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Abstract

Background: Breast cancer is one of the most common cancer and a leading cause of death in women. Up to
date the most commonly used breast cancer cell lines are originating from Caucasians or Afro-Americans but rarely
cells are being derived from other ethnic groups. Here we describe for the first time the establishment of a
naturally transformed breast cancer cell line, KAIMRC1 from an Arab woman of age 62 suffering from stage IIB
breast cancer (T2N1MO0). Moreover, we have characterized these cells for the biological and molecular markers,
induction of MAPK pathways as well as its response to different commercially available drugs and compounds.

Methods: Breast cancer tissue sections were minced and cultured in media for several weeks. KAIMRC1 cells were
successfully isolated from one of the primary breast tumor tissue cultures without any enzymatic digestion. To
study the growth characteristics of the cells, wound healing assay, clonogenic assay, cell proliferation assays and
live cell time-lapse microscopy was performed. Karyotyping, Immunophenotyping and molecular pathway specific
compound treatment was also performed. A selective breast cancer gene expression panel was used to identify
genes involved in the signal transduction dysregulation and malfunction of normal biological processes during
breast carcinogenesis.

Results: These cells are ER/PR-positive and HER2-negative. The epithelial nature of these cells was confirmed by
flow cytometry analysis using epithelial cell markers. They are cuboidal in shape and relatively smaller in size as
compared to established cell lines, MCF-7, MDA MB-231 and the normal breast cell line, MCF-10A. In normal cell
culture conditions these cells showed the capability of growing both in monolayer as well as in 3-D conformation.
They showed a doubling time in vitro of approximately 24 h. They exhibit a modal karyotype of 58-63,X with
abnormalities in a couple of chromosomes. KAIMRC1 cells were found to be more responsive to drug treatment in
vitro in comparison to the established MDA MB-231 and MCF-7 cell lines.

Conclusions: In conclusion we have isolated and characterized a new naturally immortalized breast cell line,
KAIMRCT with a potential to play a key role in opening up novel avenues towards the understanding of breast
carcinoma.
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Background

Breast cancer is the most common neoplasm and lead-
ing cause of death in women [1, 2]. The most common
type of breast cancer is ductal carcinoma [3]. Breast can-
cer is by far the number one diagnosed cancer in women
in the kingdom of Saudi Arabia (KSA). According to the
annual cancer incident report maintained by Saudi Can-
cer Registry (SCR) there were 1853 female breast cancer
cases accounting for 29.1% of all newly diagnosed female
cancers (6364) in the year 2013. Infiltrating ductal car-
cinoma was 78.6% of all the breast cancer types and the
median age at diagnosis was 50 years (www.chs.gov.sa/
Ar/HealthCenters/NCC/CancerRegistry/CancerRegis-
tryReports/2013.pdf).

Different experimental models are being used to study
breast cancer that includes animal models, cell lines and
biopsies from the tumor itself. Although they all provide
great information and enabled outstanding discoveries
to understand the disease and to develop powerful treat-
ments; the hunt for safer and more potent drugs is still
ongoing. In almost all of the studied models, established
cell lines are generally considered to be invaluable tools.
They have enabled researchers to identify and discover
novel pathways leading to suppression of cancer growth
and metastases. The most commonly used breast cancer
cell lines were established in the last century, and only a
few breast cancer cell lines have been established more
recently. This lag is mainly due to the difficulties in cul-
turing breast cancer cells without their surrounding
stromal cells. The first human breast carcinoma cell line
was established in 1958 [4], since then many attempts
have been made to establish additional permanent breast
tumor cell lines. The main advantage is that these cells
are directly isolated from the tumor site and associated
pathology is available. Human breast tumor cell lines,
however, are difficult to establish in culture [5, 6]. One
of the main reasons is the molecular heterogeneity of
the cell population making up breast cancer tissue.
Explanting usually gives a mixed population of fibro-
blasts and epithelial cells. Fibroblast cells grow faster
and eventually overcome epithelial cells. In addition
most of these breast tumor derived cell lines have been
established from metastatic tumors [7], raising questions
about their relationship to primary tumors. Thus, there
is a need to establish more breast cancer cell lines that
are representative of the primary tumor and which also
have a similar diverse phenotype. Many research groups
around the world are trying to establish new cell lines.
For example, Gazdar and colleagues, developed a panel
of tumor cell lines along with paired non-malignant cell
lines or strains collected from breast cancers, predomin-
antly primary tumors [8]. This included 18 cell lines de-
rived from primary tumors and three derived from
metastatic lesions and for the majority of them they
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established one or more corresponding non-malignant
cell strains. Another study, [9] described the develop-
ment of five breast cancer cell lines from a breast cancer
tissue derived from a single patient. Although these were
derived from a single tumor, all five breast cancer cell
lines displayed different antigenic expression profiles,
tumorigenicity and organ specific metastatic abilities.

Until now the most widely used breast cancer cell lines
were originally from Caucasians or African Americans
such as MCF-7, ZR-75-30, T47D and MDA MB-231 but
rarely cell lines are derived from other ethnic group. How-
ever even if they have been established, they are not widely
used by researchers. NIPBC-1 and NIPBC-2, triple nega-
tive breast cancer cell lines were established from primary
tumors of two young breast cancer patients aged 39 and
38 years respectively, diagnosed for infiltrating duct car-
cinoma of the breast [10]. These cell lines showed luminal
origin with expression of epithelial specific antigen and
cytokeratin 18 and the presence of microfilaments and
secretary vesicles, microvilli, tight junctions and desmo-
somes. Anchorage independent growth, invasion of matri-
gel coated membranes, presence of CD 247/44" breast
cancer stem cells and capability of producing mammo-
sphere in-vitro was identified in both the cell lines. On the
other hand, three Chinese breast cancer cell lines, namely,
BC-019, BC-020 and BC-021 have also been established
and characterized. They were established from breast in-
vasive ductal carcinoma tissues. They grow as adherent
monolayer with characteristic epithelial morphology and
are ER", PR™ and Her-2" with high hyperdiploidy and
complex chromosomal rearrangements, and displayed ag-
gressive tumorigencity [11].

In most of the breast cancer cell line establishment
studies the emphasis is given only on the characterization
at the molecular and chromosomal level, and their
tumorigenic properties in vitro. To our knowledge, less at-
tention has been given to the study of drug response and
the molecular pathways associated with these responses.
In this current work we put our focus on study in the drug
response of KAIMRCI cells targeting a specific pathway.

With the advent of personalized medicine, it is of great
importance that representative cell lines of different ethnic
groups are used to better understand and characterize dif-
ficult to treat cancers, in particular breast cancer. Keeping
this in mind it is necessary to establish new cell lines from
ethnic groups other than Caucasians and Afro-Americans.

Here we describe in our study for the first time the
establishment of a naturally transformed breast cancer
cell line from an Arab woman of 62 years diagnosed
with ductal breast carcinoma. This novel cell line
termed KAIMRCI1, was characterized for biological
and molecular markers, induction of MAPK pathways
as well as its response to different commercially avail-
able drugs and compounds.
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Methods

Clinical history of the patient

A 63-year-old female was diagnosed with right breast
central mass infiltrating ductal carcinoma. Right simple
mastectomy was performed with SBR grade 2/3 (archi-
tectural score 2, nuclear grade 2, mitotic score 2). Ductal
carcinoma in situ (DCIS) was present (intermediate to
high nuclear grade micropapillary, cribriform and com-
edo pattern); 25%, invasive carcinoma size was 4 cm in
maximum dimension, lymphovascular invasion was not
present, microcalcification was present and pathological
stage was pT2 pNa pMx. Sentinel lymph node biopsy
showed 1 out of 3 sentinel lymph nodes positive for
metastatic carcinoma. Axillary lymph node dissection of
12 lymph nodes was negative for metastasis. Immuno-
histochemistry analysis revealed ER (SP1) positivity with
strong staining in almost all cells; score 3+, Pr (IE2)
positivity with weak to moderate staining in approxi-
mately 50% of cells; score 2+, Her2 neu (4B5) negativity
with incomplete, barely perceptible membrane staining
in <10% cells; score 0 and Ki-67 (MIB1) staining with
proliferation index of approximately 10%. The final
pathological stage according to the 7th AJCC TNM sta-
ging system: pT2 pNla MO (Stage 2B). The oncotype
DX showed recurrence score of 16 which is considered
low. The patient didn’t receive any chemotherapy but
was maintained on letrozole. She is currently in remis-
sion and free of any metastases.

Isolation and culture of breast tumor-derived cells

Breast tumor-derived cells were isolated by right simple
mastectomy. Informed written consent was obtained from
the patient according to the Institutional Review Board
(IRB) of King Abdullah International Medical Research
Center (KAIMRC), Riyadh Saudi Arabia. A small tissue
sample was minced into approx. 1-2 mm? pieces, washed
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in PBS and incubated in 24-well cell culture plates in ad-
vanced Dulbecco’s Modified Eagle Medium (DMEM) sup-
plemented with 10% Fetal Bovine Serum (FBS), 50 units/
ml penicillin and 50 pug/ml streptomycin (Gibco), 2 mM L
-glutamine (Gibco) at 37 °C in a humidified 5% CO, at-
mosphere. Continuous culture of one of the tissue pieces
resulted in adhesion to the culture-ware and an outgrowth
of cells attached to the tissue and the plate was observed
(Fig. 1). Two types of cells, epithelial like cuboidal cells
and fibroblast like elongated cells were visible for the first
few weeks. Later epithelial like cells started to make col-
onies in dome like shapes. These cell domes were isolated,
picked and transferred to cell culture treated flasks. These
cells were regularly passaged and expanded in the above
indicated media for characterization.

Cell lines culture

All cell lines were purchased from ATCC, USA. Human
breast cancer epithelial cell lines, MDA MB-231
(HTB26) and MCF-7 (HTB-22) were maintained in sup-
plemented advanced DMEM as described above. Human
non-tumorigenic breast epithelial cell line, MCF-10A
(RL-10317) was maintained in DMEM/F12 media sup-
plemented with 5% horse serum, 0.5 pug/ml hydrocorti-
sone, 100 ng/ml cholera toxin, 10 pg/ml insulin, 20 ng/
ml EGF, 50 units/ml penicillin and 50 pg/ml strepto-
mycin, 2 mM L-glutamine. Cells were cultured at 37 °C
in a humidified 5% CO2 atmosphere.

Growth curve

KAIMRC1, MCF-7, MDA MB-231 and MCF-10A cells
were seeded at 3000 cells per well in a 48-well plate in
the media described above. Media was replaced every
fourth day. Cells were counted in triplicates using Vi —
Cell XR (Beckman Coulter) for 4 weeks and the average
counts were plotted on the growth curve.
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Fig. 1 a Workflow of isolation of primary breast cancer cells. Breast cancer tissue sections were collected after consenting patient and cut into small 1-

2 mm slices. These slices were cultured in supplemented advanced DMEM for several weeks until small organoids were visible in the vicinity of the slices.
Outgrowth of fibroblast- and epithelial-like cells was visible from the organoids within 2-3 weeks of culture (Scale bar =200 um). b Primary tumor epithelial
cells (KAIMRC1) making dome like colonies in-vitro. Nucleus is stained with HOECHST (Blue) and Cytoplasm is stained with cell tracker (Green). In normal cell
culture conditions these cells showed capability of growing both in monolayer as well as in 3-D conformation
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Soft agar and methyl cellulose colony formation assay

In case of soft agar assay, growth was examined by plat-
ing 20,000 cells on 6-well plates (Corning) containing a
0.35% agar base. The agar (Thermo Scientifc, USA) was
prepared in complete DMEM, and cells were fed twice a
week by adding 1.0 ml of 0.35% agar. In case of methyl
cellulose assay, 5000 cells were plated in a 24-well plate
containing a 0.5% methyl cellulose. Colony formation
was monitored microscopically and transmitted light im-
ages were acquired thrice a week.

Western blotting and human phospho MAP kinase
profiler array

Prior to protein extraction cells were pre- incubated
with 10% serum DMEM and serum-free DMEM for
overnight. Western blotting analysis was performed with
antibodies against Estrogen Receptor (Clone SP1; Fisher
Scientific), Progesterone Receptor, Her2/ErbB2, AKT, p-
AKT, p38, p-p38, ERK1/2, p-ERK1/2. All the antibodies
were purchased from Cell Signaling. Signals were de-
tected using a ChemiDoc MP System (Bio-Rad) and ana-
lyzed on ImagelLab software. Sample loading was
examined by probing the same membrane with anti p-
actin antibody (cell Signaling). To validate results, Prote-
ome Profiler Human Phospho-MAP Kinase Array kit
(R&D Systems, Minneapolis, MN, USA) was also utilized
by following the manufacturer’s instructions.

Compound treatment

To determine the dose response effect Doxorubicin
hydrochloride (Cat. No. 2252), Letrozole (Cat. No.
4382), API-2 (Cat. No. 2151), 10-DEBC hydrochloride
(Cat. No. 2558), and LY294002 hydrochloride (Cat. No.
1130) were used. All compounds were purchased from
Tocris, USA. Compounds were serially diluted two folds
in DMSO per well in an opaque-walled 96-well plate
(Costar). Three thousand cells/well in 100 pl were
seeded in phenol red free DMEM (with or without FBS).
Cells were incubated at 37 °C for 1-2 days with no fur-
ther changes.

Cell proliferation assay

To determine the effect of the compounds on cell prolif-
eration, the CellTiter-Glo assay (Promega) was used ac-
cording to the manufacturer’s recommendations.
Luminescence was measured using the Envision plate
reader (Perkin Elmer). Luminescence readings were nor-
malized to averaged DMSO controls and expressed as a
relative percentage. Data was analyzed with Graphpad
Prism software and the half maximal inhibitory concen-
tration (ICso) was determined. Error bars denote stand-
ard deviation (SD).
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RNA isolation and cDNA reverse transcription

Total RNA isolation from cells (exposed and non-
exposed to drugs) was performed using Ambion RNA
Isolation Kit (Ambion) following manufacturer instruc-
tions and RNA quantified with Nanodrop 8000 Spectro-
photometer (Thermo Scientific). One microgram of total
RNA was reverse transcribed into ¢cDNA using High
Capacity cDNA Reverse Transcription Kit (Applied Bio-
systemns) and was diluted 1:2 in ddH,O.

Real time gPCR and Qiagen breast cancer panel

Real-time qPCR reactions of the target and endogenous
gene were performed in triplicates for each diluted
¢DNA sample by using TagMan Gene expression Master
Mix (Applied Biosystems). Predesigned TagMan Gene
expression assays (Applied Biosystemns) were used and
25 pl of the reaction mix was loaded in each well of a
MicroAmp Optical 96-well Reaction Plate. The plate
was sealed and PCR amplification was performed on a
7900HT Fast Real time PCR System (Applied Biosys-
tems). In case of Breast cancer gene panel (Qiagen),
manufacturer’s protocol was followed. Relative changes
in mRNA expression levels were calculated by the AACt
method using Sequence Detection System 2.1 software
(Applied Biosystems). Data was analyzed in RQ Manager
1.2.1 software (Applied Biosystems) and Microsoft Excel.

Immunocytochemistry (ICC)

Cells were seeded 24 h prior to the experiment in p-
slide 8-well ibitreat chamber slides (Cat. 80,826, Ibidi,
Germany). Cells were fixed, permeabilized and incubated
with the diluted antibodies against ER, PR and HER2
overnight at 4 °C. All antibodies were purchased from
Cell Signaling. Secondary FITC antibody (Life technolo-
gies) was used to detect antibody fluorescence and coun-
ter staining was performed with HOECHST (Life
Technologies) to detect nucleus. Slides were imaged
using LSM 780 (Zeiss, Germany).

Confocal Laser Scanning Microscopy (cLSM)

cLSM of stained cells was performed using a Zeiss LSM
780 (Zeiss, Germany) instrument equipped with argon
and In-tune lasers. Cell Tracker™ Green (Life Technolo-
gies) and FITC (Life Technologies) were detected using
Argon laser at 488 nm/520-530 (ex/em) and HOECHST
33342 (Thermo Fisher Scientific) was detected using UV
laser at 350 nm/460 nm (ex/em).

Flow cytometry analysis of cell markers

Flow cytometry was performed using the FACS Canto II
cytometer (BD) and subsequent analysis was performed
using the FACS Diva software (BD). Briefly, 500,000 cells
re-suspended in PBS were pelleted. Fluorescently la-
belled primary antibodies o-smooth muscle 1A4
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(Abcam), CD24, CD234 (E-Cadherin), CD44, CD227,
EpCAM (EBA-1), HER2, CD49¢c, CD116, SSEA-1, CD45,
CD47, ALDH1 (LSBio), cytokeratin 18 (CK18) and
SSEA-1 (CD15) were purchased from BD Pharmingen
unless otherwise specified. Cells were incubated with
antibodies and analyzed on the flow cytometer. For the
flow cytometry analysis, cells were gated based on FSC
and SSC properties and Interval gates on histogram
plots were set-up for positive cell populations in FITC,
PE and APC-Cy7 channels.

Scanning Electron Microscopy (SEM)

Cells were grown and fixed as described above. Cells were
then dehydrated with graded concentrations of Ethanol
(Sigma) and transferred to appropriate carbon taped stubs
(Ted Pella, USA) for SEM. To enhance the electron con-
ductivity, samples were coated with gold/palladium (Au/
Pd) by sputter coating and examined on a FEI NanoSEM
450 scanning electron microscope at 10 kV.

Results

Characterization of KAIMRC1 cells

Breast cancer tissue sections were obtained following con-
sent from several patients diagnosed with breast carcin-
oma. Samples were cut into small 1-2 mm slices and
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cultured in supplemented advanced DMEM for several
weeks until small organoids were visible in the vicinity of
the slices. Outgrowth of fibroblast- and epithelial-like cells
were visible from the organoids within 4—6 weeks of cul-
ture. Primary tumor cells showing epithelial-like morph-
ology were successfully isolated and propagated out from
one of the primary breast tumor tissue cultures. These
cells were obtained without any enzymatic digestion of
breast tumor tissue. They displayed cuboidal-like morph-
ology (Fig. 1a), made dome like colonies in-vitro (Fig. 1b),
and were relatively smaller in size compared to the estab-
lished cell lines, MCF-7, MDA MB-231 and the normal
breast cell line, MCF-10A (Fig. 2s-v). In normal cell cul-
ture conditions these cells showed capability of growing
both as monolayers and as 3-D cultures. These cells were
later termed KAIMRCI1 cells.

Growth characteristics

The growth kinetics of KAIMRCI1 cells at passages
10-15 were studied in comparison with the other
established breast cancer cell lines, MCF-7, MDA
MB-231 and the normal breast cell line MCF-10A.
The growth curves of these cell lines are shown in
Fig. 3a. The population-doubling time of MDA MB-
231, MCF-7, MCF-10A and KAIMRCI1 cells were

Growth Curve a
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Fig. 2 a Growth Characteristics of KAIMRC1 cells. The growth kinetics of KAIMRC1 cells at early passages were studied in comparison with other
established breast cancer cell lines, MCF-7, MDA MB-231 and normal breast cell line MCF-10A. The average growth curves of the cell lines are
shown. All the cells were seeded at 3000 cells per well in a 48-Well plate and counted in triplicates for 24 days. The population-doubling time of
MDA MB-231, MCF-7, MCF-10A and KAIMRCT cells were approximately 45, 24, 18 and 24 h, respectively. b The wound healing assay of KAIMRC1
cells was performed on all the four cell lines. The graph reveals that the proliferation and wound healing ability of KAIMRC1 cells was comparable
to other breast cancer cell lines, MCF-7 and MDA MB-231. ¢ Time-lapse images of the wound healing assay performed on the cells. A scratch was
made on the confluent layer of the cells (area between the two parallel red lines) and transmitted light time-lapse imaging was performed for

2 days. Images show cells after 0 h, 4 h, 8 h and 20 h. Scale bar = 200 um
.
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cytochemistry of breast cancer predictive markers. Scale bar = 20 um. s-v Scanning electron microscopy (SEM) images of breast cancer cell lines,

MCF-7, MDA MB-231 and normal breast cell line MCF-10A in comparison to KAIMRC1 cells

approximately 24, 45, 18 and 24 h, respectively.
KAIMRC]1 cells showed rapid growth similar to MCEF-
10A and MDA MB-231. KAIMRCI1 cells grew slowly
when grown sparsely and when these cells were
grown in close contact with one another grew rapidly
and formed domes.

Wound-healing assay

The migration potential of KAIMRC1 cells was assessed
by the wound healing assay (Fig. 3b & c¢) and compared
with other breast cancer cell lines, MCF-7, MDA MB-
231 and the normal breast cell line MCF-10A. Migration
of cells and closure of wound was observed over time
using time-lapse microscopy. Migration behavior of
KAIMRCI cells was found to be the fastest among the
four cell lines tested. Following wound formation,
KAIMRCI cells were able to completely close the wound
within 20 h.

Clonogenic assays using methyl cellulose and soft agar
The ability of cells to make colonies in an anchorage in-
dependent manner was assessed between passages 10—

15 (Fig. 2e-h). We used both soft agar and methyl cellu-
lose methods to assess the clonogenicity of KAIMRC1
cells with success. Colonies grew faster and bigger in the
methyl cellulose assay. Small colonies of KAIMRC1 cells
were visible within 6 days of single cell culture in methyl
cellulose and a significant increase in the number of
large colonies was observed after 10-12 days of culture.
Significantly KAIMRCI1 cells showed ball shaped col-
onies for 10—15 days after which colony fusion and dis-
integration was evident due to extra-large sized colonies
(Fig. 2d).

Live cell time-lapse microscopy

Cells were seeded at a very low density and subjected
to live cell time-lapse microscopy to observe cell pro-
liferation behavior of KAIMRCI cells in comparison
to MCF-7, MDA MB-231 and MCF-10A. KAIMRC1
cells started to make domes by aggregating within
6 h of incubation. Interestingly, these 3-D cell domes
increased in size indicating cell division for several
hours before disintegration into a monolayer (Fig. 2i-1).
This unique behavior of these cells is very interesting and
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needs further research to identify the molecular mecha-
nisms behind it. It has also been observed that these cells
do not stick firmly to plastic and glass surfaces as is com-
mon with other cell lines and can be detached easily unlike
other breast cancer cell lines. These cells do not require en-
zymatic detachment from cell culture plates and flasks. This
unique feature is very useful in order to preserve their sig-
naling cascade and extracellular matrix (ECM) which may
get effected with continuous enzymatic digestion during
regular passaging [12].

Chromosome analysis

KAIMRCI cells karyotyping revealed the presence of a
composite complex karyotype including; trisomy of
chromosomes X, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16,
17, 18, 19, 20, 21 and 22; tetrasomy of chromosomes X,
2, 5, 6, 12, 17, 20, 21 and 22; pentasomy of chromo-
somes 21, and 22; additional chromosomal material on
chromosomes X(p22.3), 1(q44)(x2), 8(p21), 11(p15); de-
letion of chromosome 3(q21); and additional two marker
chromosomes cannot be identified (Fig. 4). These nu-
merical and structural chromosomal abnormalities with
multi-clonality suggests existence of heterogeneity of
genomic instability in this new naturally immortalized
cell line.

Immunophenotyping

To study the phenotype of KAIMRCI cells, we analyzed
the expression of a broad panel of markers that have
been shown previously to be differentially expressed in
either epithelial, stem and/or cancer cells. In parallel, the
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same panel of markers was also run on the MCF-7 and
MDA-MB-231 cell lines given that these cell lines repre-
sent in vitro cellular models of breast adenocarcinoma
cells. As a control for comparative purposes, the same
panel of markers was also run on MCF-10A cells; a cell
line derived from a non-tumorigenic mammary gland.
As Fig. 4a shows, KAIMRCI cells were highly positive
for CD47, CD324 (E-cadherin), moderately positive for
CD44 suggesting that these cells display an epithelial
phenotype. In addition, these cells were also positive for
the cancer stem cell markers, Aldehyde Dehydrogenase
1 (ALDH1A1) [13] and CD44 [14] suggesting that these
cells display some characteristics of stem-ness.
KAIMRCI1 cells were also found to be weakly positive
for the intermediate filament protein cytokeratin 18
(CK18) which suggests that these cells are of basal type.
MCE-7 were strongly positive for CD47, CD24 and
ALDHI1A1 and moderately positive for Site-specific Em-
bryonic Antigen -1 (CD15), CD49¢c, CD227, EpCAM-
EBA1, CD44 and E-Cadherin (CD324). MDA MB-231
cells were strongly positive for CD47, CD49c, CD227,
CD44 and ALDHI1AL. Collectively, the analysis of ex-
pression markers suggests that KAIMRCI cells are suffi-
ciently different from the control cell line MCF-10A and
the breast adenocarcinoma cell lines, MCF-7 and MDA
MB-231.

To classify KAIMRC1 cells, expression of estrogen re-
ceptor (ER), progesterone receptor (PR) and human epi-
dermal growth factor receptor 2 (HER2) was also
studied using immunocytochemistry. The cells were
found to be ER/PR-positive and HER2-negative
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Fig. 4 a Characterization of KAIMRC1 cells by flow cytometry. A panel of biomarkers were used to characterize the cells. b Representative
Karyogram of KAIMRC1 cells. Patient karyotyping revealed presence of a composite complex karyotype including; trisomy of chromosomes
X,2,3,56,7,89,10,11,12,14,15,16,17,18,19,20,21 and 22; tetrasomy of chromosomes X,2,5,6,12,17,20,21,and 22; pentasomy of chromosomes 21, and
22; additional chromosomal material on chromosomes X(p22.3),1(q44)(x2),
marker chromosomes cannot be identified. These numerical and structural chromosomal abnormalities with multi-clonality suggests existence of

8(p21),11(p15); deletion of chromosome 3(g21); and additional two

* Information collected from ATCC
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(Fig. 2m-r). This result was validated using western blot
analysis (Additional file 1: Figure S1). The same result
was obtained by Immuno-histochemistry of the patient
sample.

Molecular and pathway characterization of KAIMRC1 cells
We carried out several cellular assays including phopho-
protein profiling, drug sensitivity and gene expression to
gain deep insights into the possible pathways that may
be involved and responsible for the natural transform-
ation of KAIMRC1 cells.

Phospho-protein profiling

Activation of oncogenic signaling proteins AKT, p38 and
Extracellular signal-regulated protein kinases 1 and 2
(ERK1/2) was investigated by western blot analysis
(Fig. 5a). Interestingly, in KAIMRC1 cells, AKT was found
to be constitutively active with or without serum when its
activity was measured using phospho-active AKT anti-
body. Whereas p38 and ERK1/2 showed activity in MDA
MB-231 cells but not in KAIMRC1 cells. AKT is a key
regulator of protein translation, transcription, cell prolifer-
ation, and apoptosis [15]. These results led us to believe
that the newly isolated cancerogenic KAIMRCI cells pos-
sess some unique mutations in comparison to other estab-
lished breast cancer cell lines and that these mutations
may be linked to the PI3K/AKT pathway.

To validate the western blot results we used Human
Phospho-Mitogen-activated Protein Kinase (MAPK) Anti-
body Array on KAIMRC1 and MDA MB-231 cells (Fig. 5b
and ¢). This array simultaneously detects the relative
phosphorylation of several kinases without performing in-
dependent western blots. Active phosphorylation of AKT
was confirmed in KAIMRCI cells as well as strong phos-
phorylation of Glycogen synthase kinase 3a/p (GSK-3a/p).
In contrast, MDA MB-231 cells showed strong phosphor-
ylation of ERK, GSK-3a/p and p385. High phosphoryl-
ation levels of GSK-3a/p indicates lower activity of this
kinase in the tumor cells [15]. These results suggest that
the AKT/GSK3 pathway is of key importance in the car-
cinogenicity of KAIMRC1 cells.

Drug sensitivity

In order to find the link between the cancerogenicity of
KAIMRCI cells and its constitutively active AKT state,
we profiled a few inhibitors of the AKT and its associ-
ated pathways. LY294002; PI3-kinase inhibitor, API-2;
selective inhibitor of AKT (protein kinase B; PKB),
GW583340; potent dual EGFR/ErbB2 inhibitor and 10-
DEBC hydrochloride; selective AKT/PKB inhibitor were
used to inhibit AKT-associated pathways. The Titer-Glo®
cell proliferation assay was performed to study growth
inhibition of KAIMRC1 cells with and without serum
for 24 h. The ICs, curves in Fig. 5d unfortunately
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showed no growth inhibition after treatment with these
compounds suggesting that the AKT pathway may not
be the only source of transformation of KAIMRC1 cells.

Human breast cancer genes expression

We used the Human Breast Cancer RT? Profiler PCR
Array (Applied Biosystems®) which profiles the expres-
sion of 84 key genes commonly known to be involved in
the signal transduction dysregulation and malfunction of
normal biological processes during breast carcinogen-
esis. This array contained a list of the pathway-focused
genes as well as five housekeeping genes. Out of 84
genes, 46 genes showed significant gene expression
changes in KAIMRC1 cells relative to normal breast
MCE-10A cells (Fig. 6a). We segregated these genes into
up- and down-regulated genes. Web-based freely avail-
able pathway analysis tool, Reactome Pathway database
(reactome.org) was used to identify the molecular path-
ways affected by these genes. In KAIMRC1 cells, several
upregulated genes were found to be activating DNA re-
pair, signal transduction, metabolism of proteins and cell
cycle related pathways whereas downregulated genes
were mainly involved in the signal transduction, cell
cycle and disease related pathways (Fig. 6b).

Discussion

The current knowledge base around breast carcinoma
progression is based on the studies performed in vivo
and in vitro using available cell lines [16]. As breast can-
cer is a very complex and heterogeneous disease, choos-
ing the right cell line is very important. Although the
pathways leading to tumorigenesis are linked together,
almost all of the available tumor-derived cell lines show
heterogeneity in the acquired cellular signaling pathway
or multiple pathways to immortality.

In this study we have established a naturally trans-
formed human breast carcinoma cell line, KAIMRC1 ob-
tained from a female patient of Saudi Arabian origin. This
cell line has been isolated without any enzymatic digestion
of primary breast cancer tissue. Enzymatic digestion may
affect the signaling cascade and the progression of cell
cycle [12, 17]. Usually the digestion affect the adhesion
molecules that are critical for the cell cytoskeleton of nor-
mal as well as cancer cells. In addition it has been re-
ported that the proteolytic degradation of extracellular
matrix networks may have adverse effects on distinct sig-
naling pathways in breast tumor tissue [18]. Thus, we as-
sume that the isolated cell line characterized in this study
has all the signaling pathways intact as no enzymatic di-
gestion was involved in the isolation process.

Anchorage-independent growth determines the trans-
formation capability of the cells and is the hallmark of
cell transformation. KAIMRC1 cells formed colonies in
both soft agar and methyl cellulose assay indicating that
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Fig. 5 a Characterization of KAIMRC1 cells on protein level. Western blot analysis of breast cancer cell lines, MCF-7, MDA MB-231 and normal breast cell
line MCF-10A against AKT, p-AKT, ERK, p-ERK, p38 and p-p38. Interestingly, AKT was found to be constitutively active with or without starvation. b Human
Phospho-Mitogen-activated Protein Kinase (MAPK) Antibody Array analysis of KAIMRC1 and MDA MB-231 cells. Phosphorylation of AKT was confirmed in
KAIMRCT cells as well as strong phosphorylation of GSK-3a/f was also observed whereas, MDA MB-231 cells showed active phosphorylation of ERK,
GSK-30/B and p384. ¢ Bar graph representation of Human Phospho-MAPK antibody array. X-axis represents selected phospho-MAP Kinases and y-axis
represents intensities of the dots visible in (b). All experiments were done in triplicates. d Effect of AKT/PI3K Pathway Inhibitors on KAIMRC1 Cells. Selective
inhibitor of AKT signaling, API-2; Selective inhibitor of AKT/PKB pathway, 10-DEBC Hydrochloride and PI 3 Kinase inhibitor, LY294002 were used to inhibit
AKT/PI3K pathway to study the constitutively active state of AKT in KAIMRC1 cells in comparison to MDA MB-231 and MCF-7 cell lines. CellTiter-Glo® assay
was performed to assess cell viability after compound treatment. The cells were treated with compounds in complete media with and without serum 24 h
prior to the assay. All the three cell lines showed no response to compound treatment suggesting that AKT pathway is not the only pathway involved in
the carcinogenesis of KAIMRC1 cells. X-axis = Relative light unit (RLU) and y-axis = Logarithm of the drug molarity (Log[drug]M)

they have acquired a transformed phenotype. This mi-
gration ability of cells in vitro is believed to be related to
several cellular in vivo behaviors, for example migration
of cells during differentiation and the deviated metastatic
activities of tumor cells [19].

Surgical sections obtained after breast surgery are het-
erogeneous and contaminated with normal and cancer
associated fibroblasts (CAFs). In order to make sure that
the isolated cells are of epithelial origin and cancerous,
we used a panel of cell surface markers to characterize
the cell line. KAIMRCI cells were found to be positive
for epithelial cell markers CD47 [20], CD324 [21] and
CD44 [22]. In breast cancer, putative cancer stem cells
(CSCs) with CD44 positive phenotype constitutes 12—
35% of the tumor cells [23]. CD324 [21], CD44 (14, 24,
25] along with ALDH1A1 [24, 26] are believed to be
CSC markers and all three were positive in KAIMRC1
cells. KAIMRC1 cells were also strongly positive for
CD47 which suggests that these cells might have tumor
invasion and metastasis capability [27] Enhanced expres-
sion of CD47, a transmembrane glycoprotein mediating
a ‘don’t eat me’ signal, has been reported in various can-
cers [28-30]. It has been reported that increased expres-
sion of CD47 enables cancer cells to evade phagocytosis
by macrophages and promotes the CSC phenotype [31].
Therefore, targeting CD47 has promising therapeutic
potential and KAIMRC1 cell line may be used as a
model to study CD47 mediated tumor invasion. Re-
cently, researchers have used antibodies to block CD47

resulting in diminished tumor size in epithelial tumor
models [32].

Gene expression analysis after doxorubicin and letrozole
treatment on KAIMRCI1 cells showed no significant differ-
ence when compared to other breast cancer cell lines but
treatment with lapatinib showed downregulation of MCL-1
and EGFR genes which correlates with the sensitivity
shown by KAIMRC1 cells in the drug sensitivity assay
(Fig. 7a). Lapatinib is a known inhibitor of EGFR which
may explain the downregulation of the EGFR gene. On the
other hand, downregulation of the MCL-1 gene was inter-
esting as it results in activation of the apoptosis signaling
pathway [33]. Whereas, increased expression of this gene
results in high grade tumor and poor survival rate of breast
cancer patients [34]. Recently it has been reported that
breast cancer cells rely on MCL-1 for survival [35]. Another
report suggested that inhibition of MCL-1 enhances lapati-
nib toxicity and overcomes lapatinib resistance [33].

We have identified 46 genes that were differentially
expressed in KAIMRCI cells. These genes were further
divided into two groups based on their up- and down-
regulation. Expression of ABCB1, ABCG2, AR, BIRCS5,
GLI1, MMP2, MMP9, RARB and SLIT2 was signifi-
cantly high. It is noteworthy that most of these genes are
associated with tumor suppression, cancer resistance, in-
creased cancer cell growth and migration [36, 37]. Mul-
tidrug resistant (MDR) proteins, ABCB1 and ABCG2 are
breast cancer resistance genes. The patient was on main-
tained on Letrozole and that may be the reason for the
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identified genes into up- and down-regulated genes. Web-based freely available pathway analysis tool, Reactome Pathway database (reactome.org)
was used to identify the pathways affected by these genes. In KAIMRC1 cells, upregulated genes were found to be activating DNA repair, signal
transduction, metabolism of proteins and cell cycle related pathways whereas downregulated genes were mainly involved in signal transduction, cell

upregulation of MDR genes. It has been proposed that
PI3BK/AKT signaling may be critical in the functional regula-
tion of MDR genes [38]. MMPs are associated with cancer
cell invasion and metastasis [39].Whereas, slit homolog 2
(SLIT2) is a tumor suppressor gene [40]. Androgen receptor
(AR) is present in almost 60-70% breast cancers [41] and
can play a role as a marker for breast cancer along with ER
and PR. Baculoviral inhibitor of apoptosis repeat-containing
5 (BIRC5) is associated with high proliferation levels
and has been used as a prognosis marker lately [42].
Glioma-associated oncogene 1 (GLI1) is an oncogene
and associated with CSCs [43]. Upregulation of this
gene is associated with the epithelial to mesenchymal
transition (EMT). The expression of RARB is usually
low in breast cancers [44] but it was observed to be
high in KAIMRC1 cell. The genomic instability and
complexity of the cancer cells may be the result of the
contradictory dysregulation of these genes that give
rise to make the KAIMRC1 naturally transformed.
Interestingly, KAIMRC1 cells also showed increase in
gene expression of BRCA1 and BRCA2, tumor suppres-
sor genes. The upregulation of both the genes hints to-
wards the initiation of the DNA damage repair
mechanism of the cells. The functions of BRCA proteins

are also linked to specific phosphorylation events al-
though the extent to which phosphorylation-activated
molecular pathways contribute to tumor suppression ac-
tivity is not clear [45]. The constitutively active state of
AKT in KAIMRCI cells may be linked to tumor sup-
pression activity of these cells.

On the other hand significant downregulation of
KRT5 which is associated with relapse and reduced sur-
vival rate [46] suggests that these cells are less likely to
be involved in promoting metastasis. Whereas, low ex-
pression of SFRP1, a tumor suppressor [47] explains the
rapid proliferation characteristics of these cells.

Taken together, these findings and bioinformatics
pathway analysis led to the conclusion that upregulation
of certain genes in KAIMRC1 cells may be associated
with DNA repair and particular signal transduction
pathways. Conversely, downregulation of the above men-
tioned genes may be associated with cell cycle progres-
sion and disease related pathways.

In addition, we are currently developing KAIMRC1
mouse models to study if these cells are able to
metastasize. Genome and exome analysis is also under-
way to identify unique genes associated with the natural
transformation of these cells.
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Conclusions

In this study, we proposed for the first time a new nat-
urally transformed cell line, KAIMRC1 of Saudi Ara-
bian origin. A concise characterization of cell growth,
clonogenicity, immunophenotyping, and karyotyping
and drug sensitivity has demonstrated that the cell line
carried distinct features. These cells showcased consti-
tutively active state of AKT suggesting that AKT path-
way may be one of the key player in their natural
transformation into cancer cells. This cell line also ex-
presses estrogen and progesterone receptors, and bio-
markers, like CD44, CD47 and CD327 confirming

their breast epithelial origin including CSCs marker
ALDHI1A1 expression. Another interesting feature of
these cells is their growth ability in both monolayer
and 3-D domes. Thus, KAIMRC1 provide a unique
opportunity to study the development of early stage
breast cancer particularly in the Arab population.

Additional file

Additional file 1: Figure S1. Classification of KAIMRC1 cells. Western
blot analysis of expression of estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor 2 (HER2)
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showed that KAIMRC1 cells are ER and PR positive and HER2 negative.
This result validated our immunocytochemistry results. (TIFF 31 kb)
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