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ABSTRACT 

Clinical studies indicate gender bias in cutaneous squamous cell carcinoma (cSCC) incidence with worse progno-
sis observed in males than in females, suggesting estrogen-mediated protection. In contrast, recent clinical popu-
lation studies show risk of cSCC by use of oral contraceptives, thus raising controversy. However, animal studies 
indicate a protective role of estrogen and estrogen receptor (ER)s in cSCC. Currently we have a poor understanding 
of ERs that are expressed in human cSCC cells and their possible role in malignant transformation. The focus of 
current study was to determine ER subtype specific expression on cSCC A431 cells and investigate if ER agonist 
based activation modulates tumor markers CD55 and Cyclin D1 in the cells. ERα, ERβ and G protein-coupled 
receptor (GPR30) subtype expression at mRNA and protein level was determined in human cSCC A431 cells by 
reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and Western blotting, respectively. The 
localization of ER subtypes was determined by confocal microscopy. ER subtype agonist based activation on A431 
cells was performed to investigate their role in modulating mRNA and protein expression of tumor markers CD55 
and Cyclin D1. A431 cells differentially expressed all three ER subtypes- ERα, ERβ and GPR30 with GPR30 
expression being the highest. Confocal studies confirmed that all three ER subtypes were expressed in the cyto-
plasm and ERα and ERβ lacked nuclear expression. Agonist based activation of both ERα and GPR30 significantly 
upregulated Cyclin D1 and CD55 expression. Blocking of GPR30 led to significantly downregulation of both 
Cyclin D1 and CD55 expression. In contrast to ERα and GPR30, ERβ activation significantly downregulated 
CD55 expression. Taken together, here we demonstrate for the first time that all three ERs- ERα, ERβ and GPR30 
are expressed in human A431 cSCC cells and further ER agonist based activation modulates the expression of 
tumor markers CD55 and Cyclin D1. 
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INTRODUCTION 

Cutaneous squamous cell carcinoma 
(cSCC) is the second most common malig-
nancy especially among Caucasians in the 

United States (Yesantharao et al., 2017). An-
imal model studies have confirmed the gender 
differences and protective role of estrogen in 
development of cSCC (Thomas-Ahner et al., 
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2007; Mancuso et al., 2009). Further, in pop-
ulation studies, gender based data in the 
United States indicate that the lifetime risk of 
cSCC incidence is higher in men than women 
(Pollock, 2001) and metastatic cSCC is more 
common in men (Burton et al., 2016). Addi-
tionally, postmenopausal women show a 
higher risk of vulvar SCC than premenopau-
sal women (Nugent et al., 2011). Mouse 
model studies have further confirmed keratin-
ocyte tumorogenesis due to estrogen defi-
ciency (Mancuso et al., 2009). However, a re-
cent clinical epidemiological study had con-
troversial findings about estrogen by report-
ing that oral contraceptive use is associated 
with a risk of cSCC incidence (Kuklinski et 
al., 2016). Currently, detailed studies in pop-
ulations are lacking to confirm the role of es-
trogen in cSCC. Hence, there is a huge gap in 
understanding of estrogen related pathogene-
sis in human cSCC development. Estrogen 
has been reported to be involved in normal 
cell physiology as well as malignancies (Yue 
et al., 2010; Chen et al., 2018; Ito et al., 2001). 
In order to understand the underlying hormo-
nal etiology, improve diagnosis and prognosis 
of cSCC, we urgently need detailed basic 
studies to investigate relationship between es-
trogen and development of cSCC. 

Estrogen acts on cells via estrogen recep-
tor (ER)s, we therefore studied the effects of 
ERs on cSCC to explore the impacts of estro-
gen on cSCC. ERs include ERα, ERβ and G 
protein-coupled receptor (GPR30). ERα and 
ERβ have been detected broadly in various 
cancers (Yue et al., 2010; Chen et al., 2018; 
Ito et al., 2001) exerting different roles in reg-
ulating malignant progression. ERα and ERβ 
function as transcription factors for regulating 
the expression of various genes involved in 
inflammation, cell cycle, proliferation and 
apoptosis (Heldring et al., 2007). An experi-
mental cSCC mouse model study reported 
that the degree of malignancy in cSCC is as-
sociated with the ratio of ERα / ERβ (Logo-
theti et al., 2012). Till date, we have poor un-
derstanding of ERα and ERβ on malignant 
progression in human cSCC. GPR30 is a 

seven transmembrane-domain G protein-cou-
pled receptor which mediates non-genomic 
signaling of estrogen to regulate cell growth 
and has been discovered expressed in human 
breast, ovarian, bladder cancers (Tian et al., 
2017; Zhu et al., 2018; Huang et al., 2015) 
and cutaneous malignant melanoma (Sun et 
al., 2017). However, studies related to expres-
sion of GPR30 and its activation in human 
cSCC are completely lacking in the literature. 

Cellular proliferation predicts tumor ma-
lignancy behavior correlated with tumor 
growth and metastatic potential (van Diest et 
al., 1998). Overexpression of proliferation 
marker Cyclin D1 is detected in many tumors 
and associated with malignant progression 
(Yang et al., 2002) and poor prognosis (Ahlin 
et al., 2017). Though the correlation between 
Cyclin D1 and ERs has been studied (Naka-
mura et al., 2013; Guo et al., 2015) in some 
cancer cells, the modulation on Cyclin D1 ex-
pression by ERs in human cSCC cells is yet 
to be explored. 

There is established evidence in the liter-
ature that chronic inflammation increases the 
risk of cancer and promotes tumor progres-
sion (Multhoff et al., 2011). As part of the in-
nate immunity, complement regulatory pro-
tein (CRP) such as CD55 is often upregulated 
during inflammation (Kawano, 2000) and 
cancer development (Murray et al., 2000; Li 
et al., 2001). Overexpressed CD55 leads to a 
poor outcome in certain cancers (Durrant et 
al., 2003), additionally, human cSCC cells 
also show resistance to complement lysis due 
to the presence of CD55 (Whitlow and Klein, 
1997). Therefore, modulation of CD55 may 
be an important step for cell malignant pro-
gression in cSCC. 

In the current study, we hypothesized that 
estrogen via ER activation in cSCC cells im-
pacts cancer progression by modulating Cy-
clin D1 and CD55. Therefore, we investigated 
the expression of ER subtypes in human 
cSCC A431 cells and the effects of ER sub-
type activation by ER agonists on the expres-
sion of tumor markers CD55 and Cyclin D1. 
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MATERIALS AND METHODS 

Chemicals 
ERα agonist 4,4′,4″-(4-propyl [1H] pyra-

zole-1,3,5-triyl)-trisphenol (PPT), ERβ ago-
nist 3-bis(4-hydroxyphenyl)-propionitrile 
(DPN), GPR30 agonist G1, GPR30 antago-
nist G15 and 17β-estradiol (E2) were pur-
chased from Cayman Chemicals (Ann Arbor, 
United States). PPT and DPN drugs were dis-
solved in 100 % ethanol; G1, G15 and E2 
drugs were dissolved in 100 % DMSO. These 
drugs from the stock solution were then di-
luted to required concentrations in cell culture 
medium. 
 
Cell line and cell culture 

Human cSCC cell line A431 was obtained 
from Dr. Santosh Katiyar (University of Ala-
bama at Brimingham, United States). The 
cells were grown in phenol red free DMEM 
(Thermo Fisher Scientific, Waltham, United 
States) supplemented with 10 % fetal bovine 
serum (FBS, Atlanta Biologicals Inc, Flowery 
Branch, Georgia), 1 % sodium pyruvate and 
1 % penicillin-streptomycin-glutamine 
(Thermo Fisher Scientific, Waltham, United 
States). Cells were maintained in 5 % CO2 in-
cubator at 37 °C. 
 
Cell viability assay 

Cell viability of the cells was evaluated by 
MTT (3- (4, 5-Dimethylthiazol-2-yl)- 2,5-di-
phenyltetrazolium bromide (Thermo Fisher 
Scientific, Waltham, USA) assay. A431 cells 
were seeded in 96-well tissue culture plates at 
a density of 1x104/well and allowed to attach 
overnight. The next day, the cells were 
starved with serum deprived medium for 20 
hours and then treated with vehicle (0.01 % of 
DMSO or ethanol), PPT, DPN, G1 or 
E2+G15 for 24 hours. 10 µM of MTT (0.5 
mg/ml in sterilized 1x Dulbecco's Phosphate-
Buffered Saline) was then added into each 
well and incubated for 2 hours at 37 °C. Then 
the formazan crystal was dissolved in 100 µl 
DMSO added in each well. After 5 minutes 
mixing, the absorbance of dissolved product 
was measured using SpectraMax Plus 384 

Microplate Reader (Molecular Devices, Cali-
fornia, United States) at a wavelength of 540 
nm. Percentage of cell viability was calcu-
lated based on vehicle treated cells serving as 
negative control. 
 
RNA isolation and reverse transcription- 
quantitative polymerase chain reaction  
(RT-qPCR) analysis 

A431 cells were seeded in 6-well tissue 
culture plates at a density of 1x105/well and 
allowed to attach overnight. The next day, the 
cells were starved with serum deprived me-
dium for 20 hours and then treated with vehi-
cle (0.01 % of DMSO or ethanol), PPT, DPN, 
G1 or E2+G15 for 24 hours. Total RNA was 
extracted from vehicle treated and chemicals 
treated cells using TRIzol reagent (Thermo 
Fisher Scientific, Waltham, United States). 
The quality and concentration of RNA was 
assessed using NanoDrop 1000 Spectropho-
tometer (Thermo Fisher Scientific, Waltham, 
United States). cDNA was prepared using 
QuantiNova reverse transcription kit (Qiagen, 
Hilden, Germany) according to the manufac-
turer’s instructions. Real-time quantitative 
PCR reaction mixture was carried out using 
ERα (ESR1), ERβ (ESR2), GPR30, Cyclin 
D1 (CCND1) and CD55 gene with RPL 13A 
gene used as an internal control (primers se-
quences are shown in Table 1) and Powerup 
Syber Green master mix (Applied Biosystems 
Inc, Foster City, California, United States). 
The reaction analysis was performed on 
StepOne Real-Time PCR system (Applied Bi-
osystems, Foster City, California, United 
States). The data was calculated using the 
2−ΔΔCt method and expressed as fold change 
relative to vehicle treated cells.  
 
Western blotting assay 

A431 cells were seeded in 6-well tissue 
culture plates at a density of 1x105/well and 
allowed to attach overnight. The next day, the 
cells were starved with serum deprived me-
dium for 20 hours and then treated with vehi-
cle (0.01 % of DMSO or ethanol), PPT, DPN, 
G1 or E2+G15 for 24 hours. After washing, 
the cells were lysed with RIPA buffer (20 mM 
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Table 1: Primers used in RT-PCR 

Gene Forward Reverse 
Size
bp 

ESR1 5’-GAGGATTCCCGTAGCTCTTC-3 5’-CCCTTGACCTAGCTTTCTCC-3’ 211 
ESR2 5’-GGCAGAGGACAGTAAAAGCA-3’ 5’-GGACCACACAGCAGAAAGAT-3’ 151 
GPR30 5’-GTACTTCATCAACCTGGCGGTG-3’ 5’-TCATCCAGGTGAGGAAGAAGACG-3’ 167 
CCND1 5'-AACAGATCATCCGCAAACAC-3' 5'-GTGAGGCGGTAGTAGGACAG-3' 166 
CD55 5'-CCACCAACAGTTCAGAAACC-3' 5'-TACTAGCGTCCCAAGCAAAC-3' 249 
RPL13A 5'-CCTGGAGGAGAAGAGGAAAGAGA-3' 5'-TTGAGGACCTCTGTGTATTTGTCAA-3' 125 

 
 
Tris, 150 mM NaCl, 1 % NP40, 0.5 % sodium 
deoxycholate, 0.1 % SDS, pH 7.4) containing 
protease and phosphatase inhibitor cocktail 
and phenylmethanesulfonyl fluoride (Thermo 
Fisher Scientific; Waltham, MA/United 
States). Total protein concentrations of the 
cell extracts were determined using Pierce 
BCA protein assay kit (Thermo Fisher Scien-
tific, Waltham, United States). Protein sam-
ples were denatured by heating at 99 °C for 5 
minutes. Proteins were separated on 4-12 % 
Bis-Tris protein gel (Thermo Fisher Scien-
tific, Waltham, MA/United States) and trans-
ferred to nitrocellulose blotting membrane. 
After blocking non-specific staining with 5 % 
milk in TBST for 1 hour at room temperature, 
the membranes were incubated with primary 
antibodies specific for human ERα (1:500, 
rabbit monoclonal against human ERα, 
Abcam, Cambridge, MA/United States), hu-
man ERβ (1:1000, rabbit polyclonal against 
human ERβ, Abcam, Cambridge, MA/United 
States), human GPR30 (1:250, rabbit polyclo-
nal against human GPR30, Abcam, Cam-
bridge, MA/United States), human CD55 
(1:5000, rabbit monoclonal anti-human 
CD55, Abcam, Cambridge, MA/United 
States) or human Cyclin D1 (1:5000, rabbit 
monoclonal against human Cyclin D1, 
Abcam, Cambridge, MA/United States) in 
5 % milk in TBST at 4 °C overnight. Human 
β-actin (1:3000, rabbit polyclonal against hu-
man β-actin, Abcam, Cambridge, MA/United 
States) or human β-tubulin (1:500, rabbit pol-
yclonal against human β-tubulin, Santa Cruz 
Biotechnology, Dallas, TX/United States) 
primary antibody was used as internal control. 
After additional washes the next day, the 
membranes were incubated with alkaline 

phosphatase conjugated goat anti-rabbit sec-
ondary antibody (1:3000, Cell Signaling, 
Danvers, MA/United States) for 1 hour at 
room temperature. The membranes were then 
developed using ECF substrate (Careforde 
Safaty & Scientific, Chicago, IL/United 
States) and scanned on Typhoon 9410 Varia-
ble Mode Imager (GE Healthcare Life Sci-
ence, Chicago, IL/United States). Protein 
bands were analyzed using image J software 
(NIH, Bethesda, MD/United States). 
 
Confocal microscopy 

A431 cells were seeded in 8-well chamber 
slide at a density of 4x104/well and cultured 
for 48 hours. The cells were then washed with 
PBS and fixed with 4 % paraformaldehyde 
(EMD, Burlington, MA/United States) in 
PBS and incubated at room temperature for 1 
hour. After washing, the fixed cells were per-
meabilized with 0.1 % Triton X-100 in PBS 
for 10 minutes at room temperature. Non-spe-
cific binding was blocked with 3 % bovine se-
rum albumin (BSA, EMD, Burlington, 
MA/United States) in PBS for 30 minutes. 
The cells were then incubated with primary 
antibodies specific for human ERα (1:150, 
rabbit monoclonal against human ERα, 
Abcam, Cambridge, MA/United States), hu-
man ERβ (1:2000, rabbit polyclonal against 
human ERβ, Abcam, Cambridge, MA/United 
States) or human GPR30 (1:400, rabbit poly-
clonal against human GPR30, Abcam, Cam-
bridge, MA/United States) in 3 % BSA in 
PBS at 4˚C overnight. After washing steps, 
the cells were incubated with Alexa fluor 488 
goat anti-rabbit IgG (1:200, Abcam, Cam-
bridge, MA/United States) supplemented 
with phalloidin (1:100, Abcam, Cambridge, 
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MA/United States) in 3 % BSA in PBS at 
room temperature for 1 hour. The cells were 
then washed and counterstained with DAPI 
provided in mounting medium (Santa Cruz 
Biotechnology, Dallas, TX/United States). 
Negative controls were included where pri-
mary or secondary antibody was omitted. The 
stained cells were observed by Leica TCS 
SPE confocal microscope with a 63x oil-im-
mersion objective lens. Z-stack analysis was 
performed for all images. Relative fluores-
cence intensity was estimated using NIS-Ele-
ments imaging software. 
 
Statistical analysis 

All experiments were repeated at least 3 
times. Data are presented as mean ± SEM. 
Statistical analysis was performed using the 
Graphpad Prism software 6.02 (Graphpad 
Software, Inc. California, United States). Sig-
nificant differences were determined by un-
paired t test or one-way ANOVA followed by 
Dunnett’s or Tukey’s multiple comparisons 
test. A P value of < 0.05 was considered as 
statistically significant. 

 
RESULTS 

A431 cells have differential expression of 
ERα, ERβ and GPR30 

The basal expression of ER subtypes 
(ERα, ERβ and GPR30) at mRNA and protein 
level in A431 cells was determined by RT-
qPCR and Western blotting, respectively. As 
shown in Figure 1A, among these three ER 
subtypes, the expression of GPR30 mRNA 
was the highest (P<0.001). ESR1 mRNA ex-
pression was higher than ESR2 (P<0.01). In 
order to further confirm these results, quanti-
fication of ERα, ERβ and GPR30 protein ex-
pression was carried out in A431 cells. As 
shown in Figure 1B, the expression of GPR30 
was still significantly the highest (P<0.0001), 
whereas the expression of ERβ was higher 
than ERα (P<0.05). These results suggested 
that GPR30 was the dominant ER subtype ex-
pressed in A431 cells, followed by ERβ and 
ERα. 
 

ER subtypes in A431 cells are localized in 
the cytoplasm 

The localization of ER subtypes in A431 
cells was visualized by confocal microscopy. 
As shown in Figure 2A, all the 3 ER subtypes 
were localized in the cytoplasm. No nuclear 
staining of the ERs was observed. No green 
staining was observed in negative control 
groups (data not shown). The relative fluores-
cence intensity of ER subtype expression was 
consistent with our Western blotting results 
(Figure 2B).  

 
Concentrations of ER agonists used do not 
affect the viability of A431 cells 

MTT assay was performed to check cell 
viability of A431 cells treated with various 
concentrations of ER agonists. When com-
pared to vehicle treated cells, no significant 
differences in cell viability were detected in 
cells treated with various concentrations of 
drugs except for G1 (0.5 µM). These results 
indicated that the doses of the drugs used in 
this study were not cytotoxic to the cells (Fig-
ure 3).  

 
ER agonists differentially modulate Cyclin 
D1 (CCND1) and CD55 mRNA expression 
in A431 cells 

The modulation of CCND1 and CD55 
mRNA expression was determined in A431 
cells in response to ER agonist based activa-
tion. Compared to control group, an increase 
in CCND1 and CD55 mRNA expression was 
observed in cells treated with PPT, however, 
this increase did not reach statistical signifi-
cance (P>0.05, Figure 4A). A significant 
downregulation in CCND1 (P<0.01) and 
CD55 (P<0.05) mRNA expression in the cells 
treated with DPN was obtained (Figure 4B). 
A significant upregulation in CCND1 
(P<0.01) and CD55 (P<0.05) mRNA expres-
sion in the cells treated with G1 was observed 
(Figure 4C).  
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Figure 1: Basal expression of ER subtypes in A431 cells. (A) Expression of ESR1, ESR2 and GPR30 
mRNA in A431 cells was determined by RT-qPCR. RPL13A was used as an internal control. The relative 
expression of ESR2 and GPR30 mRNA was normalized to ESR1. (B) Expression of ERα, ERβ and 
GPR30 protein in A431 whole lysate (passage 5, 8 and 12) was assessed using Western blotting assay. 
β-actin was used as an internal control. The relative expression of ERβ and GPR30 was normalized to 
ERα. Data are presented as mean ± SEM. N=3.  
*P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 were determined by one-way ANOVA. 
 

 
Figure 2: Determination of subcellular localization of ER subtypes in A431 cells using confocal micros-
copy. (A) Nucleus was stained with DAPI as blue, ER subtypes were stained with Alexa 488 as green 
and F-actin was stained with phalloidin as red. The merged images show the subcellular localization of 
ER subtypes in the cells. Magnification is 63x. (B) Relative fluorescence intensity of ER subtypes was 
measured relative to ERα. Image analysis was performed by Nikon NIS elements software. Data are 
presented as mean ± SEM. N=3. 
***P<0.001 and ****P<0.0001 were determined by one-way ANOVA. 
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Figure 3: Cell cytotoxicity test for ER agonists on 
A431 cells. A431 cells were treated with PPT (A), 
DPN (B) or G1 (C) for 24 hours and cell viability 
was estimated using MTT assay. All the doses of 
drugs used in this study showed no cytotoxicity to 
cells. G1 increased cell viability in a dose-depend-
ent manner. Data are presented as mean ± SEM. 
N=3-4.  
*P<0.05 compared to control was determined by one-way 
ANOVA. 

 

 
Figure 4: ER agonist modulation on CCND1 and 
CD55 mRNA expression in A431 cells. A431 cells 
were treated with PPT (A), DPN (B) or G1 (C) for 
24 hours. Expression of CCND1 and CD55 mRNA 
was assessed by RT-qPCR. RPL13A was used 
as an internal control. mRNA expression of treat-
ment group samples was normalized to the con-
trol sample. Data are presented as mean ± SEM. 
N=3.  
*P<0.05 and **P<0.01 compared to control were determined 
by unpaired t test. 

 
 

ER agonists differentially modulate Cyclin 
D1 and CD55 protein expression in A431 
cells 

The modulation of Cyclin D1 and CD55 
protein expression was determined in A431 
cells in response to different concentrations of 
ER agonists. Compared to control, Cyclin D1 
and CD55 expression was significantly up-
regulated in the cells treated with PPT in 
dose-dependent manner (P<0.05, Figure 5A). 

Various concentrations of DPN treatment had 
comparable effects on Cyclin D1 protein ex-
pression; however, a dose-dependent manner 
of downregulation in CD55 protein expres-
sion was obtained (P<0.05, Figure 5B). Both 
Cyclin D1 (P<0.01) and CD55 (P<0.05) ex-
pression was significantly upregulated in cells 
treated with highest dose of G1 (0.5 µM) (Fig-
ure 5C).  
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Figure 5: ER agonist modulation on Cyclin D1 and CD55 protein expression in A431 cells. A431 cells 
were treated with PPT (A), DPN (B) or G1 (C) for 24 hours. Expression of Cyclin D1 and CD55 protein 
was assessed by Western blotting assay. β-tubulin was used as an internal control. Protein expression 
of treatment group samples was normalized to the control sample. Data are presented as mean ± SEM. 
N=3-4. 
*P<0.05 and **P<0.01 compared to control were determined by one-way ANOVA. 
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GPR30 antagonist G15 downregulates Cy-
clin D1 and CD55 expression in A431 cells 

In our study, GPR30 was found to be the 
dominant ER subtype expressed in A431 cells 
and GPR30 activation by G1 upregulated both 
Cyclin D1 and CD55 expression. In order to 
confirm the role of GPR30 in regulating Cy-
clin D1 and CD55 in A431 cells, GPR30 an-
tagonist G15 treatment on cells was per-
formed in presence of E2. MTT assay was 
performed to check the cell viability of A431 
cells treated with various concentrations of E2 
and G15. Compared to the E2 group, none of 

the drug doses used affected the cell viability, 
except significant decrease in the cells treated 
with E2+5 µM G15 (P<0.05, Figure 6A). 
However, the cell viability was above 75 %, 
even at the highest concentration of G15. A 
downregulation of CCND1 and CD55 mRNA 
expression was observed in the cells treated 
with E2+5 µM G15 compared to E2 group, 
however, not significant (P>0.05, Figure 6B). 
In addition, we observed a remarkable dose-
dependent reduction of Cyclin D1 and CD55 
protein expression in E2+G15 groups com-
pared to E2 group (P<0.05, Figure 6C).  

 
 

Figure 6: GPR30 antagonist G15 modulation on Cyclin D1 and CD55 expression in A431 cells. A431 
cells were treated with 0.01 µM E2 with or without G15 for 24 hours. (A) Cell viability of cells treated 
with 0.01 µM E2+5 µM G15 was reduced compared to 0.01 µM E2 group. (B) Modulation of G15 on 
CCND1 and CD55 mRNA expression in A431 cells was assessed by RT-qPCR. RPL13A was used as 
an internal control. mRNA expression of treatment group samples was normalized to the control sample. 
(C) Modulation of G15 on Cyclin D1 and CD55 protein expression in A431 cells was assessed by West-
ern blotting assay. β-tubulin was used as an internal control. Protein expression of treatment group 
samples was normalized to the control sample. Data are presented as mean ± SEM. N=3-4.  
*P<0.05 compared to 0.01 µM E2 group was determined by one-way ANOVA. 
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DISCUSSION 

Skin is recognized to be an estrogen re-
sponsive organ and various types of skin cells 
express ERs, such as keratinocytes (Pomari et 
al., 2015). Despite the clinical evidence for 
hormonal etiology for melanoma and non-
melanoma skin cancers (Driscoll and Grant-
Kels, 2009; Kuklinski et al., 2016), we have 
currently a poor understanding of the role of 
estrogen and ERs in malignant transformation 
of various cutaneous cell types. The incidence 
of skin cancers is increasing particularly in 
Caucasians with over a million cases detected 
each year (Geller and Annas, 2003). cSCC ac-
counts for 20 % of all non-melanoma skin 
cancers and is the second common skin can-
cer after basal cell carcinoma (Eisemann et 
al., 2014). Both animal and epidemiological 
studies strongly suggest gender based etiol-
ogy for cSCC with male gender showing 
higher cSCC incidence (Thomas-Ahner et al., 
2007; Pollock, 2001). The present study was 
conducted in human cSCC cell line to confirm 
the expression of all three ERs and to further 
investigate their activation by ER agonists on 
modulation of tumor markers Cyclin D1 and 
CD55. This study would further help to clear 
the current controversies that exist in the field 
regarding the hormonal based regulation and 
role of ERs in human cSCC. 

Human cSCC development involves cel-
lular malignant proliferation of cutaneous 
squamous epithelial cells. Normal human ep-
idermal keratinocytes have been reported to 
express ERα, ERβ and GPR30 (Pomari et al., 
2015) with comparable basal expression. 
Mouse related cSCC cell lines and tissue stud-
ies have reported higher expression of ERα 
than ERβ and positive correlation between ra-
tio of ERα/ERβ and malignancy (Mancuso et 
al., 2009; Logotheti et al., 2012). Another 
study observed low level of ERα expression 
in human SCC cells (Ku and Crowe, 2007). 
However, none of these studies have investi-
gated GPR30 expression. The present study is 
the first to report the expression of all three 
ER subtypes in cSCC A431 cells showing 
GPR30 expression being the highest followed 
by ERβ and ERα. To our knowledge, we are 

also the first to show the cytoplasmic locali-
zation of all three ERs in the cells. ERα and 
ERβ are classical nuclear ERs, however, we 
observed their expression in the cytoplasm 
only. GPR30 is known to be a membrane ER 
(Mangiamele et al., 2017). In our study, 
GPR30 expression in A431 cells was detected 
in the cytoplasm, however, its membrane ex-
pression was not confirmed in this study. 

Proliferation markers are frequently stud-
ied to track cancer prognosis. Cyclin D1 is a 
cell cycle regulatory protein during cell pro-
liferation and is dysregulated more frequently 
than other proliferation markers in tumors 
(Qie and Diehl, 2016). It is established that 
ERα and GPR30 positively correlate with Cy-
clin D1 expression in gastric (Tang et al., 
2017) and ovarian (Albanito et al., 2007) can-
cers. A study has shown that GPR30 activa-
tion could induce the expression of Cyclin D1 
in breast cancer MCF-7 cells (Lei et al., 2019). 
Consistent with these previous studies, our re-
sults suggested that both PPT (ERα agonist) 
and G1 (GPR30 agonist) could induce Cyclin 
D1 protein expression in A431 cells. In vari-
ous types of hormone dependent cancers, ERα 
and ERβ have been shown to differentially in-
fluence the progression of cancer (Thomas 
and Gustafsson, 2011) by exerting opposite 
effects on cellular proliferation and apoptosis. 
A study in A431 cells has demonstrated that 
ERβ agonist, Erb-041, reduces Cyclin D1 
protein expression (Chaudhary et al., 2014). 
In our study, by using another type of ERβ ag-
onist, DPN, a decrease of Cyclin D1 was ob-
served at mRNA level, however, not at pro-
tein level. We attribute these differences in 
mRNA versus protein results due to the spe-
cific time point selection. In summary, our 
findings demonstrate that both ERα and 
GPR30 activation are able to induce Cyclin 
D1 expression, thus may be involved in cSCC 
cell malignant progression. In contrast, ERβ 
activation was able to suppress Cyclin D1 ex-
pression, suggesting its protective role in in-
hibiting cSCC cell malignant progression. 

CD55 has been detected in various can-
cers (Whitlow and Klein, 1997; Cheung et al., 
1988) with 4-100 fold higher expression than 
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normal cells (Li et al., 2001). CD55 expres-
sion can be regulated by estrogen (Nowicki 
and Nowicki, 2013), but the exact action of 
estrogen or ER subtype activation on CD55 
expression in cSCC cells remains unknown. 
This study is the first to investigate ER acti-
vation on CD55 expression in human cSCC 
cells. Our results demonstrate that DPN can 
reduce CD55 expression at both mRNA and 
protein level in A431 cells, implicating its use 
in activation of complement system to kill 
cancer cells. In contrast, PPT and G1 were 
able to induce CD55 expression at protein 
level in A431 cells, implying that ERα and 
GPR30 activation may help cells to escape the 
complement attack and drive cell malignant 
progression. Taken together, our results sug-
gest that ERα, ERβ and GPR30 activation ex-
ert different roles in cSCC cell malignant pro-
gression via regulating CD55. 

In our study, GPR30 was identified as the 
dominant ER subtype in A431 cells and its ac-
tivation induced both Cyclin D1 and CD55 
expression, suggesting its role in driving 
cSCC cell malignant progression. GPR30 
modulation on Cyclin D1 and CD55 expres-
sion was further confirmed by treating A431 
cells with GPR30 antagonist, G15, which re-
sulted in remarkable decrease in Cyclin D1 
and CD55 protein expression. A recent study 
has shown that G15 is able to suppress oral 
SCC cell growth, thus supporting our results 
(Bai et al., 2013). 

In summary, this study demonstrates that 
tumor markers Cyclin D1 and CD55 in A431 
cells can be differentially modulated via acti-
vation of three ER subtypes, suggesting the 
involvement of ER signals in cancer cell pro-
gression. These results may have important 
clinical significance related to cSCC patho-
genesis. Currently, there are no biomarkers 
for predicting malignant behavior of certain 
subtypes of cSCC. ER subtype and their rela-
tive expression on cells may serve as novel 
malignant stage-specific biomarker to predict 
worst prognosis in cSCC. Finally, our results 
suggest that ERβ activation or blocking of 
GPR30 activation may serve as a novel thera-
peutics for treating human cSCC. 
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