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Abstract 

  

Experimental Validation Of Candidate Genes From Breast Cancer Transcriptome 
Study Involving Progesterone Treatment. 

 

A recent study shows that a single progesterone injection prior to tumor removal 

increases survival rates in node-positive breast cancer patients. In order to 

understand the molecular mechanism underlying the increased survival rates in 

patients the Gene expression patterns of the breast tumors before the progesterone 

injection and after surgical removal of the tumor post the progesterone injection 

were comparatively analyzed.  A precursor study leading to this project attempted 

to understand the molecular basis behind the successful clinical study. This 

precursor study analyzed the gene signature profiles of breast transcriptome pre 

(biopsy) and post (tumor removal surgery) progesterone treatment. The clinical 

samples obtained from three different major groups of breast cancer patients: Triple 

negative breast cancer (TNBC), Human epidermal growth factor receptor (HER2) 

positive and Estrogen receptor positive were subjected to whole transcriptome RNA 

sequencing and eventual validation of top 10 in RNA from tissue samples to RNA-

sequencing at the McCormick Center. Computational analyses of resulting data led 

to identification of progesterone modulated target genes for its subsequent 

validation of 10 target genes by Quantitative Real-Time PCR analysis.  

In an attempt to understand contribution of specific signaling 

pathways and to discern if pro-survival effects of progesterone observed in patients 

was indeed mediated via the progesterone receptor pathway, I used in-vitro cell-

based models.  Our analysis showed that there were key tumor suppressor genes 
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that were up regulated post progesterone treatment namely DUSP1, DUSP12, EGR3 

and FOXP3, along with this EZH2 a known oncogene is significantly down regulated 

post progesterone treatment. A similar trend for the target genes was observed in 

two different progesterone receptor positive cell lines T47D and BT474 upon 

treatment with progesterone. Preliminary results from cell lines studies showed 

that these genes were up regulated at either 6hrs or 9hrs post progesterone 

treatment. Following the validation of the target genes post progesterone treatment 

in cell lines, we attempted to understand the key pathways modulated by these 

genes which could play a role in increasing survival rates of patients post-surgery. 

Bioinformatics analysis using top 4 candidates reviled that these genes regulate the 

cell growth and proliferation pathway. All the above mechanism help provide 

evidence for the role of progesterone in helping increasing survival rates in patients 

post-surgery, this can be achieved by decreasing cell proliferation and metastasis 

during tumor removal surgery and thus reduce recurrence of tumor post-surgery. 
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Chapter 1: Introduction  

 

Breast cancer is one of the most common types of cancers in women and accounts 

for 22.9% of cancers in women. In 2014 breast cancer alone caused 400,403 deaths 

worldwide. The most common type of breast cancer is ductal carcinoma, followed 

by lobular carcinoma; invasive breast cancer is the type of breast cancer, which has 

spread to the surrounding tissues. The molecular classification of breast cancers is 

dependent on  receptor expressed on the breast cancer cells and accordingly 

classified as HER2 (HER2/neu receptor) +/-, ER (estrogen receptor)+/- ,PR 

(progesterone receptor)+/- and if all the three listed receptors are absent then the 

breast cancer falls under the Triple Negative Breast cancer type.  Current treatment 

of Breast cancer includes surgery, chemotherapy, radiation therapy, 

immunotherapy and vaccine therapy(1).  

Progesterone is a steroid hormone, produced in the ovaries and the adrenal glands, 

and plays an important role in pregnancy, female menstrual cycle, and embryo 

formation in humans and other species.  In addition to its role in cell proliferation 

and ductal development throughout pregnancy and lactation in normal breast, it 

also plays an important role in oncogenesis .The pleiotropic effects of Progesterone 

are carried out by the Progesterone receptor, which belongs to the nuclear intra-

cellular receptors superfamily of ligand dependent transcriptional factors (2-4). The 

downstream effects of progesterone are dictated by the binding of progesterone to 

the progesterone receptor, followed by the translocation of the ligand bound 

receptor to the nucleus where it binds to the target genes thus regulating them(2, 5, 

6).  Progesterone receptor gene is located on the 11q22 chromosome and encodes 
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for both the PR-A and PR-B isoforms. The two isoforms of progesterone are identical 

to each other for one exception that PR-B contains an additional 165 amino acids in 

the N-terminus(4). As a member of the nuclear receptor family the progesterone 

receptor contains the C-terminus ligand binding domain, the central DNA binding 

domain and the N-terminus domain.  All of the three domains of the receptor are 

necessary for its function, especially the N terminus domain that is necessary for the 

full transcriptional activity (7).  The two-transcription activation domains of the 

receptor are present in the N and the C terminus domains of the receptor, and 

serves as transcriptional co-activators like the steroid receptor co-activators(4, 7). 

The steroid hormone along with its receptor play an important role in cell cycle 

proliferation and differentiation, PRB is involved in activation of c-SRC/MAPK 

signaling pathway.  Other than the transcriptional regulatory effects of progesterone 

via the progesterone receptor, progesterone independently regulates key signaling 

pathways.  

 

Figure 1.  Important regulatory and conserved domains in progesterone receptors, 

PR-A and PR-B. 

 

The pathway that mediates the gene expression via progesterone is well studied. 

The binding of progesterone to the progesterone receptor induces the dissociation 

of the receptor form a multi –protein chaperone complex followed by 

DBD LBD

DBD LBD

1 456 567 633 933
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PR-A
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homodimerization and nuclear localization and binding to known and conserved 

progesterone response elements in the promoter regions of the target genes, thus 

transcriptionally regulating them with the help of the cellular transcriptional 

machinery and chromatin remodeling around the promoter region of the genes(8, 

9).  

 

 
Figure 2:- Mechanism by which Progesterone (PG) brings out downstream effect via 

the Progesterone receptor (PR). 

       

 

Many synthetic ligands are known to inhibit progesterone receptor by competing 

with the natural hormone to bind to the receptor. One of the best and widely used 

progestin antagonists is Mifepristone also known as RU486. RU486 is a structural 

analog of progesterone and has high affinity towards the progesterone receptor. The 

main structural features of RU486 that give RU486 its antagonist activity are the 

phenyl-aminodimethyl group located at the 11-β position of the main s steroid ring 

and the carbon 11 located on the side chain(7, 10). 

 

TATA 
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The role of progesterone in breast cancer is highly understudied and remains 

controversial (11). There is compelling evidence backing the role of progesterone as 

both a tumor suppressor as well as an oncogenic agent. Recent studied have shown 

progesterone to play a role in cell senescence and inhibition of cell proliferation, 

metastasis, invasion etc (12, 13). In addition to the aforementioned roles of 

progesterone as a tumor suppressor agent, ligand free progesterone receptor is also 

shown to suppress growth and inflammation response in breast cancer cells (14). 

On the other hand progesterone is also well known as an oncogenic agent increasing 

cell proliferation by activating various cell signaling pathways including 

Src/p21Ras/Erk, PI3K/Akt, and JAK/STAT by its non-genomic interactions(15). Also 

in clinical trials it has been shown that administration of progesterone and estrogen 

hormones together lead to formation of aggressive tumors as compared to estrogen 

alone (16). The biologic effects of progesterone differ between breast normal and 

tumor cells; furthermore the stage of breast cancer is an important determinant of 

progesterone effects.  
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    Figure 3:- The complete progesterone pathway in cell.  

      Adapted from Metacore. 
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Key hormonal regulation underlying molecular mechanisms involved in normal 

breast development in humans are not extensively studied and the available 

information regarding role in mammary gland homeostasis is based on studies from 

animal models.  In females the breast development remains in dormant stage till 

onset of puberty. Secretion of progesterone leads to the formation of mature adult 

breast. The adult human breast exhibits ducto-lobular histo- architecture and 

lobules are present prior to pregnancy. Lobuloalveolar development is mediated by 

Progesterone through the action of the progesterone receptor. The breast attains its 

maximum development during pregnancy; proliferation results in an increase in 

number of lobules and size. The epithelial proliferation and lobular expansion are 

thought to be due to the elevated Estrogen and Progesterone levels produced during 

pregnancy. After pregnancy and lactation, the breast undergoes physiologic 

regression resulting in an increase in the number of small lobules and a concomitant 

decline in the number of larger lobules(17). 

In contrast, in the breast tumor cells progesterone exerts autocrine 

effects directly on PR-expressing cells and promotes PR-positive cells proliferation. 

Differences in the tissue microenvironment are of tremendous impact for the effects 

of progesterone, and may trigger pro- or anti-tumorigenic progesterone response 

(18). On the other hand, microenvironment is known to play a key role in 

determining the short and long-term output of tumor removing surgery, and, tumor 

treatment in general. Surgery has been suggested to affect the overall treatment 

outcome(19). Local physical disruption resulting in tissue environment alterations 

oftentimes triggers secondary tumor formation through either dissemination of 
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malignant cells or accelerating pre-existing micro metastases (20). A recent study 

reporting increased survival rates in node-positive breast cancer patients treated 

with a single injection of hydroxyprogesterone prior to the tumor-removing 

surgery, has raised the hopes for plausible efficient and inexpensive single step 

treatment (21) .The tremendous practical potential of such a routine and 

conventional application demands in depth investigation of the underlying 

molecular events. 

A precursor study leading to this project attempted to understand the 

molecular basis behind the successful clinical study. This precursor study analyzed 

the gene signature profiles of breast transcriptome pre (biopsy) and post (tumor 

removal surgery) progesterone treatment. The clinical samples obtained from three 

different major groups of breast cancer patients: - TNBC, HER2 positive and ESR 

positive were subjected to whole transcriptome RNA sequencing and eventual 

validation of top 10 in RNA from tissue samples. In an attempt to understand 

contribution of specific signaling pathways and to discern if pro-survival effects of 

progesterone observed in patients was indeed mediated via the progesterone 

receptor pathway, I used an in-vitro cell line model. We validated the top target 

genes obtained from RNA-seq of tissue sample in cell line samples treated with or 

without progesterone over a series of time points.   The two cell lines used were 

T47D and BT474, which were both progesterone receptor positive cell lines. 
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Chapter 2: Materials and Methods. 

 

Part A:- Precursor Steps Accomplished at MGPC.  

15 frozen tissue samples were obtained from TATA memorial hospital, which 

included 5 samples of the TNBC type, 4 samples of the ER positive type and 6 

samples of the HER2 positive type, Breast cancers. Total RNA was prepared form 

these tissues samples and subjected to RNA-sequencing. The reads obtained were 

aligned using the TOPHAT2 software, assembly and comparative analysis using the 

Cufflinks and the Cuff compare software’s respectively.  The top 10 differentially 

regulated genes were then considered for further analysis.  

 

Part B: - Steps done by me for validation of results obtained by the 

Bioinformatics data.  

 

qPCR Validation  

Selected targets were chosen for validation using an independent method (quantitative 

Real Time PCR). One sample per target was chosen based on the highest fold change 

between the pre and the post-treated samples and the highest concentration of RNA. 

cDNA was synthesized from RNA using SuperScript RT III (Invitrogen, Carlsbad, CA) 

using random hexamers according to manufacturer’s protocol. qPCR was performed for 

each target in triplicates using 1ul of cDNA template and SYBR Green Mastermix. Actin 

was used as a house keeping control. The Ct values for the triplicates were averaged and 

the relative expression level for each mRNA target was calculated using ΔCt method 

after normalization with actin. The expression values thus obtained were then plotted as 
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bar graphs. For validation of targets in cell line, 1ug RNA was used to synthesize cDNA 

as previously described. The qPCRs reactions were setup in triplicates using 1ul cDNA 

and the relative expression calculated for each target as described previously. The Biorad 

CFX96 Real Time system and the accompanying software were used to carry out the 

qPCR protocol. 

 

In vitro effect of progesterone treatment 

PR-positive cell lines T47D and BT474 were cultured in DMEM with 10% FBS in 

multiple 60mm dishes and were grown to about 50% confluency. Cells were then 

starved for 48 hours using serum-free media with 5% DCC. Post-starvation, the cells 

were treated with 1nM progesterone (cat # P0130-25G), which was considered 

optimal dose based on literature, for multiple time points (3hrs, 6hrs, 9hrs, 24hrs). 

Cells were then harvested for protein using western blot to check for activation of 

Progesterone receptor. The phosphoprotein level of the receptor was upregulated 

for each of the time points compared to untreated control. Cells were then plated 

and treated similarly and post-treatment harvested for RNA. cDNA synthesis and 

qPCR was carried out as described previously.  

 

Pathway analysis. 

Pathway analysis of the top 5 differently regulated genes post progesterone 

treatments were analyzed using the in house prediction tool MetaCore from 

Thomson Reuters. 
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Chapter 3: Results 

  

The MGPC Center obtained 15 tumor tissue samples containing 5 TNBC, 4 ER +ve, 

and 6 HER2 +ve from the TATA Memorial Hospital Mumbai, India and total RNA was 

extracted using the Trizol method. The RNA isolated from the above procedure was 

then subjected to pair end RNA sequencing, on Illumina Hiseq 2000 platform to 

obtain 13 billion reads. The sequence reads were aligned to the HG19 version of 

human reference genome. Mapped reads were used to calculate relative FPKM of 

transcripts using cufflinks and cuffcompare.  Differentially regulated genes between 

pre and post progesterone treated groups were analyzed using TopHat software. 

636 differentially regulated genes were identified and top 10 differentially regulated 

genes pre and post progesterone treatments were selected.                      

The sequencing data represented patient samples pre and post progesterone 

treatment and transcript profiles indicate that of the 10 target genes all but one 

gene were up regulated post progesterone treatment (Unpublished  results from 

Horvath.A,Gupta.S,Mudvari P etall). EZH2 which is down regulated in post-

progesterone treatment has been proposed to play important role in oncogenic 

phenotype associate with several tissues. EZH2 a member of polycomb group of 

proteins promotes methylation thereby driving oncogenic cascade (22). Intriguingly 

EZH2 was the only member of histone modifying enzymes that that was significantly 

down regulated in post-progesterone treatment indicating that most of the tumor 

favoring effects of progesterone are coupled with down regulation of EZH2 

associated epigenetic events. This is however not addressed in this thesis.  
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In order to validate the results from the RNA-sequencing data, cDNA was prepared 

from the RNA extracted from the tissue samples and subjected to qRT-PCR using 

Actin as the loading control. Using the Delta Ct method described in Materials and 

Methods the relative expression of the 10 target genes was calculated and 

represented in Table.2 and Figure.4. 

Table.2 represents the gene name and the Tissue sample, which was used to check 

the transcript profile of a specific gene, followed by the relative expression of the 

target gene in the specific tissue. It should be noted that all samples were not used 

to for RNA sequencing due to limited amount of the tissue sample  

 

The results from quantitative real time pcr (RT-PCR) data further corroborate the 

results from the RNA-sequencing studies. As seen from Graph.1 all genes except 

EZH2 are up regulated post progesterone treatment. Genes like FOB, FOS, DUSP1, 

EGR1 and RGS1 were up regulated following progesterone treatment. 
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Table.1 The table representing the qRT-PCR analysis of gene expression for the top 

10 target genes. 
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Figure.4. Graphical representation of gene expression levels pre and post 

progesterone treatment. 

 

In order to further determine if progesterone induced gene expression was indeed 

mediated via a functional progesterone signaling pathway we conducted invitro 

studies to simulate progesterone effect on breast cancer cells were performed.  To 

achieve this two progesterone receptor positive cell lines T47D and BT474 were 

selected to check the downstream effects of progesterone. At the onset, T47D cell 

line was used to validate the signature of the 10 target genes from tissue sample 

studies. Both cell lines were evaluated for functional progesterone signaling 

pathway by determining levels of activated progesterone (phosphorylated levels) 

post progesterone treatment. The active progesterone receptor was evaluated by 

determining the phosphorylation status of the receptor post treatment, a 

phosphorylated receptor corresponds to active progesterone receptor pathway in 
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the cell. The results of these studies in the two cell lines is shown in the blots in 

Figure.5 

As seen from the blots it can be clearly concluded that both PR-A and PR-B are 

phosphorylated at 3Hrs/6hrs post treatment and decreases at 24Hrs as compared 

to the basal levels of the control (non-progesterone treated cells). On the other hand 

only PR-B is activated in BT474 post progesterone treatment.  

 

 

 
Figure.5:-shows the Western blots for the activated Progesterone receptors in the 

two cell lines under consideration. 

Next, the T47D cell lines were treated with 1nM progesterone and samples were 

isolated post 3Hrs, 6hrs and 24Hrs post treatment. cDNA isolated from the 3 

different time points post treatment and control was subjected to qRT-PCR and the 

gene expression of the 10 target genes was checked. The relative expression of the 

10 target genes in T47D was checked over 2 separate runs from 2 different passages 

and the results are represented in Table.2  
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Table.2. the table representing the gene expression levels of the 10 target genes 

posts progesterone treatment as compared to control. 

 

 

 

The results from the two runs given in Table.2 are graphically represented in 

Figures 6 through 15. As seen from the graphs there are a significant up regulation 

of all genes post progesterone treatments at the 3Hrs/6hrs time point, with the 

exception of EZH2; down regulated in progesterone treated tissues.   Although the 

level of gene expression is different in the two runs for the same gene in the same 

cell line, the expression profile of the target gene is similar in both the qRT-PCR 

runs. The difference of gene expression can be attributed to the variability seen in 

cell lines in culture over sustained period of time.  

  FOSB FOS EZH2 DUSP1 EGR1 EGR3 DUSP12 FOXP3 SKP2 RGS1 

 Run1                     

cntrl 0.102627 0.385387 72.15232 2.301303 1.599601 0.991519 0.089 0.110781 33.8945 0.25994 

3hrs 0.505396 0.951129 6.472751 9.12053 3.312022 2.241367 0.20301 0.187174 35.2859 0.35559 

6hrs 1.838869 10.37025 23.38826 15.73368 8.442746 15.68209 1.846 0.365798 52.8945 0.448 

24hrs 1.276463 1.803808 32.54534 0.981086 4.705601 11.91229 0.1879 1.044238 36.33345 0.21608 

 Run2                     

cntrl 2.753 2.236 46.559 6.025 2.32 1.3485 0.029512 0.089324 21.42 1.753 

3hrs 2.843 2.677 13.214 19.1965 2.8239 3.87345 0.054954 0.09745 23.307 1.9724 

6hrs 3.804 4.916 17.401 11.49 3.3819 10.4532 1.154709 0.2893 41.149 2.1567 

24hrs 3.466 3.379 10.376 5.519 1.105 8.4456 0.482318 0.5672 35.944 1.692 

15 
 



 

                                                

Figure.6                                                             Figure.7    
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                Figure.14        Figure.15 

 

At conclusion of quantitative PCR studies the genes that were significantly up 

regulated genes across the two sets were considered for further analysis. Keeping in 

mind the above criteria the genes selected for further analysis were FOSB, FOS, 

DUSP12 and EGR1. The expression of these genes was determined in second 

progesterone receptor positive cell line BT474 used in this study. In addition 

progesterone effects were determined in a time dependent manner following a 

single dose of 1mM. The purpose of doing so was to understand more in detail at 

what exact time point there was maximum up regulation of the target gene. The 

results from the above studies are presented in Table.4 and Figures 16 through 19. 
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  cntrl 3HRS 6HRS 9HRS 12HRS 16HRS 24HRS 32HRS 

T47D                 

DUSP1 0.1567 8.6529 15.7854 4.173 1.6352 3.1124 1.2563 0.13593 

EGR1 0.08972 0.21983 0.37152 6.01 0.1723 0.18203 0.193 0.01234 

FOS 0.004782 1.8394 1.4924 1.5235 0.271 0.59271 0.182 0.001278 

FOSB 0.11293 0.196293 0.81384 1.2934 0.08923 0.067283 0.10082 0.05482 

BT474                 

DUSP1 0.295121 0.549541 1.104926 24.54709 14.79108 17.24514 4.823178 1.75119 

EGR1 0.003114 0.140174 0.549541 5.12 1.2864 0.919038 0.395063 0.724436 

FOS 0.003067 0.033625 0.090504 3.950633 0.730018 1.071519 0.290625 0.354813 

FOSB 0.145658 0.180579 0.681292 0.597952 0.279683 0.212162 0.097724 0.050894 

Table.3. table representing the gene expression data from the qRT-PCR analysis 

using two cell lines and 4 target genes. 
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                                                       Figure.16 

 
                                        Figure.17 
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                                                          Figure.18 
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As seen from Graphs 12 through 15 there is significant up regulation of all the 4 

target genes in both the cell lines post progesterone treatment as compared to the 

basal levels of the control. DUSP12 shows maximum up regulation at 6Hrs post 

Progesterone treatment in T47D and 9Hrs post Progesterone treatment in BT474 

suggesting that DUSP12 is an early progesterone responsive gene in T47D as 

compared to BT474.   

EGR1 is significantly up regulated at 9Hrs post progesterone treatment in both the 

cell lines and follows similar trend in both cell lines. 

FOS is distinctly up regulated at 3Hrs post progesterone treatment in T47D and high 

levels of FOS are maintained till 9Hrs post treatment in T47D cells. On the other 

hand FOS has late induction in BT474 cells and is significantly up regulated only 

after 9Hrs post progesterone treatment and later drops as time increases. 

FOSB shows a late induction in T47D cells as compared to BT474 cells, in T47D cells 

it is up regulated at 9Hrs post progesterone treatment as compared to the 6Hrs post 

progesterone treatment induction in the BT474 cells. Of note, there is a slight 

increase in gene expression at 16Hrs as compared to 12Hrs, the above phenomenon 

can be accounted due to dynamic cycling observed with nuclear receptors are target 

gene promoters. 

 To summarize the findings from invitro studies, based on qPCR analysis of target 

genes, we believe that all of the genes are up regulated at 6-9Hrs post progesterone 

treatments, followed by a decrease in gene expression levels as time progresses. The 

decrease in the gene expression can be accounted for due to depletion of the ligand 

or the cycling of the Progesterone receptor. 
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As a next step in understanding the specific contribution of Progesterone in 

supporting better survival rates in patients who received progesterone before 

surgery, we determined if one or more of the genes identified in our RNA-seq 

pipeline contributed to critical nodes of signaling pathways. To achieve this we used 

the 4 genes that were differentially regulated between both pre and post-treatment 

conditions.  Analysis using Metacore a pathway analysis tool revealed that of all the 

pathways in which these 4 genes play an important role, the Reproduction GnRH 

signaling pathway was of the most significant with the least p-value and had all the 

four genes in it as compared to the other pathways predicted by the software. 

Evidence shows that Progesterone can activate the GnRH receptor pathway by 

priming the GnRH receptors (23). Thus the steroid hormone can initiate the 

Reproduction_GnRH signaling pathway, whose downstream targets are DUSP12, 

FOS, FOSB and EGR1. 
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Figure.20:- The Reproduction GnRH signaling pathway 

Adapted from Metacore. 

 

Progesterone is also known to bind to the promoter regions of the DUP12 gene thus 

up regulating DUSP12 mRNA expression in cells. DUSP12 is a well-characterized cell 

cycle regulated gene with known functions in cell proliferation and has been earlier 

shown to promote tumor proliferation (13). DUSP12 is induced as a result of 
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response to stress and growth factors. It is a member of the non-receptor-type 

protein-tyrosine phosphatase family and   the expression of DUSP1 gene is induced 

in human skin fibroblasts by oxidative/heat stress and growth factors. It specifies a 

protein with structural features similar to members of the non-receptor-type 

protein-tyrosine phosphatase family, and inactivates mitogen-activated protein 

(MAP) kinase in vitro by the concomitant dephosphorylation of both its 

phosphothreonine and phosphotyrosine residues. It also suppresses the activation 

of MAP kinase by oncogenic ras in extracts of Xenopus oocytes(24).  

The rest of the genes under consideration EGR1, FOS and FOSB are known 

downstream targets of Progesterone and act as transcriptional factor regulating cell 

proliferation which have a controversial role in cancer progression. 

The EGR1 gene encodes for a protein that belongs to the C2H2 type zinc finger 

protein, and functions as a nuclear transcriptional factor. The genes regulated by 

EGR1 play an important role in cell differentiation and mitogenesis (25, 26).  

FOS and FOSB are nuclear transcriptional factors that belong to the FOS gene family, 

which encodes for leucine zipper proteins can dimerize with proteins of the JUN 

family, thereby forming the transcription factor complex AP-1. The members of FOS 

family regulate genes that play an important role in cell proliferation, differentiation 

and transformation (27).  

Although FOS and FOSB are known tumor-promoting genes, EGR1 has been shown 

in many cancer types to play a role as a key tumor suppressor gene (28).  
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 Chapter 5: Discussion 

 

 

Breast cancer is the most common type of cancer occurring in women, causing about 

estimated 40,000 deaths alone in the United States in 2014. The only treatments 

available for breast cancer are radiation therapy, chemotherapy, vaccine therapy 

and tumor removal surgery(1). Although tumor removal surgery is a good remedy 

in advanced cases of breast cancer, it often leads to tumor recursion. Recent studies 

have demonstrated a novel method of treatment to combat breast cancer.  

The studies showed that a single progesterone injection prior to tumor removal 

surgery increases survival rates in patients. As an extension of the clinical studies 

we investigated molecular mechanisms that were key determinants that resulted in 

increased survival in patients due to progesterone injections prior to surgery (21). 

Our results show that increased survival rates observed in patients can be 

attributed to the up regulation of tumor suppressor genes and down regulation of 

oncogenic genes seen in our analysis. Some of the key tumor suppressor genes up 

regulated in our analysis were FOXP3, DUSP12, EGR3, EGR1, DUSP1, RGS1 and one 

of the key Oncogenic gene which was down regulated was EZH2.  Although the 

members of the FOS family and SKP2 which are known oncogenic genes are up 

regulated in our analysis, it is important to know that there has been evidence 

which suggest a counter-intuitive role of these genes in tumor suppression.  

One of the key findings of our study was that the members of the Dual Specific 

phosphatase (DUSP) family:-DUSP1,DUSP12 are highly up regulated in both tumor 

samples as well as cell line samples, post progesterone treatment. The members of 
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this family play an important role in inhibiting the MAPK pathway thus turning off 

the signal for cell proliferation. The mechanism by which these phosphatase act is 

by dephosphorylating both phospho- threonine and phospho-tyrosine residues 

located in the activation loop of the MAP kinase. Thus the members of this family 

can play an important role as checkpoint proteins in the MAPK pathway. Both the 

members of the DUSP family that are taken in consideration in our study:- DUSP1 

and DUSP12 are up regulated post progesterone treatment and are known to have 

progesterone receptor response elements in their promoter regions, thus suggesting 

a direct correlation between active progesterone receptor and  induced DUSP1 and 

DUSP12 levels(13).   The anti-proliferative effects of DUSP12 supports the anti-

tumor role of progesterone observed in clinical studies  

Another important oncogene that is down regulated is EZH2, a ploycomb group 

protein that is transcriptional repression involved in controlling cellular memory 

and has been linked in aggressive and invasive breast cancer. The dysregulation of 

the transcriptional machinery of a cell may lead to loss of cell type identity and 

neoplastic transformation and promotes oncogenesis. EZH2 Overexpression in 

breast epithelial cells induces anchorage-independent growth and cell invasion; this 

is achieved by induction of HDAC enzymatic activity in breast epithelial cells leading 

to invasive and metastatic breast cancer (29). In addition EZH2 also promotes 

epithelial to mesenchymal transition (EMT) by interacting with transcriptional 

factors like SNAIL and SLUG and down regulating the cell adhesion protein E-

cadherin and also by epigenetic silencing of the RasGAP gene, Disabled Homolog2-

Interacting Protein (DAB2IP). These genes coordinately regulate Ras and NFκB. By 
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suppressing DAB2IP, EZH2 activates Ras and NF-κB to promote prostate tumor 

initiation and metastasis. Histologic transformation is a tumor derived adaptive 

strategy. Epithelial cells often transition to a mesenchymal phenotype thereby 

becoming resistant to therapies that target epithelial cells (30).  Up regulation of 

EZH2 has been associated with several tumors that undergo this change. Loss of 

EZH2 following progesterone treatment might be a key event that controls the 

tumor microenvironment and thereby limiting tumor boundaries and future spread. 

However the functional mechanisms and molecular details required in-depth 

investigation and will be addressed in future studies.  

FOXP3 is a forkhead (FKH) box transcription factor, which is a member of the FOX 

protein family is also significantly up regulated post progesterone treatment. All 

members of this family contain a characteristic DNA-binding FKH box domain that 

acts as both a transcriptional activator and repressor of specific genes. In normal 

cells FOXP3 repress the expression of ErbB2 and hence breast epithelial cells 

express low levels of HER2. But in case of cancer cells FOXP3 levels are low hence 

ErbB2 is not transcriptionally repressed leading to high abnormally high levels of 

HER2 (31).  FOXP3 also plays an important role as a cell cycle proliferation 

checkpoint and also it is an important regulator of metastatic potential of epithelial 

cells. This is achieved by reducing the expression of MMP-2 and uPA as well as 

mTOR and NF–κB.(32) Knocking down FOXP3 increases cell proliferation and 

metastasis. All these properties of FOXP3 point outs its function as a key agent in 

suppressing cell proliferation and metastasis in breast cancer progression (33).     
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RGS1 a member of the Regulators of G-protein signaling which controls the activity 

of G proteins through the acceleration of GTPase activity of the alpha subunits of G 

proteins. It is been observed that RGS1 levels are down regulated in most types of 

cancer. Although much remains to be known with respect to the role of RGS1 in 

breast cancer, it can be hypothesized that RGS1 is a controlling factor in Receptor 

mediated signaling in cells and can control cell proliferation by inhibiting the G-

protein signaling pathways which is an important aspect in all Ligand-Receptor 

signaling pathways.  The fact that RGS1 is up regulated in our analysis suggest that 

ligand mediated signaling pathways leading to cell proliferation are inhibited to an 

extent thus decreasing cell cycle progression. 

The members of the FOS and EGR family are also up regulated in our analysis, 

although FOS and FOSB are known oncogenic factors EGR1 is known to play an 

important role in tumor regression and is known to be down regulated in cases 

where recurrence of cancer post-surgery is observed (34).  

To summarize key findings of this study we conclude that progesterone inhibits the 

proliferation of breast cancer cells by a cumulative effect of the progesterone 

dependent regulated genes. And this anti-proliferative effect of progesterone in 

breast cancer cells might contribute to better survival rates in patients post-surgery.  
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