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 According to the American Cancer Society, breast cancer is the second leading cause of 

cancer related death in women. Also, one in eight women will have a form of invasive breast 

cancer in their lives; meaning that it is unlikely for a person to not know someone who has been, 

or will be, touched by this cancer. Survival rates have been on the rise, and are getting better 

every  year  (American  Cancer  Society).  Because  of  these  startling  facts,  it’s  important  to  know 

what new information is being studied to educate people on causes of breast cancer and new 

ways being developed to treat breast cancer and other related cancers.   

 “GPER  activates  Notch  signaling  in  breast  cancer  cells  and  cancer-associated fibroblasts 

(CAFs)”  is  an  article  composed  by  a  team  that investigated the correlation between the G protein 

coupled estrogen receptor  caller  GPR  30  or  GPER  and  17β  Estradiol  via  notch  signaling. Notch 

signaling is a mechanism of cell to cell communication, often present in gene regulation 

mechanisms all over the human body. Dysregulation of notch signaling can lead to cancer. The 

GPER notch signaling pathway contains a notch receptor location on the G protein in which 

17βEstradiol,  a  ligand  often  called  E2,  can  bind  to. When GPER is activated by E2 it induces the 

expression of a gene that promotes the growth of cancer cells (Abonante).  

Western Blotting was done with antibodies against Hes-1 (H-140), Notch-1 (C-20), Snai 

1 (G-7), VE-Cadherin (N-14), ERα (F-10), GPER (N-15) and β-actin (C-2) to detect that the 

correct proteins were present in the cancer cells being studied. Reverse transcription and 

quantitative Reverse Transcription Polymerase Chain Reaction (RT-PCR) was used to identify if 

samples had been degraded. In order to determine if the samples have been degraded, the 18s and 



28s bands are checked for completion once ran on agarose gel by electrophoresis. Only samples 

that were not degraded continued on to real time PCR. RT-PCR (NOT real-time PCR) creates 

complimentary DNA using reverse transcriptase. Real-Time PCR was used on the samples that 

weren’t  degraded  to  determine  gene  expression by the presence of certain proteins, shown by the 

presence of a specific band after the sampled had been loaded onto agarose gel and 

electrophoresis was done. PCR was used to copy genes; Hes-1, Snail, VE Cadherin, and 18S 

(Abonante). 

The results of the experimentation confirmed estrogen in aiding the growth of breast 

cancer cells. After  treating  cancer  cells  with  17β-Estradiol, then exposing them to selective 

ligands, and doing western blotting and RT-PCR, metioned above; this experiment showed that 

for the first time, notch signaling, spurred by estrogen activated GPER signaling changed gene 

expression and biological responses specific to breast cancer cells and cancer associated 

fibroblasts (Abonante).  

It has been shown that estrogens have many physiological effects on a wide range of 

target cells, usually involving one of two estrogen receptors named alpha and beta. Since 

estrogen is often taken to aid symptoms of menopause, the continuing discovery of the effects 

estrogen has on various ligands is an important field of study. The article written titled, 

“Molecular  mechanisms  of  estrogen  action:  selective  ligands  and  receptor  pharmacology”  

investigates how estrogen receptor ligands interact with the aforementioned alpha and beta 

receptors. Quinone reductase is an enzyme that catalyzes the reduction of quinone and NADPH 

to semiquinone and NADP+. It was discovered that a detoxifying enzyme called quinone 

reductase’s  activity  increases,  often  called  up-regulation, in the presence of antiestrogens, such 

as tamoxifen, when being used to treat breast cancer cells (Katzenellenbogen).  



In  the  article  titled,  “G  protein-coupled estrogen receptor is required for the neuritogenic 

mechanism  of  17β-estradiol  in  developing  hippocampal  neurons”,  the  action  of  GPER  is  studied.  

Estradiol is an important hormone in promoting the growth of neurites, projections of the neuron, 

in the brain. While estradiol is important in many diverse functions all over the human body, this 

study focuses specifically on its role in neuritogenesis. First, it was verified that hippocampal 

neurons express GPER, estrogen receptor  α,  and  estrogen  receptor  β. GPER regulates estradiol, 

which indirectly will regulate neuritogensis. In order to form this conclusion, GPER was blocked 

by using antagonists called G15 and GPER small interfering RNA (siRNA). This was shown by 

western blotting performed before and after the GPER inactivation. The antagonists prevent 

notch signaling to occur which prevented neuritogenesis, to occur. The absence of forming 

neurites, or more specifically axons and dendrites of the hippocampal neurons of the brain, 

indicated the blocking of notch signaling pathway of GPER (Ruiz-Palmero).  

“G  Protein-Coupled Estrogen Receptor-Selective Ligands Modulate Endometrial Tumor 

Growth” discusses  GPER’s  role  in the stimulation of endometrial cancer. As previously 

discussed for estrogen causing breast cancer, this article investigates a similar cause for 

endometrial cancer. The difference in this experiment from the previous one discussed is that 

tumor cells were treated with slow release estrogen supplements and a second set treated with the 

estrogen supplements as well as G-1, a GPER antagonist. These results were compared against 

cells that were left untreated as a control. The results showed the cells treated only with estrogen 

were ten times larger than the control cells. The cells treated with estrogen as well as G-1, 

measured by digital calipers, were only half the size of the estrogen only treated cells, meaning 

they were still five times larger than the untreated controls. The significance of the data is that 

while the tumor cells containing the GPER antagonist and estrogen grew slower than the 



estrogen only cells. This is an important development that could be used in therapeutic 

treatments of the future (Petrie). 

The data discussed in this paper concludes that the role of estrogen activated GPER in the 

aiding of cancer growth is evident. GPER regulation of estradiol was discussed using a 

mechanism  of  antagonists  to  prevent  GPER’s  notch  signaling  pathway; this was shown by the 

presence or absence of neuritogenesis (Ruiz-Palmero). The evidence of estrogen causing GPER 

to  bind  to  17βEstradiol  causing  breast  cancer  cells  to  grow  was  also  discussed  (Abonante).  

Finally the mechanism of GPER activity was investigated by preventing its notch signaling 

pathway by the use of an antagonist (Petrie). Combined, these articles form a strong basis for the 

further investigation into the study of cancer treatment by regulating the GPER notch signaling 

pathway.  
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