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Introduction 

Cancer is a widespread health problem with 

massive raise in recent times, and mortality rate in 

the developed countries have increased in spite 

of developments made in cancer diagnosis and 

therapy. At present, breast cancer is the main 

cause of cancer-related death in women [1]. 

Mammary homeostasis is depending upon 

establishing and maintaining a balance between 

cell proliferation and apoptosis. Augmented cell 

proliferation and down regulation of apoptosis 

direct to mutations that result in cancer [2,3]. 

Dysregulation makes ineffective changes of many 

normal checkpoint pathways that lead to 

expansion of neoplastic cells [1].  Oxidative stress 

has been concerned in the usual aging process 

and several disorders including cancer [4,5,6]. 

However, the connection between oxidative 

stress and patho-biology of cancer is not 

comprehensible, mainly due to a need of 

understanding of the mechanism by which ROS 

functions in both normal and disease states [7]. 

Endogenously generated ROS can be detected in 

cells undergoing apoptosis. Higher organisms 

have both ascorbate oxidation system and thiol 

oxidation system. These can be inhibited by 

catalase and glutathione synthetase, which 

protects them from ROS [8]. 

Mammary homeostasis is depending upon 

establishing and maintaining a balance between 

cell proliferation and apoptosis. CRT is a ubiquitous 

protein localized predominantly in the 

endoplasmic reticulum of eukaryotic cells and it 

plays a central role in intracellular calcium 

homeostasis and emerging as a vital mediator of 

physiological and pathological processes [3].     

The function of CRT in cancer and the 

mechanistic pathway involved remains 
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Abstract: 

Calreticulin (CRT), a multifunctional protein that regulates varied important cell 

functions, in addition CRT recently drawn notice that the function of oxidative 

stress induced apoptosis.  At this point, the role of CRT through oxidative stress 

mediated apoptotic cell death is focused. Herein, we used   mammary gland 

adenocarcinoma cell cells (MCF-7) in vitro to investigate the role CRT 

overexpression in cell death by promoting ROS induced apoptosis. Human CRT 

gene was isolated from blood, cDNA was synthesized, CRT was cloned to the 

XhoI/EcoRI restriction sites of a mammalian expression vector pcDNA 3.1 and 

plasmid was transfected in to MCF-7 cell line to promote apoptosis. After 24 h and 

48 h transfection, cell proliferation, LDH leakage, lipid peroxidation, total protein, 

and glutathione concentrations were measured. CRT transfected cells expressed 

higher concentrations of lipid peroxidation and LDH leakage than control MCF -7 

cells. There was a significant negative correlation between lipid peroxidation and 

cell proliferation. Glutathione did not appear to be a significant factor. Therefore, 

stimulation of CRT may modulate the growth inhibitory effects in human breast 

cancer cells. One mechanism of growth inhibition may be through increased lipid 

peroxidation.  
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unidentified; while there are extensive reports 

about the role of calreticulin in immunogenic cell 

death of cancerous cells [9,10]. CRT exposure is 

potently triggered by pharmacological cell death 

inducers that provoke the production of reactive 

oxygen species (ROS) as well as an ER stress 

response.  Furthermore, overexpression of CRT has 

been revealed to raise cell susceptibility to H2O2 

induced cytotoxicity [11], demonstrating that CRT 

expression is a main reason influencing cellular 

susceptibility to oxidative stress induced apoptosis. 

However, the relationship between CRT and ROS-

induced apoptosis in mammary cancer cells are 

still unknown. Hence, it is important to find out 

whether apoptosis can be induced by oxidative 

stress in mammary cancer cells under physical 

and/or pathological conditions needs to be 

investigated. 

 

Materials and Methods 

Cell lines  

MCF-7 human breast cancer cells are obtained 

from the National Centre for Cell Science (NCCS), 

Pune, India. The cells were maintained in Minimal 

Essential Medium (Gibco) supplemented with 10% 

FBS and antibiotic solution (Penicillin and 

Streptomycin) in a humidified CO2 incubator (5%) 

at 37ºC [12,13]. 

Transfection  

RNA was isolated from healthy human blood using 

RNeasy Mini kit (Qiagen) and cDNA of CRT was 

synthesized (cDNA synthesis kit, Axygen) using 

Super-Script II RNase H reverse transcriptase 

(Invitrogen). PCR primers were designed 

according to the DNA sequence of CRT 

(GenBank). The forward and reverse primers used 

were 5'-TCTCAGTTCCGGCAAGTTCT-3' and 5'-

GTTGCTGAAAGGCTCGAAAC-3' respectively. 

Amplification of target gene was performed at 95 

̊C 3minutes, then 95 ̊C 30seconds, 58 ̊C 30seconds 

and 72 ̊C 45seconds for 35 cycles, and 72 ̊C for 

5minutes. The product was finally held at 4 ̊C. 

Amplified product was obtained at 1.2kb. This 

amplified target gene was ligated at XhoI and 

EcoRI restriction sites of mammalian expression 

vector pcDNA 3.1 (Invitrogen) [14,15]. The mock and 

CRT/pcDNA 3.1 recombinant plasmid was 

transfected to MCF-7 cells using Lipofectamine 

(Invitrogen) according to manufacturer’s 

protocol. Stable transfectants were selected by 

treating the cells with 500 µg/ml of G418. The 

cloned G418-resistant lines were then screened for 

expression of CRT. 

 

Cell proliferation assays 

Determination of growth levels was performed 

using trypan blue exclusion method. MCF-7 cells 

cultured in 24-well plates at a density of 4×104 

cells/ml were incubated for 24 - 48 hours with 2ng 

of CRT/pcDNA3.1 plasmid. Following incubation, 

cells were trypsinized and adherent cells were 

combined which was then washed with 

phosphate buffered saline (1X PBS: pH 7.4) to 

remove debris, stained with trypan blue and 

counted using an optical microscope and a 

Newbauer's chamber. 

 

Histopathology of cells 

Recombinant plasmid treated MCF 7 cells after 48 

hours of post transfection were fixed in 70% 

methanol and 30% glacial acetic acid for 15 min 

at room temperature, washed with deionized 

water. After fixation cells were treated with dilute 

buffered giemsa and morphological changes 

were observed under inverted phase contrast 

microscope [16]. 
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LDH release assay  

LDH assay was performed to assess the LDH 

release to the media following CRT plasmid 

transfection on MCF-7 cells for 24 and 48 hours 

respectively.  Briefly, 1×104 cells/well of MCF-7 cells 

was transferred to 96-well plates. The plates were 

incubated overnight at 37°C to allow the cells to 

attach and proliferate. On the next day, 10 µl of 

lipofectamine with 240 µl fresh medium containing 

2.2 ng plasmids were added to each well, and the 

plates were incubated at 37 °C in 5% CO2. All 

treatments were tested at least in triplicate wells 

and the assays were repeated independently 

three times. After 48 hours, the plates were 

removed from the incubator and then 100 µl of 

medium from each well was carefully transferred 

to new plates. 100 µl of LDH substrate was added 

to each well. After 20 minutes shaking at room 

temperature, the enzymatic reaction was arrested 

by adding 50 µl of 1M hydrochloric acid.  Lactate 

dehydrogenase activity was determined by 

change in absorbance at 490 nm. The 

percentage of LDH release was calculated as: 

(LDH activity in media)/ (LDH activity in media + 

intracellular LDH activity) ×100. For the purpose of 

calculating percent cytotoxicity values, 

background LDH release from culture cells was 

considered as low control and Lipofectamine 

treated cells as high control [17]. 

 

Intracellular glutathione measurement 

Intracellular glutathione was determined 

according to Ellman's method [18]. Cells at 24h, 48h 

and 72h post transfection with CRT were 

trypsinized and washed with phosphate buffered 

saline. Cells were resuspended in the same buffer 

and lysed by diluting it with 4% sulfosalicylic acid 

with rapid mixing, and the samples were 

centrifuged at 10,000 x g for 10 min in a 

refrigerated centrifuge. Aliquots of 1 ml of resulting 

supernatants were added to 2 ml of Ellman's 

reagent (8 mg/100 ml of dinitro 5-thiobenzoic acid 

in 0.1 M sodium phosphate buffer, pH 8.0), and 

the absorbance was recorded at 412 nm after 5 

min. The cellular homogenate was taken to 

determine the amount of intracellular glutathione 

and results were expressed as nmole GSH 

reduced/mg protein. 

 

Lipid peroxidation measurement 

The degradation of lipids was determined by 

measuring malondialdehyde (MDA), which is the 

end product of lipid peroxidation, using the 

thiobarbituric acid reactive substance (TBARS) 

assay protocol [19]. Briefly, after 24h, 48h and 72h 

post transfection MCF-7 cells were collected by 

centrifugation and sonicated in ice cold 

potassium chloride (1.15%) and centrifuged for 10 

min at 3000 xg. The resulting supernatant was 

added to 2 ml of thiobarbituric acid (TBA) reagent 

and heated at 100°C for 15 min. The sample was 

then placed in cold and centrifuged at 1000xg for 

10 min. Absorbance of the supernatant was 

measured at 535 nm.  By considering the molar 

extinction coefficient of the MDA-TBA complex to 

be 1.49×105/M.cm [20], the amount of TBARS was 

calculated in terms of mol MDA equivalents that 

were formed per mg of cell protein. 

 

Protein estimation  

Protein estimation of each sample was done 

following the method of Lowry et al. [21] using 

bovine serum albumin as a reference standard.  

 

Statistical analysis  

The results are expressed as mean and standard 

error of means (SEM). One way analysis of 

variance (ANOVA) using Dunnet posthoc test was 
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employed to detect differences between the 

groups of treated and control. P < 0.05 was taken 

to indicate significant differences.  

 

Results 

Inhibition of growth and proliferation of human 

breast cancer cells by CRT after 48 hours post 

transfection was determined.  Measurement of 

cell viability in MCF-7 cell line was determined 

using trypan blue assay. 48 hours post transfection 

showed a significant increase in cell death than 

24 hours post transfection with 20 % and 55 % of 

cells were viable as shown in Figure 1. 

 

Figure 1:   Percentage of cell death on MCF -7 

cells treated with CRT/pcDNA3.1, at 24 hours and 

48 hours post transfection (Trypan blue exclusion 

assay). 

 

The morphological changes of MCF-7 cells 

treated with CRT vector were also observed using 

Axiovert-25 inverted microscope (Soft-ware: 

Axiovision 4.0) at 24 hours and 48 hours post 

transfection. Results revealed a typical apoptosis 

with morphological changes like chromatin 

condensation and cell shrinkage. These changes 

were apparent at 24 hours, and became 50 % or 

more after 48 hours. The majority of cells at 

48hours post transfection lead to shrink, round up 

and detach from the culture dish (Figure 2). 

 

 
Figure 2: Representative photomicrograph shows 

morphological changes in MCF-7 cells treated 

with pcDNA3/CRT, at 24 hours and 48 hours post 

transfection (a & b) and MCF-7 cells treated with 

empty pcDNA3 at 24 hours and 48 hours (c & d), 

imaged by inverted phase contrast microscope at 

a magnification of 200x. 

 

Measurement of LDH release following 24 hours 

and 48 hours transfection with CRT plasmid, the 

release of LDH was measured as percentage of 

LDH release. The percentage of cell viability and 

inhibition of cell proliferation was calculated 

considering control cells as 100 %. In all the cases, 

error bars indicate SD from three independent 

experiments. P values (p<0.05) denoted by asterisk 

were calculated comparing mean control cells 

with mean treated cells (*p<0.05). 

 

Figure 3: Effect of CRT overexpression on LDH 

activity in MCF-7 cells treated with CRT/pcDNA3.1. 

LDH activity was measured by changes in optical 
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densities due to NAD+reduction which were 

monitored at 490 nm, as described in the text, the 

experiments were performed in triplicates; data 

shown represent mean + SD of three independent 

experiments. *P < 0.05 as compared with 

untreated cells. 

 

The result indicates that, CRT transfection 

decreased in a time dependent manner. At 48 h 

and 72 h post transfection, the GSH level was 

significantly brought down. There was no 

significant decrease observed in the GSH level in 

cells exposed up to 24 h when compared to 

controls. However, the increase in the level of 

TBARS was determined after 24 h exposure of CRT, 

which continuously increases than that of controls 

at 48 and 72 h. At the end of 72 h exposure 

period, the level of TBARS was observed to be the 

maximum (Table 1). 

 
Table 1: Effect of CRT on the level of 

intracellular GSH concentration and TBARS 
formation in MCF 7 cells 

 

Hours of 

treatment 

Wild type 

control 

Positive 

control 
CRT Treated 

GSHa TBARSb GSHa TBARSb GSHa TBARSb 

24 h 

11. 

06 ± 

0.01 

0.02 ± 

0.03 

14. 

02 ± 

1.53 

0.18 ± 

0.01 

13. 3 

± 

1.10 

1.33 ± 

0.02 

48 h 

11. 

59 ± 

0.03 

0.03 ± 

0.08 

15. 

92 ± 

1.53 

0.19 ± 

0.03 

7.9 ± 

0.97* 

1.42 ± 

0.07* 

72 h 

12.03  

± 

0.04 

0.06 ± 

0.05 

15. 

23 ± 

1.53 

0.19 ± 

0.01 

5.4 ± 

1.01* 

1.57 ± 

0.05* 

a(nmole glutathione reduced/mg protein) 
b(nmole malondialdehyde /mg protein) 

P < 0.001 

 

Discussion 

Apoptosis, a well recognized biological response 

displayed by cells after suffering DNA damage 

and is a valuable means for developing potential 

anticancer agents. The on time elimination of 

apoptotic cells by phagocytes is important for 

maintaining tissue homeostasis. The detection and 

disposal of apoptotic cells normally promote an 

anti-inflammatory response at the tissue level. 

There are number of genes in charge for the 

protection of tissue homeostasis, by which CRT 

engages in many biological processes including 

regulation of cell homeostasis and apoptosis. CRT 

also reported for molecular chaperones which 

enhances radiation-induced apoptosis through 

reduction of ROS production [22].  

CRT was reported to be a helpful marker for 

mammalian apoptotic cells to be recognized by 

phagocytes [23]. The prostate cancer cells over 

expressing exogenous CRT produced smaller 

quantity of colonies support the hypothesis that 

CRT inhibits growth and metastasis of cancer cells 

[24]. Cells deficient in CRT are relatively resistant to 

[9,25]  and over expression of CRT causes 

differentiation induced apoptosis in H9C2 cells [26]. 

In the present study, we found that CRT 

significantly reduced cell viability in MCF-7 cells in 

a time dependent manner. These findings 

established that CRT overexpression significantly 

inhibited the proliferation of breast cancer cells in 

vitro by inducing apoptosis compared to 

untreated cells. Thus, the results of the cell viability 

are in the agreement with previous findings [15] 

that CRT can exert detrimental effects on tissues 

by a number of different mechanisms, such as 

disturbing intracellular calcium homeostasis [27] 

decreasing intracellular ATP [28] inducing DNA 

damage [29] and inducing apoptosis [30]. 

In our study, the remarkable increase in the levels 

of LPO and LDH and decreases in the levels of 

GSH was noticed following the CRT transfection. 

The level of GSH, LPO and LDH shows variation 

towards the oxidative damage in most of the 

parameters studied during 24 and 48hours 

incubation period. This might be due to the 

oxidative stress. 
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LDH is a ubiquitous enzyme that functions in a 

regulatory manner at a key point in normal 

intermediary metabolism. Several investigators 

have reported an elevation in the amount of LDH 

release in cancer cells against variety of 

anticancer agents, which is inline with our 

observations. GSH is an anti-oxidant and 

decreased intracellular levels of GSH are related 

with better susceptibility to ROS mediated 

apoptosis [31]. In our present study we have 

observed a significant reduction in the 

intracellular GSH levels in MCF7 after treatment 

with recombinant CRT plasmid. These observations 

suggest that, at reduced intracellular GSH levels, 

which are known to scavenge the generated free 

oxygen radicals, tumour cells are sensitized to 

apoptotic death. The CRT overexpression 

depleted the intracellular glutathione 

concentration in MCF 7 cells which was 

associated with an increase in the level of lipid 

peroxidation products. Therefore our study 

suggests that CRT could induce apoptosis in 

breast cancer cells, which require additional in 

vitro and in vivo studies for examining the role of 

CRT mediated apoptosis against breast cancers.  

In conclusion, the present study indicated that the 

overexpression of CRT inhibited the growth and 

proliferation of mammalian breast cancer cells 

and it confirms the induction of apoptosis in a time 

dependent manner. A significant variation in 

biological end-points between exposed of 

unexposed MCF 7 cells was observed in our 

experiments which reveals that, the human breast 

cell line MCF-7 cells as model system for the 

routine analysis of substances inducing oxidative 

stress by using biochemical end points like GSH, 

LPO, and LDH concentration which gives an 

altered redox status. 
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