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ABSTRACT

Calreticulin (CRT) protein has multifaceted role in apoptosis. Snce the molecular mechanism that express and
perform apoptotic cell death are coming into focus, we attempt to isolate the human calreticulin gene from blood,
cDNA synthesized from the CRT was cloned to mammalian expression vector pcDNA to construct a recombinant
CRT plasmid. Transfection of the MCF -7 cell line pcDNA3-CRT plasmid leads to cell death by promoting
apoptosis. The transformed cells exhibited nuclear margination, membrane blebbing and chromatin condensation
that are typical for cells death by apoptosis. The clonogenic survival assay of transformed MCF-7 cells revealed
that CRT overexpression reduced MCF-7 cell proliferation and increased cell death.
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INTRODUCTION

Calreticulin is a protein with diverse functiongtinas been identified as a possible biomarkevdaed diseases [1,
2]. Moreover, calreticulin concerned in varietyagfllular roles, C& storage, including modulation of Easignals,
cell adhesion, chaperone in protein folding, retioiaof steroid-sensitive gene expression, autoimentesponse
and neuromodulations [3, 4].

The function of CRT in cancer and the mechanistithway involved in it remains unidentified; whilkete are
extensive reports about the role of calreticulininmmunogenic cell death of cancerous cells [5, Sfuctural
predictions of calreticulin suggest that the pmoteas three domains [7, 8, 9], the N-domain, P-doraad C-
domain. The N-domain of calreticulin also inhibgsoliferation of endothelial cells and suppressegi@enesis
[10]. There are many reports on the suppressiaelbfproliferation in higher organisnis vitro by calreticulin [11,
12, 13, 14] and the over expression of CRT gene ltawntributed to diminution of cell viability whestompared
with its control. CRT holds promise as novel thexatcs for the treatment of cancer [15].

As apoptotic fudging is a central aspect of cantteete is an urgent need for increased understgrafithe key
regulatory mechanism that controls the birth orslo$ cancer cells. Functional expression cloningmits the
isolation of CRT gene to control the rate of cebliferation or death and offers an achievable way to this
problem. Therefore, the objective was to studydffect of CRT overexpression on MCF-7 cells by dgenic
survival assay and morphological determination.
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MATERIALSAND METHODS

Cell lines and culture

Human MCF-7 cell line was obtained from the Natio@antre for Cell Science, Pune, India. It was imely
maintained in MEM (Gibco) supplemented with 10% FBi$h antibiotic solution (Penicillin and Streptonig)
used in the study were grown in the presence o€&8%in a humidified incubator at 3T [16, 17].

Transfection

The total RNA was isolated using RNeasy Mini kiigg@en) and cDNA of CRT was constructed by using ADN
synthesis kit (Axygen) with Super-Script || RNasedv¥erse transcriptase (Invitrogen). Two 20 mewsligcleotides
as PCR primers were designed according to the DBifuence of CRT (GenBank). The forward and reverse
primers were 5-TCTCAGTTCCGGCAAGTTCT-3' and 5-GTCBGAAAGGCTCGAAAC-3' respectively. The
polymerase chain reaction was performed af@3minutes, then 98C 30seconds, 58C 30seconds and 7Z
45seconds for 35 cycles, and 7€ for 5Sminutes. The product was finally held &C4 An agarose gel
electrophoresis was carried out to confirm the #egl 1.2kb product. The amplified target gene waserted at
Xhol and EcoRI restriction sites of mammalian espien vector pcDNA 3.1 (Invitrogen). The mock and
CRT/pcDNA 3.1 recombinant plasmid was transfecteMCF-7 cells using Lipofectamine (Invitrogen) aatiag

to manufacturer’s protocol.

Clonogenic assay

Colony formation assay was performed as delinegexviously [18, 19, 20]. MCF-7-control and MCF-7-
transfected (3ng/ml of CRT) cells were culturedMEM with 10% FBS. Cells were then plated at a dgnsf
3,000 cells per well in six-well plates and allowedadhere overnight at 3T, 5% CQ. Cells were allowed to
grow until control treatment colonies reached >B0scper colony (approximately 10 to 12 days). Qe were
then fixed with glutaraldehyde for 30 minutes, rs¢al with crystal violet (0.1% in 20% methanol) 8% minutes
and washed. Colony number was determined manually.

Morphological Analysis

MCF 7 cells after treatment with recombinant CRTtwee for 48 hours, were fixed with methanol (75%} acetic
acid (25%) for 10 min at room temperature. Thedigells are stained with Giemsa (diluted with phgp buffer),
visualized under trinocular microscope (40x) andilyred using MagnusPro detection software [21].0Als
morphological changes of MCF-7 cells were dete@e@4, 48, 72 and 96 hours post transfection upimase
contrast inverted microscope. Briefly MCF-7cellsrav@lated at 3xT0cells/well into a six-well chamber plate. At
>80% confluence, the cells were transfected withisiplid. Morphological changes occurring in the celkre
observed under inverted microscope. At least I s&0s were counted to assess apoptotic cell death.

Satistical Analysis
All experiments were repeated three times and ttata were shown as means + standard deviation ¢Styee
assays. Student’s t-test was applied, and p<0.85cwmasidered as statistically significant.

RESULTS

The rate of MCF-7 cells proliferation on treatmeiith CRT plasmid was determined using clonogengagsThe

proliferation rate of 48h post transfected cellswagnificantly inhibited in the presence CRT whempared with

the untreated control. After normalization with tn@nbers of the cells seeded in individual grotips,percentages
of surviving colonies of MCF -7 treated and noratesl cells were plotted against the time of exposeceived by
the cells (Figure 1).
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Figure 1. The per centage of surviving colonies of M CF-7 cellstreated with pcDNA3.1/ CRT and untreated control cellswere plotted
against the duration of exposure

MCF-7 cells on treatment with CRT recombinant vectbhowed an increased level of apoptosis which was
confirmed by Giemsa staining. The control cell doesshow any variations in the cell morphologyg(ie 2).

Control Lipofectamine treated CRT/pcDNA3.1 treated

Figure 2. CRT induced morphological changesin MCF-7 cells (48 h post transfection with CRT/pcDNA3.1). The cells weretreated with
6 ng CRT/pcDNA3.1 for 48 h and stained with Giemsa. Arrow mark shows the apoptotic cellswith membr ane disruption and nuclear
condensation
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Figure 3. Cell survival rate occurred on treatment with CRT and itsoverexpression at 24, 48, 72 and 96 hours
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The changes in the cell morphology of MCF-7 cellsated with CRT vector at 24 hours and 48 hourg pos
transfection was observed using Zeiss Axiovertr@eited microscope (Soft-ware: Axiovision 4.0).

The results exposed a distinctive apoptosis withpimalogical changes such as chromatin condensatiembrane

blebbing and cell shrinkage. These changes welieatlypt 24 hours, and became 60% or more afteraizsh

further reduced. The greater part of cells at 96rsipost transfection lead to shrink, round up detch from the
culture dish. The survival rate of the cells attansfection was plotted in graphically against tihee dependence
(Figure 3). Thereby, these results showed a p@ssibl for detection of apoptosis induced by theexgression of
CRT.

DISCUSSION

A number of genes are responsible for the maintai cell homeostasis, among which CRT is involvethany
biological processes together with regulation off t@meostasis and programmed cell death [12]. Thk
proliferation and apoptosis examined by MTT angbary blue exclusion assay showed an increased ez cfter
CRT transfection were indicative of apoptosis. Ehfisdings demonstrated that overexpression CRE geMCF-

7 cells significantly inhibited the proliferatiorf breast cancer cells vitro by inducing apoptosis compared to
untreated cells. These results are reliable withdeour earlier observations in MCF-7 cells [12].2

These results put forth the further confirmatiorapbptosis by CRT in MCF-7 cells on clonogenic gsghich is
first to report by our findings. When the cells waneasured for clonogenic assays, we found thathapdst
transfection of the cells to CRT was not sufficiemfproduce noticeable difference between CRT égkatlls and
untreated control cells in their clonogenic surlividhus, we conducted experiments for 48h postsfeation with
the same concentration in the presence CRT whidhcexl the clonogenic survival cells from 100% inreated
cells to 80% in the 14-day culture period. Manydgta conducted on tumors exhibit resistance tatewti [23] and
chemotherapeutic drugs and have enhanced colomyj#grefficiency [24]. The mechanism leading to todony
forming efficiency was incompletely understood. Quoservation indicates that a continued inhibit@ihnCRT
mediated signal transduction is important in supgireg the colony- formation after CRT plasmid tnesit.

In order to determine the action of CRT mediatedngfes in the morphological character of MCF-7 celle
observed and analyzed the cells under invertedostopy to determine the induction of apoptosis alisd cells
were stained with Giemsa to substantiate the afioptbanges. CRT plasmid treated cells showed atiodtodies
with cytoplasmic condensation indicating apoptasisemblances. These observations provide eviddratean
apoptotic pathway is triggered with the CRT overesgion in breast cancer cell line. Vector aloneé emntrols
failed to produce significant morphological changes

Further, an obliging anticancer drug that can dgstancer cells devoid of causing less damage mmalocells can
be evolved from calreticulin. The ultimate aim a&dicating breast cancer is achieved by inducingptgsis in
cancer cells in the upcoming future through thasdirigs.
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