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Abstract 

Background: Dysregulation of aromatase expression had been monitored in many types of cancer. Our study 

aimed to evaluate the possible role of calcitriol (Cal; Vit D3-OH) or/and low dose of gamma radiation in regulation 

of aromatase gene expression and the regression of tumor proliferation in murine model (EST; Ehrlich solid tumor 

bearing mice).  

Methods: Mice with ≈1 cm3 EST were received (i.p. injection) day after day repeated doses of Calcitriol (Cal) 

(0.05µg/mouse) for 14day or/and exposed to 0.5 Gy gamma radiation (low dose) delivered as one shot at dose rate 

0.48 Gy/min.  

Results: Our results demonstrated that, mRNA expression of aromatase, levels of cyclooxygenase (COX2) and 

prostaglandin (PGE2) in addition to volume of the tumor are significantly decreased while caspase 3 level is 

significantly increased in EST mice treated with Cal or/and exposed to 0.5 Gy gamma ray compared to untreated 

EST bearing mice. However, the most pronounced improvements in all of the measured parameters were obviously 

indicated in EST mice group treated with Cal and exposed to gamma radiation. This was accomplished by 

suppression of inflammatory markers which cause down regulation in aromatase mRNA expression as well as 

augmenting apoptosis by inducing Caspase3 concentration.  

Conclusion: It could be concluded that the exposure to low dose gamma radiation potentiate the action of 

Calcitriol against tumor growth in the subjected murine model which represent a prospective policy for the 

management of solid tumor and decreasing the possibilities of tumor drug resistance.   

Keywords: calcitriol; gamma radiation; aromatase; cox2; pge2; caspase3; tumor volume 

Introduction 

The medical history of cancer began millennia ago. Historical findings of 

patients with cancer date back to ancient Egyptian and Greek 

civilizations, where this disease was predominantly treated with radical 

surgery and cautery that were often ineffective, leading to the death of 

patients.[1] Searching for novel approaches to control malignancies is the 

noble target of scientists working in the field of cancer research and many 

other related fields. Currently, several researchers are focused on the 

development of cell therapies, anti-tumor vaccines, and new 

biotechnological drugs that have already shown promising results in 

preclinical studies, therefore, in the near future, we will certainly assist to 

a new revolution in the field of medical oncology [2, 3, 4]. 

For many years, breast cancer has had the highest incidence of all cancers 

in women worldwide. There are significant data implicating estrogen and 

its metabolites in the development of breast cancer. Estrogen binding to 

its receptor results in proliferation of estrogen-sensitive epithelial tissues. 

With rapid proliferation, there is the potential for genetic errors and 

consequent predisposition to malignant cellular transformation [5]. 

Alternatively, estrogen metabolites may have intrinsic genotoxic effects 

and cause DNA damage and cellular transformation.6 Postmenopausal 

combined hormone therapy increases the risk of breast cancer, the 

chances of dying from breast cancer, and the likelihood that the cancer 

may be found only at a more advanced stage. There are many evidences 

linking between estrogens, largely contributing to breast cancer 

development and other types of cancer [7,8,9]. Estrogen activates tumor 
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growth and inhibits apoptosis through mechanisms mediated by its 

interaction with estrogen receptors [10]. 

Aromatase (CYP19), a cytochrome P450 enzyme, responsible for 

estrogens biosynthesis is important in the growth of breast cancers in both 

pre- and postmenopausal women. It is highly expressed in human breast 

cancer tissue compared to normal breast tissue. Further, in situ estrogen 

production is more effective than circulating estrogen in the promotion of 

breast cancer.  The tumor aromatase has been shown to stimulate breast 

cancer growth via an autocrine and a paracrine manner [11]. Estrogen 

synthesized locally becomes the major source of the hormone in the breast 

after menopause when circulating estrogen levels from the ovaries 

dramatically decline [12]. 

As aromatase catalyzes the final and rate-limiting step in the biosynthesis 

of estrogen, inhibitors of this enzyme are effective targeted therapy.  The 

aromatase inhibitors (AIs), a standard treatment for postmenopausal 

patients are effective in adjuvant and first-line metastatic setting. 

Aromatase inhibitors lower estrogen levels by stopping aromatase from 

changing other hormones into estrogen (Estrogen can fuel the growth of 

breast cancer cells). Preclinical data in resistance models demonstrated 

that the crosstalk between estrogen and other signaling pathways is an 

important resistant mechanism. Blockade of these signaling pathways is 

an attractive strategy to overcome the resistance to AI. There are several 

clinical trials to evaluate novel targeted therapies to reverse resistance to 

AIs [13,14,15]. 

We are interested in Vit D3 (Cholecalciferol) which is derived from food 

and is essential precursor to the potent steroid hormone, 25- dihydroxy 

vitamin D3, 1α,25(OH)2D3, or calcitriol. Hormonally active Vit D 

(calcitriol) has been claimed for its critical importance in the case of 

health or disease. The decrease in vitamin D content leads to group of 

abnormalities advanced to serious diseases whereas, the over 

consumption of Vit D leads to several undesired symptoms [16]. The 

inhibitory action of calcitriol on aromatase expression has been subjected 

to investigation in our present study. 

Evidences have been accumulated to indicate that calcitriol modulates 

calcium and bone metabolism. These include anti-proliferation, anti-

angiogenesis, pro-apoptosis, pro differentiation, and immune regulation 

in a cell and tissue [17]. Also, the calcitriol signaling plays an important 

role in the development of normal mammary gland [18]. 

Studies on vitamin D receptor (VDR) knockout mice provide evidence 

that calcitriol signaling through the VDR opposes estrogen driven 

proliferation of mammary epithelial cells and maintains normal 

differentiation [19]. 

Low dose gamma irradiation has been authenticated as a promising 

auxiliary strategy to improve the immune adaptive response and its 

implication during the strategy of cancer treatment indicates many 

intriguing results [3, 4, 20]. 

Feinendegen reported that radiation hormesis is the hypothesis that low 

doses of ionizing radiation (A low dose of IR is a dose that creates a burst 

of hits and ROS that is adequate to stimulate the protective systems and 

produce observable health benefits, within the region of and just above 

natural background levels in the range 0.01-0.50 Gy  ) [21] are beneficial, 

stimulating the activation of repair mechanisms that protect against 

disease, that are not activated in absence of ionizing radiation [22]. Hence, 

the radiation adaptive response direct DNA repair and gives the 

impression to be a central origin of the prospective hormetic effect [23]. 

The pro inflammatory molecules; prostaglandins (PGs) and its synthesis 

rate limiting enzyme, cyclooxygenase-2 (COX2) play an important role 

in the development and progression of cancer [24]. Many acknowledged 

evidences addressed the correlation between over expression of 

Aromatase and expression of inflammatory molecules (PGS and COX2) 

[25,26]. 

The irradiation of EST bearing mice at low dose was taken as argue of 

immune system [27,28]. this work explored the role of vitamin D3 

analogue; Calcitriol as an Aromatase  inhibitor  in regulating the cancer 

proliferation in mice treated with low dose and to what extent it can 

reduce the possibility of cancer treatment failure in  Ehrlich solid tumor 

(EST) bearing mice exposed to low radiation dose.  

Material and Methods 

Animals 

Female swiss albino mice (1 years old) weighing (30-35g) were obtained 

from the National Cancer Institute (Cairo University, Giza, Egypt). 

Animals were housed in plastic cages and maintained under standard 

conditions of temperature, humidity and 12 h light/dark cycles along the 

experimental period. They were provided with a pellet diet containing all 

the necessary nutritive elements. Food and water were available 

throughout the experimental periods ad libitum. Mice were left for 

acclimatization period of 1 week before the start of the experiment. 

Animal experimentation were consistent with the guidelines of Ethics by 

the Guide for the Care and Use of Laboratory Animals (National Research 

Council, 1996) in accordance with the recommendations for the proper 

care and use of laboratory animals approved by Animal care committee 

of the National Center for Radiation Research and Technology (NCRRT), 

Cairo, Egypt. 

Calcitriol (Cal) 

Calcitriol (Vitamin D3 capsule; 1000 IU) was obtained from Puritan's 

Pride Company (Cairo, Egypt). It was dissolved and diluted (1:10 v/v) in 

saline. Each mouse received intraperitoneal (i.p) injection of 

0.05µg/mouse once every 48 h for 14 days [29]. 

Tumor Inoculation 

The initial inoculums of Ehrlich ascites carcinoma (EAC) cells, kindly 

provided by the National Cancer Institute, Cairo University, and Giza, 

Egypt) were propagated in our laboratory. This was performed by weekly 

i. p. injection of freshly ascites fluid withdrawn from a donor mouse 

(bearing 6-8 days old ascites tumor) into 4 female mice each weighing 

35g approximately using sterile disposable syringes under aseptic 

conditions. Whereas, the cell line of EAC was preserved by ip injection 

of 2.5 million cells per animal. To count the EAC before ip, the bright line 

hemocytometer was used. Physiological sterile saline solution was used 

for the injection and dilution. Solid tumor of Ehrlich carcinoma was 

obtained by the intramuscular transplantation of 2.5 x106 viable Ehrlich 

cells into the right thigh muscle of the lower limb of healthy mice, and 

obtained after two week of inoculation ( zero time of the experiment)[3]  

Tumor Volume Monitoring 

Tumor volume was measured at different time intervals during the 

experimental period using a Vernier caliper on the 15th, 21th, and 28st 

days from the time the tumor reached 1 cm3 during the experimental 

period. The volume of solid tumor was calculated using the following 

formula according to Papadopoulos ET al [30]: [A × B2× 0:52], where A 

and B are the longest and the shortest diameter of tumor, respectively 

Low Dose Gamma Irradiation 

Whole body gamma irradiation to mice was performed using   a Gamma 

cell 40 Cesium Irradiator (Atomic Energy of Canada Ltd., Ontario, 

Canada) located in the National Center for Radiation Research and 

Technology (NCRRT) of the Atomic Energy Authority (EAEA,Cairo, 

Egypt) which ensured a homogenous dose distribution all over the 

irradiation tray.  Mice were placed in a specially designed well-ventilated 
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acrylic container and each mouse was whole body irradiated at 0.5Gy, 

[31] at a dose rate of 0.48Gy/min calculated by the authorization of the 

Dosimeter Department in the NCRRT. 

Animal grouping 

A total number of 90 female Swiss albino mice were randomly allocated 

into 6 equally- sized groups as follows: 

Group 1 (Positive control, E):  Mice bearing solid Ehrlich tumor  

Group 2 (Irradiated, R): Mice of this group were whole body exposed to 

0.5 Gy of γ-radiation at the day 15 of the experiment. 

Group3 (Calcitriol, Cal): Mice of this group were intraperitoneally 

injected with Cal (0.05 µg Cal /mouse) every other day for 14 day starting 

at 14 days from initiation of the experiment (from zero time). 

Group 4 (E+ R): Mice of this group are bearing solid tumor and then 

exposed to 0.5 Gy of whole body γ-radiation.  

Group 5 (E+ Cal): Mice of this group are intraperitoneally injected with 

0.05 µg Cal/mouse once every other day for 14 days starting on the 15th 

day from experiment. 

Group 6 (E+ R+ Cal): Mice of this group are exposed to 0.5 Gy whole 

body γ-irradiation and intraperitoneally injected with 0.05 µg Cal/mouse 

once every other day for 14 days starting on the 15thday from the day of 

Ehrlich cells inoculation. 

Samples preparation 

At the day after complete all treatments according to the experiment 

suggested regimen (15th days from the experiment zero time); mice were 

anesthetized using diethyl ether. The blood was collected on heparinized 

tubes by using syringe for heart puncture and the collected blood were 

preserved at -80 ºC for the molecular analysis (RT-PCR). Animals were 

sacrificed and undergo necropsy. Portions of solid tumor were dissected, 

rinsed in ice cold isotonic saline, blotted dry with a filter paper and 

preserved at -20 ºC for ongoing biochemical analysis.  

RT-qPCR assessment of Aromatase gene expression 

Entire cellular RNA was extracted from the thigh muscles by use of 

RNeasy® Mini Kit (Qiagen, Hilden, Germany). The procedures were 

done according to the manufacturer’s instructions. The total RNA 

concentration and also the purity of RNA samples were determined by 

using the Nano Drop spectrophotometer (Thermo Fisher Scientific, 

USA). Purity of samples was determined by measuring absorbance at 260 

and 280 nm, respectively.  

First-strand complementary DNA (cDNA) was synthesized using Thermo 

Scientific™ Revert Aid™ First-Strand cDNA Synthesis Kit (Fermantas,   

Thermo Fisher Scientific Inc, Runcorn, UK).  

Real-time polymerase chain reaction (PCR) amplification and analysis 

were performed in an optical 96-well plate in ABI PRISM 7500 Fast 

Sequence Detection System Thermal Cycler (Applied Biosystems, Foster 

City, CA, USA) using Power SYBRR Green PCR Master Mix (Applied 

Biosystems).  

The relative expression of the real-time reverse transcriptase PCR 

products was determined by the ΔΔCt method .This method calculates a 

relative expression to housekeeping gene using the equation: fold 

induction = 2^ - (ΔΔCt). Where ΔΔ Ct=Ct [gene of interest (unknown 

sample)-Ct housekeeping gene (unknown sample)] - [Ct gene of interest 

(calibrator sample) - Ct housekeeping gene (calibrator sample)] [32]. 

Primers used for aromatase RNA gene expression and 

glyceraldehyde -3- phosphate dehydrogenase (GAPDH) as a 

housekeeping gene are as follow 

 

Primer Sequence product length Accession number 

Aromatase Forward primer:5'-CGGGCTACGTGGATGTGTT-3' 

Reverse primer:5’-GAGCTTGCCAGGCGTTAAAG-3' 

135  

NM_001348171.1  

GAPDH Forward primer:5′-CAGGAGCGAGACCCCACTAACAT -3′ 

 

Reverse primer: 5′-GTCAGATCCACGACGGACACATT-3′ 

 
 

506  

XM_017321385.2 

 

Table 1:  Sequences of primers used to accomplish RT-PCR amplification 

Biochemical Analysis 

Caspase 3 was assayed in solid EC tumor by a sandwich enzyme-linked 

immunosorbent assay (ELISA) mouse kit provided by R&D Systems, Inc. 

(Minneapolis, USA according to the kits manufacture procedures. 

Whereas, Prostaglandin level in solid EC tumor was determined by a 

sandwich enzyme-linked immunosorbent assay (ELISA) mouse kit 

provided by Enzo life science (Postfach, Switzerland). The COX-2 

enzyme activities were detected spectrophotometrically in tissue 

homogenate. Cyclooxygenases catalyze the synthesis of prostaglandins 

from arachidonic acid. The COX component converts arachidonic acid to 

Prostaglandin G2 (PGG2) whereas the peroxidase component reduces the 

PGG2 to the corresponding alcohol, Prostaglandin H2 (PGH2). In this kit 

the TMPD serves as a reducing agent, TMPD gets oxidized, so electrons 

flow from the TMPD to PGG2 and the appearance of the oxidized TMPD 

is monitored at 590 nm. The rate of increase in absorbance was taken for 

calculating the activity of the enzyme [33]. 

Statistical analysis:   

All data were subjected to the Shapiro–Wilk test for normality (p >0.05) 

to ensure the normal distribution. After confirmation of data normal 

distribution statistical analysis of the difference between means was 

performed using one-way analysis of variance (ANOVA). When 

significant F-ratio was present, the post hoc Duncan’s test for multiple 

comparisons was used to evaluate the statistical significance difference 

between various groups (p < 0.05). StatisticalPackage for Social Science 

(SPSS) version 20.0 (SPSS Inc., Chicago, IL, USA) were used to run all 

of the statistical analyses included in the present study. 

Results 

mRNA expression of Aromatase 

The present study comprises the assessment of Aromatase gene 

expression using RT-PCR technique. Table (2) Shows that the highest 

mRNA expression of Aromatase was found in the Ehrlich solid tumor of 

E mice group which considered as +ve control group whereas, the lowest 

level was recorded in group 3 (Cal) mice. The results demonstrated the 

most expression of Aromatase mRNA in untreated solid tumor considered 

as 100% expression and the administration of several equal doses of Cal 

reduced the expression to 78.3%.Whereas, the exposure of Ehrlich 

bearing mice to single dose of 0.5Gy reduced to 76% compared to 

expression of that in the untreated Ehrlich bearing mice. The most 

pronounced reduction amongst groups was observed in E+ R+ Cal.  

 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1131345322
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1720417024
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Animal groups Statistical Analysis 

Mean± SE % Change 

E 64.71b±13.53 -- 

R 01a±00.21 -98.49% 

Cal 01a±00.06 -98% 

E+R 15.14c±00.30 -76.59% 

E+ Cal 13.99c±00.77 -78.37% 

E+R+ Cal 04.15a±00.63 -93.85% 

Table 2: Comparative mRNA expression (arbitrary units) of Aromatase in the right thigh muscle or solid tumor of different animal groups 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 

%: Percentage of change from the values of mRNA in mice bearing Ehrlich solid tumor (E). 

Percent change = T-C/C* 100 

Inflammatory markers 

COX2 

The protein concentration of COX2 in different animal groups showed a  

great variation as shown in Table (3).  

The result illustrated a marked down regulation of COX- 2 protein in 

(E+R+Cal) gp of mice in comparison to (E+R) gp or (E+Cal) gp. 

 

Animal groups COX-2 (pg/mL) 

Mean± SE % Change 

E 62.50d±5.01 -- 

R 13.0a±0.86 -79 

Cal 11.69a±0.40 -81 

E+R 25.82c±2.02 -58 

E+Cal 20.25bc±0.87 -67 

E+R+Cal 16.82ab±036 -73 

Table 3: Cyclooxygenase-2 (COX-2) concentration in different animal groups 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 

%: Percentage of change from the values in mice bearing Ehrlich solid tumor (E). 

Percent change = T-C/C* 100 

 

PGE2 

A significant increase of tumor PGE2 concentration in (E) gp of mice and 

(E+R) gp of mice compared to the other gps as shown in table (4) 

In mice bearing solid tumor and pretreated with Cal a remarkable (p<0.05) 

drop in tumor PGE2 level compared to its equivalent value in E mice was  

 

recorded. Whole body exposure of E mice to 0.5 Gy of gamma radiation 

either alone or along with Cal injection produced a pronounced decline in 

tumor PGE2 levels when matched up to E mice. The result obtained 

revealed that tumor of E+ R+ Cal mice group demonstrated the sharpest 

decline in tumor PGE2 level compared with its equivalent value in the 

tumor of E+ Cal and E+ R mice groups. 

Animal groups PGE2 (pg/mL) 

Mean± SE % Change 

E 433.74c ± 29.93 -- 

R 117.31a  ± 00.99 -72 

Cal 115.87a ± 02.17 -73 

E+R 221.0b ± 21.50 -49 

E+ Cal 158.82a ± 07.83 -63 

E+R+ Cal 147.14a ± 03.12 -66 

Table 4: Prostaglandin E2 (PGE2) level in different animal groups 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 

%: Percentage of change from the values in mice bearing Ehrlich solid tumor (E). 

Percent change = T-C/C* 100 
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Apoptosis 

The experimental data relating to the activities of caspase3 in different 

animals’ groups is presented in Table (5). 

Table shows that E mice manifested a significant (p<0.05) decline in 

cleaved caspase-3 protein compared to its equivalent value in other animal 

groups. 

Treatment of E mice with Cal resulted in a significant elevation in 

caspase-3 concentration, compared to E mice. Further, exposure of E mice 

to γ-irradiation either alone or in combination with Cal treatment induces 

significant (p<0.05) increase in cleaved caspase-3 protein compared to its 

equivalent value in E mice. However, the combination of the two 

treatment modalities (E+ R+ Cal) shows the most pronounced increases 

of caspase-3 on account of E+ R or E+ Cal mice. 

 

Animal groups Caspase-3 (pg/mL) 

Mean± SE % Change 

E 3.67a± 0.23 -- 

R 19.65d± 1.81 435.42 

Cal 27.17e±1.73 640.32 

E+R 11.54bc±0.43 214.44 

E+Cal 9.86b±1.67 168.66 

E+R+Cal 14.27c±1.22 288.82 

Table (5): Caspase-3 protein expression in different animal groups 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 

%: Percentage of change from the values in mice bearing Ehrlich solid tumor (E),  

Percent change = T-C/C* 100 

Tumor proliferation  

The volume of solid tumor in the right thigh of mice was measured three 

times starting after pulp appearance in E mice. The data obtained has been 

represented in Table (6) and figure (1). Table displays the effect of 

Calcitriol (Cal), Gamma irradiation (R) and their combination on the 

growth of solid tumor throughout 28 days’ post EAC inoculation. 

Treatment of animals with Cal starting after the tumor volume reached 1 

cm3 (14 days after tumor transplantation) resulted in marked inhibition of  

tumor growth as observed at 15, 21 and 28 days from the day of EAC 

inoculation. The exposure of EAC-bearing mice (E) to γ-irradiation 

resulted in a considerable reduction in the tumor size. Also, significant 

reduction of tumor volume was identified in irradiated mice bearing tumor 

and treated with Cal (E+ R+ Cal mice group) at 15, 21 and 28 days from 

the day of EAC inoculation compared to that E mice. It worth mention 

that, the (E +R+ Cal) mice signify the most reduced tumor volume as 

compared with other groups. 

 

Animal groups 
Tumor volume (mm3) 

15 days after  

EAC inoculation  

21 days after  

EAC inoculation 

28 days after  

EAC inoculation 

E 
1082.33a±4.06 

1401a±6.88 

1763a±9.45 

E+R 
545.83b±8.77 

594.17b±16.18 

794.83b±8.79 

E+Cal 
1058.67c±7.50 

1282.50c±14.32 

1467.83c±12.97 

E+R+Cal 
524.17d±6.99 

577.83b±7.41 

691.67d±18.02 

Table 6: Influence of Cal administration or/and exposure to 0.5 Gy gamma radiation on Tumor growth (mm3) in different animal 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 
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Figure 1: Influence of Cal administration or/and exposure to 0.5 Gy gamma radiation on Tumor growth (mm3) in different animal 

R: Radiation     E: Ehrlich       Cal: calcitriol 

Each value represents Mean± SE (n=15) 

Values with dissimilar superscript letters are considered significantly different (p <0.05). 

 

Discussion 

The development of original approaches in cancer treatment to arrive new 

level of success in the continuous battle against cancer required searching 

deeply in the relative tiny details. One of the interesting tricky points is 

the relation between estrogens and breast cancer. Our study focused on 

the aromatase enzyme a rate limiting enzyme in the pathway of estrogen 

synthesis. Likewise, the present work comprises the examination of 

calcitriol (vit D3-OH) or/and low dose gamma irradiation as novel 

approaches targeting the adjustment of aromatase expression, reducing 

the tumor proliferation and overcoming the disadvantage of using 

ordinary aromatase inhibitors. 

While, aromatase (CYP19) catalyzes the synthesis of estrogens from 

androgenic precursors and ovaries are the principal source of circulating 

estrogens in premenopausal women, many other tissues including the 

breast express aromatase and hence have the capacity to locally synthesize 

estrogens [34].Tissue specific promoters differentially regulated by 

various transcription factors are controlled the aromatase expression in 

these different situates [35].Lønning et al. stated that circulating pool of 

estrogens may be more important for breast carcinogenesis than local 

estrogen synthesis upregulated in postmenopausal benign breast tissue or 

malignant breast tumors [36]. 

In the present study, the data obtained pointed out to significantly higher 

(p<0.05) mRNA expression of aromatase in solid tumor of murine model 

(EST bearing mice) compared with its corresponding values in the other 

mice groups (Table 2). These results could highlight the relation between 

locally synthesized estrogen and the development of cancer. Zhao et al.  

 

disclosed the hyper proliferation and neoplastic damage caused by 

estrogen and its metabolites [37]. 

Worth mention, mouse model is not being an exact mirror of estrogen 

production in humans since mouse aromatase is expressed in fewer tissues 

than human aromatase [38]. However; this was going over in our work as 

a highly expressed aromatase gene was observed in solid tumor of mice 

inoculated with EAC cells (Table 2). The upregulation of aromatase gene 

expression could be attributed to the presence of multiple exons available 

for use in aromatase gene.The regulation of tissue specific aromatase gene 

by alternative uses of these exons has been identified [39]. During cancer 

development exon 1 termed exon I.4 is often toggled from exon I.4 (1b) 

to exon I.3 (1c) or exon PII (1d), (1b) which causes enhancement of 

aromatase expression in cancer-associated adipocytes and fibroblasts. 

Moreover, the aromatase gene is further regulated at both the 

transcriptional and post-transcriptional levels through protein kinase A 

(PKA)-, protein kinase C (PKC)-, and tyrosine kinase receptor-mediated 

signaling pathways that employ prostaglandin E2 and class 1 cytokines. 

Epigenetic modifications of the aromatase gene and microRNA mediated 

aromatase regulation may play a critical role in cancer progression. 

Several genetic polymorphisms in the aromatase gene may be prognostic 

factors of disease and may influence response to aromatase inhibitors. 

Lately, inhibition of aromatase has become one of the key strategies in 

breast cancer treatment. In the present work, we recorded a significant 

decrease in the expression of aromatase in EST mice treated with 

calcitriol or/and exposed to low dose gamma irradiation (LDR) with 

remarkable advantage of mice received Cal and exposed to LDR (Table 

2). The results obtained signalize obviously the capability of calcitriol to 

https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B8nning%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=21791635
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reduce aromatase gene expression even applied lonely or with LDR. As 

an inception, calcitriol could exert anti proliferative, pro-apoptotic and 

pro-differentiation actions in several malignant cells including   breast 

cancer cells. Thoroughly, it can inhibit the expression of CYP19A1 gene 

encoding aromatase enzyme that catalyzes estrogen synthesis from 

androgenic precursors. In addition, calcitriol repress nuclear receptor 

responsible for estrogen actions; Era [40]. These mutual actions 

(opposing the estrogen effect and inhibition of aromatase mRNA 

expression) trim down the levels of the estrogenic hormones as well as 

their biological activities within the breast [41]. It was previously 

mentioned the presence of different promoters distributed over a 

regulatory region of the CYP19A1 gene permit regulation of the 

aromatase gene in a tissue selective manner [42]. The main beneficial 

action of calcitriol is its ability to selectively diminished aromatase 

transcription. Promoters responsible for aromatase gene expression not 

only differ between normal tissues but also between normal and   cancer 

tissue. So, tissue-selective CYP19A1 promoters have been proposed as a 

possible strategy for development of selective aromatase modulators 

(SAM) [43]. Wheler et al. mentioned that AIs, a main therapeutic 

approach to treat breast cancer, prevent progression or recurrence of 

cancer breast in postmenopausal women after primary therapy have a 

serious disadvantageous of inhibiting estrogen synthesis at any sites as 

bone [44,45]. 

Whereas, calcitriol could inhibit the production of estrogen receptors as 

well as suppress other growth signaling pathway selectively in tumor cells 

[46]. Furthermore, the improvement recorded in aromatase expression in 

mice exposed to low dose gamma radiation (Table2) could be due to 

enhancement of the immune responses because there are no consequential 

evidences of direct effect of low level of gamma radiation on the 

machinery of aromatase gene expression. However, LDR may   potentiate 

the action of Cal on the unique exon’s arrangement in the structure of 

aromatase gene.  

Just about the same issue, our experimental results identify significant 

increases in the protein expression of COX2 and PGE2 synthesis 

synchronous with highly expressed aromatase mRNA (Tables 2:4). We 

hypothesized the correlation between inflammatory response and 

aromatase gene expression in the development of cancer. We expected 

the contribution of Inflammation/ Aromatase axis to the increased risk of 

hormonal developing cancer. One could attribute the changes induced in 

COX 2 and PGE2 protein to the inflammatory burden implicated after 

inoculation of EAC cells in the right thigh of normal mice which in turn 

work to enhance aromatase expression. In agreement with this view 

Grivennikov et al. reported that the inflammatory responses play 

influential roles at different stages of tumor development, including 

initiation, promotion, malignant conversion, invasion, and metastasis 

[47]. The most, if not all, solid malignancies trigger an intrinsic 

inflammatory response that builds up a pro tumorigenic micro 

environment [35]. Tak and Firestein, nominate nuclear factor kappa-light-

chain-enhancer of activated B cells (NF-κB) as a link between 

inflammation, immunity to cancer development and progression [48]. 

NF-κB, highly activated at sites of inflammation in diverse diseases, can 

induce transcription of pro inflammatory cytokines, chemokines, 

adhesion molecules, matrix metalloproteinases (MMPs), COX2 [49,50]. 

Cyclooxygenases COX 1 and COX2 are rate limiting enzymes in the 

production of PGE2 from arachidonic acid. The major pathophysiological 

functions of   PGE2 are bringing out pyrexia, pain sensation, and 

inflammation. So, the analgesic and anesthetic effects of the most widely 

used non-steroidal anti-inflammatory drugs (NSAIDs) are thought to be 

driven by inhibition of the production of PGE2. Going to the point, COX-

2-derived PGE2 working to stimulates the cyclic adenosine 

monophosphate (cAMP) to PKA signal transduction pathway that 

activate CYP19 transcription resulting in increased aromatase expression 

[51]. Looking upon EST mice received doses of Cal or/and exposed to 

LDR, significant decreases in the levels of COX2 and the concentration 

of PGE2 were observed (Table 3 and 4). Calcitriol might play a noticeable 

role in preventing the exaggeration of inflammation in the tumor tissue of 

murine mice. Han et al. stated that pro inflammatory cytokines and COX 

2 proteins are significant remarks of in situ active inflammatory responses 

[52]. Meanwhile the decreases happened in the COX2 protein expression 

and PGE2 concentration in EST mice received calcitriol treatment 

denotes its anti-inflammatory capacity. It could be suggested that 

calcitriol barricade the COX2 inducible cytokines in tumor tissue and 

consequently checked the production of COX2 in tumor tissue. The 

COX2 enzymatic activity upregulation could be attributed to the 

activation of several tumor necrosis factor alfa (TNF-α) dependent 

intracellular signaling pathway which plays a key role in the control of 

COX-2 induction. Different protein kinases and transcriptional factors 

that are greatly regulated by TNF-α are contributed to COX2 

upregulation. The expression of COX2 mRNA and protein is often 

enhanced in various human cell types by inflammatory cytokines such as 

TNF-α [28].As COX2 is the key enzyme in pathway of production of pro 

inflammatory PGs, synthesis and biological actions of PGs significantly 

withdrawn [41]. Furthermore, calcitriol could decrease PGE2 via 

enhancing the expression of 15-Hydroxyprostaglandin dehydrogenase 

(15-PGDH), the enzyme initiating PG catabolism [53]. 

Besides, low-dose radiation can be beneficial to living organisms, since 

the mild oxidative stress induced by low-dose radiation induces adaptive 

responses, including enhanced cell damage repair/protection [3, 54]. 

Thus, the decreases in COX2 expression and PGE2 concentration in EST 

mice exposed to low dose gamma radiation could be interpreted in the 

view of the hormetic effect of LDR. Further, in EST mice exposed to LDR 

and received calcitriol demonstrate prevalent reduction of COX2 and 

PGE2 expression holding up the view of LDR advancing action of 

calcitriol. 

Our data shows tumor micro environments rich with COX-2 and PGE2 

(Table 3&4), elevated tumor apoptosis resistance manifested by decrease 

in cleaved caspase3 levels (Table 5) as well as tumor enlargement (Table 

6).  The low concentration of Caspase3 observed in tumor tissue 

(addressing inhibition of apoptosis) might be considered a consequence 

event follow COX2 and PGE2 over expression. Favaloro et al. revealed 

that regulation of apoptosis is linked to several pathophysiological 

disorders, including autoimmune disorders, Alzheimer’s disease, and 

cancer [55]. During tumor transformation COX-2 over expression and 

activation caused increased production of PGE2, which can stimulate 

tumor growth by enhancing angiogenesis and invasiveness as well as 

inhibiting immune surveillance and apoptosis [56]. Further the over 

expressed COX2 up regulate Bcl2 localized to outer membrane of 

mitochondria leading to inhibition of pro apoptotic proteins Bax and Bak. 

These proapoptotic factors, work on mitochondrial membrane to promote 

permobilization and release of cytochrome c which is an important signal 

in apoptosis cascade.The mitochondrial release of cytochrome c in 

cytosol has been shown to be rate limiting for the activation of caspases 

and endonucleases [57]. Li et al. reported that cytosolic cytochrome c 

activates procaspase-9 by binding to Apaf1 in the presence of dATP, 

leading to caspase-9 activation and subsequent activation of downstream 

effector caspases, including caspase-3, with triggering of apoptosism 

[58]. 

He et al. stated that Caspases, a family of cysteine proteases that cleave 

their substrates on the carboxy-terminal side of specific aspartic acid 

residues [59].These proteases are generally present in healthy cells as 

inactive zymogens, but when stimulated they undergo autolytic cleavage 

to become fully active. Cleaved caspase3 (an executioner caspase) is one 

of proteases or enzymes can kill the cell by degrading proteins 

indiscriminately. Thus, it could be mention that COX2 and PGE2 rich 
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microenvironment hinders discharge of cytochrome c to cytosol and 

afterward suppress apoptotic cascade. 

Standing on the previous we have two cohesive points to be followed in 

concern of calcitriol or and low dose gamma radiation impact against 

cancer proliferation in EST bearing mice. First which we already discuss 

is the Over expression of aromatase gene and second is the inhibition of 

apoptosis in response to highly expressed cycloxygenase2 and PGE2 

which we are going to interpret.  

The experimental data indicate that calcitriol administration or/and LDR 

exposure to EST mice induced significant increases in Caspase3 level 

compared with E mice (Table 5). The reported increases in caspase 3 

tailored the promotion of apoptotic process in tumor cells after calcitriol 

administration. Krishnan et al. affirmed the anticancer effects of Calcitriol 

due to its ability to suppress proliferation and promotes apoptosis and 

differentiation of malignant cells and inhibits tumor angiogenesis and 

invasion [60]. 

Essentially most pathways which are leading to apoptosis are ultimately 

regulated by Bcl-2 family of proteins. The Bcl-2 family of proteins is 

divided into two subclasses that either promote (BclXS, Bax) or suppress 

(Bcl-2, Bcl-XL, Mcl-1) apoptosis. These proteins can form hetero- and 

homodimers and the ratio of apoptosis promoters to apoptosis suppressors 

is one determinant of cellular response. The increases in Bcl-2 expression 

was observed in a number of cancers including prostate, lung, and breast 

and is often associated with advanced stages of the disease [61]. Expected 

upregulation of Bcl2 could be confirmed by the over expression of COX2 

and PGE2 (greatly linked toBcL2 prompting) recorded in the present 

study. On the other hand, the inhibition of this inflammatory signs due to 

Cal (Table2 and 3) could prevent the up regulation of this pre survival 

proteins. As Bcl2 protein is critical in preventing the cell from initiating 

apoptosis, calcitriol have been sought to provide potential anti-cancer 

therapies by making cancer cells more susceptible to apoptosis-inducing 

agents. 

In addition, the improvement in Caspase 3 expression in EST mice 

exposed to LDR could interpreted in the view of LDR hormetic effect. 

The LDR activation of apoptosis could be executed in cancer cells by 

different mechanisms like inhibition of inflammatory signs, inhibition of 

aromatase as well as promotion of proapoptotic proteins [3,4]. Xin et al. 

reported that LDR induces apoptosis of tumor cells and has numerous 

beneficial effects on normal tissues, including radiation homeostasis and 

adaptive response [62]. 

In conclusion Calcitriol and low dose gamma irradiation could introduce 

transferable potentiating effect towards the cancer proliferation via 

selective suppression of tumor tissue m-RNA aromatase and amendment 

of inflammatory response which trigger apoptosis in tumor cells in murine 

model of EST. This may represent a prospective therapeutic policy for the 

management of solid tumor and decreasing the possibilities of tumor 

therapeutic resistance.   
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