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Abstract 

Expression of estrogen receptor alpha and beta (ER-α and ER-β) in the 

skin contributes to wound healing, hair follicle morphogenesis, and non-

melanoma skin cancer development. A recently identified ER-α variant known as 

ER-α36 increases the growth of gastric, endometrial, and ER-negative breast 

cancers, although its function in cutaneous squamous cell carcinoma (SCC) has 

not been reported. An inhibitor of ER-α36 named icaritin, targets breast cancer 

stem cells and is in clinical trials for breast cancer and hepatocellular carcinoma. 

We hypothesized that ER-α36 signaling expands the cancer stem cell (CSC) 

population in cutaneous SCC to promote tumor growth, such that targeting of 

ER-α36 with icaritin will inhibit skin cancer growth. Immunohistochemistry for ER-

α36 in a set of human and mouse skin and skin cancers revealed increased 

levels of ER-α36 expression in SCCs. Silencing of ER-α36 in tumor sphere assay 

used as a measure of the CSC/progenitor population, decreased the size and 

number of spheroids by 61% and 46%, respectively, and decreased expression 

of the CSC markers aldehyde dehydrogenase (ALDH1) and cytokeratin 19 

(KRT19) in human SCC cell line SCC13. Conversely, over-expression of ER-α36 

resulted in a 3.5-fold increase in the number of spheroids and reduced 

differentiation. Treatment of SCC13 cells with icaritin at 1 µM, a concentration 

that did not impact the growth of SCC13 cells in monolayer, reduced both the 

size and number of spheres, as well as CSC marker expression. Xenografts of 

SCC13 cells in immunocompromised NCG mice were treated i.p. twice per week 

with icaritin or vehicle. By 6 weeks of treatment, icaritin-treated tumors were 55% 
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smaller than the vehicle-treated tumors. Histological and immunofluorescence 

analyses of these tumors revealed that the icaritin-treated tumors had reduced 

cell proliferation, increased differentiation, and decreased phospho-EGFR 

activity. Taken together, our results demonstrate a role for ER-α36 in skin cancer 

stem/progenitor cells and suggest that targeting of ER-α36 with icaritin may be a 

useful strategy for SCC treatment.  
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Introduction 

The incidence of non-melanoma skin cancer, including squamous cell carcinoma 

(SCC) and basal cell carcinoma (BCC) continues to rise annually with more than three 

million cases occurring per year in the United States1-3. Squamous cell carcinoma cases 

make up the bulk of the non-melanoma skin cancers and account for 8,000 deaths per 

year. Non-melanoma skin cancer and melanoma together account for $8.1 billion in 

healthcare costs annually in the United States. Non-melanoma skin cancer cases make 

up $4.8 billion of this annual total4. A majority of these cases result from chronic UV 

exposure5. One particularly vulnerable population for SCC development is people that 

are immunosuppressed, such as organ tissue recipients. Immunosuppressed 

populations can have a 250-fold higher chance of developing a SCC6. Cutaneous SCC 

are typically treated by surgical removal, but 10% of the SCCs recur, resulting in more 

aggressive and invasive skin tumors. Therefore, surgical excision has to be completed 

past the margins of the SCC and also with sufficient depth to remove all of the tumor. 

This type of treatment leads to larger margins and therefore larger scars. Radiation is an 

alternative therapeutic option, but it is used less often due to the consequent destruction 

of vasculature in the region of the SCC and also increased recurrence rates compared to 

surgical excision7-9. SCCs can also infiltrate blood vessels, nerves, muscles, and organs, 

resulting in significant damage to surrounding tissues. SCC invasion can cause 

deformities and eventual metastasis and death4,8. The metastatic rate for SCCs is 

typically 2-5%10-12. 

Rates of SCC vary between males and females. Men on average have a 3-fold 

greater incidence of SCC along with a higher mortality rate compared to women13-16. 

Similarly, male mice develop more non-melanoma skin cancer following ultraviolet (UV)-
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irradiation than female mice17. This difference has been hypothesized to result from 

differences in estrogen signaling18-22. Estrogen receptors, part of the superfamily of 

nuclear hormone receptors, come in two main forms: alpha (ER-α) and beta (ER-β). 

These proteins are functionally similar but are encoded by separate genes on different 

chromosomes. ER-α is encoded by the ESR1 gene on chromosome 6q, and ER-β is 

encoded by the ESR2 gene on chromosome 14q23. Both receptors can activate 

transcription through a DNA binding, genomic signaling pathway. When the receptor is 

activated, it is transported into the nucleus where it can dimerize with another ER. ERs 

then either directly bind the DNA via estrogen response elements (EREs) or indirectly 

through the recruitment of transcription co-factors to form a protein complex at the DNA 

binding site24. The regulation of transcription through ERs can alter cell differentiation 

and proliferation, and dysregulated ER signaling plays a role breast, prostate, and 

endometrial cancers25.  

ER-α and ER-β are expressed in various cell types and structures in normal skin, 

where they regulate collagen expression, wound healing, and aging26-28. ER-α66, the 

most common form of ER-α, is up-regulated in skin cancer and has been hypothesized 

to be oncogenic29-31. In contrast, ER-β appears to have more of a tumor suppressor 

function with loss of ER-β expression in skin cancer32. Estrogen signaling reduces 

inflammation and suppresses the immune system following UV radiation of mouse 

models17,20. In a human epidermal keratinocyte culture model, the ER ligand 17β-

Estradiol (E2) inhibits UV-induced apoptosis33. 

A variant of ER-α66, called ER-α36 for its 36 kDa molecular weight, has been 

linked to cancer development34. ER-α36 is expressed in gastric, endometrial, and ER-

negative breast cancers35-39. ER-α36 is encoded by the ER-α66 gene, ESR1, but lacks 

the transcriptional activation domains (AF-1 and AF-2) found in ER-α66 (Figure 1). In 
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ER-α66, the N-terminal AF-1 domain allows for ligand-independent activation of 

transcription through the binding of coactivators and target gene promoters40,41. The AF-

2 domain on the C-terminus requires E2 binding for receptor activation and subsequent 

DNA binding and transcriptional activation. ER-α36 retains the DNA-binding (domain C), 

the dimerization (domain D), and parts of the ligand-binding (domain E) domains (Figure 

1)34. The DNA-binding domain contains two zinc-finger-like structures, which allows for 

dimerization of the receptor and eventual binding of the DNA. ER-α36 also contains a 

unique 27 amino acid C-terminus, which is distinct from ER-α66. This sequence allows 

for specific targeting and detection of ER-α36.  

Figure 1. Domain structure comparison between the ER-α66 and ER-α36 isoforms. 

This image portrays the domains present (A-F) in the ER-α66 protein. AF-1 and AF-2 

domains are labeled. The DNA binding domain (C), dimerization domain (D), and 

ligand binding domain (E) can be seen in both protein isoforms. ER-α36 also contains 

a black box with no label indicating the location of the unique 27 amino acid sequence 

at the C-terminus of the protein.  This figure has been adapted from Wang et. al (34). 

ER-α36 does not have direct transcriptional activity since it lacks the AF-1 and 

AF-2 domains, but instead inhibits the transcriptional activities of both ER-α66 and ER-

β34. This has been hypothesized to be a consequence of ER-α36 blocking of ER-α66 

and ER-β access to the DNA binding site40,42. Previous work with another ER-α isoform, 

ER-α46, has shown that absence of the AF-1 domain converts the alternatively sliced 
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protein into a competitive inhibitor of ER-α66 and ER-β ligand-independent 

transcriptional activation41. As for ER-α46, ER-α36 has retained the DNA-binding portion 

of the protein suggesting it may still be capable of binding to the DNA, but not of 

activating transcription.  

The subcellular localization of ER-α36 suggests multiple mechanisms of 

signaling. ER-α36 is partially localized to the cell membrane where it activates non-

genomic signaling upon binding of its ligand estradiol (E2)36,40,43 (Figure 2). ER-α36 then 

activates tyrosine kinase receptors such as EGFR and HER244,45. The activation of 

EGFR through ER-α36 increases MEK and ERK1/2 activation, which increases cell 

proliferation. In breast cancer cells, ER-α36, EGFR, and HER2 are linked in a positive 

feedback loop that when upregulated confers resistance of breast cancer to tamoxifen 

therapy46,47. The membrane-initiated signaling of ER-α36 and HER2 positive feed-back 

loop expand the cancer stem cell (CSC) population in breast cancer48. Since EGFR and 

HER2 over-expression are common in skin cancer and are associated with poor 

prognosis49, interactions between ER-α36 and these receptor tyrosine kinases could be 

important in non-melanoma skin cancer and skin cancer treatment as well. 
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CSC retain features of follicular and epidermal stem cells typically found in skin 

such as a slow-cycling nature with unlimited replicative potential50. CSC can pose 

challenges to cancer treatments since many chemotherapies, such as daunorubicin and 

cytarabine, target dividing cells50. A number of markers have been characterized for the 

identification of CSC in various cancer types: Aldehyde dehydrogenase 1 (ALDH1), 

cytokeratin (KRT) 15, cytokeratin 19, and Oct 451-55 to label and isolate CSC in non-

melanoma skin cancer. Differentiation of highly proliferative basal epidermal 

keratinocytes is associated with well-characterized changes in patterns of differentiation 

markers. For example, basal epidermal cells have much higher levels of transcripts of 

KRT5 and KRT14. As these keratinocytes differentiate into stratum spinosum cells, 

KRT5/14 transcript levels decrease, and KRT1/10 transcripts are up-regulated. 

Differentiation of SCC has been shown to prevent tumor growth and metastasis. Review 

of work in the treatment of SCCs has shown that poorly differentiated tumors were 

28.6% more likely to recur than well-differentiated tumors with a rate of 13.6%56. Using a 

 

 

 

 

 

 

 

 

 

Figure 2. ER-α36 signaling is stimulated by estradiol. ER-α36 localized to the cell 
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small molecule designed to target ER-α36, and thus decreases breast CSC, has been 

validated as a potential therapy.  

The plant-derived flavonoid icaritin was developed to inhibit the activity and also 

reduce the expression of ER-α36 (Figure 3)57. Icaritin has been used in clinical trials for 

treatment of hepatocellular carcinomas, breast cancer, and advanced solid tumors, 

which have shown icaritin has a short half-life (4 to 7 h) and is well tolerated in 

humans58,59. Icaritin had anti-tumor activity in the phase-1 trial for advanced breast 

cancer and hepatocellular carcinomas. Icaritin can sustain ERK signaling in breast and 

endometrial cancers, which in turn causes cell cycle arrest and eventual death of the 

cells through apoptosis57. This is effective in the treatment of ER-α36-positive cancers. 

Because of the role of ER-α66 and ER-β in skin cancer, we hypothesize that ER-

α36 may be useful for skin cancer treatment. To investigate this hypothesis, we 

assessed ER-α36 expression levels in skin cancer as well as the effect of modulation of 

ER-α36 expression on SCC. These experiments revealed increased ER-α36 expression 

in skin cancer. ER-α36 regulated the growth and differentiation of CSC in cutaneous 

SCC. Targeting of ER-α36 using icaritin reduced SCC growth in xenograft, suggesting 

ER-α36 may be a useful target for the treatment of cutaneous SCC. 

Figure 3. Chemical structure of icaritin. 
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Materials and Methods 

Reagents 

Icaritin was provided to us by Shenogen Biomedical Co. (Beijing, China). 17β-Estradiol 

was purchased from Sigma-Aldrich (St. Louis, MO). Primary antibodies used are listed in 

Table 1.   

Table 1. Antibody concentrations for immunoblotting and immunostaining 

Antibody Target 
Titer for 

Immunoblotting 
Dilution for 

Immunostaining/Fixative Source 

ER-α36 1:100 1:200 (IHC) 
Ethanol 

Shenogen 
Biomedical Co. 
(Beijing, China) 

ER- α66 1:1000 1:500 
Ethanol 

Thermo Fisher 
Scientific  

(Waltham, MA) 

PCNA 1:500 1:50 
Ethanol 

Santa Cruz 
(Santa Cruz, CA) 

Keratin 5 1:1000 1:1500 
Ethanol 

Biolegend 
(San Diego, CA) 

ALDH1-A1 1:500 1:400 
Ethanol 

Abcam 
(Cambridge, UK) 

Phospho-ERK1/2 
(Thr202/Tyr204) 1:500 1:500 

Ethanol 
Santa Cruz 

(Santa Cruz, CA) 

ERK1/2 1:1000 1:250 
Ethanol 

Cell Signaling 
(Danvers, MA) 

Phospho-EGFR 
(Tyr1045) 1:500 1:100 

Formalin 
Cell Signaling 
(Danvers, MA) 

EGFR 1:1000 1:200 
Formalin 

Cell Signaling 
(Danvers, MA) 

SNAIL 1:500 NA* eBioscience 
(San Diego, CA) 

SLUG 1:500 1:2000 
Formalin 

eBioscience 
(San Diego, CA) 

Actin 1:1000 NA* Cell Signaling 
(Danvers, MA) 

GAPDH 1:1000 NA* Cell Signaling 
(Danvers, MA) 

*Not performed
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Cell Culture 

HaCaT, SCC12B.2, COLO16, SRB1, SRB12, and SCC13 cell lines were 

maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Life Technologies 

Corporation, Carlsbad, CA) supplemented with 1% penicillin (10,000 U/mL)-streptomycin 

(10,000 µg/mL) (Life Technologies) and 10% fetal bovine serum (Peak Serum, 

Wellington, CO) at 37 °C and 7% CO2. Cells were transferred to phenol red-free DMEM 

(Life Technologies Corporation) with 2.5% charcoal dextran-stripped fetal bovine serum 

(Gemini Bio-Products, Sacramento, CA, USA) and 1% penicillin-streptomycin three days 

before treatments to starve the cells of estrogen and maintained in this medium for the 

duration of all experiments. Cells were transfected at 80% confluency with pcDNA 

plasmid or ER-α36 plasmid containing the ER-α36 cDNA sequence34 driven by a 

cytomegalovirus (CMV) promotor using Lipofectamine and Plus reagents (Life 

Technologies Corporation), or with control  small interfering RNA (siRNA) (Santa Cruz 

Biotechnology) or ER-α36 siRNA 5‘-UUC AGU ACC UAU UGG CAU GAU GCC AAU 

AGG UAC UGA-3’ (Integrated DNA Technologies, Inc., Skokie, IL, USA) using siQuest 

transfection reagents (Mirus Bio, Madison, WI, USA).  

Cell Viability Assay 

Cells were seeded at 10,000 cells/well in a 96 well plate and then treated with 

serial dilutions of icaritin or the vehicle dimethyl sulfoxide (DMSO). Cells were retreated 

every 2 d in fresh medium. Neutral red solution (Sigma-Aldrich) was added to the cells at 

7 d. After 4 h of incubation with Neutral red solution, cells were washed with 1x sterile 

Phosphate Buffered Saline (PBS). Media was then added to the cells and the plate was 

set on a shaker for 10 min. Absorbance at 550 nm was measured using a Cytation 5 

plate reader (Thermo Fisher Scientific).  
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Tumor sphere assay 

Cells were seeded into Ultra-Low Attachment 60mm dishes (Corning Inc., 

Corning, NY, USA) at 10,000 cells/mL or 40,000 cells/60 mm dish after straining through 

a 40 µm nylon cell membrane (Corning Inc). Cells were cultured for seven days in tumor 

sphere medium consisting of 1:1 phenol red-free DMEM/F12 medium (Life Technologies 

Corporation, Carlsbad, CA) supplemented with 1x B-27 (Life Technologies Corporation), 

20 ng/mL epidermal growth factor (Life Technologies Corporation), 20 ng/mL basic 

fibroblast growth factor (Life Technologies Corporation), and 0.5 µg/mL hydrocortisone 

(Sigma-Aldrich). Tumor sphere assays using icaritin (1 or 10 µM), 17β-Estradiol (1 µM), 

or vehicle were run in triplicate for 7 d and retreated every other day in fresh medium. 

Cells were then collected by centrifugation and used for cytospins, protein isolation, or 

RNA extraction. All experiments were repeated 3 times.  

For tumor sphere quantification, four 100 µL aliquots of each 60 mm dish were 

placed into four individual wells of a 96-well plate for tumor sphere counts. The number 

of tumor spheres was determined by counting each spheroid in each well of the 96 well 

plate using an inverted microscope. The number of spheres was then calculated by 

multiplying the number of spheroids in each well by 40 (100 µL aliquot per 96-well 

compartment x 40= 4000 µL total volume of 60mm dish).  

The size of the tumor spheres was determined by finding the number of cells per 

well following Trypsin-EDTA (0.25%/0.5 mM) (Life Technologies Corporation) and then 

dividing the cell count by the total number of tumor spheres. Following neutralization of 

the trypsin with medium containing 10% fetal bovine serum, cells were collected by 

centrifugation and resuspended. Cells were counted using a Countess Cell Counter (Life 

Technologies Corporation). Cell counts per well were multiplied by 40 and then divided 
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by the total number of spheres for the corresponding well to derive the mean number of 

cells per tumor sphere. 

Cytospins 

Cells collected from tumor sphere experiments were resuspended in DMEM 

containing 30% fetal bovine serum to a concentration of 5x105 cells/mL. Cytofunnels 

(Life Technologies Corporation) containing a labeled Tissue Tek (Thermo Fisher 

Scientific) slide were filled with 200 µL of cell suspension. The cytofunnels were spun 

using a Cytocentrifuge (Shandon) at 800 rpm for 5 minutes. The slides were removed 

from the cytofunnels, dried for 5 minutes at room temperature, and then the cells were 

fixed to the slides in cold methanol for 15 minutes. Slides were stored at 4°C until ready 

for immunostaining.   

Immunofluorescence intensity 

Tumor spheres where imaged on a Leica TCS SP8 MP scanning confocal 

microscope (Leica Camera, Wetzlar, Germany) by performing a Z-stack on the 

spheroids following cytospin and immunostaining. The Z-stack segment with the highest 

intensity was chosen for each tumor analyzed. The immunofluorescence intensity was 

pulled from the LSM software for each tumor to compare spheroids from the different 

treatment groups.  

Immunoblotting 

Cells were washed with phosphate-buffered saline (PBS) and then lysed with 

lysis buffer containing 1 mM Na3VO4, 1.5 µM EGTA, and 10 µM NaF and supplemented 

with 1X protease inhibitor cocktail (Roche, Basel, Switzerland). The protein 

concentration was assessed using a Bradford assay (Bio-Rad Laboratories, Hercules, 

CA). Equal loading and transfer of samples was confirmed by Ponceau S (Sigma 
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Aldrich) staining. Following transfer of the samples from Sodium dodecyl sulfate (SDS)-

polyacrylamide gel to a nitrocellulose membrane, immunoblotting was performed using 

ER-α36, ER-α66, EGFR, Phosphorylated(P)-EGFR, ERK1/2, P-ERK1/2, HER2, P-

HER2, proliferating cell nuclear antigen (PCNA), actin, and glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) antibodies. Membranes were visualized using Western 

Lightning Plus chemiluminescence substrate (MidSci, Valley Park, MO) and imaged 

using a Chemidoc XRS+ (Bio Rad Laboratories, Hercules, CA, USA). Densitometry was 

performed using the Chemidoc XRS+ software.  

RNA extraction and Real-Time RT-PCR 

RNA was isolated with the RNeasy Mini Kit (Qiagen Sciences, Valencia, CA) 

according to the manufacturer’s instructions, and cDNA was prepared using the First-

Strand cDNA Synthesis Kit (with SuperScript from Life Technologies Corporation) and 

oligo dT primers (Life Technologies Corporation). Real-time RT-PCR was performed in 

triplicate using the primers found in Table 2 with SYBR Green Universal MasterMix 

(Applied Biosystems, Thermo Fisher Scientific).  Expression values were then 

normalized to GAPDH using the ∆∆Ct method. This started with normalizing to the 

reference (GAPDH) by subtracting the reference value from the target value (∆Ct = Ct 

(TAR) – Ct (∆∆)). The exponential expression transform is then calculated with ∆Ct 

Expression = 2–∆Ct. Once the values are averaged, the treatments were normalized to 

the control. 
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Table 2. Primer sequences for quantitative real-time reverse transcription polymerase 

chain reaction (RT-PCR)60-62.  

Primer 
Target Forward Reverse 

ER-α36 5’-GTG GTT TCC TCG TGT CTA AAG C-3’ 5’-GGT GTT GAG TGT TGG TTG CC-3’ 

KRT 5 5’-CAA CCC ACT AGT GCC TGG TT-3’ 5’-GAC ACA CTT GAC TGG CGA GA-3’ 

KRT 10 5’-ATG AGC TGA CCC TGA CCA AG-3’ 5’-TCA CAT CAC CAG TGG ACA CA-3’ 

ALDH-A1 5’-ACT GCT CTC CAC GTG GCA TCT TTA-3’ 5’-TGC CAA CCT CTG TTG ATC CTG TGA-3’ 

KRT 19 5’-TGAGTG ACA TGC GAA GCC AAT AT-3’ 5’-TAA CTT GGC CCT CCA GCG-3’ 

GAPDH 5’-GAAACCTGCCAAGTATGATGAC-3’ 5’-CGATGTGACTCCTGGTCCA-3’ 

Animal work 

Male NCG (NOD CRISPR Prkdc Il2r gamma/NjuCrl) (Charles River, Malvern, PA 

Code Strain 572) mice were used for xenografts. Deletion of the Prkdc and il2rg genes in 

the NOD/Nju mouse model prevents T-cell and B-cells from maturing while also 

decreasing the quantity of natural killer cells. (Charles River) The fur was trimmed with 

electric clippers prior to cell injections and tumor evaluations.  
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Figure 4. Xenograft procedure for NCG mice using intraperitoneal injections (i.p.) of 

icaritin or vehicle.  

Xenograft experiments were performed as shown in Figure 4. NCG mice were 

injected subcutaneously with 5 x 105 SCC13 cells in a 1:1 mixture of 1x sterile PBS and 

Matrigel (Corning Inc.) into the ventral flank using a 26.5 gauge needle. Tumor growth 

was monitored by measuring tumor width and length and then calculating volume using 

the equation: Volume= width2 ∙ length
2

. Once tumors reached 100 mm3, mice were randomly

assigned to vehicle (DMSO) or icaritin treatment (5 mg/kg body weight) and treated 

every other day by i.p. injection. Tumors were measured every other day using calipers 

and the mice were weighed three times per week to monitor their health. The mice were 

euthanized and photographed after 6 weeks of treatment. Tumor and adjacent skin were 

collected and either flash frozen, fixed in 70% ethanol or 10% neutral buffered formalin, 

or embedded in OCT for frozen sections.  Fixed tissues were processed and embedded 

in paraffin prior to sectioning onto superfrost slides (Thermo Fisher). All animal 
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procedures were performed in accordance with Creighton University’s Institutional 

Animal Care and Use Committee.  

Histological evaluation 

 Keratinization of xenograft tumor sections was evaluated on hematoxylin and 

eosin stained tumor sections. Keratinization of each tumor was evaluated by sorting into 

1 of 3 categories: <20%, 20-50%, and >50% keratinization, indicated by regions of tissue 

lacking hematoxylin staining. All analysis was performed with the investigator blinded as 

to the identification of the samples.  

Immunostaining and TUNEL 

 Immunostaining was performed on paraffin-embedded skin and tumor sections 

fixed in formalin or ethanol. Immunohistochemistry was performed on 70% ethanol-fixed 

SKH1 mouse tissues that had been exposed to 2240 J/m2 UVB and were provided to us 

by collaborators at The Ohio State University (Dr. Tatiana Oberyszyn). 

Immunohistochemistry was also performed on human skin and SCC samples. Tissue 

sections were incubated with primary antibodies recognizing ER-α36, Keratin 1, Keratin 

5, Aldehyde Dehydrogenase 1 (ALDH-A1), PCNA, P-EGFR, EGFR, P-ERK1/2, ERK1/2, 

P-HER2, HER2, SLUG, and SNAIL. Alexa-fluor 488 (Life Technologies Corporation) was 

used as secondary antibody and 4’,6-diamidino-2-phenylindole (DAPI) (Vector 

Laboratories, Burlingame, CA, USA) was used to identify nuclei. For immunostaining, 

biotinylated goat anti-rabbit was used for secondary antibody and the chromogen 3, 3’-

Diaminobenzidine with hydrogen peroxide. Harris hematoxylin (Sigma-Aldrich) was used 

for counterstaining. Negative controls for immunofluorescence and 

immunohistochemistry included only 3% BSA/PBS during primary antibody incubation. 

Apoptotic cells were recognized according to the standard protocol for the DeadEnd 
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Fluorometric TUNEL system (Promega, Madison, WI). PCNA and Terminal 

deoxynucleotidyl transferase dUTP nick end-labeling (TUNEL) were analyzed by 

counting the number of FITC labeled cells per unit area or per DAPI-positive cells using 

a fixed threshold for all samples. Imaging was performed using the Olympus VS120 

Virtual Slide Scanner (Olympus, Tokyo, Japan). Slides were then analyzed using the VSI 

analysis software (VS Desktop). Image analysis was performed on immunofluorescence 

by creating a region of interest (ROI) around the entire tumor, thresholding the intensity, 

counting the DAPI-positive cells, and measuring signal intensity.    

Statistical Analysis 

 For comparisons between two groups, significance was determined using a two-

tailed Student’s t-test, where P ≤ 0.05. For data collected at multiple time points, two-

way ANOVA with a Bonferroni correction was used, where P ≤ 0.05. 
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Results 

ER-α36 expression was increased in SCC compared to normal skin 

Immunohistochemical analysis was performed to evaluate ER-α36 expression in 

human skin and skin cancer. ER-α36 expression levels were increased in cutaneous 

SCC compared to normal skin (Figure 5A). ER-α36, while sporadic and nuclear in 

normal epidermis, had increased expression in SCC with an altered pattern of 

localization. SCCs exhibited nuclear localization as well as cytoplasmic and 

membranous localization. Membrane localization was not observed in the skin. These 

results are consistent with a non-genomic signaling pathway downstream from ER-α36 

in SCC, as has been described in other cancers. ER-α36 was expressed in a uniform 

manner throughout the SCCs, with 21 out of 22 positive for ER-α36. 

 Similar to our observations in human skin cancer, levels of ER-α36 expression 

were increased in mouse SCC and benign tumors compared to normal skin (Figure 5B 

and Appendix Figure 1). ER-α36 was nuclear in normal skin samples, similar to the 

pattern in human skin. Benign papillomas and SCCs had more widespread expression of 

ER-α36 than in skin. The patterns and intensity of ER-α36 immunopositivity were similar 

between male and female skin or male and female tumors. Interestingly, males had 

significantly increased ER-α36 expression after UV irradiation, which did not occur in the 

female mouse skin (Appendix Figure 1). Taken together, our immunostaining results 

suggest that ER-α36 may play a role in skin cancer.  
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Figure 5. ER-α36 was increased in SCC compared to skin in human and mouse 

tissues. Immunohistochemistry for ER-α36 was performed on normal human skin and 

SCCs (A) (N=12 for skin and N = 22 for SCC) and SKH1 mouse skin and UV-induced 

SCCs (B) (N = 5 male and N = 5 female). Scale bars for part A indicate 50 µm and 

scale bars in B indicate 100 µm. 

Silencing of ER-α36 decreased the size and number of tumor spheres 

Since previous research suggested ER-α36 contributes to CSC maintenance in 

breast cancer63, we hypothesized that ER-α36 could be playing a similar role in skin 
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cancer. To investigate this hypothesis, we turned to a human SCC cell culture model. As 

shown in Appendix Figure 2A, 5 of 5 human cutaneous SCC cell lines tested were positive 

for ER-α36. Using tumor sphere assays as a measure of CSC in the population64-66, we 

tested the ability of 2 of these cell lines to produce tumor spheres. Appendix Figure 2B 

shows that the human SCC cell line SCC13 was able to produce relatively high numbers 

of tumor spheres, leading to our selection of this cell line for much of the work described 

here. SCC13 cells are a female, human immortal cutaneous SCC cell line, which are 

widely used for xenografting experiments. In addition, the CSC population in SCC13 cells 

is well-characterized51. To determine the effect of ER-α36 on the formation of spheroids, 

ER-α36 expression was silenced using ER-α36-targeted siRNA. Both 20 and 60 nM 

concentrations of this siRNA decreased ER-α36 protein levels (Figure 6A) and transcripts 

(Figure 6B) by about 40% when compared to control siRNA-treated samples. Silencing of 

ER-α36 reduced the number of tumor spheres by 33% for 20 nM siRNA and 23% at 60 

nM siRNA (Figure 6C). The size of the tumor spheres was also reduced by 53% and 69% 

for 20 and 60 nM siRNA, respectively (Figure 6D & E). Consistent with the decrease in 

tumor sphere numbers, CSC marker expression was also decreased upon ER-α36 

silencing. The CSC markers KRT19 and Aldehyde Dehydrogenase 1 (ALDH1), previously 

documented in SCC13 CSC51,54, were decreased by approximately 66% upon ER-α36 

silencing (Figure 6F). To determine whether decreased CSC cells correlated with 

increased differentiation of a stratified squamous epithelial pattern, differentiation of the 

spheroids was evaluated using the epidermal differentiation markers cytokeratin (KRT) 5 

and KRT10. KRT10 was increased by 38% in tumor spheres with silenced ER-α36, but 

no differences were detected in KRT5 transcripts (Figure 6G).  
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Figure 6. Silencing of ER-α36 decreased the size and number of tumor spheres. 

SCC13 cells were transfected with the indicated concentrations of ER-α36 or control 

siRNA (A-G). Protein (A) or RNA (B) was extracted at 24h for immunoblot or real-time 

RT-PCR, respectively. Tumor sphere counts (C), size (D), and representative images 

(E) from 7d later. Real-time RT-PCR for CSC (F) and differentiation (G) markers (N =

6). *Indicates a significant difference, where P ≤ 0.05 using a Student’s T-test. 
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ER-α36 over-expression increased spheroid number and decreased differentiation 

The effect of ER-α36 over-expression on spheroid formation was also 

determined following transient transfection. ER-α36 levels were increased by 5.5-fold 

after transfection, as detected using immunoblots or quantitative real-time RT-PCR 

(Figure 7A-B). Elevated ER-α36 increased tumor sphere numbers by 20% (Figure 7C-

D).  Differentiation of the spheroids was decreased by more than 99% for both KRT5 

and KRT10 differentiation markers upon ER-α36 transfection (Figure 7E). Treatment 

with the estrogen receptor ligand 17β-estradiol (E2) similarly decreased differentiation as 

shown by KRT10 transcript expression (Appendix Figure 3). Over-expression of ER-α36 

also significantly increased the CSC markers ALDH1 and KRT19 (Figure 7F). Overall, 

increased expression of ER-α36 increased the number of CSC and also prevented 

differentiation of CSC. These results document increased CSC when ER-α36 is over-

expressed or activated with E2 as detected by both a tumor sphere assay and CSC 

markers in human cutaneous SCC cells.  
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Figure 7. ER-α36 over-expression increased the number of tumor spheres. SCC13 

cells were transfected with ER-α36 or control pcDNA plasmid (A-F). Protein (A) or 

RNA (B) was extracted 48h after transfection. Tumor sphere counts (C) and images 

(D) were obtained at 7d, as was RNA for real-time RT-PCR for differentiation (E) and

CSC (F) markers (N = 3). Significance was determined using a Student’s T-test (*P ≤ 

0.05). 

Targeting of ER-α36 using icaritin reduced spheroid formation and increased SCC 

cell differentiation 

Icaritin has been used in cell culture and clinical trials to target ER-α3667-69 and 

its downstream signaling. In initial experiments using cutaneous SCC cells, the effect of 

icaritin on cell viability of normal and SCC cells in monolayer was determined. As shown 

in Appendix Figure 4, icaritin had no effect on growth at concentrations below 1 µM in 

SCC cell lines but was growth-stimulatory to the non-tumorigenic HaCaT cells at 

concentrations less than 1 µM. Icaritin was toxic to SCC and non-tumorigenic HaCaT 

cells at concentrations above 1 µM (Appendix Figure 4). Consequently, we selected 1 

µM concentration of icaritin for the tumor sphere assays in order to detect a specific 

effect on CSC that was independent of its effects on growth or toxicity in monolayer 
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cells. Treatment of SCC13 cells with 1 μM icaritin reduced tumor sphere numbers by 

37% compared to the vehicle treated control (Figure 8A). The size of tumor spheres was 

also decreased by 78% (Figure 8B-C).  

Figure 8. Icaritin decreased the number and size of tumor spheres. SCC13 cells were 

plated in the tumor sphere assay in media containing 1 µM icaritin or vehicle (DMSO) 

and then refed media containing icaritin or vehicle every two days as described in 

Materials and Methods. Tumor sphere number (A), tumor sphere size (B), and 

representative photomicrographs (C). *Indicates a significant difference, where P ≤ 

0.05 using a Student’s T-test. 

Quantitative real-time RT-PCR for the CSC markers ALDH1 and KRT19 were 

decreased by 80% and 75% respectively, following icaritin treatment (Figure 9A). The 

differentiation marker KRT5 was increased in the icaritin-treated tumor spheres 

compared to the vehicle treated (Figure 9B), consistent with increased differentiation of 

SCC cells. Immunostaining and intensity analysis for CSC and differentiation markers 

revealed that icaritin treatment decreased ALDH1 protein levels (Figure 9D-E) and 

increased KRT5 protein levels (Figure 9F) but had no effect on KRT1 (Figure 9G).  
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Figure 9. Icaritin decreased the CSC marker expression. CSC and differentiation 

markers were analyzed by real-time RT-PCR and immunofluorescence intensity 

following immunostaining. RNA was obtained from icaritin and vehicle treated tumor 

spheres after 7 d for real-time RT-PCR for CSC (A) and differentiation markers (B-C). 

Immunostaining was performed on fixed spheroids for ALDH1, KRT5, and KRT1 (D). 

Intensity for each marker was determined from immunostaining images for CSC (E) 

and differentiation markers (F-G). *Indicates a significant difference, where P ≤ 0.05 

using a Student’s T-test. 

 KRT10 
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ER-α36 signaling activates ERK1/2 signaling 

Previous work with icaritin treatment46,57,70 has identified an effect on non-

genomic ER-α36 signaling through activation of EGFR and ERK signaling in breast 

cancer cells57,67,70. EGFR and ERK activity were therefore examined after modulation of 

ER-α36. Silencing of ER-α36 decreased P-ERK1/2 levels by 57% but had no effect on 

total ERK1/2 protein levels (Figure 10 left). Changes in EGFR protein levels were 

minimal with silencing of ER-α36. Conversely, over-expression of ER-α36 increased 

ERK1/2 and P-ERK1/2 by 54% and 37%, respectively (Figure 10 middle). EGFR 

increased by 33% with over-expression of ER-α36. Inhibition of ER-α36 with a low dose 

of icaritin (1 µM) had similar results to silencing, with a 65% decrease in P-ERK1/2 and 

minimal changes in ERK1/2 levels (Figure 10 right). P-ERK was consistently down, while 

ERK1/2 remained unchanged for 1 µM icaritin over the course of 72 h after treatment 

(Appendix Figure 5E-F). High dose icaritin (10 µM) treatment increased both P-ERK1/2 

and ERK initially and then decreased levels by 36 h (Appendix Figure 5E-F). P-EGFR 

was also decreased after 36 h of 10 µM icaritin (Appendix Figure 5D).  

Modulation of ER-α36 levels, by either silencing or transient over-expression, 

minimally impacted ER-α66 levels. Low dose icaritin treatment similarly did not affect 

ER-α66 or ER-α36 protein levels (Figure 10). In contrast, the high dose of icaritin (10 

µM) decreased ER-α66 after 24 h (Appendix Figure 5C).  

Cell proliferation did not change with ER-α36 silencing, over-expression, or 

inhibition (1 µM) (Figure 10 and Appendix Figure 4A-C). High dose icaritin (10 µM) did 

decrease PCNA levels, which has also been demonstrated in cell viability assays 

(Appendix Figure 4). In summary, our immunoblotting experiments revealed that ER-α36 
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signaling activates ERK1/2 proteins, and silencing or inhibition of ER-α36 with 1 µM 

icaritin produce similar changes in ERK1/2 activation. 

Icaritin treatment reduced SCC growth in vivo 

To test whether the icaritin reduction of skin cancer CSC would reduce SCC 

growth in vivo, SCC13 cells were injected subcutaneously into immunocompromised 

mice, then treated with icaritin or vehicle upon development of palpable tumors. 

Following 6 weeks of treatment, mice treated with icaritin had 55% smaller tumors 

compared to the vehicle control (Figure 11A). Differences in tumor volume were 

significant by day 26 and remained significantly different throughout the experiment. 

Both groups remained at a healthy weight, even as tumors grew (Figure 11B). 

Figure 10. ER-α36 activates ERK1/2 signaling as shown by immunoblot. SCC13 cells 

were treated with ER-α36 or control siRNA (left), ER-α36 or control plasmid (middle), 

or icaritin or vehicle (right) with the concentrations indicated. Data are representative 

of at least two experiments performed. 

24 h 24 h 48 h
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Histological differences between the icaritin and vehicle treated groups were identified in 

hematoxylin and eosin sections, which revealed more keratinized and differentiated 

tumor morphology in the icaritin-treated mice compared to the control group (Figure 

11C-D). An additional xenograft experiment was performed using serial dilutions of 

SCC13 cells pretreated for 7 d with vehicle or 1 µM icaritin. This experiment resulted in 

no significant differences in tumor incidence or volume (Appendix Figure 6). 

Figure 11. Icaritin reduced skin SCC growth in xenograft. Xenograft tumors were 

initiated using 500,000 SCC13 cells. Once tumors reached 100 mm3, mice were 

treated with twice weekly i.p. injections of icaritin at 6 mg/kg body weight, or vehicle 

alone (N = 10 mice). Tumor growth (A) and body weight (B) were measured every 

other day. Tumor volume was significantly reduced starting at 26 d as indicated by 

Two-Way ANOVA (P ≤ 0.001). Representative images of hematoxylin and eosin 

stained tumor sections (C). Scale bar indicates 200 µm. Tumors were categorized by 

the amount of keratinization (N = 6), labeled as <20%, 20-50%, and >50% keratinized 

(D).  
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To determine whether icaritin altered cell proliferation or cell death in skin tumors, 

immunofluorescence analysis of PCNA and TUNEL was performed on tumor sections. 

PCNA-positive cells were decreased by 37% in the icaritin group compared to the 

controls (Figure 12A-B). TUNEL, used to determine apoptotic cell death, was not 

significantly changed upon icaritin treatment (Figure 12C-D). Icaritin treatment reduced 

EGFR activation measured by Phospho-EGFR immunofluorescence by 32% (Figure 

12E-F). ER-α36 was localized to the cytoplasm and cell membrane in these xenograft 

tumors as shown by immunostaining (Appendix Figure 7). ER-α36 protein levels 

appeared similar between the vehicle and icaritin treated tumors (Not shown). In 

summary, icaritin treatment resulted in decreased proliferation and increased 

differentiation, with no effect of apoptotic cell death compared to vehicle treatment. 
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Figure 12. Icaritin reduced cell proliferation and EGFR phosphorylation in xenograft 

tumors. Immunofluorescence for PCNA (A-B) (N = 4) and P-EGFR (E-F) (N = 4) as 

well as TUNEL (C-D) (N = 5) was performed on tumor sections. Representative 

photomicrographs (A, C, E) and the results of image analysis (B, D, F) are shown. 

Scale bars for all treatments indicate 50 µm. *Significant differences determined using 

a Student’s T-test (P ≤ 0.05). 
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Discussion 

In our work, we have shown that ER-α36 levels increased in cutaneous SCC 

compared to normal skin in both human and mouse. Over-expressing ER-α36 in SCC 

cells increased tumor sphere formation and decreased differentiation. In contrast, 

silencing of ER-α36 and icaritin treatment decreased tumor sphere formation and 

increased differentiation. Immunoblotting identified ERK1/2 as a downstream signaling 

protein affected by the modulation of ER-α36. Targeting of SCC xenografts with icaritin 

decreased tumor growth by decreasing proliferation, while also increasing DNA damage. 

Increased ER-α36 protein levels in gastric cancer is associated with increased 

tumor invasiveness39,71. Increased ER-α36 protein levels are also found in 

endometrial37,38,72, hepatic73, and some ER-negative breast cancers74,75; but had not 

previously been studied in skin cancer. As described here, ER-α36 was expressed by 

both human and murine cutaneous SCCs at increased levels compared to skin, 

suggesting the carcinogenic process may select for cells with ER-α36 expression and 

that ER-α36 has a role in SCC development. Notably, ER-α36 immunopositivity was 

detected in only a fraction of normal skin keratinocyte nuclei, while virtually all 

keratinocytes in SCC were ER-α36 positive. Consistent with its role in membrane-

initiated signaling40,76, ER-α36 was abundant on the cell membrane, in the cytoplasm, 

and in the nuclei of SCCs from both humans and mice. Xenografted tumors also 

exhibited this ER-α36 localization pattern with strong positivity in the cytoplasm and on 

the cell membrane, suggesting similar functions in mouse, human, and xenografted 

tumors.  

Previous work has indicated several roles for ER-α36 based on its localization77. 

In addition to membrane-initiated signaling of ER-α36, localization in the cytoplasm is 
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associated with prevention of ER-α66 homodimerization since ER-α36 can dimerize with 

ER-α66 to form a heterodimer, which can no longer be translocated to the nucleus to 

activate transcription74,78. Nuclear localization of ER-α36 is associated with DNA binding 

at the estrogen response elements, which ER-α66 needs for activation of 

transcription34,40.  The expression pattern for ER-α36 in SCC may indicate that the 

protein is involved in a membrane-initiated pathway but prevents ER-α66 dimerization 

and activation of transcription.  

Men on average have a 3-fold greater incidence of SCC compared to women14-16. 

As with humans, male SCC mouse models on average develop more non-melanoma 

skin cancer following UV than female mice22, indicating differences in male and female 

cutaneous SCC carcinogenesis. Interestingly, UV-exposed mouse skin had increased 

ER-α36 protein levels only in the nuclei of our male mouse tissues. This may indicate 

that inhibition of ER-α66 by ER-α36 occurs more frequently in male mice compared to 

female mice or may be affected by higher estrogen levels in females.  Estrogen signaling 

in mouse models reduces inflammation and suppress the immune system in response to 

UV20 protecting the skin from some effects of UV. Inhibition of ER-α66 and this protective 

role could lead to increased SCC incidence in mice. Further research is needed to 

evaluate the mechanisms and impact of ER-α36 up-regulation in male skin after UV. If 

ER-α36 is regulated by proinflammatory signaling, this could be the cause of increased 

ER-α36 in male mice because it has been shown that male mice have increased 

inflammation after UV compared to females22. 

Poorly differentiated SCCs have been linked to increased tumor depth and 

diameter, resulting in a higher tumor grade and worse prognosis79. SCCs that are less 

differentiated are more aggressive and malignant than tumors containing more 

differentiated cells56. Poorly differentiated tumors have also been associated with higher 
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numbers of CSCs80,81. Using tumor sphere and xenograft assays, we found that ER-α36 

decreased SCC differentiation and increased CSC marker expression. ER-α36 

expression and signaling may play a role in maintaining the CSC population leading to 

less differentiation. Our results are consistent with literature reporting that ER-α36 

positively regulates CSC in breast cancer cells48,63,82.  

In skin cancer cells, ER-α36 activates ERK without impacting EGFR of HER2 

signaling. This is in contrast to the reports in breast cancer, where icaritin treatment 

sustains ERK activation at low concentrations to cause cell cycle arrest57,70, which might 

be why we see no differences in cell death in our xenografted tumors since they do not 

have upregulation of ERK as seen in other models. ER-α36 involvement will be further 

investigated in the icaritin time course experiments with additional concentrations to 

determine fluctuations in protein and mRNA expression levels and at what time points 

there are changes in signaling pathways. Analysis of the xenografted tumors revealed 

that P-EGFR was significantly decreased after treatment with icaritin but had no effect 

on the expression of the EGFR protein. This result does not match our in vitro icaritin 

experiments, which had no effect on EGFR activity or expression. Since icaritin’s impact 

on ERK and EGFR activity was both time and dose dependent, a more detailed analysis 

of icaritin’s effects on signaling in xenografts would help to clarify these results. 

Icaritin inhibition of ER-α36 has been shown in breast cancer models69, but 

icaritin had never been clearly linked to ER-α36 in skin cancer. In the tumor sphere 

assays, 1 µM icaritin increased differentiation and decreased spheroid formation. Similar 

results were found with silencing of ER-α36 resulting in increased differentiation and 

decreased spheroid formation. In immunoblotting experiments, icaritin and ER-α36 

silencing experiments again resulted in similar effects, with significant decreases in P-

ERK levels with no change in total ERK or EGFR. In a longer time course, 10 µM of 
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icaritin had different results when compared to 1 µM for ERK, EGFR, ER-α36, and 

PCNA, which could indicate additional off-target effects at higher concentrations of 

icaritin. ER-α36 silencing and 1 µM of icaritin produced similar results, consistent with a 

mechanism for icaritin that depends on inhibition of ER-α36 signaling without alteration 

in the levels of ER-α36.  

In our SCC xenograft experiments, icaritin decreases tumor growth by 55%, 

similar to results with ER-negative breast cancer69. Icaritin decreased tumor cell 

proliferation but did not affect apoptosis. Immunoblotting for proliferation marker PCNA 

in icaritin treated SCC cells in culture revealed decreased proliferation only at the higher 

concentration of icaritin. Xenografted SCC also displayed much higher rates of 

keratinization after icaritin treatment, matching the decrease in CSC markers and 

increase in KRT5/10 expression in cultured SCC cells upon ER-α36 silencing or icaritin 

treatment.  

 Our data suggests that ER-α36 plays a role in skin cancer, indicated by 

increased levels in SCC compared to normal skin. In addition, targeting of ER-α36 using 

icaritin reduced SCC growth and increased differentiation of CSC. Our data suggest, 

ER-α36 may signal through P-ERK in cutaneous SCC to maintain CSC. Future 

directions for the project will include further delineating the mechanisms through which 

ER-α36 signals in male and female skin and skin cancers and evaluating the potential of 

icaritin for skin cancer treatment or prevention. 

 

 

 

 



33 

Bibliography

1. Rogers HW, Weinstock MA, Feldman SR, Coldiron BM. Incidence estimate of

nonmelanoma skin cancer (keratinocyte carcinomas) in the U.S. population, 2012. JAMA 

Dermatol. 2015;151(10):1081-1086. 

2. Higgins S, Nazemi A, Chow M, Wysong A. Review of nonmelanoma skin cancer in

african americans, hispanics, and asians. Dermatol Surg. 2018;44(7):903-910. 

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin.

2017;67(1):7-30. 

4. Guy GP,Jr, Machlin SR, Ekwueme DU, Yabroff KR. Prevalence and costs of skin

cancer treatment in the U.S., 2002-2006 and 2007-2011. Am J Prev Med. 

2015;48(2):183-187. 

5. Xiang F, Lucas R, Hales S, Neale R. Incidence of nonmelanoma skin cancer in

relation to ambient UV radiation in white populations, 1978-2012: Empirical relationships. 

JAMA Dermatol. 2014;150(10):1063-1071. 

6. Tessari G, Girolomoni G. Nonmelanoma skin cancer in solid organ transplant

recipients: Update on epidemiology, risk factors, and management. Dermatol Surg. 

2012;38(10):1622-1630. 

7. Hillen U, Leiter U, Haase S, et al. Advanced cutaneous squamous cell carcinoma: A

retrospective analysis of patient profiles and treatment patterns-results of a non-

interventional study of the DeCOG. Eur J Cancer. 2018;96:34-43. 



34 

8. Kauvar AN, Arpey CJ, Hruza G, Olbricht SM, Bennett R, Mahmoud BH. Consensus

for nonmelanoma skin cancer treatment, part II: Squamous cell carcinoma, including a 

cost analysis of treatment methods. Dermatol Surg. 2015;41(11):1214-1240. 

9. Potenza C, Bernardini N, Balduzzi V, et al. A review of the literature of surgical and

nonsurgical treatments of invasive squamous cells carcinoma. Biomed Res Int. 

2018;2018:9489163. 

10. Brougham ND, Dennett ER, Cameron R, Tan ST. The incidence of metastasis from

cutaneous squamous cell carcinoma and the impact of its risk factors. J Surg Oncol. 

2012;106(7):811-815. 

11. Joseph MG, Zulueta WP, Kennedy PJ. Squamous cell carcinoma of the skin of the

trunk and limbs: The incidence of metastases and their outcome. Aust N Z J Surg. 

1992;62(9):697-701. 

12. Brantsch KD, Meisner C, Schonfisch B, et al. Analysis of risk factors determining

prognosis of cutaneous squamous-cell carcinoma: A prospective study. Lancet Oncol. 

2008;9(8):713-720. 

13. Harris HA, Katzenellenbogen JA, Katzenellenbogen BS. Characterization of the

biological roles of the estrogen receptors, ERalpha and ERbeta, in estrogen target 

tissues in vivo through the use of an ERalpha-selective ligand. Endocrinology. 

2002;143(11):4172-4177. 

14. Harris MT, Feldberg RS, Lau KM, Lazarus NH, Cochrane DE. Expression of

proinflammatory genes during estrogen-induced inflammation of the rat prostate. 

Prostate. 2000;44(1):19-25. 



35 
 

15. Molero L, Garcia-Duran M, Diaz-Recasens J, Rico L, Casado S, Lopez-Farre A. 

Expression of estrogen receptor subtypes and neuronal nitric oxide synthase in 

neutrophils from women and men: Regulation by estrogen. Cardiovasc Res. 

2002;56(1):43-51. 

16. Secreto FJ, Grover A, Pacurari M, et al. Estrogen potentiates the combined effects of 

transforming growth factor-beta and tumor necrosis factor-alpha on adult human 

osteoblast-like cell prostaglandin E2 biosynthesis. Calcif Tissue Int. 2003;73(6):565-574. 

17. Mancuso M, Gallo D, Leonardi S, et al. Modulation of basal and squamous cell 

carcinoma by endogenous estrogen in mouse models of skin cancer. Carcinogenesis. 

2009;30(2):340-347. 

18. Cho JL, Allanson M, Reeve VE. Oestrogen receptor-beta signalling protects against 

transplanted skin tumour growth in the mouse. Photochem Photobiol Sci. 2010;9(4):608-

614. 

19. Thornton MJ. Estrogens and aging skin. Dermatoendocrinol. 2013;5(2):264-270. 

20. Widyarini S, Domanski D, Painter N, Reeve VE. Estrogen receptor signaling protects 

against immune suppression by UV radiation exposure. Proc Natl Acad Sci U S A. 

2006;103(34):12837-12842. 

21. Wilkinson HN, Hardman MJ. The role of estrogen in cutaneous ageing and repair. 

Maturitas. 2017;103:60-64. 

22. Thomas-Ahner JM, Wulff BC, Tober KL, Kusewitt DF, Riggenbach JA, Oberyszyn 

TM. Gender differences in UVB-induced skin carcinogenesis, inflammation, and DNA 

damage. Cancer Res. 2007;67(7):3468-3474. 



36 

23. Rao J, Jiang X, Wang Y, Chen B. Advances in the understanding of the structure

and function of ER-alpha36,a novel variant of human estrogen receptor-alpha. J Steroid 

Biochem Mol Biol. 2011;127(3-5):231-237. 

24. Bjornstrom L, Sjoberg M. Mechanisms of estrogen receptor signaling: Convergence

of genomic and nongenomic actions on target genes. Mol Endocrinol. 2005;19(4):833-

842. 

25. Dahlman-Wright K, Cavailles V, Fuqua SA, et al. International union of

pharmacology. LXIV. estrogen receptors. Pharmacol Rev. 2006;58(4):773-781. 

26. Shu YY, Maibach HI. Estrogen and skin: Therapeutic options. Am J Clin Dermatol.

2011;12(5):297-311. 

27. Thornton MJ. The biological actions of estrogens on skin. Exp Dermatol.

2002;11(6):487-502. 

28. Verdier-Sevrain S, Bonte F, Gilchrest B. Biology of estrogens in skin: Implications for

skin aging. Exp Dermatol. 2006;15(2):83-94. 

29. Chang YL, Hsu YK, Wu TF, et al. Regulation of estrogen receptor alpha function in

oral squamous cell carcinoma cells by FAK signaling. Endocr Relat Cancer. 

2014;21(4):555-565. 

30. Logotheti S, Papaevangeliou D, Michalopoulos I, et al. Progression of mouse skin

carcinogenesis is associated with increased ERalpha levels and is repressed by a 

dominant negative form of ERalpha. PLoS One. 2012;7(8):e41957. 



37 

31. de Giorgi V, Mavilia C, Massi D, et al. The role of estrogens in melanoma and skin

cancer. Carcinogenesis. 2009;30(4):720. 

32. Yao PL, Gonzalez FJ, Peters JM. Targeting estrogen receptor-beta for the

prevention of nonmelanoma skin cancer. Cancer Prev Res (Phila). 2014;7(2):182-185. 

33. Kanda N, Watanabe S. 17beta-estradiol inhibits oxidative stress-induced apoptosis

in keratinocytes by promoting bcl-2 expression. J Invest Dermatol. 2003;121(6):1500-

1509. 

34. Wang Z, Zhang X, Shen P, Loggie BW, Chang Y, Deuel TF. Identification, cloning,

and expression of human estrogen receptor-alpha36, a novel variant of human estrogen 

receptor-alpha66. Biochem Biophys Res Commun. 2005;336(4):1023-1027. 

35. Zhang X, Ding L, Kang L, Wang ZY. Estrogen receptor-alpha 36 mediates mitogenic

antiestrogen signaling in ER-negative breast cancer cells. PLoS One. 2012;7(1):e30174. 

36. Chaudhri RA, Olivares-Navarrete R, Cuenca N, Hadadi A, Boyan BD, Schwartz Z.

Membrane estrogen signaling enhances tumorigenesis and metastatic potential of 

breast cancer cells via estrogen receptor-alpha36 (ERalpha36). J Biol Chem. 

2012;287(10):7169-7181. 

37. Lin SL, Yan LY, Zhang XT, et al. ER-alpha36, a variant of ER-alpha, promotes

tamoxifen agonist action in endometrial cancer cells via the MAPK/ERK and PI3K/akt 

pathways. PLoS One. 2010;5(2):e9013. 

38. Tu BB, Lin SL, Yan LY, Wang ZY, Sun QY, Qiao J. ER-alpha36, a novel variant of

estrogen receptor alpha, is involved in EGFR-related carcinogenesis in endometrial 

cancer. Am J Obstet Gynecol. 2011;205(3):227.e1-227.e6. 



38 
 

39. Wang X, Deng H, Zou F, et al. ER-alpha36-mediated gastric cancer cell proliferation 

via the c-src pathway. Oncol Lett. 2013;6(2):329-335. 

40. Wang Z, Zhang X, Shen P, Loggie BW, Chang Y, Deuel TF. A variant of estrogen 

receptor-{alpha}, hER-{alpha}36: Transduction of estrogen- and antiestrogen-dependent 

membrane-initiated mitogenic signaling. Proc Natl Acad Sci U S A. 2006;103(24):9063-

9068. 

41. Flouriot G, Brand H, Denger S, et al. Identification of a new isoform of the human 

estrogen receptor-alpha (hER-alpha) that is encoded by distinct transcripts and that is 

able to repress hER-alpha activation function 1. EMBO J. 2000;19(17):4688-4700. 

42. Wang Z. ER-Alpha36 mediates non-genomic estrogen and anti-estrogen signaling in 

breast cancer cells. In: XianTian Zhang, ed. Breast cancer. Rijeka: IntechOpen; 

2011:Ch. 13. https://doi.org/10.5772/21353. 10.5772/21353. 

43. Shi YE, Chen Y, Dackour R, et al. Synuclein gamma stimulates membrane-initiated 

estrogen signaling by chaperoning estrogen receptor (ER)-alpha36, a variant of ER-

alpha. Am J Pathol. 2010;177(2):964-973. 

44. Yin L, Pan X, Zhang XT, et al. Downregulation of ER-alpha36 expression sensitizes 

HER2 overexpressing breast cancer cells to tamoxifen. Am J Cancer Res. 

2015;5(2):530-544. 

45. Zhang XT, Kang LG, Ding L, Vranic S, Gatalica Z, Wang ZY. A positive feedback 

loop of ER-alpha36/EGFR promotes malignant growth of ER-negative breast cancer 

cells. Oncogene. 2011;30(7):770-780. 

https://doi.org/10.5772/21353


39 

46. Yin L, Zhang XT, Bian XW, Guo YM, Wang ZY. Disruption of the ER-alpha36-

EGFR/HER2 positive regulatory loops restores tamoxifen sensitivity in tamoxifen 

resistance breast cancer cells. PLoS One. 2014;9(9):e107369. 

47. Yin L, Wang ZY. Roles of the ER-alpha36-EGFR/HER2 positive regulatory loops in

tamoxifen resistance. Steroids. 2016;111:95-99. 

48. Kang L, Guo Y, Zhang X, Meng J, Wang ZY. A positive cross-regulation of HER2

and ER-Î±36 controls ALDH1 positive breast cancer cells. J Steroid Biochem Mol Biol. 

2011;127(3-5):262-268. 

49. Maubec E, Duvillard P, Velasco V, Crickx B, Avril MF. Immunohistochemical analysis

of EGFR and HER-2 in patients with metastatic squamous cell carcinoma of the skin. 

Anticancer Res. 2005;25(2B):1205-1210. 

50. Al-Hajj M, Clarke MF. Self-renewal and solid tumor stem cells. Oncogene.

2004;23(43):7274-7282. 

51. Adhikary G, Grun D, Kerr C, et al. Identification of a population of epidermal

squamous cell carcinoma cells with enhanced potential for tumor formation. PLoS One. 

2013;8(12):e84324. 

52. Lapouge G, Beck B, Nassar D, Dubois C, Dekoninck S, Blanpain C. Skin squamous

cell carcinoma propagating cells increase with tumour progression and invasiveness. 

EMBO J. 2012;31(24):4563-4575. 

53. Major AG, Pitty LP, Farah CS. Cancer stem cell markers in head and neck

squamous cell carcinoma. Stem Cells Int. 2013;2013:319489. 



40 

54. Eckert RL, Adhikary G, Balasubramanian S, et al. Biochemistry of epidermal stem

cells. Biochim Biophys Acta. 2013;1830(2):2427-2434. 

55. Jian Z, Strait A, Jimeno A, Wang XJ. Cancer stem cells in squamous cell carcinoma.

J Invest Dermatol. 2017;137(1):31-37. 

56. Rowe DE, Carroll RJ, Day CL,Jr. Prognostic factors for local recurrence, metastasis,

and survival rates in squamous cell carcinoma of the skin, ear, and lip. implications for 

treatment modality selection. J Am Acad Dermatol. 1992;26(6):976-990. 

57. Guo Y, Zhang X, Meng J, Wang ZY. An anticancer agent icaritin induces sustained

activation of the extracellular signal-regulated kinase (ERK) pathway and inhibits growth 

of breast cancer cells. Eur J Pharmacol. 2011;658(2-3):114-122. 

58. Fan Y, Xu B, Ding X, et al. A first-in-human phase I study of ER-α36 modifier icaritin

in patients with advanced solid tumors. JCO. 2013;31(15):2614-2614. 

59. Zhang SQ, Zhang SZ. Oral absorption, distribution, metabolism, and excretion of

icaritin in rats by Q-TOF and UHPLC-MS/MS. Drug Test Anal. 2017;9(10):1604-1610. 

60. Dimmler A, Gerhards R, Betz C, et al. Transcription of cytokeratins 8, 18, and 19 in

bone marrow and limited expression of cytokeratins 7 and 20 by carcinoma cells: 

Inherent limitations for RT-PCR in the detection of isolated tumor cells. Lab Invest. 

2001;81(10):1351-1361. 

61. Saw YT, Yang J, Ng SK, et al. Characterization of aldehyde dehydrogenase

isozymes in ovarian cancer tissues and sphere cultures. BMC Cancer. 2012;12:329-

2407-12-329. 



41 
 

62. Page RL, Ambady S, Holmes WF, et al. Induction of stem cell gene expression in 

adult human fibroblasts without transgenes. Cloning Stem Cells. 2009;11(3):417-426. 

63. Deng H, Yin L, Zhang XT, Liu LJ, Wang ML, Wang ZY. ER-alpha variant ER-alpha36 

mediates antiestrogen resistance in ER-positive breast cancer stem/progenitor cells. J 

Steroid Biochem Mol Biol. 2014;144 Pt B:417-426. 

64. Lee CH, Yu CC, Wang BY, Chang WW. Tumorsphere as an effective in vitro 

platform for screening anti-cancer stem cell drugs. Oncotarget. 2016;7(2):1215-1226. 

65. Pastrana E, Silva-Vargas V, Doetsch F. Eyes wide open: A critical review of sphere-

formation as an assay for stem cells. Cell Stem Cell. 2011;8(5):486-498. 

66. Weiswald LB, Bellet D, Dangles-Marie V. Spherical cancer models in tumor biology. 

Neoplasia. 2015;17(1):1-15. 

67. Wu Z, Ou L, Wang C, et al. Icaritin induces MC3T3-E1 subclone14 cell differentiation 

through estrogen receptor-mediated ERK1/2 and p38 signaling activation. Biomed 

Pharmacother. 2017;94:1-9. 

68. Yang JG, Lu R, Ye XJ, Zhang J, Tan YQ, Zhou G. Icaritin reduces oral squamous 

cell carcinoma progression via the inhibition of STAT3 signaling. Int J Mol Sci. 

2017;18(1):10.3390/ijms18010132. 

69. Wang X, Zheng N, Dong J, Wang X, Liu L, Huang J. Estrogen receptor-alpha36 is 

involved in icaritin induced growth inhibition of triple-negative breast cancer cells. J 

Steroid Biochem Mol Biol. 2017;171:318-327. 



42 

70. Tong JS, Zhang QH, Huang X, et al. Icaritin causes sustained ERK1/2 activation and

induces apoptosis in human endometrial cancer cells. PLoS One. 2011;6(3):e16781. 

71. Fu Z, Zhen H, Zou F, Wang X, Chen Y, Liu L. Involvement of the akt signaling

pathway in ER-alpha36/GRP94-mediated signaling in gastric cancer. Oncol Lett. 

2014;8(5):2077-2080. 

72. Sun Q, Liang Y, Zhang T, Wang K, Yang X. ER-alpha36 mediates estrogen-

stimulated MAPK/ERK activation and regulates migration, invasion, proliferation in 

cervical cancer cells. Biochem Biophys Res Commun. 2017;487(3):625-632. 

73. Miceli V, Cocciadiferro L, Fregapane M, et al. Expression of wild-type and variant

estrogen receptor alpha in liver carcinogenesis and tumor progression. OMICS. 

2011;15(5):313-317. 

74. Wang ZY, Yin L. Estrogen receptor alpha-36 (ER-alpha36): A new player in human

breast cancer. Mol Cell Endocrinol. 2015;418 Pt 3:193-206. 

75. Zhang J, Li G, Li Z, et al. Estrogen-independent effects of ER-alpha36 in ER-

negative breast cancer. Steroids. 2012;77(6):666-673. 

76. Hou J, Deng M, Li X, et al. Chaperone gp96 mediates ER-alpha36 cell membrane

expression. Oncotarget. 2015;6(31):31857-31867. 

77. Teymourzadeh A, Mansouri S, Farahmand L, Hosseinzade A, Majidzadeh-A K. ER-

alpha36 interactions with cytosolic molecular network in acquired tamoxifen resistance. 

Clin Breast Cancer. 2017;17(6):403-407. 



43 

78. Zhang X, Wang ZY. Estrogen receptor-alpha variant, ER-alpha36, is involved in

tamoxifen resistance and estrogen hypersensitivity. Endocrinology. 2013;154(6):1990-

1998. 

79. Pyne JH, Barr E, Myint E, Clark SP, David M, Na R. Invasive squamous cell

carcinoma: Comparison of differentiation grade and tumour depth by anatomical site in 

1666 tumours. Clin Exp Dermatol. 2018;43(1):3-10. 

80. Xu R, Cai MY, Luo RZ, Tian X, Han JD, Chen MK. The expression status and

prognostic value of cancer stem cell biomarker CD133 in cutaneous squamous cell 

carcinoma. JAMA Dermatol. 2016;152(3):305-311. 

81. Mohanta S, Siddappa G, Valiyaveedan SG, et al. Cancer stem cell markers in

patterning differentiation and in prognosis of oral squamous cell carcinoma. Tumour Biol. 

2017;39(6):1010428317703656. 

82. Deng H, Zhang X, Wang M, Zheng H, Liu L, Wang Z. ER-Î±36-mediated rapid

estrogen signaling positively regulates ER-positive breast cancer stem/progenitor cells. 

PLOS ONE. 2014;9(2):e88034. 



44 

Appendix 

Appendix Figure 1. ER-α36 levels are increased in UV-induced SKH1 mouse 

papillomas and SCC compared to skin. Immunohistochemistry was performed on 

cross sections of paraffin embedded female and male mouse tissues (N = 5 males 

and N = 5 females). Scale bar indicates 100 µm.
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Appendix Figure 2. ER-α36 is present in SCC cell lines capable of forming tumor 

spheres. A) Immunoblotting was performed using an ER-α36 antibody with cultured 

human non-tumorigenic keratinocytes (HaCaT) and SCC cell lines. Bands for ER-α36 

were detected at 36 kDa. B) Tumor sphere assay using SCC12B.2 and SCC13 cell 

lines. Representative photomicrographs (left) and mean number of tumor spheres ± 

SEM (right).   
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Appendix Figure 3. 17β-estradiol did not affect tumor sphere number or size. Cells 

were plated in the tumor sphere assay in media containing 1 µM of 17β-estradiol (E2) 

or vehicle. Tumor sphere count (A), size (B), and representative images (C) were 

obtained 7 d later (N = 3). Treatment with E2 had no effect on the number or size of 

tumor spheres. E) Quantitative Real-time PCR for differentiation markers revealed a 

45% decrease in KRT10 (N = 3). *Significance was determined by Student’s T-test (P 

≤ 0.05). 

*
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Appendix Figure 4. High concentrations of icaritin reduced cell viability. The cell 

viability assay Neutral Red was performed on (A) non-tumorigenic keratinocytes 

(HaCaT) and (B-C) SCC cell lines (SCC12B.2 and SCC13) following 7 days in culture 

with phenol red-free medium containing icaritin or vehicle treatment (N = 4). Cells 

were retreated every 2 d. D) PCNA protein levels determined in SCC13 cells using 

densitometry of multiple combined immunoblots (N = 3). An example of one of the 

immunoblots is shown in Appendix Figure 7. *Indicates significance (P ≤ 0.05) by 

Student’s T-test. 
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Appendix Figure 5. Low and high concentrations of icaritin produced differences in 

ER expression and additional signaling protein levels. Protein and transcript levels 

were determined from icaritin time course. Densitometry from immunoblots (A, C-

F) and transcript expression from real-time RT-PCR (B) was performed on 1 µM 

icartin and 10 µM icartin treated SCC13 cells (N = 3 for 24 h and N = 2 for all other 

time points). Dashed line at 1 represents the vehicle treatment for each time point. 

A B

C D

E F



49 

Appendix Figure 6. Xenografting of icaritin or vehicle treated SCC13 cells did not alter 

tumor incidence. SCC13 cells were treated with vehicle (DMSO) or icaritin for 7 d. 

NCG mice were then injected with 1 x 105 (N = 4 or 5), 1 x 104 (N = 3), or 1 x 103 (N = 

3) vehicle or icaritin pretreated SCC13 cells. A) Tumor volume was documented for

each of the treatment groups following tumor formation. B) Tumor incidence was 

documented for each of the treatment groups (organized by the number of cells 

injected and either vehicle or icaritin). Photographs were taken of the tumors upon 

collection. C) Tumor volumes for all groups have been separated based off the 

number of cells injected. Significance was not indicated for any of the tumor volume 

graphs.  
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Appendix Figure 7. Icaritin did not alter ER-α36 levels or localization. 

Immunofluorescence for ER-α36 (N = 5) was performed on xenograft tumor sections. 

Representative microphotographs are shown with scale bars indicating 100 µm. 
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