table-RB 1). Among HBCC, lowest
mMFPR3 expression was in MDA-MB-231. This was similar to mFPR2 expression,

but in contrast of mFPR1 expression. The highest mFPR3 was seen in MCF-7 and
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Fig-RB 1: Expression of FPR Genes in HBCC: Expression of mFPR1 (A), mFPR2 (B)
and mFPR3 (C) in various HBCC with respect to normal breast epithelial cell line MCF-10A
and (D) expression of mFPR2 and mFPR3 with respect to mFPR1 as estimated by QPCR.
Gene expressions were normalized using expression of housekeeping gene GAPDH. Data
is presented as average fold change + SEM (n=3). For fig A, B and C statistically
significant changes is marked as; * p<0.05 wrt MCF-10A (Mann-Whitney test) and for fig
D * p<0.05 wrt FPR1 # p<0.05 wrt FPR2 (Mann-Whitney test).




MDA-MB-468 followed by T47D. Comparative expression of all the three
receptors showed that mFPR1 was the highest expressed receptor in all the cell
lines followed by mFPR2 and mFPR3 (Fig-RB 1D, Table-RB 1). However,
expression of mMFPR2 and mFPR3 was negligible as compared to mFPR1 in MCF-
10A whereas the comparative expression of mFPR2 and mFPR3 was higher and
reached 0.2-0.5 fold of mFPR1 in all the HBCC except MDA-MB-231. mFPR2 and
mFPR3 expression in MDA-MB-231 was 0.15 and 0.05 fold of its mFPR1
expression, respectively. These results of mFPR expression have shown that
expression of mFPR1 was decreased while mFPR2 & mFPR3 expression was
increased in HBCC than that in normal breast cell line MCF-10A. Based on these
expressions, cell lines and genes were clustered (Fig-RB 2A). The dendrogram
for the genes branches into two clusters, namely, cluster-I and cluster-II.
Cluster-I included only one gene mFPR1, while mFPR2 and mFPR3 fall into
cluster-II. Cell line dendrogram also branched into two clusters at the first level.
This cluster analysis showed that expression pattern of mFPR1, mFPR2 and
mMFPR3 was similar in the members of the cluster. Based on similarity in
expression pattern of all the three mFPR, at level I, MCF-7 & MDA-MB-468
formed one group and MDA-MB-231 & T47D formed another group. MCF-10A, as
expected did not show similarity in mFPR expression pattern with any of the
HBCC. However, at the level II, it was clustered with MDA-MB-231 & T47D,
probably because of its lower expression of mFPR2 and mFPR3.

Protein

To see whether the differences in the gene expression of FPRs were translated

into protein expression, all the cell lines were flow cytometrically analyzed for
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expression of sFPR, using labelled antibodies as described in materials and

methods.

All the cell lines showed presence of all the three FPR on surface (Fig-RB 3).

Table-RB 2: Expression of sFPR

MDA-MB-

MDA-MB-

Cell Lines MCF-10A MCF-7 231 468 T47D
Median 17.9 £ 0.7 7.7 £ 1.3 12.0 £ 0.1 6.1 £ 0.3 6.6 1.1
FPR1 o 11.0 £
% Positivity | 94.3 £ 0.5 37.6 £ 3.4 60.0+1.0 | 35.2+1.5 0.8
Median 6.8 £ 0.3 10.8 £ 0.4 12.1 £ 0.3 8.9 £ 0.6 7.9 £0.1
FPR2 _ 22.1 £
% Positivity | 36.9 £ 2.1 68.6 £ 3.7 48.4 + 2.3 | 72.9 £ 5.7 16
Median 22.5 £ 0.6 18.8 £ 3.0 28.1+£0.2 | 11.1 £0.8 191'74i
FPR3 :
% Positivity | 93.4+£1.0 | 68.3 £ 12.2 | 97.2 £ 0.3 6%61: 960'79i

Similar to mFPR1 expression, sFPR1 expression was highest in MCF10A (Fig-RB
4A, Table-RB 2). Almost all the cells (about 95%) of MCF-10A showed
expression of FPR1. Among the HBCC, the highest % positivity for sFPR1 i.e. %
of cells expressing sFPR1 was seen in MDA-MB-231, followed by MCF-7 and
MDA-MB-468, which were at par. T47D showed the lowest % positivity for
sFPR1. Results of sFPR2 did not follow the pattern of mFPR2 expression. In all
the HBCC except T47D, % positivity for sFPR2 was significantly higher than MCF-
10A (Fig-RB 4B, Table-RB 2). About 70% cells of the MDA-MB-468 and MCF-7
were positive for sFPR2, which were the highest among all the cell lines. These
were followed by MDA-MB-231, which showed 48% cell positivity for the sFPR2.
T47D showed the least % positivity for the sFPR2 too. Distinct expression
pattern was not observed in the MFI of MCF10A and HBCC. Results of sFPR3
expression were completely different from mFPR3 expression results. Distinct

differentiating pattern between expression of sFPR in HBCC and normal breast

epithelial cell line was not observed. % positivity for sFPR3 in MCF-10A was at
127




Count

100§ N\ MCF-10A| [too; /\ MCF-10A] [too, /&[L MCF-10A
010 FL1-H 01 Flz-H 108 0100 10t Fra-n 103
100/}& MCF-7 100/\ MCF-7 100\/y\ MCF-7
(:JI. FLL-H 100 FLe-H 103 ?LOO 101  FL=a-H 103
100MMD 231 100\/\ MDA-MD-231 mOMA MD-231
0% Fli-m 102 %50 FLZ-H 103 9o0 L SV (o
1007 /X\ MDA-MD-468| [-°°] /\ MDA-MD-468| [-°°] WA MD-468
Cioo 10t FLi-H 103 % Flz-H  10% %oo 10t FLa-H 103
1007 A T47D| [Lo0] /\ T47D| [ro0) /Vk T47D
0_ 07 0_
100 100 FLi-m 108 100 Flz-H 108 100 101 TFla-H 103
N
sFPR1 sFPR2 sFPR3 -

Fig-RB 3: Expression of sFPR in HBCC: Representative histogram overlays showing

surface expression of sFPR1, sFPR2 and sFPR3 in HBCC and MCF-10A as indicated.

In each

overlay plot, black solid line indicates unstained isotype control while colored lines indicate

cells stained for sFPR1 (red), sFPR2 (green), and sFPR3 (blue)
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par with MDA-MB-231 and T47D (Fig-RB 4C, Table-RB 2). They showed more
than 90% cellular positivity. MCF-7 and MDA-MB-468 were at par and showed
68% and 61% positivity for sFPR3, respectively. Opposite to % positivity, MFI
for sFPR2 in MDA-MB-231 was higher than that in MCF-10A. MFI for sFPR2 in
MCF-10A was at par with sFPR2 MFI in MCF-7 and T47D. It is clear from this
data that similar to mFPR expression, reduction in % positivity for sFPR1 and
increase in % positivity for sFPR2 was observed in the HBCC. In other words,
pattern of mFPR was not translated to sFPR.

This data was also subjected to two-way, unsupervised hierarchical clustering.
Similar to gene expression clustering, protein expression dendrogram also
branched into two main clusters. But in proteins, cluster-I grouped sFPR1 and
sFPR2 (Fig-RB 2C). Due to the distinct expression pattern, sFPR3 was a single
protein cluster —cluster-II. At the top of the hierarchy, the cell line dendrogram
branched into two clusters (labelled I, and II). Cluster-I was further branched
into two sub-clusters —cluster-Ia and cluster-Ib. Cluster-Ia grouped MDA-MB-468
and MCF-7 while Ib contained MCF-10A and MDA-MB-231. T47D was included in
cluster-II. In cell lines, surface expression pattern of all the three FPR was
similar in MCF-7 and MDA-MB-468. These two cell lines also showed similar gene
expression pattern for all the three FPR. Surprisingly, normal breast epithelial
cell line - MCF-10A and HBCC - MDA-MB-231 showed similar surface expression
pattern for sFPR2 and sFPR3. Though, MDA-MB-231 and MCF-10A did not form
cluster on the basis of expression of mMRNA as well as sFPR data at the first
level, they were close to each other and clustered at the second level.
Expression pattern for sFPR in T47D did not show similarity with any of the

HBCC studied.
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FPR family members have been extensively studied for their role in innate
immunity!- 2. FPR mediates chemotaxis of professional phagocytes at the site of
infection or injury, which is followed by inflammatory response! 2. It has also
been proposed that FPR might have role in wound healing??>. In spite of their
well characterized role in host immune response, FPR expression was not
restricted to hematopoietic cells. In past various reports have demonstrated
expression of FPR in cells of non-hematopoietic origin. Expression of FPR by
immunohistochemistry was reported in epithelial cells especially those with
secretory functions, some endocrine cells e.g., follicular cells, smooth muscle,
endothelial cells, neurons of motor, sensory, cerebellar system and those of
parasympathetic & sympathetic!3. Various reports have shown the expression of
functional FPR in human coronary arteries, intestinal epithelia, lung fibroblast,
lens epithelial cells, liver cells, astrocytes, primary tracheobronchial cell line,
amnion derived WISH cell line and human lens cell line FHL1241% 21,60, 226-229
Human cancer and cancer cell lines -rat breast carcinoma cell line Walker-256,
hepatoma cell line HepG2, astrocytoma cell line SNB75 & U87, lung cell line
A549, colorectal adenocarcinoma cell line SKCO15, grade IV human glioblastoma
multiform, human anaplastic astrocytoma grade-II, ovarian cancer, gastric
cancer, and melanoma also expressed functional FPR8 21.60,100,230-235 " \/aranij et
al. have shown that fMLP -ligand for FPR, increases adherence of rat breast
carcinoma cell line Walker-25623¢. Walker-256 cell line showed increased
migration and cell swelling upon fMLP stimulation?37-23°, Intraperitoneal injection
of fMLP to rat bearing circulating Walker-256 cells induced localization of the
tumor cells in peritoneal mesentries and subsequent formation of tumor at these

sites?4% 241, Rayner et al. and Marasco et al. have shown the binding of fMLP to
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Walker-256 cell lines 191 McCoy et al. showed expression of functional FPR in
human liver cells and hepatoma cell line HepG22!. In these cells FPR mediated
changes in hepatic acute phase genes in time dependent and agonist’s
concentration dependent manners. This regulation of hepatic acute phase genes
by FPR is different than other regulators of hepatic acute phase genes because
unlike others it is desensitized at higher concentration of fMLP. Binding of fMLP
to human amnion derived WISH cells induced release of prostaglandin (PG)
E22?°. This release of PGE2 by fMLP in WISH cells was cox-2, PLA2 and PLC
dependent. Stimulation of FPR in astrocytoma cell lines SNB75 and U87 induced
cell migration, calcium mobilization and increased secretion of IL623°. It was also
reported that FPR was not expressed by less aggressive gliomas or by normal
astrocytes but primary grade IV glioblastoma multiforme and grade II anaplastic
astrocytomas showed expression of FPR®°. fMLP stimulation induces motility,
growth and angiogenesis in them. Chen et al. reported that functional FPR
expression was essential for sustaining the growth and aggressive phenotype of
glioma®2. Expression of functional FPR in glioma cells plays an important role in
regulating vasculogenesis by endothelial progenitor cells®!. FPR is responsible for
increased motility of human glioblastoma cells and formation of highly invasive
tumors?#2, LL-37/hCAP-18 has been shown to accelerate tumor growth via FPR2
in ovarian cancer cells?®2, High ANXA1l (endogenous ligand for FPR) was
associated with highly invasive, peritoneal metastasis and poorer overall survival
in gastric cancer patients?**. FPR induced EMT, proliferation, resistance to
apoptosis and migration in gastric cancer (GC) cells in culture. It was also
reported that FPR1 inhibits angiogenesis in GC cells. Hence, silencing of FPR1

gene in GC cells increased cell proliferation and xenograft growth due to
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increased vessel density?3*. Hif-1a and VEGF mRNA expressions were higher in
FPR1 silenced xenografts. Production of proangiogenic factors was also higher in
FPR1 silenced xenografts. These presented reports suggested that FPR might act
in more complex manner than expected. Apart from cancer and normal cell lines,
expression of FPR was also reported in mesenchymal stem cells?% 244,
Stimulation of FPR by fMLP in MSC triggers osteoblastic commitment while
inhibits adipogenic commitment?**>. During osteoblastic differentiation of MSC,
significant increase in the expression of FPR1 but not FPR2 and FPR3 was
reported. Earlier binding of fMLP and chemotaxis in response to that fMLP
binding was reported in rat breast carcinoma cell line Walker 2561°% 101 These
cells showed chemotaxis in response to fMLP treatment in a concentrated
dependent manner. Binding and internalization of radiolabeled fMLP was also
reported in these cells. Another report showed that FPR1 and FPR2 stimulation
induced cell proliferation in breast cancer!®?, Any of the reports had not
mentioned about status of FPR mRNA expression in breast cancer cells, but
aforementioned reports do demonstrate that breast cancer cells could express
functional FPR. This is the first report of mMRNA and protein expression of all
three FPR in HBCC and normal breast epithelial cell line. All the HBCC and
normal breast epithelial cell line MCF-10A, expressed mRNA and protein of FPR1,
FPR2 and FPR3. Expression of mFPR1 was significantly higher in normal breast
epithelial cell line MCF-10A than that in all the HBCC, while mFPR2 and mFPR3
expression was higher in HBCC than that in MCF-10A. Comparative expression of
all the three receptors showed that mFPR1 was the highest expressed receptor
in all the cell lines followed by mFPR2 and mFPR3. Decrease of mFPR1 and

increase of mMFPR2 & mFPR3 expression was seen in HBCC than that in normal
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breast cell line MCF-10A. Similar to mFPR1 expression, sFPR1 expression was
also the highest in MCF10A. sFPR2 expression was higher than that in MCF-10A
in all the HBCC except T47D. Results of sFPR3 were completely different from
mMFPR3 expression results, where distinguishing pattern between HBCC and
normal breast epithelial cell lines was not observed. Zhou et al. reported
increase in the expression of FPR1 in cancer cell line compared to normal
tissue®®. Similar observations were reported by VanCompernolle et al. where
mMRNA expression of FPR1 and FPR2 were higher in human fibrosarcoma cell line
HT1080 than normal lung fibroblast cell MRC-5 and normal skin fibroblast WS11°,
They also estimated the number of total receptor by equilibrium binding assay
with FPR1 and FPR2 ligand fNLPNTL. Since they used <2 nM concentration for
the ligand, they claimed that low affinity FRP2 receptor did not affect the results
and ligand will only bind to FPR1, however no experimental evidence was
produce in support of this claim. Total number of receptor calculated were higher
in normal lung fibroblast cell MRC-5 than that in fibrosarcoma cell line HT1080.
Our results for mFPR1 are in contrast with these two reports while for mFPR2
they are in line with results reported by VanCompernolle et al.. It could be that
breast cancer cell lines due to their different tissue origin behave differently.
Moreover, Zhou et al®® have compared U87 cell lines with human astrocytes and
not with cell line. It is well established fact that due continuous culture, cell lines
develop various features which are different from their origin cell type. Hence,
this could be one of the factor for differences in expression of FPR between U87
and astrocyte. Similarly VanCompernolle et al.'® have compared the HT-1080
cell line with lung and skin fibroblast cell line while HT-1080 was developed from

the fibrosarcoma adjacent to acetabulum. Cells from different parts of the body
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could have different gene expression patterns. Hence, comparing HT1080 with
lung and skin fibroblast couldnt be right. In the present study normal breast
epithelial cell line was compared with the breast cancer cell lines, where
decrease in mFPR1 and sFPR1 was seen in tumor cell lines. It is already
mentioned that the use of various cell lines is well accepted as models in clinical
application oriented initial studies. Conclusions drawn on the basis of studies,
using more than one cell lines are more likely to resemble in vivo conditions than
those based on the use of a single cell line. Therefore, conclusions drawn from
the present study on the role of FPR in breast cancer, using a panel of human
breast cancer cell lines (HBCC) along with one non-cancerous cell line, are more
reliable. It was seen that mFPR1 and sFPR1 levels decreased in the HBCC, while
increase in expression of mMFPR2 and sFPR2 was observed. Expression of mFPR1
was significantly higher in normal breast epithelial cell line MCF-10A than that in
all the HBCC, while mFPR2 and mFPR3 expression was higher in HBCC than that
in MCF-10A. Decrease of mFPR1 and increase of mFPR2 & mFPR3 expression
was seen in HBCC than that in normal breast cell line MCF-10A. Similar to
mMFPR1 expression, sFPR1 expression was also the highest in MCF10A. sFPR2
expression was higher than that in MCF-10A in all the HBCC except T47D.
Results of sFPR3 were completely different from mFPR3 expression results,
where distinguishing pattern between HBCC and normal breast epithelial cell
lines was not observed. Aggressiveness and metastatic nature of HBCC seems to
be affected by balance of sFPR1 and sFPR2 expression level. MDA-MB-231, which
is most aggressive, fast growing and highly metastatic cell line, showed the
highest expression sFPR1 and sFPR2 while the slow growing and least aggressive

cell line T47D showed the least sFPR1 and sFPR2. MCF-7 and MDA-MB-468,
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moderately aggressive cell lines express high sFPR2 but low sFPR1. It showed

that similar to glioma FPR also contributing to the aggressive nature of HBCC.
Ligand binding

The first step of any receptor signalling is binding of the receptor to its ligand,
which leads to the activation of downstream signalling cascade. After binding to
the ligand, FPR is internalized and dissociated from the ligand. This
internalization and dissociation of FPR was temperature dependent!?®, At 4°C,
there was complete abolition of receptor internalization and maximum
internalization was observed at 37°C. It was also reported that neutrophil
contains an intracellular pool of FPR that could be mobilized to surface upon
stimulation'®3, Hence, ligand-binding assay carried out at 37°C, could be taken
as an estimation of the total number of receptors in cells in question. Above
results had shown differences in the expression of sFPR in HBCC, as well as in
mMRNA levels, hence their ligand binding ability was checked using fluorescent
fNLPNTL. All the HBCC except T47D showed significantly higher ligand binding
than that in normal breast cell line MCF-10A (Fig-RB 5A & 5B, Table-RB 4). T47D
showed the minimum ligand binding among all the HBCC and it was at par with

that in MCF-10A. Among the rest of the HBCC, ligand binding in MCF-7 and

MDA-MB-231 was at par while MDA-MB-468 showed maximum ligand binding.

Table-RB 4: Binding of fNLPNTL-FITC

MDA-MB- MDA-MB-
Cell lines MCF-10A MCF-7 T47D
231 468
Median 18.3 £ 0.2 25.3 £ 1.7 27.1 £ 0.2 33.6 £ 1.0 16.9 £ 1.2
% Positivity 88.9 £ 0.5 96.0 = 0.5 99.7 £ 0.1 100.0 £ 0.0 98.6 £ 1.3
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Fig-RB 5: fNLPNTL-FITC Ligand Binding: fNLPNTL-FITC ligand binding to breast
cancer cell lines - (A) Representative histogram overlay showing fNLPNTL-FITC binding
in HBCC and MCF-10A as indicated. (B) Bar plot showing average MFI + SEM of
fNLPNTL-FITC in HBCC and MCF-10A (n=3). * p<0.05 wrt MCF10A (Mann-Whitney
test)



Relevance, importance and mechanism of FPR ligand binding to its receptor has
been discussed extensively in CML section. As mentioned there, only 1-2% of
FPR sites are occupied using fNLPNTL-FL. Hence, detection of FPR using
antibodies, aids in studying the receptor in totality. In contrast, only ligand
bound receptors are detected using labelled ligand!. In present work staining of
the cells with antibody was done at 4°C and thus receptor internalization,
translocation and upregulation was inhibited. At this temperature, only surface
receptors were available for antibody binding. On other hand, ligand binding
experiments were performed at 37°C. Hence, surface as well as cytoplasmic pool
of the receptors was available for ligand binding. In view of these, surface
staining results of FPR showed the receptor expressed on the cell membrane,
while ligand binding estimated the total pool of the receptors i.e. surface and
cytoplasmic. All HBCC except T47D showed higher ligand binding than that in
MCF-10A. Though, this ligand binds to both FPR1 and FPR2, it generally show
preference to FPR1 over FPR2. Since surface receptor expression and gene
expression status showed that HBCC expressed lower FPR1 but higher FPR2 than
MCF-10A, it would be imperative that the ligand binding would be at par
between MCF-10A and HBCC, but HBCC showed higher ligand binding than
normal cell line. Similar observations were seen in the CML results that bcr-abl
positive cell lines showed higher ligand binding than that in bcr-abl negative cell
line. It could be possible that the ligand binding affinity of cancerous cell lines
might have increased. This hypothesis is supported by the fact that one of the
hallmark of cancerous cells is that they become hypersensitive to extracellular

signals®3. This hypersensitivity is believed to be achieved by either receptor
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overexpression or by increasing affinity to the signal. Among, HBCC, the highest
ligand binding was observed in MDA-MB-468, while the lowest ligand binding
was observed by T47D. T47D expressed the lowest sFPR1 and sFPR2, hence it
was obvious that this cell line would show the least ligand binding.MDA-MB-468
did not express the highest sFPR1 or sFPR2. Since, ligand binding experiments
were performed at 37°C and at this temperature cytoplasmic pool is available for
ligand binding; it could be possible that MDA-MB-468 would have higher
cytoplasmic pool for FPR which are available for binding, thus MDA-MB-468
showed the highest FPR ligand binding. Differences in MFI by ligand binding by
MCF_7, MDA-MB_231 and MDA-MB-468 were marginal. But it is noteworthy that
though % positivity for FPR1 and FPR2 seen by antibody was in the range of 11-
73%, almost 100% positivity was seen for ligand binding. This suggested that in
HBCC, either both FPR1 and FPR2 bound to the ligand or many cells in the
population had sFPR1 that could not bind to the antibody or by addition of
ligand, cytoplasmic FPR1 were cycled to the membrane and could bind the
ligand. In view of lower % positivity if T47D for FPR1 and FPR2 only later two
explanations could be accepted. Use of labelled ligand specific for FPR2 to
explore ligand binding to FPR2 could aid in distinctly distinguishing HBCC from

normal and grade them as per their aggressiveness.

Signaling of FPR

Actin polymerization

Actin polymerization is one of the downstream events after FPR activation. Actin
is one of the major cytoskeletal component in cells. Exposure of PMNL to FPR
ligand fMLP causes polymerization of monomeric globular G-actin to filamentous

F-actin leading to chemotactic motility. First basal actin gene expression in HBCC
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and in MCF-10A was studied using gRT-PCR. Then, F-actin was quantitated using
fluorescent-tagged actin binding phalloidin.

Except T47D, all HBCC expressed lower actin gene than that in MCF-10A (Fig-RB
6A). Among HBCC, the highest expression of actin gene was in T47D followed by
MDA-MB-231. The lowest expression of actin gene was in MDA-MB-468 and
MCF-7. When these cell lines were stained with fluorescently tagged phalloidin, it
was found that all the HBCC showed significantly lower basal F-actin than the
normal breast cell line, MCF-10A (Fig-RB 6B & 6C, Table-RB 5). Among HBCC,
highest basal level of F-actin was found in T47D followed by MCF-7, MDA-MB-
468, and MDA-MB-231. After stimulation with 10° M fMLP, significant decrease
in F-actin content was observed in MCF-10A, and MCF-7 (Fig-RB 6C & 6D, Table-
RB 5). MDA-MB-231 and MDA-MB-468 showed significant increase in F-actin
content after fMLP stimulation, while T47D did not show any change in F-actin
content upon fMLP stimulation.

fMLP stimulation is known to increase F-actin quantity in PMNL and other cells,
but two out of five cell lines showed decrease and one cell line did not show any
change in F-actin content, upon fMLP stimulation. MDA-MB-231, which
expressed the highest mFPR1 and sFPR1 among all the HBCC, showed the
highest increase in F-actin quantity. When these results were compared with
actin gene expression data and ligand binding data, it was found that MDA-MB-
468 showed lower actin gene expression (Fig-RB 6A). This probably resulted in
very little change in F-actin on fMLP treatment. On other hand, T47D, which
showed the highest actin gene expression and the lowest FPR ligand binding, did

not show any change in F-actin, on fMLP treatment. It might be possible that a
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Fig-RB 6: Actin Gene Expression and F-actin Quantitation: (A) Expression of actin
gene in HBCC with respect to the normal breast epithelial cell line MCF-10A is estimated
by QPCR. Gene expressions were normalized using expression of housekeeping gene
GAPDH. Data is presented as average fold change + SEM (n=3). (B) Representative flow
cytometry histogram overlays of FITC-phalloidin intensity in unstimulated (control) and
fMLP stimulated cells as indicated (C) Bar plots showing F-actin expressed as average MFI
+ SEM (n=3) (D) Bar plots showing change in F-actin content after stimulation with 10-M
fMLP, expressed as average relative fold change in MFI with respect to the basal F-actin
content + SEM (n=3). * p<0.05 wrt MCF-10A (Mann-Whitney test), # p<0.01 wrt basal

actin level (Wilcoxon pair test)




minimum number of ligand molecules are required to bind to the cell in order to

bring any change in F-actin content.

Table-RB 5: F-actin quantitation

Median Fluorescent Intensity (MFI)

Treatment MDA-MB- MDA-MB-
MCF-10A MCF-7 T47D
231 468

Solvent
94.9 + 8.1 50.7 £ 0.7 41.4+ 5.0 444 + 1.6 59.4 £ 9.8
(Control)

10® M fMLP 72.6 £ 0.6 37.1 £ 4.7 64.4 £ 7.0 49.4 + 2.8 61.6 £ 2.8

Ratio
0.78 £ 0.07 | 0.73 £ 0.08 | 1.60 £ 0.26 | 1.11 £ 0.04 1.07 £ 0.2
fMLP/Control

To understand the decrease in F-actin content, MCF-7 -the only HBCC, which
had shown decrease in F-actin content after fMLP stimulation, was stained for F-
actin using TRITC-phalloidin, after fMLP stimulation. Unstimulated cells were
used as control. Images of stained cells were captured using a laser confocal
microscope (Fig-RB 7). Upon fMLP stimulation, distinct changes in the MCF-7
morphology were observed (Fig-RB 7A & 7E). Cells were epithelioid and
spreaded before fMLP treatment, but after fMLP stimulation, decrease in cell size
was observed. Many cellular projections were seen at the cell periphery after
fMLP stimulation. Control cells showed diffused cytoplasmic F-actin concentrated
at the cellular periphery with cytoplasmic stress fibers (Fig-RB 7B & 7C). In fMLP
treated cells decrease in cytoplasmic and peripheral F-actin was seen (Fig-RB 7F
& 7G). Stress fibers disappeared in fMLP treated cells. F-actin was more
concentrated in the long, thick, spike like cellular projections. fMLP treated cells,

were less spreaded and showed reduced adhesion to substratum as well as
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Fig-RB 7: F-actin in MCF-7: Representative images of MCF-7 cells stained with
TRITC-phalloidin (pseudo green color), captured by laser confocal microscopy, wherein
A, B, C & D are control cells while E, F, G & H are fMLP treated. (A) & (E) are in DIC
mode while others are in fluorescence mode. (B) & (F): Middle planes (4/7) of the 3D
images (C) & (G): 3D projections (D) & (H) intensity LUT - rainbow color palette for 3D
projections, where blue and red indicate minimum and maximum fluorescence

intensity, respectively. Red arrows in panels B and C show stress fibers.



reduced cell-cell adhesion. An overall decrease in F-actin was seen in fMLP-
stimulated cells than that in control (Fig-RB 7D & 7H). It was clear from the
images that after fMLP stimulation, decrease in F-actin quantity in MCF-7 cells
was associated with the loss of epithelioid morphology of the cells and decrease
in cell spreading. This could be the induction of epithelial-mesenchymal
transition (EMT). Furthermore, increase in length and number of projections
after fMLP stimulation, could be an indication of acquisition of more motile and
invasive characteristics.

As mentioned in CML section that binding of chemotactic peptide to
polymorphonuclear leucocytes (PMNL) results in rapid changes in the
cytoskeletal system of the cells finally leading to a directed movement of the
cells towards the source of chemoattractant. A very early event in changes in
the cytoskeletal organization is the polymerization of cytoplasmic G-actin to F-
actin, which forms the motile apparatus of the cells. All the HBCC studied are
metastatic cell lines and showed migration when stimulated with various
stimulator, however, effect of fMLP on breast cancer migration was not looked
into?*¢, The present study showed that fMLP stimulation affected F-actin
polymerization levels in HBCC, although all cell lines behaves differently. Effect
of fMLP varies from cell line to cell line and therefore, the underlying
mechanisms could be different in each cell line. MCF-10A, MCF-7 and T47D
showed decrease in F-actin content upon fMLP stimulation while there were
increase in F-actin content in MDA-MB-231 and MDA-MB-468 upon fMLP
stimulation. The highest increase in F-actin content upon fMLP stimulation was
seen in MDA-MB-231 cell line, which expressed the highest mFPR1 and sFPR1.

MDA-MB-468 showed marginal increase in the F-actin level upon fMLP
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stimulation. T47D showed two population upon fMLP stimulation, one population
showed decrease in the F-actin content while one population showed marginal
increase in F-actin. fMLP stimulation showed increase in F-actin in neutrophil but
in MCF-10A and MCF-7 decrease in F-actin was observed. When MCF-7 was
examined under laser confocal microscope it was found that decrease in F-actin
in this cell line was associated with change in cell line shape and loss of cell-cell
contact, which indicate acquisition of motile and invasive characteristic by the
cell line. Probably in the cells, increase or decrease in F-actin might be
dependent on cells’ basal F-actin architecture that is whether it requires
decrease in F-actin or increase in F-actin in order to migrate. Though further
investigations are needed, it could be said from these observations that fMLP

was probably inducing epithelial to mesenchymal transition in MCF-7 cell line.

Status of markers for Cell differentiation

Growing evidences have suggested that solid tumors are heterogeneous in
nature. These cancers are driven by the population of cells that display stem cell
properties. These cells are known as cancer stem cells (CSC) or tumor initiating
cells. This small population of breast cancer is also termed as breast cancer
initiating cells. In breast cancers, the cell surface markers CD44 and CD24 are
commonly used to define a population enriched in CSCs?47-24°, The CD24" /CD44*
breast CSCs possess the ability to self-renew and to differentiate when injected
into the mammary fat pad of NOD/SCID mice, resulting in engrafted mammary
tumor formation and progression?*’. Although the CD24 - /CD44* phenotypic
markers have been extensively used to isolate breast CSCs in different cancer
subtypes especially basal-like tumors?>°, a recent study showed that both CD24"

/CD44*and CD24* /CD44*cell populations in ERa-negative breast tumors are
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tumorigenic in murine xenograft models?!. Expression of CD24  /CD44*
population was higher in MCF-10A than that in HBCC. Among HBCC, MDA-MB-
468 and T47D were negative for the CD24- /CD44* population. After pioneering
studies of Al-Hajj et al. in human breast cancer, CD24" /CD44* cells were
recognized as prospective CSC?*’. This was subsequently supported by Sheridan
et al., but it was suggested that this phenotype alone may not be appropriate to
envisage metastasis though these cells showed higher expression of genes that
are required for tissue invasion®*?. Later on, large body of evidence
demonstrated that this phenotype is not expressed in all the breast cancers
emphasizing the need for identification of other breast CSC markers?°% 253254 In
MDA-MB-468 cell line high expression of CD44*/CD24" cells with basal/epithelial
phenotype are reported**. Our results complemented this finding. It is very well
accepted that CD24- /CD44* exhibit undifferentiated cell properties and
CD44*/CD24* exhibit highly differentiated basal/epithelial cell properties*.
However, mechanism of tumor induction by cell lines like MDA-MB-468 with high
CD24 expression remains unclear. MDA-MB-468 is enriched with CD44* /CD24*
cells, which are not invasive. It is assumed that some CD44+/CD24" cells in this
cell line are progressed to CD44*/CD24* phenotype after metastasis showing an
interconversion of CD24* to CD2472>2, Recent studies for migration, colony
formation and invasion in MDA-MB-468 by CD44* cells complimented the CD24
interconversion and regulatory concept?>®. Meyer et al. supported the possibility
of interconversion between the phenotypes and suggested that epithelial like
CD44+%/CD24* can readily give rise to CD44*/CD24  cells during tumor
initiation?°¢, Based on the these concepts, Shi et al. demonstrated in human

epithelial ovarian cancer, that CD44*/CD24  cells showed CSC-like properties
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and differentiated to CD44%/CD24%2>7. Regardless of the positivity or negativity
of CD44 and CD24, the cells expressing these markers in breast cancer were
acknowledged with invasive properties but lacking metastatic genes?>?. Although
many studies showed the vital role of CD44 in metastasis?>® 2>°, contrastingly,
Lopez et al.?®® demonstrated that CD44 can inhibit metastasis in the breast
cancer. Similar contradictory views are reported for CD24 too. Baumann et al.?%!
showed CD24 promotes invasion, while Schabath et al.?®? demonstrated
expression of CD24 inhibiting the invasion and metastasis.

After the discovery of induced pluripotency by Yamanaka et al and subsequent
research in the field, few transcription factors - Oct-3/4, Sox-2, Nanog, Nestin,
KIf-4, & cMyc and their role in pluripotency were studied in depth?63-26>, Among
these transcription factors Oct-3/4, Sox2 and Nanog are considered as the main
player in cellular pluripotency. In the above results, it was seen that in CML
expression of FPRs was linked to cellular stemness. Hence, in HBCC too, the
status of these stemness markers was tested at mRNA as well as protein levels
and effect of FPR ligand was checked on their protein expression.

mRNA

cMyc

cMyc is one of the Yamanaka factors?®* that was used for the generation of iPS
cells. Later, it was found that the omission of cMyc had no effect on generation
of iPS cells?%¢, Hence, there is a debate on the importance of cMyc in stemness
of cells. cMyc is a transcription factor that plays role in cell cycle, apoptosis and
cellular transformation?6’-26°, In HBCC, pattern of expression of cMyc gene was
opposite of FPR1 gene expression. Expression of cMyc was highest in T47D,

which had the lowest expression of FPR1 gene and protein, whereas cMyc gene
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expression was least in MDA-MB-231, which had shown the highest expression
of FPR1 gene and protein among all the HBCC (Fig-RB 8A, Table-RB 6). All the

HBCC except T47D, showed expression of cMyc less than that in normal breast

cell line MCF-10A.

Table-RB 6: Basal Expression of Stemness Marker Genes

Fold Change wrt MCF-10A

MCF-7 MDA-MB-231 MDA-MB-468 T47D
cMyc 0.70 £ 0.04 0.35 £ 0.02 0.82  0.06 1.34 £ 0.06
Kif4 3.08 £ 0.24 0.62 + 0.06 6.28 £ 0.10 2.77 £ 0.10
Nanog 6.39 £ 0.38 1.81 £ 0.11 10.58 £ 0.57 4.78 £ 0.25
Nestin 7.67 £ 0.24 11.14 £ 0.47 15.96 £ 1.05 8.13 £ 0.47
Oct-3/4 3.62 £ 0.21 1.41 £ 0.08 5.00 £ 0.37 4.43 £ 0.24
Sox2 43.87 £ 2.45 2.69 £ 0.20 58.94 + 3.43 31.49 £ 1.31
KIf-4

Kruppel-like factor 4 (KLF4) is a transcription factors that plays role in cell
proliferation, cellular differentiation, apoptosis?’% 27!, It also works as a tumor
suppressor gene in some of the cancers?’!. KIf-4 was identified and used by
Yamanaka et al. in the generation of iPS cells?%. It is a good indicator of cellular
stemness in embryonic as well as in mesenchymal stem cells?7°,

All the HBCC except MDA-MB-231 showed higher expression of klf-4 than normal
breast epithelial cell line MCF-10A (Fig-RB 8B, Table-RB 6). MDA-MB-231
showed the lowest expression of kIf-4 whereas MDA-MB-468 expressed the
highest expression of kif-4. mRNA expression level of kif-4 in ER-PR positive cell
lines MCF-7 and T47D were found at par with each other, but more than triple

negative cell lines ~-MDA-MB-231 and less than MDA-MB-468.
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Fig-RB 8: Expression of Stem Cell Marker Genes in HBCC: Expression of cMyc (A),
KIf4 (B), Nanog (C), Nestin (D), Oct-3/4 (E), and Sox2 (F) genes in HBCC with respect to
the normal breast epithelial cell line MCF-10A, as estimated by QPCR. Gene expressions
were normalized with GAPDH expression. Data is presented as average fold change + SEM

(n=3). * p<0.05 wrt MCF-10A (Mann-Whitney test).



Nanog

In embryonic stem cells, along with oct-3/4 and sox-2, nanog is required for
maintaining pluripotency?’? 273, Nanog is the transcription factor that is involved
in self-renewal of embryonic stem cells?’2,

Expression of nanog was higher in all the HBCC than the normal breast epithelial
cell line, MCF-10A (Fig-RB 8C, Table-RB 6). The expression pattern of nanog in
breast cancer cells was similar to that in kif-4. The highest expression of nanog
was shown by MDA-MB-468 followed by MCF-7 and T47D. MDA-MB-231 showed

the lowest expression of nanog.

Nestin

Nestin was reported as a protein marker for neural stem cells and follicular stem
cells, but recently its expression was also reported in breast stem cells?74-276,

In our experiments, the mRNA expression of nestin was higher in all the HBCC
than normal breast epithelial cell line (Fig-RB 8D, Table-RB 6). Among HBCC, the
highest expression was shown by MDA-MB-468, which was followed by MDA-MB-
231. Gene expression levels of nestin in both ER-PR positive cell lines MCF-7 and
T47D were found at par, but were lower than that in the triple negative cell lines
-MDA-MB-231 and MDA-MB-468.

Oct-3/4

Oct-3/4 is one of the Yamanaka factors and is critically involved in the self-
renewal of undifferentiated embryonic stem cells?%4, Oct-3/4 is used as a marker
for stem cells.

It had been observed in the present studies that expression level of oct-3/4 gene
was higher in all the HBCC than that in breast normal epithelial cell line MCF-

10A. This was similar to nanog and kiIf4 (Fig-RB 8E, Table-RB 6). The highest
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expression of oct-3/4 was shown by MDA-MB-468 and the lowest expression was
shown by MDA-MB-231. Oct-3/4 expression in T47D was slightly higher than
that in MCF-7, but was less than that in MDA-MB-468.

Sox-2

SRY (sex determining region Y)-box 2 also known as Sox-2 is a transcription
factor, which is necessary for maintaining pluripotency of embryonic stem
cells?%4,

Expression pattern of sox-2 in HBCC was similar to oct-3/4, kif4, and nanog
except that the difference in the expression was higher between HBCC and
normal epithelial cell line (Fig-RB 8F, Table-RB 6). All the HBCC expressed higher
sox-2 gene than normal breast epithelial cell line MCF-10A. Similar to other stem
cell markers, the highest expression of sox-2 was shown by MDA-MB-468 and
minimum by MDA-MB-231. Sox-2 gene expression in MCF-7 was lower than
MDA-MB-468, but higher than T47D.

When the relative expression patterns of these genes among HBCC were
compared with the results of FPR expression, it was observed that the
expression pattern of klf4, nanog, oct-3/4 and sox2 were similar to the gene
expression patterns of FPR2 and FPR3 (Fig-RB 9A & 9B). Moreover, similar to
FPR2 and FPR3 expression of these genes in all the HBCC except that of kif4 in
MDA-MB-231 was 1.5 or more fold higher than that in MCF-10A. Gene
expression data of the stem cell markers was subjected to the hierarchical
clustering using default distance setting. At the top of the hierarchy, the
dendrogram was divided into two major clusters (labelled I, and II) (Fig-RB
10A). Cluster-I contained only one gene -Sox2 for which increase in expression

was extremely high in HBCC than that in MCF-10A. Cluster-II was further
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branched into two sub-clusters —cluster-IIa and cluster-IIb. Cluster-IIa was also
a single gene cluster that included nestin, for which increase in expression was
very high in HBCC than that in MCF-10A, but was lower than that for Sox-2.
Cluster-IIb was a group of three small clusters, which were close to each other.
This cluster included four genes -oct-3/4, kif4, nanog, and cMyc. For the cell
lines, dendrogram branched into two major clusters (labelled I & II). Cluster-I
included two completely different cell lines, one triple negative HBCC, MDA-MB-
231 and a normal breast epithelial cell line, MCF-10A. These two cells lines had
shown lower expression as compared to other HBCC. Cluster-II was further
branched into two sub-clusters -cluster-Ila and cluster-IIb. Cluster-IIa
contained only one cell line -MDA-MB-468, which showed highest expression for
all the genes except cmyc when compared with all the cell lines. While cluster
ITb included both ER-PR positive cell line -MCF-7 & T47D, in which expression
levels of all the genes studied were close to each other. Thus, both the ER-PR
positive cell lines were in one cluster, but the triple negative cell lines were in
different clusters. Hence, it could be said that expression of stem cell marker
genes might be affected by or related to ER-PR dual positivity. Expression levels
of Yamanaka factors - Oct-3/4, Sox2 and kIf4 as well as stem cell marker genes
-nanog and nestin in ER-PR dual positivity HBCC are comparable and
significantly higher than the normal breast epithelial cell line. In triple negative
HBCC too, expression of all these genes except klIf4 is higher than that in the
normal breast epithelial cell line, but expression levels vary from each other
considerably.

Further, gene expression data of stem cell markers and FPR were clustered

together. Clustering of the cell lines was same as that when done with stem cell
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Fig-RB 9: Comparative Gene Expression Patterns in HBCC: Line plots of expression
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markers alone. Two major clusters, one with MCF-10A & MDA-MB-231 and
another with MCF-7, T47D, and MDA-MB-468 (Fig-RB 10B) were seen. This
again indicated association of ER-PR positivity on gene expression pattern of
HBCC. Dendrogram for gene clustering branches into two major clusters -I, and
II, which was similar to previous clustering. Cluster-I was single gene cluster
and included only Sox-2. Cluster-II was further branched into to clusters -
cluster-IIA and cluster-IIb. Cluster-IIA was again a single gene cluster and
included nestin. Further branching subdivided the cluster-IIB into two
subordinate clusters -I1IBa & IIBb. Cluster-IIBa formed a group of two genes -
FPR1 and cMyc, which showed similar expression pattern in HBCC. Cluster-I1IBb
was a group of few small and close clusters. It included three stem cell marker
genes -oct-3/4, kif4, and nanog, along with FRP2 and FPR3. It indicated that
expression pattern of FPR2 closely matched with the expression pattern of oct-
3/4, which was serially followed by kIf4, FPR3 and nanog. Hence, it could be said
that expression of these genes might be affected by or related to each other.
Protein

It was seen that the gene expression pattern of the stem cell markers closely
resembled the expression pattern of FPRs. Hence, expression of three main
Yamanaka factors and CD markers -CD24 & CD44 was studied in the HBCC
before and after treatment of fMLP, to see if activation of FPR receptors has any
effect on the expression patterns of these stem cell markers at the protein level.
% positivity below 10% was considered as negative for all the markers.

Oct-3/4

Expression of Oct-3/4 was highest in MDA-MB-468, followed by T47D and MCF-

10A (Fig-RB 11A & 12, Table-RB 7). Expression of Oct-3/4 was not seen in MCF-
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7 & was very low in MDA-MB-231. After treatment with fMLP there was increase
in the Oct-3/4 in % positive cells in all the cell lines except MDA-MB-231, which
became negative (Fig-RB 12A & 12B, Table-RB 7). After fMLP treatment, Oct-3/4
expression was induced in MCF-7, wherein 48% cellular positivity was observed.
Others showed increase in % positivity of cells as well as slight increase in
expression.

Nanog

Similar to nanog m-RNA expression and Oct-3/4 protein expression, nanog
protein expression was highest in MDA-MB-468 (Fig-RB 11B, Table-RB 7). More
than 90% MDA-MB-468 cells were positive for nanog. However, other cell lines
did not follow the mRNA expression pattern for nanog. MDA-MB-468 and T47D
were the only two HBCC that were positive for the nanog. Both MCF-7 and MDA-
MB-231 were negative for nanog protein expression. In MCF-10A, 35% cells
showed weak positivity for nanog. After fMLP treatment, nanog expression
slightly increased in all the cell lines except MDA-MB-231 (Fig-RB 11B & 11E). In
MDA-MB-231, even after fMLP treatment, the cells remained negative for nanog.
After fMLP stimulation, 23.3% MCF-7 cell showed positivity. After fMLP
stimulation, MCF-10A, MDA-MB-468, and T47D showed 1.13, 1.14, and 1.26 fold
increase in MFI and 13%, 5.5% and 16% increase in cell positivity, respectively.
Thus, considerable increase (>10%) in nanog expressing cells is observed in
normal breast epithelial cell line and triple positive HBCC.

Sox-2

Expression of Sox-2 was not seen in any of the cell lines, except MCF-7. Only
MCF-7 showed very weak expression of Sox-2 in about 10% cells (Fig-RB 11C,

Table-RB 7). After fMLP treatment, Sox-2 expression was observed in MCF-7,
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Fig-RB 11: Expression of stem cell markers proteins in HBCC: Bar plots showing
average % positive cells + SEM for Oct-3/4 (A), Nanog (B), & Sox2 (C) in HBCC and MCF-
10A (n=3). Increase in the expression of stem cell markers after fMLP treatment is
presented as change in percent positivity (% positivity after fMLP treatment - % positivity
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where MFI increased from 6.2 to 15.9, a 2.6 fold increase and % positivity rose
from 10.6% to 85% (Fig-RB 11C & 11F). All other cell lines remained negative
for Sox-2 expression even after fMLP treatment.

It can be seen in the above results that there were differences in the expression
pattern of stemness markers in the HBCC. Except MDA-MB-231, there was
always increase in the expression of stemness markers or % positive cells, after
fMLP treatment. Among all, MCF-7 had responded strongly to fMLP treatment
where expression of Nanog, Oct-3/4, and Sox-2 had shown a noteworthy
increase after fMLP treatment.

Basal levels of Oct-3/4, Nanog & Sox-2 protein and their increase after fMLP
appeared to be independent of sFPR expression. MDA-MB-231, which had high
sFPR1 and sFPR3, were negative for Oct-3/4, Nanog, and Sox-2 and fMLP
treatment did not have any effect on expression of these proteins. Whereas
T47D with high sFPR3 showed expression of Oct-3/4 and Nanog and after fMLP
treatment, only slight increase in both these markers was seen. Cell lines with
high sFPR2 -MCF-7 and MDA-MB-468 too had contrasting basal levels for Oct-
3/4 and Nanog however, both of them were negative for Sox-2. Increase in Oct-
3/4, Nanog, and Sox-2 expression was seen in MCF-7, but only slight increase
was seen in MDA-MB-468. Furthermore, the levels of these stemness markers
were also independent of ER-PR status as two triple negative cell lines -MDA-MB-
231, MDA-MB-468, and two ER-PR positive cell lines MCF-7 and T47D showed
contrasting levels of these markers between themselves. However, it was worth
noting that triple positive cell line with, high mFPR2 & sFPR2 and good FPR
ligand binding -MCF-7 showed induction of Oct-3/4, Nanog and Sox-2 upon fMLP

stimulation while other triple positive and FPR2 positive cell line, T47D which
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express the lower mFPR2 & sFPR2 and ligand binding than that of MCF7 showed
only slight increase in Oct-3/4 & Nanog. Hence, it could be postulated that fMLP
after binding to FPR2 induced expression of Oct-3/4, Nanog, and Sox-2.
CD44++*/CD24~

In breast cancer CD44**/CD24 population is considered undifferentiated
population and CD44**/CD24 is used as a maker for breast cancer stem cells?”’.
In our experiments, all the HBCC showed less positivity for CD44**/CD24" than
normal epithelial cell line (Fig-RB 13 & 14, Table-RB 7). In MCF-10A, 32% cells
were CD44+**/CD24 while only 20% and 16% cell population of MCF-7 and
MDA-MB-231 showed CD44**/CD24" phenotype. MDA-MB-468 and T47D were
negative for CD44**/CD24~. After fMLP treatment, significant increase in the
cells showing CD44**/CD24~ phenotype was observed in MCF-10A. The %
positivity reached to 61% from 32%. In MCF-7 and MDA-MB-231, changes in the
CD44+*/CD24~ population were not observed after fMLP treatment. The
CD44**/CD24~ phenotype seems to be modulated by FPR1 in normal breast cell
line as MCF-10A highest sFPR1 expressing cell line showed the tremendous
increase after fMLP treatment, but HBCC were unaffected. When results of
CD44+*/CD24~ expression were compared with the results of Oct-3/4, Sox-2 and
Nanog protein expression it was found that both these results were opposite to
each other. Since CD44**/CD24~, Oct-3/4, Sox-2 and Nanog are indicator of
cellular stemness, their results were expected be at par. However, it was found
that highest Oct-3/4 and Nanog expressing cell line —-MDA-MB-468 did not show
CD44+*/CD24 population. MCF-7 and MDA-MB-231, which were negative for

Oct-3/4, Sox-2, and Nanog were positive  for CD44**/CD24.
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Table-RB 7: Surface expression of stem cell markers

Cell lines

MCF-10A MCF-7 MDA-MB-231 MDA-MB-468 T47D

Treatment Control fMLP Control fMLP Control fMLP Control fMLP Control fMLP
Median 7.0 8.7 3.6 9.7 + 4.6 £ 3.6 19,5 + 24.4 £ 114 = 14.0 +

Oct-3/4 0.02 0.04 0.01 0.04 0.01 0.01 0.26 0.32 0.04 0.08
% 67.0 85.8 + 3.9+ 48.2 £ 10.6 + 3.7 + 99.4 + 99,9 + 61.6 £ 72.9 £

Positivity 0.23 0.12 0.08 0.37 3.7 0.13 0.07 0.11 0.5 0.19
Median 5.2 + 5.8 & 2.7 £ 7.4 3.6 2.8 = 12.8 + 14.6 = 9.3 % 11.7 £

Nanog 0.02 0.02 0.01 0.02 0.01 0.01 0.22 0.11 0.04 0.04
% 34.6 47.6 £ 0.8 + 23.3 £ 2.3 % 0.8 90.3 = 95.8 + 45.3 = 61.6 £

Positivity 0.30 0.28 0.03 0.12 0.23 0.07 0.68 0.14 0.25 0.17

Median 3.3+ 34 £ 6.2 £ 15.9 £ 3.5+ 2.4 = 59+ 6.4 = 5.2+ 6.3 +

Sox-2 0.36 0.42 0.12 0.11 0.01 0.01 0.05 0.10 0.05 0.19
% 5.6 £ 3.6 10.6 + 85.0 £ 2.9 % 0.2 + 8.8 11.9 £ 1.9+ 7.8 £

Positivity 0.50 0.17 0.70 0.32 0.12 0.02 0.14 0.62 0.03 0.63
CD44++/CD24~ f’/(_) _ 32.0 £ 60.6 = 19.2 £ 20.8 = 16.2 + 14.1 £ 0.01 £ 0.0 £ 0.01 = 0.02 +
Positivity 2.36 2.39 1.25 0.92 0.55 0.45 0.01 0.00 0.003 0.01
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In view of the above observations, there is need for further investigation to
determine the true breast cancer stemness marker.

We have demonstrated that mRNA expression of four stemness marker Nanog,
Nestin, Oct-3/4, and Sox-2 was higher in HBCC. Expression of KIf-4 was higher
in HBCC except MDA-MB-231 than MCF-10A, while expression of cMyc was lower
in HBCC except T47D than MCF-10A. When protein expression was examined for
the three main Yamanaka factors -Oct-3/4, Sox-2 and Nanog, it was seen that
MCF-7 and MDA-MB-231 were negative for all three while MDA-MB-468, T47D
and MCF-10A expressed Oct-3/4 and nanog, but were negative for Sox-2. These
results indicate that breast cancer cell lines showed higher expression of
transcription factors involved in cellular pluripotency while normal breast
epithelial cell line MCF-10A showed higher expression of cell surface markers for
pluripotency. MDA-MB-468, turns out to be the most stem (like) cells among
HBCC as it has the highest expression of kiIf-4, nanog, nestin and oct-3/4 genes
and Oct-3/4 and Nanog protein. However this cell lines did not showed any
cellular positivity for CD44**/CD24". In view of the varied results for the stem
cell markers, selecting most suited marker is difficult and needs further
characterization of the cell lines using functional tests for cellular stemness.
MRNA expression pattern of KLf4, Oct-3/4 and Sox2was similar to mFPR2 and
mMFPR3 expression. Expression pattern of cMyc in HBCC was inverse to mFPR1.
These observations strengthened our hypothesis that FPR played role in cellular
stemness in HBCC. This hypothesis was confirmed by the results when fMLP
stimulation showed increase in the protein expression of Oct-3/4, Nanog, Sox-2,
and cellular positivity for CD44**/CD24 phenotype. However the increase in

these markers upon fMLP stimulation in HBCC was cell line dependent. The
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highest responsive cell line for increase in Oct-3/4, Nanog and Sox-2 was MCF-7,
while for CD44+**/CD24phenotype MCF-10A showed the highest increase. MDA-
MB-231 was the only cell line which was non-responsive to fMLP stimulation.
Increase in the expression of Sox-2 was the highest upon fMLP stimulation in
MCF-7 among the three marker. Oct-4 and Nanog expression were reported to
be significantly associated with tumor pathology and poor prognosis in breast
cancer patients?’®, When nanog was co-expressed with Wnt-1 in the mouse
mammary gland, it promoted mammary tumorigenesis and metastasis?’°. Nanog
and Oct4 are expressed at high levels in multiple types of cancers, including
breast cancer?8-284, Recent findings have shown that the pluripotency factor
Nanog is overexpressed in poorly differentiated breast cancers and its expression
correlated with poor prognosis?®>. Additionally, it was found that the co-
expression of Nanog and Oct4 promotes the EMT and enhances cancer stem-like
properties in lung adenocarcinoma cells?®!, In MCF7 cells, overexpression of
Nanogl or NanogP8 was found to promote cancer stem cell characteristics?8e.
Sox2 is expressed in early stage breast tumors?®’: 288, Qver-expression of Sox2
increased mammosphere formation, Sox2 knockdown prevented mammosphere
formation and delayed tumor formation in xenograft tumor initiation models?88.
Sox2 expression has been observed in 43% of basal cell-like breast carcinomas,
suggesting a role in conferring a less differentiated phenotype?®. Sox2
expression has been reported from normal mammary stem cells when cultured
as mammospheres and is lost as the cells differentiate in vitro?®°. Sox2
expression was seen in mammospheres obtained from human breast tumor cell
cultures, and from MCF7 and T47D cells?®. These reports suggested that

expression of Oct-3/4, Nanog and Sox2 involved in promoting stem cell
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characteristic in breast cancer cells. Since stimulation of FPR by fMLP increased
expression of these three proteins in HBCC, FPR probably involved in inducing

stem cell phenotype in breast cancer cells too.
Basal expression of E-cadherin, Cox-2 and PTEN in HBCC

Apart from the FPR and stemness or differentiation marker genes, expression of
three more genes -E-cadherin, cox-2 and pten was checked in HBCC. These
genes are used as marker genes in breast cancer?°*-2°>, Role of these genes was
very well established in breast cancer pathogenesis. These genes also showed

functional association with FPR142, 296-298

Epithelial cadherin (E-Cadherin)

Cadherin-1 or E-cadherin, which is also known as CAM 120/80 or uvomorulin, is
encoded by the CDH1 gene, in humans. E-cadherin is a calcium-dependent cell-
cell adhesion glycoprotein?°?. Mutations in this gene are correlated with gastric,
breast, colorectal, thyroid, and ovarian cancers3 301, |oss of function of E-
cadherin is thought to contribute to cancer progression by increasing
proliferation, invasion and/or metastasis3°% 301,

In the present studies, normal breast epithelial cell line MCF-10A did not show
expression of E-cadherin mRNA, whereas all the HBCC expressed E-cadherin
(Fig-RB 15A, Table-RB 8). Expression of E-cadherin gene was negligible in MDA-
MB-231, whereas it was very high in T47D. Expression of E-cadherin was at par
in MCF-7 and MDA-MB-468. Expression of E-cadherin was inversely related to
the expression of FPR1 (Fig-RB 16C, 16D & 16E). The highest FPR1 expressing
cell lines MCF-10A and MDA-MB-231 did not express considerable E-cadherin
and the least FPR1 expressing cell line T47D showed the highest expression of E-

cadherin.
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Table-RB 8: Basal Expression of Genes for Signalling Molecules

Fold Change
MDA-MB- MDA-MB-
MCF-10A MCF-7 T47D
231 468
CDH-1@ Absent 1.00 £ 0.00 | 0.07 £ 0.01 | 1.02 £ 0.02 | 365.2 £ 22.8
Cox-2* | 1.00 + 0.00 0.7 £ 0.08 2.05 £ 0.07 | 0.82 £0.02 1.55 £ 0.21
Pten* | 1.00 + 0.00 1.35+0.03 | 0.64 £0.06 | 1.69 £0.13 | 4.66 £ 0.12
@ With respect to MCF-7, * With respect to MCF-10A, N.F.: Not found

It has been reported earlier that <70-80% confluent MCF-10A did not express E-
cadherin3°?2, Among HBCC, lowest E-cadherin was expressed by MDA-MB-231,
while T47D expressed the highest. Cadherin-1 also known as E-cadherin, CAM
120/80 or uvomorulin. E-cadherin is a calcium-dependent cell-cell adhesion
glycoprotein?®®. Mutations in this gene are correlated with gastric, breast,
colorectal, thyroid, and ovarian cancers3%% 30!, |oss of function of E-cadherin is
thought to contribute to cancer progression by increasing proliferation, invasion,
and/or metastasis3?? 30!, E-cadherin is also used as a diagnostic marker for
breast cancer. E-cadherin expression is also dependent on cellular confluency,
hence care was taken during cell harvesting. All the cell lines were ~60-70%
confluent while harvested for mRNA to examine E-cadherin expression. Normal
breast epithelial cell line ~-MCF-10A did not express E-cadherin. Since loss of E-
cadherin was associated with the aggressiveness of the cancer and MDA-MB-231
is the most aggressive cell line among all HBCC tested, the lowest E-cadherin

expression in MDA-MB-231 is justified. However, it's worth noting that E-

cadherin expression showed inverse relationship with mFPR1 while matched with
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the expression pattern of FPR2 and FPR3. This could be another indication of
probable role of FPR in breast cancer.

Cyclooxygenase-2 (Cox-2)

Cox-2 is also known as Prostaglandin-endoperoxide synthase 2 and
prostaglandin G/H synthase. Cox-2 is not expressed under normal conditions in
most of the cells, but high expression is found during inflammation3°3,
Expression of cox-2 is very well associated with various parameters of
aggressive breast cancer3®® such as mutagenesis, mitogenesis, angiogenesis,
reduced apoptosis, metastasis and immunosuppression.

In our studies, expression of cox-2 did not show distinction between HBCC and
normal epithelial cell line (Fig-RB 15B, Table-RB 8). Expression of cox-2 in MDA-
MB-231 and T47D was significantly higher than that in MCF-10A. It was
maximum in MDA-MB-231, followed by T47D. Expression of cox-2 was
significantly lower in MCF-7 than that in MCF-10A. Expression of cox-2 in MDA-
MB-468 and MCF-10A were at par. The expression pattern of the cox-2 gene
matched with the expression pattern of the FPR1 gene in HBCC except for T47D
(Fig-RB 15E). The highest FPR1 expressing HBCC - MDA-MB-231, also expressed
the highest cox-2. However, in contrast to mFPR1, T47D showed higher
expression of cox-2 than that in MDA-MB-468, MCF-7 and MCF10A.

Virchow et al.3%* first suggested that chronic inflammation leads to cancer
development by increasing cellular proliferation3%>. Since then various
carcinogenesis theories have been proposed involving inflammatory stimuli and
mediators of wound healing3° 37, The recent developments have relighted
interest in the link between inflammation and cancer, and various models of

carcinogenesis have been proposed involving inflammatory stimuli and COX-2
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Fig-RB 15: Basal expression of E-cadherin, Cox-2 and PTEN in HBCC: Expression of
E-cadherin (A), Cox-2 (B) and Pten (C) in various HBCC with respect to the normal breast
epithelial cell line MCF-10A, as estimated by QPCR. Gene expressions were normalized
with GAPDH expression. Data is presented as average fold change + SEM (n=3); * p<0.05

wrt MCF-10A (Mann-Whitney test).



expression3%3, Cox-2 is also known as Prostaglandin-endoperoxide synthase 2
and prostaglandin G/H synthase. In most of the cells, Cox-2 is not expressed
under normal conditions but high expression is found during inflammation3°3. As
expected the highly aggressive cell line MDA-MB-231, which showed the highest
expression of FPR1, expressed the highest cox-2 gene. Cox-2 gene expression
levels in MCF-7 and MDA-MB-468 were at par with MCF-10A, while T47D
expressed higher cox-2 than these three cell lines. Normal breast tissues usually
do not express cox-2, hence expression of the cox-2 in MCF-10A was unusual.
During cell line development process various changes were observed due to
which cell line behaves differently than its parental tissue. This could be the
reason that MCF-10A being normal epithelial cell line express cox-2. Expression
of cox-2 is very well associated with various parameters of aggressive breast
cancer3®® such as mutagenesis, mitogenesis, angiogenesis, reduced apoptosis,
metastasis and immunosuppression. FPR1 and FPR2 activation with their ligand
also induced cox-2 production. fMLP binding to human amnion derived WISH
cells induced release of (PG)E2 via cox-2 activation??®. Similarly activation of
FPR2 by SAA in monocyte induced cox-2 production which in turn induced
production of cytokine CCL23%, As mentioned in earlier reports that activation of
FPR by its ligand induced cox-2 production. Our results also complimented those
finding as cluster analysis showed close correlation between expression of FPR1
and cox-2 gene.

PTEN

Phosphatase and tensin homolog (PTEN) acts as a tumor suppressor gene
through its phosphatase action3%. This phosphatase is involved in the regulation

of the cell cycle. It prevents cells from growing and dividing too rapidly3%°. It
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negatively regulates intracellular levels of phosphatidylinositol-3,4,5-
trisphosphate in cells and functions as a tumor suppressor by negatively
regulating Akt/PKB signalling pathway3°°.

All the HBCC except MDA-MB-231 showed higher expression of pten mRNA than
that in MCF-10A. The highest pten expression was seen in T47D while its
expression in MCF-7 and MDA-MB-468 was at par. MDA-MB-231 showed the
least expression of the pten gene (Fig-RB 15C, Table-RB 8). In HBCC, expression
pattern of pten was also inversely related to the expression of FPR1 and it
matched with the expression pattern of cMyc (Fig-RB 16E & 16F). The highest
FPR1 expressing cell lines MCF-10A and MDA-MB-231 expressed lower pten and
the least FPR1 expressing cell line T47D showed the highest expression of pten.
Phosphatase and tensin homolog (PTEN) acts as a tumor suppressor gene
through its phosphatase action®°°. This phosphatase is involved in the regulation
of the cell cycle. It prevents cells from growing and dividing too rapidly®°°. It
negatively regulates intracellular levels of phosphatidylinositol-3,4,5-
trisphosphate in cells and functions as a tumor suppressor by negatively
regulating Akt/PKB signalling pathway3°°. All other HBCC showed higher pten
gene expression that that in MCF-10A. In line with the previous results, MDA-
MB-231 again showed characteristic feature of highly aggressive of metastatic
cell line as among all the cell lines it showed the least expression of pten gene.
T47D, which is the most slow growing cell line among all the HBCC showed the
highest pten expression. This suggested that pten mRNA expression might be
inverse to cell proliferation in HBCC. In cluster analysis, pten gene was clustered
with FPR1, which showed close correlation between expression of FPR1 and pten

gene expression in HBCC. PTEN played an important role in fMLP mediated
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Fig-RB 16: Comparative Gene Expression Patterns in HBCC: Line plots of expression
of various genes showing similar trends in the expression patterns among different HBCC
and MCF-10A. (A) Line plots showed similarity pattern for gene expression of FPR2, FPR3,
KIf4, Nanog, & Oct-3/4. Gene expression pattern of Sox2 (B), CHD-1 (C 7 D), FPR & COX2
(E) PTEN & cMyc (F) are seen.



chemotaxis of PMNL3°, fMLP binding activated PI3K, which induced the
conversation of PIP2 in PIP3 and thereby stimulated chemotaxis!*? 3°. On other
hand fMLP also activated p38-MAPK which activated PTEN. PTEN localized to the
sides and rear end of the crawling cell, converted PIP3 back to PIP2 in areas of
the cell away from the leading edge and insulated those areas from receiving
any other signals'#?31° In breast and other cancers loss of PTEN function was
reported. Loss of PTEN in cancer led to the increased concentration of PIP3,
which resulted in constitutive activation of downstream component of PI3K
pathway leading to cell motility3!!. Cluster analysis showed that FPR1 and pten
gene expressions were closely related. It was observed that overall gene
expression pattern for all the genes studied in HBCC, MCF-7 and MDA-MB-468
were at par for the most of the genes, whereas MDA-MB-231 and T47D were
distinctly different. Complete gene expression data from the present study,
including mFPR expression data, stem cell marker expression data, and basal
expression of E-cadherin, cox-2 & pten were subjected to two way, unsupervised
hierarchical clustering. At the top of the hierarchy, cell lines formed two main
clusters — cluster-l1 and cluster-1l1 (Fig-RB 17). Cluster-1 was further branched
into two sub-clusters —cluster-1A and cluster-1B. Cluster-lA consist of normal
epithelial cell line —MCF-10A and triple negative cell line —-MDA-MB-231. ER-PR
positive cell line MCF-7 and triple negative cell line —MDA-MB-468 fell in cluster-
Ib. Gene expression pattern of T47D was distinctly different from rest of the cell
lines, hence it formed its own separate cluster —cluster-1l. This observation
indicated that on the basis of gene expressions MCF-7 & MDA-MB-468 and MDA-
MB-231 & MCF-10A showed similar expression pattern while T47D did not

matched with the expression pattern of any of them. At the genes, the
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dendrogram branched into two main clusters namely Cluster-1 and cluster-II.
Cluster-1 was single gene cluster and contained only E-cadherin. Cluster-1l1 was
further branched into two sub-clusters; cluster-11A and cluster-11B. Cluster-I1A
divided into two groups —cluster-11A-a and I1A-b. Cluster-11A-a was a single gene
cluster and contained only nestin. Cluster-11A-b was further divided into two
subordinate groups —group-11A-b1 and group-l11A-b2. Group-11A-b1 was group of
three small and close cluster contained four genes —cMyc, FPR1, cox-2, and
pten.

Among the genes in this group, cMyc and cox-2 are known to have role in cell
proliferation and tumorigenesis?67-26%: 312 \while pten is involved in cell cycle
regulation. On hierarchy, FPR1 was more close to cox-2 and cMyc; hence, it
might be involved in cell proliferation and tumorigenesis. Group-ll1A-b2 was
group of few small and closely associated clusters. It contained oct-3/4, FPR2,
KIf4, FPR3, and nanog. Apart from FPR2 and FPR3, rest three genes are
associated with cellular stemness. Hence, from this observation it may be
inferred that FPR2 and FPR3 might have role in cellular stemness. Expression
patterns of E-cadherin, sox2 and nestin were completely different from the rest
of the genes and hence they fell into separate clusters. Thus, the cluster analysis
revealed the new possible role of FPR genes in the breast cancer. FPR2 and FPR3
might have role in stemness while FPR1 could be involved in cell proliferation.
Expression of FPR family genes as well as proteins was found to be altered in
HBCC. Correlation of expression of FPR family genes with the stem cell marker
genes was evident. Furthermore, binding of ligand to FPR and subsequent
downstream events were also found to be altered in HBCC as compared to that

in normal as well as among HBCC. It was seen that stimulation of FPR by its
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ligand led to the increase in expression of stemness marker in triple positive,

CD44**/CD24~ and high sFPR expressing cell lines MCF-7 and T47D. In view of

these results, it would be interesting to look deep into FPR signalling and role of

FPR in HBCC cell proliferation. Based on the above results, two fast growing cell

lines, MCF-7 and MDA-MB-231 were chosen for further mechanistic studies to

decipher the role of FPR in breast cancer transformation. The rationale of

choosing these two cell lines were as follows:

1)

2)

3)

4)

S)

6)

7)

MCF-7 is ER-PR and Her-2 positive cell line whereas MDA-MB-231 is triple
negative.

These two cell lines represents different clusters for FPR gene and protein
expression

They also represent two different clusters for stemness markers gene
expression clusters.

They showed equal binding to FPR ligand fNLPNTL-FITC but responded
differently for actin polymerization.

MCF-7 strongly responded to fMLP and showed increase in Oc-3/4, Nanog,
and Sox-2 after fMLP stimulation but MDA-MB-231 did not respond to
fMLP with respect to expression of these stemness markers.

Among all the HBCC, only these two cell lines showed CD44%*/CD24—
population, which is considered as other parameter for stemness,
especially for breast epithelial cells.

MCF-7 has wild type p53 gene while MDA-MB-231 expressed mutated

p53.
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Receptor cross talk in HBCC

As mentioned in the introduction, in recent years, expression of FPR has been
reported in various cell types. However, signalling events activated by
stimulation of FPR1 and FPR2 are known only in the hematopoietic cells. Since in
the present studies, FPR expression was shown in the breast cancer cell lines;
signalling stimulated by ligand binding to the FPR was investigated in breast
cancer. Cross talk between FPR1 and EGFR has been reported in glioblastoma®®,
but its existence in other cell systems is not explored. Hence, studies were
carried out to investigate if such cross talk exists in breast cancer. Finally, it was
also investigated whether the downstream molecules, were directly activated by
FPR1/FPR2 stimulation or due to receptor cross talk.
Thus, following queries were addressed:
1. Which signalling pathways are stimulated by FPR1 and FPR2 after ligand
binding?
2. Is there any cross talk between FPR1 and FPR2?
3. Is there any cross talk between FPR and growth factor receptor —EGFR in
HBCC?

4. Is there any cross talk between FPR and cytokine receptor IL6R in HBCC?

To answer these questions, MCF-7 and MDA-MB-231 were treated with CsH
(FPR1 inhibitor3!®), WRW4 (FPR2 inhibitor3#), AG490 (JAK-STAT inhibitor35),
AG1478 (EGFR inhibitor®'®), PP2 (Src kinase inhibitor3’) or solvent. All these
treated cells were then stimulated by either fMLP, WKYMVm, EGF, IL6 or solvent
(solvent control). These cells were then analyzed by Western blotting for various
molecules. To answer the aforementioned queries following signalling molecules

were studied (Fig-RB 18).
162



Chemokines,

Hormones,
Survival Factors Transmitters Growth Factors
(€9.1GF1)  (eq.interleukins,  (e.g. TGF, EGF) Extraceliular
: Matrix
l serotonin, etc.) J l
FPR

GPCR —

C:il

pm: I GProleln R%i’i\ I_EAL Disheirﬁ‘"ed*—g

» GSK-3p
e E A i APC o
|| / i N I i
=1
Cytokines __ S0y | i KB PRA - medk [wapk]  mikk fcalenin o
St e ST5E | §
£ SLIE - TCF
’é ‘.r (R '
[4) Myc: ~Mad: o
BekxL Vi M [ ERKJUNKS  p,catenin TCF ]
1 Fos  Jun ()]
Cytochrome C CREB Gli +— g

Gasiase 9 \\-‘

Caspase 8 — ( Apoptosis -""*ggdé'—pz?
f & p1

FADD

Bel2 —
T—' Bad
—— N\ M+ B
Abnormality
Sensor —BIM

Death factors
(e.g. FasL, Tnf)

Fig-RB 18: Intracellular signalling pathway




1)

2)

3)

EGFR transactivation: EGFR is a transmembrane glycoprotein, which is
widely expressed in most of the cell types. It is a member of ErbB
family38. Upon ligand binding, EGFR undergoes receptor dimerization,
which activates its intrinsic intracellular tyrosine kinase activity®!8.
Because of this activation, EGFR undergoes autophosphorylation at
several tyrosine residues e.g. Y845, Y992, etc.3!°. Activation of EGFR by
autophosphorylation activates downstream signalling which regulates
various cellular processes such as growth, survival, proliferation and
differentiation®'®. Unregulated, constitutive activity of EGFR has been
associated with various kinds of cancer3?? 321, As mentioned earlier, EGFR
cross talk with FPR1 has been reported in glioblastoma®® and monocytes®®.
Its existence was explored in breast cancer.

JAK-STAT3 activation: The Janus kinase/signal transducers and activators
of transcription (JAK/STAT) pathway is the principal signalling pathway
utilized by various and cytokines®?2. There are four JAK and seven STAT
proteins present in mammalian cells®?2. Among these, JAK2-STAT3
signalling plays an important role in linking inflammation and
cancer3?® 324 STAT3 phosphorylation is the hallmark of JAK2-STAT3
signalling®??. STAT3 phosphorylation is also reported by the activation of
FPR1, FPR2 and EGFR signalling®?®*-32’. However, it is not clear if this
STAT3 phosphorylation is result of receptor signalling cross talk or these
receptors directly activate STAT3.

small Rho-GTPases: RhoA, Racl and Cdc42 are members of the Rho
family of small GTPases acting as a signhalling molecule, regulating various

cellular processes, including cell division, proliferation, differentiation,

163



4)

survival, motility, vesicle transport, nuclear assembly and dynamics of
cytoskeleton®?®, These small GTP binding proteins were thought to be
activated by either PI3K via PIP3 or by Gg, subunit of FPR via GTPases
activating proteins (GAP)32°. Activation of small Rho-GTPases by EGFR via
Vav2 has been reported®®°. In PMNL after activation through FPR, these
Rho GTPases activate downstream signalling which is involved in oxidative
burst, actin rearrangement, activation of MAPKs etc. Furthermore,
activation of small Rho-GTPases was required for activation of JAK-STAT
signalling by GPCR33!

PI3K-Akt pathway: PI3K-Akt pathway is important cellular pathway that
controls cell cycle and promotes cell survival and growth in response to
extracellular signals. It is directly related to cellular proliferation and
cancer. PI3K activation phosphorylates and activates Akt, which can have
number of downstream effect. PI3K-Akt pathway has natural inhibitor
called PTEN, which prevents conversion of PIP2 to PIP3. Both PTEN and
Akt activation were checked in the presented work.

PTEN: PTEN (also known as MMAC and TEP1l) is a tumor suppressor
gene3®®. PTEN mutations have been implicated in a variety of human
cancers®!?, PTEN negatively  regulates  PI3K  signalling by
dephosphorylating the lipid signalling intermediate PIP3 thus leading to
inhibition of PI3K-dependent activation of AKT3!'. Defective PTEN function
leads to the PIP3 accumulation in cells and to constitutive activation of its
downstream signals3!?.

Akt: Akt, also known as protein kinase B (PKB), is a serine/threonine-

specific protein kinase that plays a key role in multiple cellular processes
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such as glucose metabolism, apoptosis, cell proliferation, transcription and
cell migration®*?. Upon activation of PI3K by fMLP, Akt is recruited to the
plasma membrane, where it undergoes phosphorylation on two sites:
threonine 308 (Thr308) in the kinase domain by the phosphoinositide-
dependent kinase-1 (PDK1)?° and serine 473 (Ser473) in the C-terminal
domain by MAPKAP kinase-2 (MAPKAPK-2), a p38-MAPK substrate®°.
Though Akt is a central molecule in PI3K-mTOR pathway, PI3K
independent activation of Akt has also been reported33. Akt has been
shown to contribute to chemotaxis and to the respiratory burst in fMLP-
stimulated neutrophils33*. Activation of Akt was found to be linked with the
resistance to hormone therapy in metastatic breast cancers33: 336,
Ras-MAPK-Erk-1/2 pathway: Ras-MAPK pathway is a pathway that
communicates signals from receptor expressed on cell surface to DNA in
cell nucleus. This pathway that controls cellular proliferation could be
activated by various cell receptors. Two MAPK were checked in the
presented work:

p38-MAPK: p38-mitogen-activated protein kinases (p38-MAPK) are a class
of evolutionarily conserved serine/threonine mitogen-activated protein
kinases (MAPKs) that link extracellular signals to the intracellular
machinery and regulate various cellular processes®®. p38-MAPK activation
is dependent on PI3K and phospholipase C 3¢. Small Rho-GTPases could
also activate p38-MAPK33’, Activation of p38-MAPK is necessary for fMLP-
mediated stimulation of respiratory burst activity®®®. Activated p38-MAPK

also helps in proper localization of activated PTEN in the circumference of
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PMNL other than leading edge'*?. PTEN then prioritize chemotactic cues
and thereby prevents the distraction in migrating PMNL3°,

Erk-1/2: ERK1 and ERK2 are serine/threonine kinases that participate in
the Ras-Raf-MEK-ERK signal transduction cascade. This cascade
participates in the regulation of a large variety of processes including cell
adhesion, cell cycle progression, cell migration, cell survival,
differentiation, metabolism, proliferation and transcription33°.

Stimulation with fMLP

EGFR

After treatment with fMLP increase in phosphorylation of EGFR was seen in MCF-
7 at Y845 (Fig-RB 19). This activation was unaffected by the pre-treatment of
CsH. In WRW4 pre-treated cells, the phosphorylation levels were higher than
that in the solvent control, but slight increase was also seen in the total protein
level. Hence, the ratio of phospho and total protein in WRW4 pre-treated cells
was comparable to that of the solvent control. PEGFR-Y845 levels were
comparable to the solvent control, in cells pre-treated with AG490, AG1478 and
PP2, in spite of increase in total EGFR expression. These results suggested that
this activation of EGFR by fMLP in MCF-7 was mediated by FPR2, JAK2, EGFR and
Src-kinase.

In MDA-MB-231 too, fMLP treatment led to the activation of EGFR as increase in
the phosphorylation of EGFR was seen (Fig-RB 19). Further increase in levels of
PEGFR-Y845 was seen in the cells pre-treated with CsH, WRW4 AG490 and PP2.
The highest level of pEGFR-Y845 upon fMLP treatment was seen in the cells pre-
treated with AG490. These observations are suggestive of inhibitory or negative

regulatory role of FPR2, JAK2 and Src-kinase. Cells pre-treated with AG1478
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showed pEGFR-Y845 levels slightly lower than that in fMLP treated cells but still
higher than the solvent control. This suggested that increase in pEGFR-Y845
level in MDA-MB-231 upon fMLP treatment could be mediated by EGFR to some

extent.

STAT3

Upon fMLP treatment, change in the STAT3 phosphorylation was not seen in
MCF-7 (Fig-RB 19). Decrease in the STAT3 phosphorylation was observed in cells
pre-treated with CsH, AG490, AG1478 and PP2. These results indicated that in
fMLP treated MCF-7 along with FPR1, JAK2, EGFR and Src-kinase were required
for maintaining STAT3 phosphorylation at the basal level.

In MDA-MB-231, fMLP treatment decreased the level of pSTAT3 (Fig-RB 19).
This decrease was partially recovered in CsH and AG490 pre-treated cells,
whereas pSTAT3 levels were back to the level of solvent control in PP2 pre-
treated cells. These results suggested that in fMLP treated MDA-MB-231 cells,
FPR1 mediated decrease in pSTAT3 involves JAK2 and Src-kinase.

Rac-1

Upon fMLP treatment, change in the expression of Rac-1 was not seen in MCF-7
cell line as compared to that in the solvent control (Fig-RB19). However,
increase in Rac-1 was observed in the cells pre-treated with CsH and AG1478
and decrease in the expression of Rac-1 was seen upon fMLP stimulation in
AG490 pre-treated cells. This indicated that fMLP stimulation could increase
expression of Rac-1 in MCF-7 via JAK2 and by cross-activating EGFR, provided
FPR1 pathway is inhibited. In MDA-MB-231 too, fMLP treatment did not show
any change in Rac-1 expression as compared to that in the solvent control (Fig-

RB 19). However, increase in Rac-1 expression upon fMLP treatment was seen in
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WRW4, AG1478 and PP2 pre-treated cells. This observation suggested that
FPR2, EGFR and Src-kinase negatively regulate Rac-1 expression in fMLP treated

MDA-MB-231.

RhoA

Upon fMLP treatment, increase in the expression of RhoA was observed in MCF-7
cell line as compared to that in solvent control (Fig-RB 19). This increase in the
expression of RhoA was not inhibited by the treatment of any of the inhibitors
used in the study. It suggested that increase in RhoA upon fMLP treatment in
MCF-7 involved some unknown mechanism.

In MDA-MB-231, fMLP treatment led to increase in RhoA (Fig-RB 19). This
increase in the RhoA was inhibited in CsH and AG490 pre-treated cells, while
partial inhibition was observed in AG1478 and PP2 pre-treated cells. This
suggested that along with FPR1, JAK2, EGFR and Src-kinase were involved in

increase in RhoA expression, in fMLP treated in MDA-MB-231.

Cdc42

Upon fMLP stimulation, changes in the expression of Cdc42 were not seen in
MCF-7 cell line as compared to that in the solvent control (Fig-RB 19). Though
there were no changes in Cdc42 after fMLP stimulation in MCF-7, decrease in the
expression of Cdc42 upon fMLP treatment was seen in WRW4 and AG1478 pre-
treated cells. Furthermore, increase in Cdc42 expression upon fMLP treatment
was observed in PP2 pre-treated cells than that in the fMLP treated cells. This
indicated that cells could have maintained expression of Cdc42 to the basal level
in fTMLP treated cells via FPR2 and EGFR. On the contrary, Src-kinase might have
inhibitory role. In MDA-MB-231, fMLP treatment led to slight decrease in Cdc42

than that in the solvent control (Fig-RB 19). This decrease in Cdc42 expression
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was inhibited in cells pre-treated with CsH, WRW4 and PP2. Furthermore,
increase in the expression of Cdc42 was observed in AG1478 pre-treated cells.
In addition to role of FPR1 in slight decrease in Cdc42 expression upon fMLP
treatment, role of FPR2 and EGFR cross talk with FPR1 is indicated by these
results. Moreover, Src-kinase is also involved as a player in the signalling
pathway.

PTEN

fMLP treatment caused decrease in the phosphorylation level of PTEN in MCF-7
cells (Fig-RB 20). This decrease in PTEN phosphorylation was partially inhibited
by the pre-treatment of CsH and AG1478, while increase in the PTEN
phosphorylation was observed in cells pre-treated with PP2. These observations
indicated cross talk with EGFR and signalling by Src-kinase in FPR1 mediated
decrease in the PTEN phosphorylation. Since the decrease in PTEN
phosphorylation was not completely inhibited by CsH and AG1478 pre-
treatment, there could be a possibility of involvement of some other signalling
pathway involving Src-kinase.

In MDA-MB-231, fMLP treatment did not affect phosphorylation level of PTEN.
Though fMLP failed to activate the PTEN, increase in the PTEN phosphorylation
was observed in the cells pre-treated with CsH, WRW4, AG490, AG1478 and PP2
(Fig-RB 20). This means that fMLP could activate PTEN by some unknown
signalling pathway, if FPR1 per se or FPR2, JAK2, EGFR and Src-kinase signalling

was inhibited.
p38-MAPK
In MCF-7, fMLP treatment led to increased p38-MAPK phosphorylation (Fig-RB

20). Further increase in p38 -MAPK phosphorylation was observed in CsH, WRW4
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and AG490 pre-treated cells. This suggested that in addition to FPR1, fMLP
induced p38-MAPK phosphorylation by some unknown pathway, which was
inhibited by FPR1, FPR2 and JAK2.

In MDA-MB-231, fMLP treatment failed to change phosphorylation levels of p38-
MAPK (Fig-RB 20). However, increase in p38-MAPK phosphorylation was
observed in cells pre-treated with CsH, AG1478 and PP2. Decrease in p38-MAPK
phosphorylation upon fMLP treatment was observed in the cells pre-treated with
AG490. These observations indicated that p38-MAPK phosphorylation levels in
fMLP treated MDA-MB-231 were maintained by inhibition of FPR1, EGFR and Src-

kinase signalling and by activation of JAK2.

Akt

Akt-T308

In MCF-7, change in level of pAkt-T308 was not seen upon fMLP treatment (Fig-
RB 20). However, decrease in pAkt-T308 level upon fMLP treatment was seen in
WRW4 and PP2 pre-treated MCF-7 cells. These results showed that FPR2 and
Src-kinase helped in maintaining basal pAkt-T308 level in MCF-7.

In contrast to MCF-7 results, fMLP treatment caused increase in pAkt-T308 level
in MDA-MB-231 (Fig-RB 20). Increase in the level of pAkt-T308, upon fMLP
stimulation, was inhibited by the pre-treatment of CsH, while further increase in
the pAkt-T308 level was observed in WRW4, AG490 and PP2. These results
indicated that fMLP induced increase in pAkt-308 was mediated by FPR1 and was

negatively regulated by FPR2, JAK2 and Src-kinase.

Akt-S473
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Change in level of pAkt-S473 was not seen in MCF-7 upon fMLP treatment (Fig-
RB 20). Increase in the level of pAkt-S473 upon fMLP treatment was seen in CsH
and PP2 pre-treated MCF-7 cells, while decrease in the level of pAkt-S473 upon
fMLP treatment was observed in WRW4, AG490 and AG1478 pre-treated MCF-7
cells. These results suggested that in fMLP treated MCF-7 cells, maintenance of
pAkt-S473 to the basal levels is, by inhibition of FPR1 and Src-kinase signalling.
Moreover, cross talk of FPR1 with FPR2 and EGFR involving JAK2 might be
playing role too.

There was increase in Akt phosphorylation at S473 in MDA-MB-21 upon fMLP
treatment (Fig-RB 20). Increase in pAkt-S473, upon fMLP stimulation was
completely inhibited by CsH pre-treatment. However, partial inhibition of pAkt-
S473 was also seen in AG490, AG1478 and PP2 pre-treated cells. It suggested
that increase in the pAkt-S473 in MDA-MB-231 upon fMLP stimulation was
mediated by FPR1 its cross talk with EGFR and Src-kinase also played a role in
this increase.

Erk-1/2

In MCF-7, fMLP treatment led to the activation of Erk-1/2 by inducing
phosphorylation (Fig-RB 20). In MCF-7, this phosphorylation was partially
inhibited by the pre-treatment of CsH and WRW4, while complete inhibition of
Erk-1/2 phosphorylation was observed in cells pre-treated with AG490, AG1478
and PP2. This indicated that not only FPR1 but FPR2, JAK2, EGFR and Src-kinase
signalling also had a role in the activation of Erk-1/2 by fMLP.

Similar to MCF-7, fMLP activated Erk-1/2 in MDA-MB-231 too (Fig-RB 20). In
MDA-MB-231, Erk-1/2 phosphorylation was further increased in the cells pre-

treated with CsH, WRW4 and PP2 while inhibition of Erk-1/2 phosphorylation was
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seen in AG490 and AG1478 pre-treated cells. These observations indicated that
in MDA-MB-231 activation of Erk-1/2 upon fMLP stimulation was mediated by
cross talk

with EGFR and JAK2 activation and was negatively regulated by FPR1, FPR2 and

Src-kinase.

fMLP summary

MCF-7

Effect of fMLP treatment to MCF-7 is summarized in Table-RB 9 and Fig-RB 21A.
As seen fMLP activated FPR1 which transactivated FPR2 and EGFR, ultimately
leading to activation of JAK-STAT, Ras-MAPK-Erk-1/2 and Ras-Rho GTPase
pathway. These pathways are known to play role in cell proliferation while Ras-
Rho-GTPases pathway is involved in cell motility too. Thus, on fMLP stimulation,

FPR1 seemed to play role in motility as well as proliferation of MCF-7.

Table-RB 9: Effect of fMLP on MCF-7

signalling Effect of Contributors to the effect | Negative regulators
molecules fMLP
EGFR-845 |Increase || R EGFR.JAKZ,Sre-)

kinase
STAT-3- No effect FPR1, EGFR, JAK2, Src-|
Y705 kinase
Rac No effect JAK?2 FPR1, EGFR
RhoA Increase | ---—-— | ceeee
Cdc42 No effect FPR2, EGFR* Src-kinase
Pten Decrease FPR1*, EGFR*, Src-kinase | ------
p38-MAPK Increase | ------ FPR1, FPR2, JAK2
Akt-T308 No effect FPR2, Src-kinase @ = | -==---
Akt-S473 No effect FPR2, JAK2, EGFR FPR1, Src-kinase
Erk-1/2 Increase EGFR, JAK2, Src-kinase | ------
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MDA-MB-231

Similar to MCF-7, fMLP treatment activated FPR1, which transactivated FPR2 and
EGFR in MDA-MB-231 too (Fig-RB 21B, Table-RB 10). This resulted into
activation of PI3K-Akt pathway, Ras-Rho-GTPase pathway and Ras-MAPK-Erk-
1/2 pathway and deactivation of JAK-STAT pathway. All activated pathways are
known to play role in cell proliferation while PI3K-Akt and Ras-Rho-GTPases
pathways are also involved in cell motility. Thus, FPR1 might be playing role in
proliferation and motility in MDA-MB-231, similar to MCF-7.

Major difference in fMLP stimulated signalling in MCF-7 and MDA-MB-231 are
activation of PI3K-Akt pathway and deactivation of JAK-STAT pathway in MDA-
MB-231. Hence, it is proposed that PI3K-Akt pathway might be contributing to

higher metastasis and drug resistance exhibited by MDA-MB-231 as compared to

MCF-7.
Table-RB 10: Effect of fMLP on MDA-MB-231
Signalling Effect of fMLP | Contributors to the effect | Negative regulators
molecules
EGFR-845 | Increase EGFR* FPR1, FPR2, JAKZ, Src-
kinase
STAT-3- . .
Y705 Decrease FPR1, JAK2*, Src-kinase | ------
Rac No effect | ----- FPR2, EGFR, Src-kinase
* _

RhoA Increase FPRl, iAKZ, EGFR*, Src-|

kinase
Cdca? Decrease*® FI_3R1, FPR2, EGFR, Src-|

kinase

FPR1, FPR2, JAK2,
Pten No effect | ------ EGFR, Src-kinase
p38-MAPK | No effect JAK2 FPR1, EGFR, Src-kinase
Akt-T308 Increase FPR1 FPR2, JAK2, Src-kinase
x* *

AKt-SA473 Increase FPRl,_ JAK2*, EGFR*, |

Src-kinase
Erk-1/2 Increase EGFR, JAK2 FPR1, FPR2, Src-kinase
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Stimulation with WKYMVm

EGFR

Upon WKYMVm treatment, increase in EGFR phosphorylation was not seen in
MCF-7 (Fig-RB 22). However, decrease in the pEGFR-Y845 level upon WKYMVm
treatment was observed in CsH and PP2 pre-treated MCF-7 cells. These result
suggested that in MCF-7, FPR1 and Src-kinase are required to maintain basal
phosphorylation levels of EGFR at Y845.

In MDA-MB-231, phosphorylation of EGFR was seen after WKYMVm stimulation
(Fig-RB 22). Further increase in pEGFR-Y845 level was seen in CsH pre-treated
and WKYMVm stimulated cells. Partial inhibition of increase in pEGFR-Y845 was
seen in AG1478 pre-treated cells while complete abolition of phosphorylation
was observed in PP2 pre-treated cells. This indicated that WKYMVm utilize trans-
activated EGFR and Src-kinase was involved in facilitating phosphorylation of

EGFR at Y845.

STAT3

WKYMVm treatment did not affect the level of pSTAT3 in MCF-7. However, cells
pre-treated with WRW4, AG1478 and PP2 (Fig-RB 22) showed decrease in
PSTAT3. It suggested that in MCF-7, FPR2, EGFR and Src-kinase are required for
maintaining pSTAT3 level.

In MDA-MB-231 also, WKYMVm treatment caused decrease in pSTAT3 level (Fig-
RB 22). This decrease was partially neutralized by the pre-treatment of WRWA4
and AG490. Increase in pSTAT3 level was observed in the cells pre-treated with
CsH. These results indicated that decrease in pSTAT3 upon WKYMVm treatment

in MDA-MB-231 was caused by both FPR1 and FPR2. Transactivation of FPR1
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seemed to have a major role between the two. Moreover, JAK2 was also
involved.

Rac-1

WKYMVm treatment inhibited expression of Rac-1 in MCF-7 cell lines (Fig-RB
22). This decrease in the expression of Rac-1 was not affected by treatment of
any inhibitors used in the study. It indicated that WKYMVm induced decrease of
Rac-1 protein expression in MCF-7 was mediated by some unknown signalling
mechanism.

In MDA-MB-231, WKYMVm treatment show increased expression of Rac-1 (Fig-
RB 22). This increase in Rac-1 upon WKYMVm treatment was partially inhibited
by in WRW4, AG490, AG1478 and PP2 pre-treated cells. It indicated that
increase in Rac-1 upon WKYMVm treatment was dependent on FPR2, EGFR, JAK2
and Src-kinase.

RhoA

WKYMVm treatment inhibited expression of RhoA in MCF-7 cell lines (Fig-RB 22).
The inhibitory effect of WKYMVm on RhoA expression was increased in cells pre-
treated with AG490, AG1478 and PP2 whereas partial inhibition of the decrease
in RhoA expression upon WKYMVm treatment was observed in CsH pre-treated
cells. It suggested that WKYMVm induced decrease in RhoA expression was
partially mediated by FPR1. EGFR, JAK2 and Src-kinase negatively regulated
FPR2 mediated decrease of RhoA upon WKYMVm treatment, in MCF-7 cell line.

In MDA-MB-231, WKYMVm treatment showed increase in the expression of RhoA
(Fig-RB 22). Increase in the RhoA expression upon WKYMVm stimulation was
inhibited in CsH, AG1478 and PP2 pre-treated cells. These results showed that

increase in the expression of RhoA upon WKYMVm treatment majorly required
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cross talk with FPR1 and EGFR and is not directly mediated by FPR2. Moreover,
Src-kinase plays role in this increase.

Cdc42

WKYMVm treatment inhibited Cdc42 expression in MCF-7 cell lines (Fig-RB 22).
Similar to Rac-1, this decrease in Cdc42 expression was not affected by pre-
treatment of any inhibitors. This suggested that the decrease in the expression
of Cdc42 upon WKYMVm stimulation of MCF-7 cells was independent of all the
tested signalling pathways.

In MDA-MB-231, WKYMVm treatment did not show changes in Cdc42 expression
(Fig-RB 22). However, there was increase in the Cdc42 protein expression upon
WKYMVm treatment in PP2 pre-treated cells. This suggested that in MDA-MB-
231, Src-kinase could be maintaining expression of Cdc42 upon WKYMVm

treatment.

PTEN

WKYMVm treatment posed no effect on PTEN phosphorylation in MCF-7 cells
(Fig-RB 23). However, Decrease in the PTEN phosphorylation upon WKYMVm
treatment was observed in the cells pre-treated with WRW4 and increase in
PTEN phosphorylation was seen in AG490 pre-treated cells. It indicated that
when stimulated with WKYMVm JAK2 acts as a negative regulator in maintaining
steady levels of PTEN.

In MDA-MB-231, WKYMVm treatment caused decrease in PTEN phosphorylation
(Fig-RB 23). This decrease in PTEN phosphorylation upon WKYMVm treatment
was inhibited in WRW4 and PP2 pre-treated cells. It suggested that the decrease
in PTEN phosphorylation by WKYMVm in MDA-MB-231 involved Src-kinase

signalling. Partial recovery of pPTEN in cells pretreated with CsH and AG490
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indicated negative regulation of WKYMVm induced PTEN signalling in MDA-MB-
231.

p38-MAPK

WKYMVm stimulation led to the activation of p38-MAPK in MCF-7(Fig-RB 23).
Further increase in p38-MAPK phosphorylation upon WKYMVm treatment was
observed in cells pre-treated with CsH, WRW4, AG490 and AG1478, while partial
decrease in p38-MAPK phosphorylation upon WKYMVm treatment was observed
in cells pre-treated with PP2. It indicated that WKYMVm induced p38-MAPK
phosphorylation, which involved Src-kinase signalling to some extent, was
negatively regulated by FPR1, FPR2, JAK2 and EGFR.

In MDA-MB-231, increase in PTEN phosphorylation was observed upon WKYMVm
treatment (Fig-RB 23). Further increase in p38-MAPK phosphorylation upon
WKYMVm treatment was observed in cells with CsH, WRW4, AG490, AG1478 and
PP2 pre-treatment. This indicated that activation of p38-MAPK upon WKYMVm
stimulation was negatively regulated by FPR1, JAK2, EGFR, Src-kinase and also

by FPR2 per se probably after reaching a threshold.

Akt

Akt-T308

WKYMVm treatment had no effect on pAkt-T308 level (Fig-RB 23). Furthermore,
decrease in pAkt-T308 level upon WKYMVm treatment was observed in AG1478
and PP2 pre-treated cells. Increase in the pAkt-T308 upon WKYMVm treatment
was seen in CsH and WRW4 pre-treated cells. These results suggested that
WKYMVm could increase pAkt-T308 level by EGFR and Src-kinase if FPR1 and

FPR2 were inhibited.
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Decrease in pAkt-T308 level was observed upon WKYMVm treatment (Fig-RB
23). This decrease in pAkt-T308 upon WKYMVm treatment was partially inhibited
in cells pre-treated with CsH, WRW4 and AG490. It suggested that WKYMVm

induced decrease in pAkt-T308 via FPR1, FPR2 and JAK2.

Akt-S473

WKYMVm treatment to MCF-7 induced phosphorylation at S473 (Fig-RB 23).
Increase in pAkt-S473 level upon WKYMVm treatment was inhibited by the pre-
treatment of CsH, AG490, AG1478 and PP2 but not by WRW4. This indicated
that increase in pAkt-S473 upon WKYMVm treatment in MCF-7 was mediated
through cross talk with FPR1 and EGFR. Signalling of JAK2 and Src-kinase is also
involved.

In MDA-MB-231 too, WKYMVm treatment induced Akt phosphorylation only at
Ser-473 (Fig-RB 23). Increase in pAkt-S473 level upon WKYMVm treatment in
MDA-MB-231 was inhibited by the pre-treatment of CsH, AG1478 and PP2. It
indicated that the increase in pAkt-S473 level in MDA-MB-231 upon WKYMVm
treatment was mediated by cross talk with FPR1 and EGFR than FPR2 per se.

Moreover, Src-kinase is involved in signalling pathway.

Erk-1/2

WKYMVm treatment led to increase in phosphorylation of Erk-1/2 in MCF-7 (Fig-
RB 23). This phosphorylation was further increased in the cells pre-treated with
CsH. Partial inhibition of phosphorylation was seen in cells pre-treated with
WRW4 and PP2 while decrease in Erk-1/2 phosphorylation upon WKYMVm
treatment was observed in AG490 and AG1478 pre-treated cells. It indicated
that along with FPR2; JAK2, EGFR and Src-kinase were involved in WKYMVm

induced Erk-1/2 phosphorylation, which was negatively regulated by FPR1.
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In MDA-MB-231 cell line, WKYMVm treatment caused decrease in the

phosphorylation level of Erk-1/2 (Fig-RB 23). This decrease in Erk-1/2

phosphorylation upon WKYMVm treatment was inhibited in CsH, WRW4 and
AG490 pre-treated MDA-MB-231 cell line, whereas slight increase in Erk-1/2
phosphorylation was observed in AG1478 pre-treated cell lines. AG490 pre-
treated cells showed levels comparable to the basal levels, while PP2 pre-treated
cells showed increase in the phosphorylation level of Ekr-1/2 upon WKYMVm
treatment. These observations suggested that decrease in Erk-1/2
phosphorylation upon WKYMVm treatment in MDA-MB-231 cells was mediated

by FPR1, FPR2, JAK2, EGFR and Src-kinase.

WKYMVm summary

MCF-7
Table-RB 11: Effect of WKYMVm on MCF-7
Signalling Effect of Contributors to the effect Negative regulators
molecules fMLP
EGFR-845 No effect FPR1, FPR2, Src-kinase @ | -———--
STAT-3- .
Y705 No effect FPR2, EGFR, Src-kinase @ | ----—--
Rac Decrease |- | aeees
RNOA Decrease FPR1* JAKZ, EGFR, Src-
kinase

Cdc42 Decrease | --—- |-
Pten No effect FPR2 JAK?2

. FPR1, FPR2, JAK2,
p38-MAPK Increase Src-kinase EGER
Akt-T308 No effect EGFR, Src-kinase FPR1, FPR2

* _
Akt-S473 Increase FPRl’ JAKZ, EGFR*,  Src-|
—_— kinase
* -
Erk-1/2 Increase E.GFR’* JAKZ, FPR®, - Sre FPR1
kinase
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Effect of WKYMVm treatment to MCF-7 is summarized in Table-RB 11 and Fig-RB
24A. As seen, WKYMVm activated FPR2 transactivated FPR1.

Though increase in EGFR phosphorylation was not observed, its contribution in
activating other signalling molecules was evident. These transactivations
ultimately led to activation of Ras-MAPK-Erk1-1/2 pathway, PI3K-Akt pathway,
p38-MAPK pathway and inhibition of Ras-Rho-GTPase pathway. All activated
pathways are known to play role in cell proliferation. Hence, FPR2 might be
playing role in proliferation in MCF-7. The major difference between effect of
WKYMVm and fMLP treatment to MCF-7 is activation of PI3K-Akt pathway and
inhibition of Rho-GTPases pathway in WKYMVm treated MCF-7. Hence, it is
proposed that by activating PI3K-Akt pathway WKYMVm might be contributing to
higher proliferation and drug resistance in MCF-7 while inhibition of Rho-GTPase

pathway contributed to reduced cell motility.

MDA-MB-231

WKYMVm treatment activated FPR2, which transactivated FPR1 and EGFR in
MDA-MB-231 (Table-RB 12, Fig-RB 24B). This resulted into activation of PI3K-
Akt pathway, Ras-Rho-GTPase pathway and p38-MAPK pathway while it led to
inhibition of JAK-STAT pathway and Ras-MAPK-Erk-1/2 pathway. All activated
pathways are known to play role in cell proliferation while PI3K-Akt and Ras-
Rho-GTPases pathways are also involved in cell motility. Since JAK-STAT
pathway is involved in apoptosis, inhibition of this pathway led to inhibition of
apoptosis. Thus, FPR2 might be playing role in proliferation, motility and
inhibiting apoptosis in MDA-MB-231.

Comparing to fMLP treatment to MDA-MB-231, WKYMVm treatment showed

opposite effect on Ras-MAPK and PI3K-PDK-Akt pathway, where inhibition of
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these was noted in WKYMVm treated MDA-MB-231. Activation of p38-MAPK was
also seen in WKYMVm treated MDA-MB-231, unlike fMLP treatment. Hence, it is

proposed that WKYMVm might induce less proliferation effect in MDA-MB-231

than fMLP.
Table-RB 12: Effect of WKYMVmM on MDA-MB-231

Signalling Effect of Contributors to the effect | Negative regulators
molecules fMLP
EGFR-845 Increase EGFR, Src-kinase FPR1
STAT-3-Y705 Decrease FPR1, FPR2, JAK2 | -==---

FPR2, JAK2*, EGFR, Src-
Rac Increase A PSS

— kinase
RhOA Increase FPRl, FPR2, EGFR, Src-|
—_— kinase
Cdc42 No effect | ------ Src-kinase
Pten Decrease FPR2, Src-kinase FPR1*, JAK2*
FPR1, FPR2, JAK2,

p38-MAPK Increase | --—-—--- EGFR, Src-kinase
Akt-T308 Decrease FPR1, JAK2, FPR2 | —==—--

FPR1, FPR2*, JAK2*,
Akt-S473 Increase EGFR, Src-kinase |

x*

Erk-1/2 Decrease FPRl,_ FPR2, EGFR*, JAK2, |

Src-kinase

Major differences in WKYMVm stimulated signalling in MCF-7 and MDA-MB-231
are activation of Rho-GTPase pathway and inhibition of JAK-STAT & Ras-MAPK-
Erk-1/2 pathway in MDA-MB-231. Hence, it is proposed that activation of Rho-
GTPase pathway might be contributing to higher metastasis, while inhibition of
JAK-STAT might be contributing to decreased apoptosis in WKYMVm treated
MDA-MB-231.

Stimulation with EGF

EGFR

As expected treatment of EGF showed activation of EGFR in both the cell lines

studied (Fig-RB 25). In MCF-7, phosphorylation of EGFR was partially inhibited
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by AG490, whereas complete inhibition of phosphorylation was seen in AG1478
and PP2 pre-treated cells. Further increase in EGFR phosphorylation was also
seen in WRW4 pre-treated cells. These results suggested that increase in the
phosphorylation of EGFR by EGF was mediated by the kinase activity of EGFR via
Src-kinase and negatively regulated by FPR2. Furthermore, JAK2 also had a role
in increase in EGFR phosphorylation.

In MDA-MB-231, phospho-EGFR level was further increase in the CsH, WRW4
and AG490 pre-treated cells (Fig-RB 25). Increase in the EGFR phosphorylation
in CsH, WRW4 and AG490 pre-treated cells indicate that FPR1, FPR2and JAK2
negatively regulate the EGF mediated increase of EGFR phosphorylation. Partial
inhibition of EGFR phosphorylation upon EGF treatment was observed in AG1478
and PP2 pre-treated cells. Although this decrease in the phosphorylation of EGFR
was much less than EGF stimulation, it was still higher than the solvent control.
It indicated involvement of EGFR per se and Src-kinase in EGFR phosphorylation.
In addition, there was a possibility of involvement of the some other signalling
pathway.

STAT3

EGF treatment had no effect on pSTAT3 levels in MCF-7 (Fig-RB 25). However,
pre-treatment of cells with WRW4, AG490, AG1478 and PP2 showed increase in
pSTATS3 levels. This observation showed that inhibition of FPR2, JAK2, EGFR and
Src-kinase led to maintenance of pSTAT3 basal level even after EGF stimulation.
EGF is a ligand for the EGFR and inhibition of EGFR kinase increased pSTAT3
level upon EGF stimulation. Hence, it could be postulated that activation of
STAT3 upon EGF treatment in EGFR, FPR2 and JAK2 inhibited MCF-7 required

some unknown signalling.
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In MDA-MB-231, EGF treatment decreased pSTAT3 levels (Fig-RB 25). This
decrease in pSTAT3 level was partially recovered in AG490 pre-treated cells,
while increase in pSTAT3 level was observed in WRW4 and AG1478 pre-treated
cells. FPR2 and EGFR led to dephosphorylation of STAT3 in MDA-MB-231.

Rac-1

EGF treatment led to decrease in expression of Rac-1 in MCF-7 (Fig-RB 25). The
decrease in Rac-1 was inhibited in the cells pre-treated with CsH and AG490.
Furthermore, Cells pre-treated with AG1478 and PP2, showed increase in the
Rac-1 expression upon EGF stimulation. These results indicated that EGF caused
decrease in Rac-1 expression by EGFR via cross talk with FPR1 and JAK2. EGFR
and Src-kinase played major role in the EGF mediated decrease of Rac-1
because inhibition of these two could not only reverse the effect of EGF on Rac-1
but enhanced Rac-1 expression, in MCF-7.

In MDA-MB-231, treatment of EGF showed decrease in the expression of Rac-1
(Fig-RB 25). This decrease in Rac-1 upon EGF stimulation in MDA-MB-231 cell
lines was partially inhibited in AG490 and AG1478 pre-treated cells while
complete inhibition of EGF induced decrease in Rac-1 expression was inhibited in
PP2 pre-treated cells. These observations indicated that EGF induced decrease in
Rac-1 expression was mediated by EGFR, JAK2 and Src-kinase.

RhoA

EGF treatment to MCF-7 cells did not change expression of RhoA (Fig-RB 25). In
addition, change in RhoA expression after EGF treatment was not observed in
cells pre-treated with any of the inhibitors used.

In MDA-MB-231, treatment of EGF showed decrease in the expression of RhoA

(Fig-RB 25). The lowered expression of RhoA in EGF stimulated in MDA-MB-231
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was partially normalized in CsH, AG490, AG1478 and PP2 pre-treated cells.
These observations suggested that the decrease in RhoA expression upon EGF
treatment was mediated by FPR1, JAK2, EGFR and Src-kinase signalling.

Cdc42

EGF treatment led to decrease the expression of Cdc42 protein in MCF-7 (Fig-RB
25). Decrease in the Cdc42 upon EGF was partially inhibited by all the pre-
treatments in the MCF-7. This suggested that the decrease in the Cdc42 upon
EGF treatment was mediated by EGFR as well as FPR1, FPR2 and JAK2 via Src-
kinase.

In MDA-MB-231, treatment of EGF led to decrease in Cdc42 expression (Fig-RB
25). This decrease in the Cdc42 expression, upon EGF stimulation, was inhibited
in CsH, AG490 and PP2 pre-treated cells. These results suggested that decrease
in the expression of Cdc42 upon EGF treatment in MDA-MB-231 was mediated
by FPR1, JAK2 and Src-kinase signalling pathway.

PTEN

EGF treatment induced PTEN phosphorylation in both the HBCC (Fig-RB 26). In
MCF-7, EGF induced increase in PTEN phosphorylation was inhibited in WRW4,
AG490, AG1478 and PP2 pre-treated cells. These observations indicated that the
increase in PTEN phosphorylation by EGF treatment was mediated by FPR2,
JAK2, EGFR and Src-kinase.

In MDA-MB-231, further increase in PTEN phosphorylation upon EGF treatment
was observed in CsH and WRW4 pre-treated cells, while the increase in PTEN
phosphorylation was partially inhibited in AG490, AG1478 and PP2 pre-treated

cells (Fig-RB 26). These observations suggested that increase in PTEN
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phosphorylation by EGF treatment was mediated via JAK2, EGFR and Src-kinase

and EGF effect was negatively regulated by FPR1 and FPR2.

p38-MAPK
EGF stimulation led to the activation of p38-MAPK in both the cell lines (Fig-26
RB). In MCF-7, p38-MAPK phosphorylation was further increased upon EGF
treatment in CsH, WRW4, AG490 and AG1478 pre-treated cells. It suggested
that in MCF-7, activation of p38-MAPK followed the EGF stimulation might be
mediated by some unknown signalling pathway, which was negatively regulated
by FPR1, FPR2, JAK2 and EGFR per se.

In MDA-MB-231, increase in p38-MAPK phosphorylation upon EGF treatment was
inhibited in the cells pre-treated with AG490 and therefore p38-MAPK
phosphorylation level matched with that in the solvent control (Fig-RB 26).
Further increase in p38-MAPK phosphorylation was seen in AG1478 pre-treated
cell indicating presence of some feedback mechanism. Decrease in p38-MAPK
phosphorylation than that in the solvent control, upon EGF stimulation was seen
in CsH, WRW4 and PP2 pre-treated cells. Among these three, pre-treatment with
WRW4 completely abolished phosphorylation. These observations suggested that
EGF induced activation of p38-MAPK could be mediated through FPR1, FPR2 and
Src-kinase and negatively regulated by EGFR. Among these receptors, activation

of FPR1 and FPR2 was crucial for EGF induced p38-MAPK phosphorylation.

Akt

Akt-T308

EGF treatment increased phosphorylation of Akt at T308 (Fig-RB 26). Increase in
pAkt-T308 upon EGF treatment was inhibited by the pre-treatment of cells with

AG1478 and PP2, indicating the role of EGFR and Src-kinase in EGF stimulated
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Akt phosphorylation at T308 in MCF-7. Increase in pAkt-T308 in cells pretreated
with AG490 and stimulated with EGF indicate negative regulatory role of JAK2 in
phosphorylation of Akt at T308.

At T308, EGF treatment caused decrease in phosphorylation of Akt in MDA-MB-
231 (Fig-RB 26). This decrease in pAkt-T308 upon EGF treatment was inhibited
in the cells pre-treated with AG490, while increase in the pAkt-T308 was
observed in cells pre-treated with WRW4 and AG1478. These suggested that
FPR2, JAK2 and EGFR were responsible for the decrease in pAkt-T308 upon EGF

treatment.

Akt-S473

EGF treatment led to increase in phosphorylation of Akt at S473 in MCF-7 (Fig-
RB 26). Increase in Akt phosphorylation at S473 by EGF treatment was further
increased in the cells pre-treated with CsH while other pre-treatment did not
show considerable effect. These results suggested that phosphorylation of Akt at
S473 by EGF in MCF-7 involved some unknown mechanism, which was
negatively regulated by FPR1.

In MDA-MB-231, EGF treatment stimulated phosphorylation of Akt only at S473.
At S473, EGF induced Akt phosphorylation in MDA-MB-231 (Fig-RB 26). This
phosphorylation was further increased with pre-treatment of cells with CsH,
WRW4, AG490 and AG1478. These observations suggested that EGF induced
phosphorylation of Akt at S473 was negatively regulated by FPR1, FPR2, JAK2, &
EGFR.

The PTEN phosphorylation level did not show any inverse relation with the
phosphorylation level of Akt in any EGF treatment group for MCF-7. Hence, PTEN

activation failed to inhibit PI3K signalling in HBCC upon EGF treatment.
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When changes in Akt phosphorylation levels upon EGF treatment were compared
with the changes in phosphorylation levels of PTEN in EGF treated MDA-MB-231,
it was found that PTEN phosphorylation levels showed inverse expression pattern
with pAkt-T308. This inverse relationship between pAkt-308 level and PTEN
phosphorylation level upon EGF treatment was disrupted in cells pre-treated with
WRW4 and AG1478. This indicated that FPR2 and EGFR are essential for PTEN
mediated inhibition of Akt activation in MDA-MB-231.

Erk-1/2

EGF led to the activation of the Erk-1/2 in both the cell lines (Fig-RB 26). In
MCF-7, further increase in the Erk-1/2 phosphorylation was seen in CsH pre-
treated cells, while partial inhibition of Erk-1/2 phosphorylation was observed in
WRW4 and AG490 pre-treated cells. Complete abolition of Erk-1/2
phosphorylation upon fMLP stimulation was seen in AG1478 pre-treated cells.
These observations showed that EGF treatment induced Erk-1/2 phosphorylation
in MCF-7 cell lines, through EGFR in collaboration with FPR2 and JAK2. This EGF
induced Erk-1/2 phosphorylation was negatively regulated by FPR1.

In MDA-MB-231, EGF induced Erk-1/2 phosphorylation was inhibited by AG1478
pre-treatment while increase in the Erk-1/2 phosphorylation was observed in
PP2 pre-treated cells (Fig-RB 26). It indicated that EGF treatment induced the
Erk-1/2 phosphorylation by the EGFR kinase signalling and this Ekr-1/2
phosphorylation was negatively regulated by Src-kinase.

EGF treatment increased Erk-1/2 phosphorylation in both the cell lines. In MCF-
7, the increase was mediated by cross talk of FPR2, JAK2, and EGFR via Src-
kinase and negatively regulated by FPR1, while in MDA-MB-231, the increase

was mediated by EGFR and negatively regulated by Src-kinase.
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EGF summary

MCF-7

EGF treatment to MCF-7 led to activation of EGFR, which in turn transactivated
FPR1 and FPR2 (Table-RB 13, Fig-RB 27A). These transactivated FPR further
activated Ras-MAPK-Erk-1/2 pathway, PI3K-Akt pathway and p38-MAPK
pathway, while inhibited Rho-GTPase pathway. All activated pathways are known
to play role in cell proliferation. Thus, EGFR might be playing role only in

proliferation of MCF-7.

Table-RB 13: Effect of EGF on MCF-7

Signalling | Effect  of Contributors to the effect | Negative regulators
molecules | fMLP
EGFR-845 | Increase | EGFR, JAK2, Src-kinase FPR2
STAT-3- No effect | " FPR2, EGFR, JAK2, Src-
Y705 kinase

FPR1, EGFR, JAK2, Src-
Rac Decrease N I

kinase
RhoA No effect | ----—-.- | mmeee-

FPR1*, FPR2*, EGFR%*,
Cdc42 Decrease JAK2*. Src-kinase™

FPR2, JAK2, EGFR, Src-
Pten Increase R B

————— | kinase

p38-MAPK | Increase | ------ FPR1, FPR2, JAK2, EGFR
Akt-T308 Increase | EGFR, Src-kinase JAK2
Akt-S473 | Increase | FPR1
Erk-1/2 Increase | FPR2, JAK2, EGFR FPR1
MDA-MB-231

Similar to MCF-7, EGF treatment activated EGFR, which transactivated FPR1 and

FPR2 in MDA-MB-231 too (Fig-RB 27B, Table-RB 14). This resulted into

activation of Ras-MAPK-Erk-1/2 and p38-MAPK pathway and deactivation Ras-

Rho-GTPase, PI3K-Akt, and JAK-STAT pathway. All activated pathways are
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known to play role in cell proliferation, while inhibition of JAK-STAT inhibits
apoptosis. Thus, EGFR played role in only proliferation in MDA-MB-231.

Major differences in EGF stimulated signalling in MCF-7 and MDA-MB-231 are
inhibition of PI3k-akt and JAK-STAT pathway in MDA-MB-231. Hence, it is
proposed that PI3K-Akt pathway might be contributing to higher metastasis and

drug resistance in EGF treated MCF-7.

Table-RB 14: Effect of EGF on MDA-MB-231

Signalling | Effect of Contributors to the effect | Negative regulators
molecules | fMLP
EGFR-845 Increase EGFR, Src-kinase FPR1, FPR2, JAK2
STAT-3- Decrease *
Y705 FPR2, EGFR, JAK2* | —==———-
Rac Decrease | JAK2, EGFR, Src-kinase | ------
Decrease FPR1*, JAK2*, EGFR%*,
RhoA B e
Src-kinase*
Cdc42 Decrease | FPR1*, JAK2, Src-kinase | ------
* * -
Pten Increase | AKZ™,  EGFR®,  Sre-fopt rpr2
kinase*
p38-MAPK | Increase | " R&» FPRZ, JAKZ, Sre-teqrp
kinase
Akt-T308 Decrease | FPR2, JAK2, EGFR | -=----
FPR1, FPR2, JAK?2,
Akt-S473 Increase | ------ EGER
Erk-1/2 Increase EGFR Src-kinase

Stimulation with IL6

STAT3

In MCF-7, IL6 treatment led to increase in pSTAT3 level (Fig-RB 28), as
expected. There was further increase in the pSTAT3 level upon IL6 treatment in
AG1478 and PP2 pretreated cells. Increase in pSTAT3 upon IL6 treatment was

partially inhibited by WRW4 and AG490 pre-treatment. These observations

showed that, increase in pSTAT3 by IL6 was mediated by cross talk with FPR2
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and induces JAK2 by some unknown pathway in MCF-7. EGFR and Src-kinase
negatively regulate pSTAT3 upon IL6 stimulation. The protein in the CsH pre-
treatment group had shown degradation in all the replicates.

In MDA-MB-231, IL6 led to the decrease in pSTAT3 (Fig-RB 28). The level of
pSTAT3 was comparable to solvent control in CsH, WRW4, AG1478 and PP2 pre-
treated cells, while AG490 pre-treated cells showed pSTAT3 level comparable to
IL6 treated cells. This indicated that FPR1, FPR2, EGFR and Src-kinase were
responsible for decrease in pSTAT3, upon IL6 treatment in MDA-MB-231, while
JAK2 was not involved in it.

Generally, IL6 after binding to its receptor activates JAK-STAT signalling.
However, IL6 treatment showed increase in pSTAT3 only in MCF-7 cell line, while
MDA-MB-231 showed decrease in pSTAT3. This indicated a defect in the JAK-
STAT signalling in triple negative MDA-MB-231 cell line. FPR2 played contrasting
role in both the cell lines. In MCF-7, FPR2 and JAK2 cross talk helped in
activation of STAT3 in MCF-7 upon IL6 treatment. While In MDA-MB-231,
inhibition of FPR2 with FPR1 and EGFR restored the STAT3 phosphorylation via
Src-kinase pathway.

Rac-1

IL6 treatment had no effect on Rac-1 protein expression in MCF-7 (Fig-RB 28).
However, cells pre-treated with CsH and AG490 showed decrease in the
expression of Rac-1, upon IL6 treatment. It showed that FPR1 and JAK2 helped
in maintaining the basal level of Rac-1 expression in MCF-7, which otherwise
was inhibited by IL6 through some unknown mechanism.

In MDA-MB-231 also, change in Rac-1 expression upon IL6 stimulation was not

observed (Fig-RB 28). Nevertheless, increase in the expression of Rac-1 was
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observed in CsH, WRW4, AG1478 and PP2 pre-treated cells upon IL6
stimulation. This observation showed that FPR1, FPR2, EGFR and Src-kinase
inhibit IL6 mediated increase in Rac-1 expression in MDA-MB-231.

RhoA

IL6 treatment had no effect on RhoA protein expression in MCF-7 (Fig-RB 28).
However, RhoA expression was decreased in CsH, WRW4, AG1478 and PP2 pre-
treated, IL6 stimulated MCF-7 cells. This suggested that FPR1, FPR2, EGFR and
Src-kinase, helped in maintaining the basal level of RhoA upon IL6 treatment in
MCF-7 cells.

In MDA-MB-231, change in RhoA expression was not observed upon IL6
treatment (Fig-RB 28). However, unlike in MCF-7, increase in the expression of
RhoA upon IL6 treatment, was observed in CsH, WRW4, AG490, AG1478 and
PP2 pre-treated cells. This suggested that inhibition of FPR1, FPR2, JAK2, EGFR
and Src-kinase increased expression of RhoA in IL6 stimulated MDA-MB-231 cell
line. Thus, though FPR1, FPR2, EGFR and Src-kinase helped in maintaining basal
level of RhoA in both the IL6 stimulated cell lines, the mechanism of action was
opposite.

Cdc42

IL6 treatment had shown decrease in the Cdc42 protein expression in MCF-7
(Fig-RB 28). This decrease in Cdc42 was inhibited in cells pre-treated with
AG490, AG1478 and PP2. This observation indicated that JAK2, EGFR and Src-
kinase signalling were responsible for the decrease in the expression of Cdc42 in

MCF-7 upon IL6 treatment.
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PTEN

IL6 treatment induced PTEN phosphorylation in both HBCC cell lines (Fig-RB 28).
In MCF-7, further increase in PTEN phosphorylation was observed in cells pre-
treated with CsH and WRW4. The increase in PTEN phosphorylation upon IL6
treatment was inhibited in AG1478 pre-treated cells, while partial inhibition of
PTEN phosphorylation was seen in AG490 and PP2 pre-treated cells. These
observations indicated that the increase in PTEN phosphorylation in MCF-7 upon
IL6 treatment was mediated by EGFR, JAK2 and Src-kinase, where JAK2 and
Src-kinase had partial role. This increase in PTEN phosphorylation was negatively
regulated by FPR1 and FPR2.

In MDA-MB-231, increase in PTEN phosphorylation upon IL6 treatment was
partially inhibited in the cells pre-treated with the CsH, WRW4 and AG490, while
level of PTEN phosphorylation comparable to solvent control was observed in
AG1478 pre-treated cells (Fig-RB 28). Decrease in PTEN phosphorylation upon
IL6 treatment was seen in PP2 pre-treated cells. This indicated that the increase
in PTEN phosphorylation upon IL6 treatment in MDA-MB-231 was mediated by
EGFR, FPR1, FPR2 and JAK2 where Src-kinase activity is indispensable for
maintaining basal level.

p38-MAPK

IL6 treatment showed activation of p38-MAPK only in MDA-MB-231 (Fig-RB 28).
In MCF-7, IL6 treatment caused decrease in p38-MAPK phosphorylation. This
decrease in p38-MAPK phosphorylation was inhibited by AG1478 pre-treatment,
whereas increase in the level of p38-MAPK phosphorylation was observed in
CsH, WRW4 and AG490 pre-treated cells. It suggested that the decrease in p38-

MAPK phosphorylation upon IL6 stimulation was mediated by EGFR. Moreover,
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inhibition of FPR1, FPR2 and JAK2 led to the increase in p38-MAPK
phosphorylation, upon IL6 treatment, suggesting their involvement in IL6
mediated decrease of p38-MAPK phosphorylation.

In MDA-MB-231, activation of p38-MAPK by IL6 was partially inhibited by the
pre-treatment of CsH, WRW4 and AG490 while AG1478 pretreatment showed
complete inhibition (Fig-RB 28). Moreover, further increase in p38-MAPK
phosphorylation was seen in PP2 pre-treated cells. This indicated that activation
of p38-MAPK by IL6 in MDA-MB-231 had involvement of FPR1, FPR2, JAK2 and
EGFR signalling while Src-kinase negatively regulated the increase in p38-MAPK
phosphorylation upon IL6 treatment.

Akt

Akt-T308

Treatment of IL6 did not induce phosphorylation of Akt at T308 (Fig-RB 28).
However, pre-treatment of MCF-7 cells with CsH, AG490, AG1478 and PP2
yielded increase in pAkt-T308 by IL6. This observation showed that IL6 could
induce Akt phosphorylation at T308 in MCF-7 by unknown signalling mechanism
if FPR1, JAK2, EGFR and Src-kinase were inhibited.

In MDA-MB-231, though IL6 did not induce the phosphorylation at any of the
sites, cells pre-treated with AG490 and PP2 showed increase in the Akt
phosphorylation at T308 upon IL6 treatment (Fig-RB 28). It indicated that
inhibition of JAK2 and Src-kinase played role in maintaining basal levels of pAkt-
T308 in IL6 stimulated MDA-MB-231.

Akt-S473

Similar to T308, change in phosphorylation in Akt at S473 was not seen in MCF-

7 upon IL6 treatment (Fig-RB 28). However, increase in the phosphorylation was

193



observed after IL6 treatment in CsH, WRW4, AG490 and AG1478 pre-treated
MCF-7 cells. However, in PP2 pre-treated cells, decrease in the level of pAkt-
S473 was seen after IL6 treatment. This indicated that IL6 could increase pAkt-
S473 level in MCF-7 by signalling mechanism involving Src-kinase if FPR1, FPR2,
JAK2 and EGFR were inhibited.

At S473 site of Akt, increase in the phosphorylation after IL6 treatment was not
observed. But in cells pre-treated with CsH and AG490 increase in pAkt-S473
was seen (Fig-RB 28). Furthermore, decrease in the phosphorylation after IL6
treatment was observed in PP2 pre-treated cells. These observations showed
that inhibition of FPR1 and JAK2 led to the increase in pAkt-S473, while
inhibition of Src-kinase lead to decrease suggesting negative and positive
regulatory role, respectively.

Akt phosphorylation pattern in IL6 treated MCF-7 and MDA-MB-231 cells was
compared with PTEN phosphorylation pattern in IL6 treated MCF-7 cells to know
the detailed mechanism of Akt phosphorylation. In both the cell lines increase in
PTEN phosphorylation and absence of Akt phosphorylation on IL6 stimulation,
suggested that increased PTEN might have inhibited PI3K-Akt pathway.

Erk-1/2

IL6 treatment activated Erk-1/2 in both the cell lines (Fig-RB 28) by increasing
phosphorylation of Erk-1/2. In MCF-7, further increase in the Erk-1/2
phosphorylation was observed in WRW4 pre-treated cells while partial decrease
in the phosphorylation was seen in CsH, AG490, AG1478 and PP2 pre-treated
cells. These observations indicated that IL6 treatment induced the Erk-1/2
phosphorylation by FPR1, JAK2, EGFR and Src-kinase. FPR2 negatively regulated

IL6 mediated increase in Erk-1/2 phosphorylation.
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Fig-RB 28: IL6 Stimulation: Effect of IL6 was studied on various
proteins in MCF-7 and MDA-MB-231 by Western blotting. Band density
of the treatment group was compared to that of the solvent control to
get fold change in expression. Fold change in expression of phospho
protein was normalized with the fold change in expression of total
protein to get absolute change in phospho protein. Each experiment was

done in triplicate and representative blots are shown. *Bands are saturated;
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In MDA-MB-231,

IL6

induced Erk-1/2 phosphorylation,

which was further

increased in the cells pre-treated with AG490 while partial inhibition of Erk-1/2

phosphorylation was seen AG1478 pre-treated cells (Fig-RB 28). This indicated

that IL6 induced Erk-1/2 phosphorylation was partially mediated by EGFR and

was negatively regulated by JAK2.

IL6 summary

MCF-7

IL6 treatment to MCF-7 activated FPR1, FPR2, EGFR, JAK2 and Src-kinase (Fig-

RB 29A, Table-RB 15). This resulted into activation of Ras-MAPK-Erk-1/2 and

JAK-STAT pathway while

inhibition of Rho-GTPase, p38-MAPK & PI3K-Akt

pathway. All activated pathways are known to play role in cell proliferation.

Thus, IL6R might be playing role only in proliferation of MCF-7.

Table-RB 15: Effect of 1L6 on MCF-7

Signalling | Effect  of Contributors to the effect | Negative regulators
molecules | fMLP
STAT-3- .
Y705 Increase | FPR2, JAK2 EGFR, Src-kinase
Rac No effect FPR1, JAK2 | =m=——-
* _
RhOA No effect FI_3R1, FPR2*, EGFR, Src-|
kinase
Cdc42 Decrease | JAK2*, EGFR, Src-kinase | ------
Pten Increase | JAK2*, EGFR, Src-kinase* | FPR1, FPR2
p38-MAPK | Decrease | FPR1, FPR2, JAK2, EGFR* | -—-——--
Akt-T308 | No effect | ------ FPR1, JAK2, EGFR, Src-
kinase
Akt-S473 No effect Src-kinase FPR1, FPR2, JAK2, EGFR
* x* x>
Erk-1/2 Increase FPRl.’ JAKZ*,  EGFR*, FPR2
— | Src-kinase
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MDA-MB-231

Similar to MCF-7, IL6 treatment to MDA-MB-231 activated FPR1, FPR2, EGFR,

JAK2 and Src-kinase (Fig-RB 29B, Table-RB 16). This resulted into activation of

Ras-MAPK-Ekr-1/2 pathway and p38-MAPK pathway and deactivation of JAK-

STAT, PI3K-Akt and Rho-GTPase pathways. Both activated pathways are known

to play role in cell proliferation. Hence, similar to MCF-7, IL6R might be playing

role only in proliferation of MDA-MB-231. The major differences in IL6 stimulated

signalling

in MCF-7 and MDA-MB-231 are activation of p38-MAPK and

deactivation of JAK-STAT pathways in MDA-MB-231. Hence, it is proposed that

p38-MAPK might be contributing to higher cell proliferation in MDA-MB-231.

Table-RB 16: Effect of 1L6 on MDA-MB-231

Signalling | Effect  of Contributors to the effect | Negative regulators

molecules | fMLP

STAT-3- Decrease FPR1, FPR2, EGFR, Src-|

Y705 kinase

Rac No effect | coeee- FPRl, FPR2, EGFR, Src-
kinase
FPR1, FPR2, JAK2,

RhoA No effect | ------ EGFR, Src-kinase

Pten Increase FPR1*, FPR2*, JAK2*, |

— | EGFR, Src-kinase

p38-MAPK | Increase | FPR1, FPR2, JAK2, EGFR, | Src-kinase

Akt-T308 No effect | ------ JAK2, Src-kinase

Akt-S473 No effect Src-kinase FPR1, JAK2

Erk-1/2 Increase | EGFR* JAK?2

Above presented results had convincingly established the transactivation

of

EGFR by FPR1 and FPR2 and vice-versa in breast cancer. Above results, also

presented evidence for the existence of signalling cross talk between FPR1,
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FPR2, EGFR and JAK-STAT. These receptors not only activate each other’s
downstream signalling, but also negatively regulate it. However, unlike
glioblastoma, FPR1 and FPR2 did not activate STAT3, cross talk between FPR1,
FPR2 and JAK-STAT was seen in the downstream signalling. It was evident from
these results that in MCF-7, though FPR1 and FPR2 both played role in cell
proliferation only FPR1 was playing role in cell motility. In MDA-MB-231, both
FPR1 and FPR2 played role in cell proliferation and cell motility. Moreover, cell
proliferation effect of EGF and IL6 was results of their respective signalling
pathways with signalling pathways of FPR1 and FPR2.

Receptor signalling in cells do not act in an isolated fashion. Depending upon cell
type and physiological environment, receptors showed trans-activation of other
receptor and cross talk with other pathways. When a receptor gets activated as
a result of another receptor’s activation then this phenomenon is called as
receptor trans-activation. When one or more components of the one signal
transduction pathway activates another pathway, it is called cross talk. Our
results demonstrated, transactivation of EGFR by FPR1 and FPR2 in breast
cancer cell lines. These receptors regulated downstream signalling of each other.
In addition, cross talk of these receptors with some unknown signalling pathway
had also been suggested, which needs to be further investigated. Two HBCC
were chosen for in depth study of receptor trans-activation and cross talk
involving FPR1 and FPR2. Cells were treated with the specific inhibitor for FPR1,
FPR2, EGFR, JAK2 and Src-kinase. After which each set of pretreated cells were
sequentially stimulated with the specific ligands for FPR1, FPR2, EGFR and IL6.
fMLP is a ligand for FPR1 and FPR2, where FPR is a high affinity receptor for fMLP

while FPR2 is a low affinity receptor for fMLP3*%*°. Since FPR1 had higher
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expression than FPR2 it was considered as a ligand for FPR1. WKYMVm, EGF and
IL6 were used as specific ligands for FPR2, EGFR and cytokine receptors,
respectively.

The presented results had convincingly established transactivation of EGFR by
FPR1 and FPR2 and vice-versa in breast cancer. These receptors not only
activate each other’s downstream signalling, but sometime negatively regulate it
too. EGFR is a transmembrane receptor tyrosine kinase that belongs to c-ErbB
family®*t. It known to be over-expressed in various human malignancy?®2i.
Almost all subtypes of breast cancer over-express EGFR, but more frequent
EGFR overexpression was seen in triple negative breast cancer and inflammatory
breast cancer3*2. Overexpression of EGFR is linked to poor differentiation and
poor clinical outcome®*2. Transactivation of EGFR by FPR1 was reported in
human monocytes and glioblastoma cell lines, while FPR2 mediated EGFR
transactivation was reported in human Ilung cells®® 5343  {fMLP mediated
transactivation of EGFR in glioblastoma was mediated by FPR1 via Src-kinase. In
glioblastoma, fMLP stimulation increased EGFR phosphorylation only at Y992,
while Y845 and Y1068 were unaffected®®. In human monocytes fMLP stimulation
led to the EGFR phosphorylation at Y1068 while other sites were not explored®s.
FPR2 mediated EGFR transactivation in Calu-6 cells, but specific phosphorylation
position was not deduced as common phospho-tyrosine antibody was used3*3.
EGFR transactivation by FPR2 in Calu-6 cells also required Src-kinase, which led
to activation of STAT32**3. In our results we also found that Src-kinase was
required for transactivation of EGFR by FPR1 and FPR2.

However, unlike glioblastoma, FPR1 and FPR2 did not activate STAT3, although

role of JAK2 was important for regulating FPR1, FPR2, EGFR and IL6R mediated
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downstream signalling. The Janus kinase/signal transducers and activators of
transcription (JAK/STAT) pathway is the principal signalling pathway utilized by
various cytokine and growth factors322. STAT3 phosphorylation was the hallmark
of JAK2-STAT3 signalling®?2. STAT3 is involved in cell differentiation, growth,
cycle, survival and motility344 345 Constitutively active STAT3 is found in more
than 50% primary breast tumors, while higher level of STAT3 phosphorylation in
stage-Ill breast cancer is associated with poor clinical response to neo-adjuvant
therapy3#6-3%8_ Inhibition of STAT3 in breast xenografts and cell lines led to
increase in apoptosis, chemo sensitivity and decrease angiogenesis3°0-353. 356, 359-
361 Qur study showed that instead of activating STAT3, fMLP and WKYMVm
helped in maintaining basal phosphorylation level of STAT3 in MCF-7, while in
MDA-MB-231 these stimulants dephosphorylated STAT3. Activation of STAT3 by
FPR1 and FPR2 has previously been reported in various human cells. In human
monocytes, trans-activation of EGFR by FPR1 upon fMLP stimulation led to the
activation of STAT3%°®. FPR mediated STAT3 phosphorylation upon fMLP
stimulation was reported in U87MG —a glioblastoma cell line®® and MKN28 —
gastric tubular adenosarcoma cell line*%?, WKYMVm induced phosphorylation of
STAT3 was reported in prostate epithelial cell line PNT1A and FPR2 transfecting
RBL-2H3 cell line3%3 364 |In PNT1A, STAT3 phosphorylation by FPR2 required cMet
and mediated by NADPH oxidase®®*. FPR2 expressing RBL-2H3 cell lines showed
time and concentration dependent STAT3 phosphorylation at S7273. WKYMVm
stimulation did not show phosphorylation of STAT3 at Y705. FPR1 expressing
RBL-2H3 also showed STAT3-S727 phosphorylation upon WKYMVm showed
transactivation of FPR1 by FPR23!. Another ligand of FPR2 -—lipoxin-A4 also

showed FPR2 mediated STAT3 phosphorylation in U937 cell lines®*¢4. Other ligand

199



for FPR2 —SAA failed to phosphorylate STAT3 in U9373%4. In contrast to these
reports, STAT3 activation was not seen in fMLP and WKYMVm stimulated MCF-7.
On the contrary, deactivation of STAT3 was seen in both fMLP and WKYMVm
treated MDA-MB-231. There are many papers reporting signalling of FPR1 and
FPR2, but cross talk of these two was never reported. To our knowledge, this
would be the first experimental proof of existence of FPR1 and FPR2 cross talk.
Cross talk between FPR1 & EGFR as well as FPR2 & EGFR was seen in fMLP
stimulated and WKYMVm stimulated cells, respectively.

In MCF-7, FPR1 activation by fMLP led to the activation of JAK2, Ras-MAPK-Erk-
1/2 and Ras-Rho GTPase pathway while in MDA-MB-231 it activated PI3K-Akt
pathway, Ras-Rho-GTPase pathway and Ras-MAPK-Erk-1/2 pathway and
deactivated of JAK-STAT pathway. The JAK/STAT signaling pathway stimulated
by various cytokines and surface receptors. JAK2 is a member of the Janus
family of non-receptor tyrosine Kkinases. V617F mutation of JAK2 which is
common in myeloproliferative disorders, resulted into constitutively activation of
its tyrosine kinase activity3®>3%8, Very little information about presence and role
of JAK2 in solid tumors is available. Recently upregulation of JAK2 was reported
in gastric cancer3®®. In breast cancer, it was reported that JAK2-STAT3
signalling was required for the growth of CD447/CD24  stem cell like breast
cancer cells. Activation of JAK2 signalling has been associated with cell survival,
proliferation, tumor progression and increased angiogenesis3"°.

The Ras-MAPK-Erk-1/2 is critical for normal physiological development as it
coupled signals from surface receptors to transcription factors. In cancer, Erk-
1/2 activity was higher in metastatic cells compared to non-metastatic cancer

cells®1374_ Increased Erk-1/2 activity was found in primary breast tumors as
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compared to their adjacent normal breast tissues®! 374, This increased ERK
activity was found to be associated with the enhanced nodal metastasis. Erk-1/2
stimulated release of MMPs. Therefore it has been implicated in progression and
invasion of cancer®’®. It was also found to be associated with the cell survival,
proliferation, autocrine transformation and drug resistance®¢.

The PI3K-Akt pathway is highly conserved, multistep signalling pathway.
Activation of PI3K-Akt pathway is initiated when a growth factor or ligand binds
to the receptor tyrosine kinase (RTK) or GPCR3®7. PI3K pathway is frequently
altered in cancer. Amplification of PIK3C, that encodes pl110a catalytic subunit of
PI3K, was found in various cancers3’® 379 PI3K mutations were found to be
responsible for resistance to anti-HER2 agents3®°. Furthermore, amplification of
downstream Akt gene, especially Akt2, was seen in ovarian, pancreas, breast
and stomach malignant tumors3®1-383  pI3K/Akt pathway played a major role in
stimulation of proliferation and survival in cells overexpressing ErbB2384. Akt
played an important role in cancer progression and cell survival®®*. Breast cancer
cell lines with a constitutively activated PI3K/Akt pathway have been shown to
be resistant to HER2 and EGFR-targeted therapies as well as to endocrine
therapy®®®. Normally employed drugs in the treatment and management of
breast cancer -trastuzumab, tamoxifen, paclitaxel, doxorubcin, etoposide rapidly
activated Akt in breast cancer cell lines®®®. This increase in Akt activity helped
these cancer cells to overcome the cell death induced by these drugs.
Pharmacological or genetic inhibition of PISK/Akt pathway increased sensitivity
of cancer cells to these drugs. Breast cancer cells heavily depend on the Akt
pathway as a survival factor to elude the effects of cytotoxic therapy. PTEN

dephosphorylates PIP3 and acts as a negative regulator for PI3K38¢, PTEN is
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frequently mutated in advanced stages of various malignancies. Loss of PTEN
leads to permanent activation of PI3K/Akt pathway.

Small Rho-GTPases are involved in most of the steps of cancer initiation and
progression. This includes unlimited proliferation potential, survival, tissue
invasion, metastases and evasion from apoptosis. Mutations were rarely
reported in small Rho-GTPases proteins in cancer but their expression and/or
activity are frequently altered®7-38°, RhoA could stimulate transformation3®° and
contribute in generation of epithelial polarity and junction assembly in normal
epithelia®®!. However, it also affects epithelial disruption during tumour
progression by regulating production of MMPs and induce cell invasion3%2. Racl
knockout is embryonic lethal in mice*® but conditional knockout mice have been
extensively studied®®* 3%, It was reported that Racl function was required for K-
Ras mediated proliferation and tumorigenicity3°¢. Racl increased expression of
cyclin D1 and thereby induced cell transformation®7: 3%, Racl mediated loss of
adhesion and promoted migration®®7-4°  Similar to RhoA, Racl could also
regulate production of MMPs and thereby controls cancer cell invasion3°?. Apart
from role in cell migration and invasion Cdc42 is the only Rho GTPases, which
could affect cell cycle progression by regulating chromosome segregation during
mitosis®®t. Cdc42 knockdown induced chromosome misalignment during cell
division, which resulted into multinucleate cells. Cdc42 is involved in epithelial
polarity as well as migratory polarity.

Thus, on fMLP stimulation, FPR1 seemed to play role in motility as well as
proliferation of both the cell lines. However difference in the fMLP stimulated
signalling in MCF-7 and MDA-MB-231 are activation of PI3K-Akt pathway and

deactivation of JAK-STAT pathway in MDA-MB-231. This suggested that these
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pathways might be involved in higher cellular proliferation and drug resistance of
MDA-MB-231. On the other hand, transactivation of FPR1 and EGFR by FPR2 in
WKYMVm treated MCF-7 led to the activation of similar pathway as in fMLP
treated MCF-7, except activation of PI3K-Akt pathway and inhibition of Rho-
GTPases pathway in WKYMVm treated cells. WKYMVm treatment to MDA-MB-231
also showed similar effect as fMLP treatment except inhibition of Ras-MAPK and
activation of p38-MAPK. This suggested that WKYMVm treatment promotes
higher proliferation and cell survival than fMLP treatment. But unlike fMLP,
WKYMVm treatment induced motility only in MDA-MB-231 but not in MCF-7.
Apart from transactivation of EGFR by FPR1 and FPR2, transactivation of FPR1
and FPR2 by EGFR was also found. In MCF-7, EGFR mediated increase in PTEN
and Erk-1/2 involved cross talk with FPR2, while inhibition of Rho-GTPases by
EGFR involved FPR1 cross talk. In MDA-MB-231 too, EGFR mediated inhibition of
Rho-GTPases involved FPR1 cross talk. Cross talk with FPR1 and FPR2 were also
involved in EGFR mediated activation of p38-MAPK, while inhibition of STAT3 and
Akt was mediated by FPR2 cross talk. Similarly, in MCF-7, IL6R mediated
activation of JAK-STAT pathway required FPR2 while activation of Erk-1/2
required cross talk with FPR1. In MCF-7 inhibition of p38 in MCF-7 by IL6R also
required cross talk with FPR1 and FPR2. In MDA-MB-231, activation of PTEN and
p38-MAPK and inhibition of STAT3 by IL6R required cross talk with FPR1 and
FPR2. This is probably the first ever report of existence of any such involvement

of FPR1 and FPR2 in EGFR and IL6R mediated signalling in breast cancer.
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Effect of FPR1 and FPR2 agonist and antagonists on

breast cancer cell line proliferation

FPR1 and FPR2 have been reported to promote cell proliferation in
glioblastoma®®. Since, FPR1 and FPR2 could transactivate EGFR and activated
p38-MAPK, Akt, Erk-1/2, which has a role in cell proliferation, effect of FPR1 and
FPR2 stimulation as well as inhibition was checked on cell proliferation in breast
cancer.

Both MCF-7 and MDA-MB-231 were treated with FPR1 agonist fMLP and FPR2
agonist WKYMVm. Furthermore, these cell lines were also pre-treated with FPR1
antagonist, CsH and FPR2 antagonist, WRW4 followed by fMLP and WKYMVm
stimulation, respectively. After treatment, cells were checked at 48 hrs for effect
of these treatments on cell proliferation. Growth inhibition and proliferation only
above 10% was considered as effect of treatment.

There were only two reports showing effect of fMLP on cell proliferation and one
for WKYMVm, but none of them talked about effect of CsH and WRW. Huang et
al showed that U87 cells treated with 1 pM fMLP showed 15-20% increase in cell
growth after 48 hrs than that in the control. Khau et al have reported about 25%
and 50% increase in growth of MCF-7 and MDA-MB-231, respectively, on
treatment with 1 pM fMLP and 100 nM WKYMVm for 24 hrs. Unpublished data
from our lab had showed increase in cell proliferation of HBCC upon 1 pM fMLP
treatment. Though they have used 100 nM WKYMVm, it was found that
WKYMVm functions effectively at 1 uM concentration*’t. Hence, MCF-7 and MDA-
MB-231 were treated with 1pM fMLP and 1pM WKYMVm and cell growth was
monitored after 48 hrs, which is a well established time point in drug discovery

studies.
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CsH & fMLP combination treatment was the only treatment group that displayed
effect on growth of MCF-7 cell line (Fig-RB 30A; Table-17). 52% inhibition of
growth was observed in MCF-7 after treatment with CsH followed by stimulation
with fMLP. No other treatment group had shown any notable inhibitory effect on

MCF-7 cell proliferation.

Table-RB 17: Effect of FPR1 and FPR2 agonists and antagonists on cell

proliferation

% Growth Inhibition
WRW4 +
fMLP CsH + fMLP WKYMVm WKYMVm
MCF-7 48 Hrs. | 8.5+ 0.5 51.5 + 2.0 -35+1.1 6.6 +1.0
g"leA'MB' 48 Hrs. | 19.7 + 3.2 122+1.7 6.9+1.1 14.7 + 3.6

MDA-MB-231 showed —20% growth inhibition by fMLP which was inhibited by
the pre-treatment of CsH (Fig-RB 30B; Table-17). WKYMVm treatment did not
show any significant change in growth of MDA-MB-231 but pre-treatment of cells
with WRW4 results in 15% growth inhibition after WKYMVm treatment.

These results showed that stimulation of FPR1 and FPR2 did not affect
proliferation in MCF-7 but inhibition of FPR1 was detrimental to cells. On the
contrary, FPR1 though to a lesser extent, but significantly inhibited MDA-MB-231
cell growth. FPR2 stimulation did not contribute to MDA-MB-231 cell growth, but
its inhibition had marginal inhibitory effect.

Results showed that FPR1 stimulation might not induce cell growth in MCF-7 but
its inhibition severely hampered cell growth. In MDA-MB-231, FPR1 stimulation
and inhibition marginally but significantly stimulated and inhibited the cell
growth, respectively. FPR2 stimulation and inhibition did not show any effect on
MCF-7 growth, but MDA-MB-231 cell growth was marginally inhibited by FPR2
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Fig-RB 30: Effect of FPR1 agonist & antagonist and FPR2 agonist & FPR2
antagonist on cell proliferation: Effect of FPR1 agonist —fMLP, FPR1 antagonist —
CsH, FPR2 agonist -WKYMVm and FPR2 antagonist —-WRW4 on cell proliferation of
breast cancer cell lines MCF-7 (A) and MDA-MB-231 (B), after 48 hrs. Each experiment
was done in triplicate. Data presented as average % growth inhibition + SEM. *
p<<0.05 wrt to solvent control (Wilcoxon pair test).



inhibition. FPR1 and FPR2 have been reported to promote cell proliferation in
glioblastoma®®. In breast cancer, EGFR and other hormone receptors made the
breast cancer cells highly proliferative. Since HBCC already had high rate of cell
proliferation effect of fMLP on HBCC proliferation might not be observed.
Furthermore, transactivation and cross talk in signalling pathways existed
between EGFR and FPR1 &FPR2, due to which FPR1 and FPR2 might be already
active in HBCC and hence, effect of their further stimulation with their ligand
could not be seen. In contrast, inhibition of FPR1 or FPR2 also inhibited the
signalling induced by cross talk. Hence downstream signalling was hampered
which resulted in the inhibition of cell proliferation upon FPR1 or FPR2 inhibition
in HBCC. Contrasting to our observations, Khau et al. had shown the increase in
cell proliferation upon fMLP and WKYMVm stimulation in MCF-7 as well as MDA-
MB-2311%2, In the experiment shown by Khau et al., cells were serum starved for
24 hrs before stimulation with fMLP and WKYMVm. Cell growth was monitored
manually by counting the cells, using trypan blue dye exclusion method. In our
experiments, we did not serum starved the cells because serum starvation did
not represent the natural environment for cells. Furthermore, trypan blue dye
exclusion method of cell counting is subjective method and prone for human
errors, as the cells were manually counted. On other hand we had used highly
sensitive automated CCK-8 method, which eliminate the human error for
counting, hence the data is more reliable. Considering, the above facts our
results are more realistic and reliable for understanding effect of fMLP and

WKYMVm on HBCC growth and motility
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Summary

CML

CML PMNL are defective in FPR mediated adhesion, transmigration, motility,
chemotaxis, actin polymerization, phagocytosis and respiratory burst activities.
Lowered FPR1 expression in CML PMNL might be responsible for these defective
functions. CML cell lines showed decreased mFPR1, mFPR2, sFPR1, sFPR2 and
sFPR3 expression than bcr-abl negative hematopoietic cell line — HL60, which
suggested inverse relationship of these genes with bcr-abl expression. The
receptors expressed by these cell lines were able to bind to the ligand and
activate downstream signalling. CD marker analysis of the cell lines showed that
expression of CD34 in CML cell lines was similar to co-expression of sFPR1 &
SFPR2, sFPR1 & sFPR3 and sFPR1, sFPR2 & sFPR3, while pattern of expression of
CD117 in CML cell lines was similar to that of sFPR1. This is indicative of
probable role of FPR in cellular stemness. It was also found that in K562,
expression of FPR2 and FPR3 genes might play role in imatinib resistance.
Furthermore, when imatinib resistant cell lines were treated with combination of
imatinib and FPR1 antagonist -CsH, it doubled the growth inhibitory effect of
imatinib alone. FPR expression also showed an inverse relationship with bcr-abl
mMRNA expression. Thus, FPR expression was very well associated with the
stemness and imatinib resistance in CML. Hence, it could be suggested that FPR

might play role in imatinib resistance of stem like CML cells.
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Breast Cancer

Role and significance of FPR in breast cancer was not reported. This could be
first report which shed light on role of FPR in breast cancer. All the HBCC used in
this study showed decreased FPR1 and increased FPR2 gene and protein
expression than normal breast cell line. sFPR3 showed completely different
pattern than that of mFPR3. All the cell lines, which had shown high mFPR3,
showed low sFPR3 and vice-versa. The FPR1 and FPR2 expressed by these cell
lines were able to bind the respective ligands. All the HBCC except T47D showed
significantly higher ligand binding than that in normal breast cell line MCF-10A.
It could be possible that the ligand binding affinity of cancerous cell lines might
have increased because cancerous cells have become hypersensitive to
extracellular signals, which promote cell proliferation and survival. After
stimulation with 10® M fMLP, all the HBCC, except T47D showed significant
changes in F-actin quantity. MDA-MB-231 and MDA-MB-468 showed significant
increase in F-actin content after fMLP stimulation. LCM studies on MCF-7 cells
showed that decrease in F-actin quantity was associated with the loss of
epithelioid morphology of the cells and decrease in cell spreading, which could
be the induction of epithelial-mesenchymal transition (EMT). Expression of stem
cell marker genes nanog, nestin, oct-3/4 and sox2 was higher in HBCC than
MCF-10. Cluster analysis indicated close association of FPR2 and FPR3 genes
with oct-3/4, klIf4, and nanog. Stimulation of HBCC with fMLP showed that
FPR1linduced expression of Oct-3/4, Nanog, and Sox-2 in HBCC. Western data
analysis showed transactivation of EGFR by FPR1 and FPR2. It was also found
that FPR1 might be playing role in motility as well as proliferation of MCF-7 and

MDA-MB-231 while FPR2 might be playing role in proliferation in MCF-7 and
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proliferation and motility in MDA-MB-231. Apart from transactivation of EGFR by
FPR1 and FPR2, transactivation of FPR1 and FPR2 by EGFR was also seen. This is
probably the first report of existence of any involvement of FPR1 and FPR2
signalling in EGFR and IL6R mediated signalling in breast cancer. FPR1 and FPR2
played role in activation and deactivation of many signalling molecules activated
by EGFR and IL6R in MCF-7 and MDA-MB-231. Moreover, it was found that
inhibition of FPR1 was detrimental to MCF-7 cells.

In short, HBCC showed differential expression of functional FPR, which displayed
close association with expression of the stem cell marker gene. Stimulation of
FPR increased stemness in HBCC. Transactivation of EGFR with FPR1 and FPR2
and vice-versa was also seen in MCF-7 and MDA-MB-231. Stimulation of FPR1 in
MCF-7 and MDA-MB-231 led to activation of signalling pathways which are
involved in cell proliferation and motility. Stimulation of FPR1 in MCF-7 also
resulted into loss of epithelioid morphology of the cells, decrease in cell
spreading, increase in long, thick, spike like cellular projections which could be
the induction of epithelial-mesenchymal transition (EMT). Stimulation of FPR2
was also involved in cell proliferation in MCF-7 and MDA-MB-231, but in MDA-
MB-231 it was also involved in cell motility. Inhibition of FPR1 was detrimental to
growth of MCF-7 cells. Hence, it could be suggested that FPR might play role in
oncogenesis of breast cells and could be used as a therapeutic target in breast
cancer. Utility of FPR as biomarker for the breast cancer for prognosis is worth

exploring.
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Significant findings

CML

» Decrease in FPR1 expression in CML PMNL could be responsible for the
defective behavior of CML PMNL.

» FPR might play role in imatinib resistance of stem like CML cells.

Breast Cancer

» FPR might play role in aggressiveness of HBCC.

» FPR might play role in increasing cellular stemness in HBCC.

» FPR transactivated EGFR in breast cancer cell lines.

» FPR might play role in cell proliferation, survival, and motility of breast
cancer cells.

» FPR could be used as a therapeutic target in breast cancer and CML.

» Utility of FPR as biomarker needs to be explored using clinical samples.
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Biological significance of FPR and future

directions

Formyl peptide receptors are well known for their role as chemoattractant
receptors in hematopoietic cells3#°. Their role in innate immunity has been well
characterized3*°. In the last decade, expression of FPR in cells other than
hematopoietic origin was reported. But their role in these cells was not well
characterized. In CML, defective adhesion, transmigration, motility, chemotaxis,
actin polymerization, phagocytosis and respiratory burst activities in CML PMNL
were found to be associated with FPR expression. Studies in cell lines showed
more complex role of FPR in CML. FPR expression showed an inverse relationship
with bcr-abl mRNA expression. FPR expression was very well associated with the
increased expression of stemness and imatinib resistance.

In breast cancer, above mentioned results clearly established the fact that all
the three FPR homologues were functionally expressed by HBCC. Similar to their
role in hematopoietic cells, these receptors were able to bind to the ligand and
alter the F-actin levels in HBCC. In addition to this, stimulation of FPR by fMLP
showed increase in expression of cellular pluripotency markers, which indicated
that FPR could be involved in activities other than previously known.
Furthermore, transactivation of EGFR by FPR1 and FPR2 indicated critical role of
FPR in oncogenic transformation. Activation of MAPK pathway, Rho-GTPases and

PI3K-Akt pathway by FPR via transactivation of EGFR and cross talk JAK
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demonstrated that FPR could also be involved in cell proliferation, survival, drug
resistance, metastasis, and tissue invasion.

Inhibition of cell proliferation by inhibition of FPR stimulation indicated that FPR
could be used as a therapeutic target in both CML and breast cancer.
Antiproliferative effect of FPR antagonist on imatinib resistant CML cell lines
identifies it as a promising target for CML.

However, more in depth study is required to precisely define the role of FPR in
CML and breast cancer pathogenesis. Events and signalling involved in
antiproliferative effect on imatinib resistant cells and breast cancer metastasis
upon FPR stimulation needs further studies. Imatinib resistance and breast
cancer pathogenesis & metastasis are complex phenomena. FPR might not be
the only factor regulating them however our observation showed that FPR could
be an important player in these events and could be a candidate for developing

novel therapeutics for CML and breast cancer.
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Annexes

Annexure-1

Table-1: Chemicals

Name of Reagent Company Catalogue No.
Acetic acid glacial AR Merck 100063.2511
Acrylamide Sigma-Aldrich A8887
AG1478 Calbiochem 658548
AG490 Calbiochem 658401
Ammonium per Sulphate Sigma-Aldrich A-3678-100g
Bench Mark prestained . _
Protein Ladder Invitrogen 10748-010
Bis-acrylamide Sigma-Aldrich 66669-1009g
Boric Acid Sisco Research Laboratories | 244112
Bromophenol blue Sigma-Aldrich B-8026-5g
Calcium carbonate, Sisco Research Laboratories | 349181
Calcium chloride Sisco Research Laboratories | 349152
Chloroform SD fine Chem Limited 20077
Chloroform AR SD fine Chem Limited 20077
Complete Tablet proteases Roche, Germany 1697498

inhibitors

Cyclosporin H 5mg AXXORA LKT-C9614-M005
Dasatinib ChemieTek CT-DS001
DEPC Sigma-Aldrich D 5758
D-Glucose, Merck 108337
Erl]soosdpl;lan:lcehydrogen Sisco Research Laboratories | 1944143
DMSO Sigma-Aldrich D8418

6X DNA Loading Dye MBI Fermentas R0611
EDTA Sigma-Aldrich E5134-500G
Ethidium bromide Sigma-Aldrich E8751

Fast Green, Sigma-Aldrich F7258-25G
Formaldehyde Merck 104003
Formic Acid, Merck 100264
Gelatin Ultrapure grade; USB 20086

Porcine skin
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Glycerol, Sisco Research Laboratories | 72438
Glycine Sigma-Aldrich G8898
Guanidine Hydrochloride Sigma-Aldrich G4505
HCI Merck 1.00317.2500
Hepes, Sigma-Aldrich H3537-500ML
Histopaque-1077 Sigma-Aldrich 10771-500Ml
Hybond P Amersham RPN 303F
Imatinib ChemieTek CT-IMO0O01
Isoamyl alcohol, Sisco Research Laboratories | 92945
2-Mercaptoethanol Sigma-Aldrich M-6250
Methanol Merck 106009
Methanol AR Sisco Research Laboratories | 132977
MgCl2 Sisco Research Laboratories | 1349117
MgS04 Sisco Research Laboratories | 1349115
Milk powder Non-fat Sagar
skimmed 9
Mowiol 4-88 Calbiochem 475904
N-Formyl-Met-Leu-Phe Sigma-Aldrich F3506
Nilotinib ChemieTek CT-NLOO1
N-t-BOC-MET-LEU-PHE MP biomedicals 215279925
Nuclease free water Qiagen 129115
Paraformaldehyde Sigma-Aldrich P6148
Phenol Red Sigma-Aldrich P4758-50G
Phenol TE saturated Sigma-Aldrich 77607-250ML
Polyoxyethylene Sorbitan . ) . )
Monolaurate Tween 20 Sigma-Aldrich P9416-100ML
Potassium permanganate, Sisco Research Laboratories | 1649287
Potassium Chloride, Sisco Research Laboratories | 1644133
Potassium Dichromate, Sisco Research Laboratories | 1649166
potassium dihydrogen . .

Sisco Research Laboratories | 1647250
phosphate
Potassium Hydroxide, Sisco Research Laboratories | 164941
Potassium Sodium Tartrate, | Sisco Research Laboratories | 1949136
PP2 Calbiochem 529573
2-propanol Merck 17813
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SDS

Sigma-Aldrich

L3771-1KG

Sodium Acetate Anhydrous

. Sisco Research Laboratories | 1944117
for molecular biology
Sodium Bicarbonate, Sisco Research Laboratories | 1944142
Sodium Chloride, Sisco Research Laboratories | 1949134
Sodium Citrate, Sisco Research Laboratories | 1949110

Sodium deoxycholate Sigma-Aldrich 30970-100GM
Sodium Fluoride, Sigma-Aldrich S-7920
Sodium Hydroxide, Sisco Research Laboratories | 194882
Sodium Hypochlorite Merck 105614
Sodium orthovanadate Sigma-Aldrich S6508
Sodium phosphate

monobasic dihydrate Sisco Research Laboratories | 1949145
extrapure AR

Sodium Pyruvate Sigma-Aldrich P 5280
Sodium Pyruvate Sigma-Aldrich S8636-100ml
Sucrose Sisco Research Laboratories | 1944115
TEMED Sigma-Aldrich T9281-25ML.
Triton X 100 Sigma-Aldrich T-9284-100ML
Trizma, Sigma-Aldrich T 6066

TRIzol Invitrogen 15596026
Urea, Sisco Research Laboratories | 214321
WKYMVm Tocris Biosciences 1800

WRW4 Tocris Biosciences 2262

Xylene Cyanole, Sigma-Aldrich X4126 10G
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Table-2: Bio-chemicals

Name of Reagent Company Catalogue No.
Agar HiMedia M337
Agarose Invitrogen 15510-019
Antibiotic anti mycotic liquid (100x) | Invitrogen 15240062
BSA HiMedia RM 3115
DMEM Invitrogen 11965-118
DNA ladder 1 Kb Invitrogen 15615-024
DNA ladder 100bp Invitrogen 15628-019
DNase I, RNase Free New England Biolabs | M0302S
F-10 Nutrient Mixture (Ham) Invitrogen 11550-043
Fetal Bovine Serum Biological Industries 04-121-1A
GeneRuler™ 100 bp Plus DNA MBI Fermentas SM0321
Ladder

Giemsa Stain HiMedia S011-100ml
Goat serum Invitrogen 16210-064
Goat Serum Sigma-Aldrich G6767

IL6 Rec Hu Interleukin 6 Calbiochem RCYT-213BSL
IMDM with phenol red Invitrogen 12440-061
L- Glutamine Sigma-Aldrich G7513-20ml
Lysophosphatidylcholine from egg Sigma-Aldrich L4129

yolk

MEGM SingleQuot Kit Suppl. & Lonza CC-3150
Growth Factors

RNase H MBI Fermentas EN0201
Roswell Park Memorial Institute Invitrogen 21870-092
1640 (RPMI-1640)

Trypsin Sigma-Aldrich T4799-25G
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Table-3: Kits

Sensitivity Substrate

Name of Reagent Company Catalogue No.
cDNA synthesis Kit MBI Fermentas K1632
Cell Counting Kit-8 Dojindo CK04-20
Fluo-4 NW Calcium Assay Kit Invitrogen F36206
room
MESA green QPCR master mix Eurogentech temperature-
SY2X-03
Precision Red™ Advanced Protein Assay | Cytoskeleton ADV02
RNeasy Minikit Qiagen 74104
StemLight™ Pluripotency Antibody Kit Cell Signaling 9656
SuperSignal ELISA Femto Maximum Thermo Scientific 37074
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Table-4: Plastic wares

Name of Reagent Company Catalogue No.
10 ml pipette NUNC 159633

15 ml Centrifuge tube PP BD FALCON 352096

167 Filter Units - 1000 ml Capacity, )
MF75™ Series Nalgene 167-0045

5 ml pipette NUNC 159625

50 ml Centrifuge tube PP BD FALCON 352070

ABI PRISM® Optical Adhesive Covers. Applied Biosystems | 4311971
EASY FLASK 25 FIT NUNCLON NUNC 156367
Micro centrifuge tubes 0.6 mi Axygen MCT-060-C
Micro centrifuge tubes 1.7 ml Axygen MCT-175-C
Micro centrifuge tubes 2mi Axygen MCT-200-C
MicroAMp Fast optical 96-well Reaction . .

plate with barcode Applied Biosystems | 4346906
Multiwell Plates 24 well NUNC 142475
Multiwell Plates 6 well NUNC 140675
Multiwell Plates 96 well NUNC 167008-57
NUNC cryo tubes NUNC 368632
RNAse Free tips Axygen TF-200 R-S
RNAse Free tips Axygen TF-1000-RS
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Table-5: Primary antibodies

Name Company ﬁitalogue Origin
Akt Cell Signaling 9272 Rabbit
Technology
Beta-Catenin Santa cruz SC7963 Mouse
Biotechnology, Inc
CD-117-PE BD biosciences 340529 Mouse
CD24-FITC BD biosciences 555427 Mouse
CD34-PE BD biosciences 555822 Mouse
CD-38-PE-Cy5 BD biosciences 555461 Mouse
CD44-PE BD biosciences 550989 Mouse
Cdc42 S_anta cruz SC-8401 Mouse
Biotechnology, Inc
CDH-1 cell Signaling 3195 Rabbit
Technology
EGFR Cell Signaling 2232 Rabbit
Technology
Erk 1/2 Cell Signaling 4695 Rabbit
Technology
FPR Inhouse N.A. Rabbit
p38 MAPK Cell Signaling 9212 Rabbit
Technology
Phospho-Akt ser-473 Cell Signaling 4051 Mouse
Technology
Phospho-Akt Thr-308 Cell Signaling 4056 Rabbit
Technology
Phospho-EGFR-tyr-845 Cell Signaling 2231 Rabbit
Technology
) e Cell Signaling .
phospho-EGFR-tyr-992 Technology 2235 Rabbit
) Cell Signaling .
phospho-Erk 1/2 Technology 9101 Rabbit
Phospho-p38 MAPK Cell Signaling .
(Thr180/Tyr182) Technology 4631 Rabbit
Phospho-PTEN Cell Signaling .
(Ser380/Thr382/383) Technology 95545 Rabbit
) : ) Cell Signaling .
phospho-STAT-3 (Tyr-705) Technology 9145 Rabbit
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Cell Signaling

PTEN Antibody Technology 9552S Rabbit

Rac1/2/3 Cell Signaling 2465 Rabbit
Technology

RhoA Santa cruz SC-418 Mouse
Biotechnology, Inc

Sox2-PE BD biosciences 560291 Mouse

STAT-3 Cell Signaling 9139 Mouse
Technology

259




Table-6: Secondary antibodies

Catalogue

Name Company No Origin

Alexa Fluor 568 Goat Anti-

mouse 1gG (H+L) Molecular Probes A-11001 Goat

Alexa Fluor 438 Goat Anti- Molecular Probes | A-11004 Goat

rabbit IgG

Goat anti-rabbit IgG-HRP: Sf':mta cruz sc-2301 Goat
Biotechnology, Inc

Goat anti-mouse IgG-HRP Santa cruz sc-2302 Goat

Biotechnology, Inc
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Table-7: Fluorescent probes

Name

Company

Catalogue No.

4’ ,6-diamidino-2-phenylindole,

dilactate (DAPI) Molecular probes D3571

Alexa Fluor® 488 phalloidin Molecular Probes A12379

formyl-Nle-Leu-Phe-Nle-Tyr-Lys, Molecular Probe F1314
fluroescein derivative

TRITC-Phalloidin Sigma-Aldrich P1951
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Table-8: Primer Sequences

Primers sequences, specific to Homo sapiens were designed with the help of

online softwares (Primer-3 and Primer-Blast) and were obtained from Sigma-

Aldrich, USA.
Gene Primer Y Product
name strand Sequence (5'->3") Start | Stop size (bp)
. Forward CCAACCGCGAGAAGATGA 425 442
Actin 97

Reverse CCAGAGGCGTACAGGGATAG 521 502
b2a2 Forward CGGGAGCAGCAGAAGAAGTG 175 194 131
Reverse AGGGCTTCTTCCTTATTGATGGT | 305 283

Forward GTCCACTCAGCCACTGGATT 340 359

b3a2 Reverse CTTCACTCAGACCCTGAGGC 427 408 88
CDH1 Forward GCCGAGAGCTACACGTTCAC 224 243 117
Reverse GTCGAGGGAAAAATAGGCTG 340 321
COX2 Forward ATTGCCCGACTCCCTTGGGTGT | 568 589 196
Reverse CCGTTGGTGAAAGCTGGCCCT 763 743
FPR1 Forward TATTGCCACCAAGATCCACA 764 783 104

Reverse GATATGGGGACCAGCAGAGA 867 848

FPR2 Forward TACCATGCTGACAGCCAGAG 728 747 90
Reverse GCAATGAGCCCATAGCAGAT 817 798

FPR3 Forward ATTGCTCTGGACCGCTGTAT 539 558 103
Reverse TGAAAATCCAGAGTCCCGTC 641 622

GAPDH Forward ACACCCACTCCTCCACCTTT 968 987 60
Reverse TGACAAAGTGGTCGTTGAGG 1027 | 1008

Forward TGACACTGGCAAAACAATGCA 578 598

HPRT1 Reverse GGTCCTTTTCACCAGCAAGCT 671 651 94
KIf4 Forward GGGAGAAGACACTGCGTCA 683 701 88
Reverse GGAAGCACTGGGGGAAGT 770 753
cMyc Forward GCTGCTTAGACGCTGGATTT 514 533 114
Reverse CACCGAGTCGTAGTCGAGGT 627 608
Nanog Forward TGATTTGTGGGCCTGAAGAA 296 315 60
Reverse GAGGCATCTCAGCAGAAGACA 355 335
Nestin Forward GCATGGAACCTGGAGAATTT 2822 | 2841 176
Reverse ACCGTATCTTCCCACCTCTG 2997 | 2978
Oct4/3 Forward GTGGAGGAAGCTGACAACAA 1008 | 1027 97
Reverse GGTTCTCGATACTGGTTCGC 1104 | 1085
Pten Forward TGAAGGCGTATACAGGAACAAT | 1157 | 1178 110
Reverse CGGTGTCATAATGTCTTTCAGC | 1266 | 1245
Sox2 Forward GCGAACCATCTCTGTGGTCT 2082 | 2101 145

Reverse GGAAAGTTGGGATCGAACAA 2226 | 2207
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Annexure-1I

While studying gene expression in clinical samples, to compare normal samples
with CML samples, absolute quantitation method using standard curve analysis
was used. However, for comparing expression of different gene within the same
sample AACt method was used. Absolute quantities obtained for a gene were
normalized by the quantity of actin. These normalized quantities for normal and
CML samples were compared for a given gene. To compare different genes
within the same sample, ratio of normalized quantities of the genes needs to be
calculated. This double division method is mathematically rejected, because PCR
amplification is exponential. This method would have been correct if PCR
amplification is liner. Livak et al!?®> proposed AACt method, which incorporated
the exponential nature of PCR amplification. Hence, AACt method was used to
calculate the fold change of one gene with respect to another gene in a given

sample.

263



Annexure-II
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Fig-1: Standard Curve for Various Genes: Absolute gene expression by standard
curve analysis was quantitated for clinical samples by QPCR. Plasmid containing known
quantity of gene of interest was serially diluted and QPCR reactions were run along with
cDNA prepared from clinical samples. Standard curve for log DNA quantity vs Ct value
was drawn. By using this curve, quantity of gene of interest was calculated in clinical

samples. Representative standard curves for each gene are presented as indicated.





