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Background: Cutaneous squamous cell carcinoma (CSCC) is the second most common 

carcinoma worldwide. Clinical treatment for patients with CSCC remains non-ideal. Insulin-like 

growth factor binding protein 3 (IGFBP3), a member of the insulin-like growth (IGF) system, 

participates in several biological processes, including cellular proliferation and apoptosis. 

Here, we explored the functional role of IGFBP3 in apoptosis and proliferation of A431 cells, 

a human CSCC cell line.

Materials and methods: Differential expression analysis, immunohistochemistry, immu-

noblotting, TUNEL assay, and CCK8 assay techniques were used to investigate the IGFBP3 

expression levels in both A431 cells and CSCC tissue surgically obtained from humans as well 

as to explore the functional role of IGFBP3 in the apoptosis and proliferation of A431 cells.

Results: By using normal epidermal keratinocytes for comparison, we identified the top 10 

ranked differentially upregulated genes expressed in human cutaneous squamous cell carcinoma 

cell lines. Among these 10 genes, IGFBP3 was ranked number 1. By using immunohistochem-

istry, we found that the expression level of IGFBP3 was significantly elevated in CSCC tissue 

compared with that in normal human skin tissue. Knockdown of IGFBP3 in A431 cells by trans-

fection with IGFBP3-specific siRNA markedly altered the expression of proteins that contribute 

to apoptosis via mitochondrial pathways, significantly suppressing the expression of Bax and 

active caspase-3, while significantly increasing B-cell lymphoma-2 expression. TUNEL assay 

confirmed the effect of knockdown of IGFBP3 on the apoptosis as well. In addition, knockdown 

of IGFBP3 inhibited the proliferation of A431 cells.

Conclusion: IGFBP3 is overexpressed in both CSCC cell lines and tissue. Knockdown of 

IGFBP3 enhanced the apoptosis via a mitochondrial pathway and inhibited the proliferation of 

A431 cells. These findings indicate that IGFBP3 may be a biomarker and a potential therapeutic 

target for CSCC.

Keywords: CSCC, IGFBP3, proliferation, mitochondria

Introduction
Cutaneous squamous cell carcinoma (CSCC) is a malignant tumor originating from the 

keratinocytes of the epidermis or an appendage.1 It is the second most common carcinoma 

globally and is currently thought to be caused by excessive exposure to solar ultraviolet 

radiation, human papillomavirus, and immunosuppression.2–4 The incidence of CSCC 

shows a rising trend, especially among elderly white individuals, and CSCC is seriously 

harmful to health.5,6 Treatment of CSCC includes surgical resection, cryotherapy, pho-

todynamic therapy, and radiotherapy.7 However, there remains a potential for CSCC to 

recur and metastasize, leading to high morbidity and mortality rates in these patients.8 
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Therefore, it is important to gain further insight into the patho-

genesis of CSCC to develop better treatment methods.9

Increasing evidence indicates that the insulin-like growth 

factor (IGF) system is critical in the processes of tumor occur-

rence, development, and transformation. The IGF system 

comprises two peptides (IGF1 and IGF2), their receptors, 

and six IGF binding proteins (IGFBPs), of which IGFBP3 

is the most abundant in the circulation and plays an essential 

role in regulating the IGF signaling pathways.10,11 Recent 

studies have shown that IGFBP3 sequesters IGF1 from its 

receptor to inhibit its action and to promote cell apoptosis 

of non-small cell lung cancer, colon cancer, breast cancer, 

esophageal cancer, and prostate cancer cells.12–16 Although 

IGFBPs have been shown to have IGF-independent actions, 

these activities are not well understood.11,17 Methylation of 

IGFBP3 inhibits its expression in colorectal, gastric, and 

breast carcinomas.18 Furthermore, there is evidence that a 

link between IGFBP3 and p53 increases apoptosis of cells.19 

Conversely, it has been suggested that IGFBP3 induces 

growth factor-β1 and epidermal growth factor receptor and 

leads to the proliferation of tumor cells.20,21 Studies have 

also demonstrated that glycosylation of IGFBP3 is closely 

correlated with the occurrence and development of breast 

cancer and is associated with a worse prognosis for patients 

with this disease.17 Furthermore, several studies have reported 

that the upregulation of IGFBP3 expression may be linked 

to lymph node metastasis of tumors.22,23 However, other 

studies have shown that IGFBP3 has dual functional effects 

on apoptosis and proliferation in malignant melanoma and 

astrocytoma.24,25 Consequently, the role of IGFBP3 in tumor 

development is complex and controversial and has thus 

become the focus of recent research.24 At present, little is 

known regarding its role in CSCC.

In this study, we first used the Gene Expression Omnibus 

(GEO) database developed by the National Center for 

Biotechnology Information (NCBI) to investigate differen-

tially expressed genes (DEGs) in human CSCC cell lines. 

On the basis of our findings, we next explored the expression 

profile of IGFBP3 in CSCC tissue surgically derived from 

patients. Finally, we determined whether IGFBP3 played a 

functional role in apoptosis and proliferation in a human CSCC 

cell line (A431), which would suggest its potential use as a 

biomarker in the early diagnosis or treatment of CSCC.

Materials and methods
Materials
Specific siRNAs for human IGFBP3 (5′-GCACAGAU 

ACCCAGAACUUUU-3′) and scrambled siRNA (5′-UAA 

CGACGCGACGACGUAA-3′) were designed and obtained 

from Biomics Biotechnologies Co., Ltd. (Nantong Shi, 

Jiangsu Sheng, China). Lipofectamine 3000 was purchased 

from Thermo Fisher Scientific (Waltham, MA, USA) for cell 

transfection. Anti-β-tubulin, anti-Bax, anti-caspase 3, anti-B-

cell lymphoma-2 (Bcl-2), and anti-IGFBP3 primary antibodies 

were purchased from Bioss Biotechnology (Beijing, China).

Microarray data
The transcription profile of GSE66359 was downloaded 

from the NCBI GEO database (http://www.ncbi.nlm.nih.

gov/geo/). The data included 13 samples from normal 

human epidermal keratinocytes (n = 5, GSM1620805 to 

GSM1620809) and CSCC cell lines (n = 8, GSM1620810 

to GSM1620817).

Differential gene expression analysis
The Limma package in R software (http://www.r-project.org/) 

was used to conduct all statistical analyses. Upregulated and 

downregulated DEGs were defined and acquired as a fold-

change threshold greater than 1.5. The R software was also 

used to perform a clustering analysis of the obtained DEGs 

and to generate a heat map.

cell culture and transfection
The human CSCC cell line A431 (American Type Culture 

Collection [ATCC], Manassas, VA, USA) was cultured in 

Dulbecco’s Modified Eagle’s Medium (4.5 g/L glucose) sup-

plemented with 10% fetal bovine serum, 100 U/mL penicillin, 

and 100 mg/L streptomycin in an incubator under conditions 

of saturated humidity, 37°C, and 5% carbon dioxide. Cells in 

the logarithmic growth phase were used for experiments. The 

A431 cells in 12-well plates were transfected with IGFBP3 

or with scrambled siRNA using Lipofectamine 3000 in 

medium without fetal bovine serum. Functional studies were 

conducted 48 hours after transfection.

Western blotting
Immunoblotting was performed as previously described.26 

In brief, A431 cells were lysed using a detergent extrac-

tion buffer that contained 150 mmol/L NaCl, 20 mmol/L 

Tris-HCl (pH 7.5), 1 mmol/L EDTA, 1 mmol/L EGTA, 1% 

Nonidet P-40, 2.5 mmol/L sodium pyrophosphate, and 1% 

sodium deoxycholate, as well as protease inhibitor cocktail 

tablets. Protein concentrations were determined using the 

Bradford assay. Extracted proteins were loaded onto 12% 

sodium dodecyl sulfate polyacrylamide gel electrophoresis 

gels and separated using a voltage of 100 V for 1 hour. 

The separated proteins were transferred to polyvinylidene 
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difluoride membranes. Non-specific sites were blocked 

using PBS with 0.1% Tween 20 and 5% non-fat milk for 

1 hour at room temperature on a rocking platform. Primary 

antibodies (IGFBP3: bs-1434R; Bcl-2: bs-0032R; Bax: 

bs-0127R; active caspase-3: bs-0081R; β-tubulin: bs-4511R; 

Bioss Company, 1:200) were incubated overnight at 4°C. 

After washing with PBS, the membrane was incubated with 

horseradish peroxidase-conjugated secondary antibodies 

(1:1,000). Antibody binding was detected using an enhanced 

chemiluminescence system. The intensity of each band was 

analyzed and is represented as the relative intensity of the 

anti-β-tubulin antibody. The data were expressed in per-

centage of the intensity between targeted proteins divided 

by β-tubulin.

immunohistochemistry
This study was approved by the Clinical Research Ethics 

Committee at Anhui Medical University. Each specimen 

was obtained from a patient who provided written informed 

consent. All procedures conformed to the Declaration of 

Helsinki and Good Clinical Practice.27,28

The surgically obtained human CSCC tissues were fixed 

with 4% paraformaldehyde for 24–48 hours, dehydrated, 

embedded in paraffin, and sliced into 5-μm thick sections. 

The sections were then deparaffinized and rehydrated using 

routine methods. Antigen retrieval was accomplished by 

heating the sections in citrate buffer solution (0.01 M, 

pH 6.0) with a microwave oven. The sections were rinsed 

and then treated for 30 minutes with 3% hydrogen peroxide 

in deionized water to remove endogenous peroxidase 

activity. Non-specific binding sites were blocked by incu-

bating in 5% normal goat serum for 30 minutes at room 

temperature. Afterward, the slides were incubated with 

rabbit anti-IGFBP3 primary antibody at 4°C overnight. 

After rinsing with PBS, the slides were incubated with 

biotin-labeled goat anti-rabbit IgG secondary antibody. 

Streptavidin–horseradish peroxidase was applied at 37°C 

for 30 minutes. The sections were washed with PBS, incu-

bated with diaminobenzidine for 10 minutes (the degree of 

staining was controlled by visualization under a light micro-

scope), and then washed with distilled water. Hematoxylin 

was used to stain cell nuclei. Dehydration and clearing of 

tissue sections were conducted as needed using standard 

protocols. Brown particles stained in cells were regarded as 

positive for the presence of antibody. The primary antibody 

was replaced by normal rabbit serum to provide a negative 

control. The experiments were repeated in specimens from 

six patients, and the data were evaluated by pathologists of 

Anhui Provincial Hospital.

TUnel assay
Experiments were performed according to our previous 

study.29 TUNEL signal was detected via a kit following 

the manufacturer’s instructions. Images of TUNEL assay 

were captured using fluorescence microscopy, and the data 

were analyzed with ImageJ software.

ccK8 assay
According to the previous study, the viability of the A431 

cells was identified by the CCK8 assay.30 After the cells were 

transfected with scrambled or IGFBP3 siRNA for 48 hours, 

A431 cells were trypsinized and seeded into 96-well plates 

at an equal density of 6 × 103 cells/well. On the next day, 

10 μL of CCK8 was added to each well of the 96-well plate 

and incubated for 4 hours at 37°C with 5% CO
2
. Eventually, 

the absorbance of the solution of each well was determined 

at a wavelength of 450 nm. The cell viability is expressed 

as the absorbance value (optical density: OD).

statistical analysis
We used SigmaPlot software (Systat Software Inc, San Jose, 

CA, USA) to perform unpaired, two-tailed Student’s t-tests. 

All data are expressed as mean ± standard error of the mean 

(SEM). P,0.05 was considered statistically significant.

Results
Identification of DEGs
Microarray expression profiling was conducted using the 

GEO database to identify significant DEGs in CSCC cell 

lines compared with normal human epidermal keratinocytes. 

On the basis of a fold change greater than 1.5, we identi-

fied the top 10 upregulated DEGs (Figure 1A). Of these, 

IGFBP3 was ranked number one. Figure 1B shows the 

heat map generated for the expression profiles of IGFBPs, 

bone marrow stromal protein 2 (BST2), and members of 

the melanoma antigen family A across different normal and 

CSCC cell samples.

enhanced expression of igFBP3 in human 
cscc tissue
Because growing evidence has indicated that IGFBP3 is 

involved in the development of various cancers, including 

colon cancer, breast cancer, and malignant melanoma,13,14,24 

we also investigated IGFBP3 expression in surgically 

obtained specimens from patients with CSCC. The results 

of our immunohistochemistry assays indicated that brown 

signal representing IGFBP3 protein was markedly stronger 

in the cells of CSCC tissue than that in the cells of normal 

skin tissue (Figure 2C–D). But the brown signals were not 
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found if the primary antibody was replaced by normal rab-

bit serum as the negative control (Figure 2A and B). On the 

basis of this finding, we speculated that IGFBP3 may also 

contribute to the development of CSCC.

Functional role of igFBP3 in the 
apoptosis and proliferation of cscc cells
Recent studies have shown that IGFBP3 is a regulator of 

cancer cell apoptosis.12–16 To explore the functional role of 

IGFBP3 in the apoptosis of CSCC cells, we used IGFBP3-

specific siRNA to inhibit IGFBP3 expression. We first 

showed that compared with the expression of IGFBP3 fol-

lowing transfection of A431 cells with scrambled control 

siRNA, the expression of IGFBP3 following transfection 

with IGFBP3-specific siRNA was substantially reduced 

(Figure 3). Thus, we next used western blot assays to examine 

the change in the expression of apoptosis-related proteins. 

Our results indicated that IGFBP3 knockdown through 

transfection with IGFBP3-specific siRNA in A431 cells 

significantly suppressed the expression of Bax and active 

caspase-3, suggesting a pro-apoptotic effect; however, the 

expression of Bcl-2, which is one of the most important anti-

apoptotic proteins, was significantly increased (Figure 4). 

To confirm our results further, we used TUNEL assay to 

detect apoptotic cells. Our data showed that IGFBP3 siRNA 

markedly enhanced the percentage of apoptotic A431 cells 

(Figure 5A and B). Moreover, the role of IGFBP3 in the 

proliferation of A431 cells was also investigated via CCK8 

assay. We found that IGFBP3 siRNA significantly reduced 

A431 cell proliferation compared to scrambled siRNA 

control (Figure 5C). Together, these data suggested the 

involvement of IGFBP3 in apoptosis and proliferation of 

human CSCC A431 cells.

Figure 1 rank order and heat map of genes differentially expressed in cutaneous squamous cell carcinoma cells vs normal human epidermal keratinocytes.
Notes: (A) The top 10 ranked differentially expressed upregulated genes. (B) heat map showing the expression of those genes differentially expressed between normal 
human epidermal keratinocytes (normal) and cutaneous squamous cell carcinoma cells (cancer).
Abbreviations: aiM2, absent in melanoma 2; BsT2, bone marrow stromal protein 2; c1r, complement component one subcomponent r; c1s, complement component one 
subcomponent s; cThrc1, collagen triple helix repeat containing 1; igFBP, insulin-like growth factor binding protein; Magea, melanoma antigen family a; Olr1, oxidized 
low-density lipoprotein receptor 1; OlFMl2a, olfactomedin-like 2a; sgce, epsilon-sarcoglycan gene.

Figure 2 expression levels of igFBP3 in normal human skin and cutaneous squamous 
cell carcinoma tissues.
Notes: immunohistochemically stained images showing the expression levels 
of igFBP3 in normal human skin tissue (A, B) and cutaneous squamous cell 
carcinoma tissue (C, D). igFBP3 protein shown in brown was recognized by 
an anti-igFBP3 primary antibody. nucleus is shown in blue (A, C). The primary 
antibody was replaced by normal rabbit serum to provide negative controls. scale 
bar represents 50 μm.
Abbreviation: igFBP3, insulin-like growth factor binding protein-3.
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β

β

Figure 3 Effects of IGFBP3-specific siRNA on IGFBP3 expression in A431 cells.
Notes: representative western blot images (A) and summary data (B) showing IGFBP3 protein expression levels in A431 cells transfected with scrambled or IGFBP3-specific 
sirna. The OD of each protein was normalized to β-tubulin. Values shown are the mean ± seM (n = 3). *P , 0.05 for scrambled siRNA vs IGFBP3-specific siRNA.
Abbreviations: igFBP3, insulin-like growth factor binding protein-3; seM, standard error of the mean.
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Figure 4 Effects of IGFBP3-specific siRNA on Bcl-2, Bax, and active caspase-3 expression levels in A431 cells.
Notes: representative Western blot images and summary data showing Bcl-2 (A, B), Bax (A, C), and active caspase-3 (A, D) protein expression levels in a431 cells 
transfected with scrambled or IGFBP3-specific siRNA. The OD of each protein was normalized to β-tubulin. Values shown are the mean ± seM (n = 3–4). *P , 0.05 for 
scrambled siRNA vs IGFBP3-specific siRNA.
Abbreviations: Bcl-2, B-cell lymphoma-2; igFBP3, insulin-like growth factor binding protein-3; seM, standard error of the mean.
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Discussion
IGFBP3 plays complex roles in several types of cancers. 

However, the function of IGFBP3 in the regulation of CSCC 

remains elusive. In this study, we investigated the expres-

sion profile of IGFBP3 in CSCC and the functional role of 

IGFBP3, a member of the IGF system, in the apoptosis and 

proliferation of A431 cells. We initially found that IGFBP3 

expression was ranked first in the upregulated DEGs of CSCC 

cell lines compared with normal human epidermal keratino-

cytes. We next determined that compared with normal skin 

tissue, the expression level of IGFBP3 was enhanced in 

CSCC tissue. Finally, our results indicated that knockdown 

of IGFBP3 in a CSCC cell line significantly enhanced the 

apoptosis and proliferation.

CSCC is the second most common malignant neoplasm, 

and evidence indicates that its incidence is increasing.2,5,6 

Unfortunately, CSCC has the potential to recur and metasta-

size following initial the treatment of the primary malignant 

neoplasm, leading to substantial morbidity and mortality.7,8 

Thus, identification of the pathogenic mechanisms and dis-

covery of novel treatment strategies, such as targeted therapy 

for CSCC, are critically important.9 IGFBP3 is the most abun-

dant IGFBP in the IGF system, which plays essential roles 

in regulating cell proliferation and apoptosis, even showing 

dual functional effects in several types of cancer cells.10,25 

Of the top 10 ranked upregulated DEGs in CSCC cell lines 

(as defined by greater than 1.5-fold changes in expression 

levels), IGFBP3 was ranked highest. Our identification of 

Figure 5 Effects of IGFBP3-specific siRNA on apoptosis and proliferation of A431 cells.
Notes: (A) representative images showing the cellular nucleus (DaPi) and apoptotic cells (TUnel). a431 cells were transfected with igFBP3 or scrambled sirna. 
(B) summary data indicating the percentage of the apoptotic a431 cells. The percentage of the apoptotic a431 cells = apoptotic cell number/total cell number. (C) cell 
viability representing OD value is expressed as the absorbance value. Values are shown as the mean ± se. n = 5. *P , 0.05 for scrambled siRNA vs IGFBP3-specific siRNA.
Abbreviations: igFBP3, insulin-like growth factor binding protein-3; se, standard error.
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the DEGs showed that the level of IGFBP3 expression was 

significantly increased in CSCC. To explore this finding 

further, we used surgically derived specimens from patients 

with CSCC and found that IGFBP3 was also elevated in these 

tissues, as indicated by immunohistochemical staining. This 

finding led us to believe that IGFBP3 may be associated with 

the regulation of CSCC. Apoptosis is a complex process that 

involves several signaling pathways.31,32 Cysteinyl aspartate-

specific proteases (caspase) are key mediators of apoptosis,33 

and caspase family members are classified as cytokine 

processors (caspase 1, 4, 5, 11, 12, 13, and 14), apoptotic 

initiators (caspase 2, 8, 9, and 10), and apoptotic executioners 

(caspase 3, 6, and 7). Caspase 3 is significantly associated 

with cell death via activation by initiators (mainly caspase 

8 and 10).34 Members of the Bcl-2 family are also key apop-

totic regulators, including anti-apoptotic proteins (mainly 

Bcl-2) and pro-apoptotic proteins (mainly Bax).35 A variety 

of studies have demonstrated that IGFBP3 is involved with 

cell apoptosis and proliferation.12–16 Therefore, we explored 

the regulation of IGFBP3 in the apoptosis and proliferation 

of A431 cells. We found that IGFBP3 knockdown not only 

markedly increased the expression of Bcl-2 but also signifi-

cantly suppressed the expression levels of Bax and active 

caspase 3. Moreover, TUNEL assay also confirmed that 

IGFBP3 siRNA markedly enhanced the apoptosis of A431 

cells. On the other hand, we used CCK8 assay to find that 

IGFBP3 siRNA significantly inhibited the proliferation of 

A431 cells. These data indicated that IGFBP3 is involved in 

the apoptosis and proliferation of A431 cells and suggested 

that IGFBP3 may be a therapeutic target for CSCC.

Regarding the remaining top 10 upregulated DEGs in 

CSCC cells (shown in Figure 1A), we identified BST2, 

which is consistent with reports that it is overexpressed in 

breast cancer cells.36–38 Similarly, collagen triple helix repeat 

containing 1 was also identified and has been found to be 

induced in melanoma, colorectal cancer, and non-small 

cell lung cancer.39–41 However, the expression of absent in 

melanoma 2, which was also 1 of the top 10 DEGs in this 

study, is decreased in breast cancer and prostate cancer 

cells compared with normal cells.42,43 Oxidized low-density 

lipoprotein receptor 1 promotes cancer growth and migra-

tion and inhibits apoptosis.44,45 Melanoma antigen family 

A4 has important biological functions in the majority of 

serious carcinomas.46,47 Epsilon-sarcoglycan gene mutations 

cause neurological disorders such as myoclonus-dystonia 

syndrome.48 Olfactomedin-like 2A is a senescence-specific 

gene and helps during chemotherapy of carcinoma.49 Com-

plement components 1r and 1s are highly specific serine 

proteases that promote the progression and metastasis of 

melanoma, breast, lung, colon, and pancreatic cancers.50 All 

these genes and gene products warrant further investigation 

in future studies examining CSCC.

Conclusion
We demonstrated that IGFBP3 was upregulated in CSCC 

tissues and that knockdown of IGFBP3 enhanced the 

apoptosis via the mitochondrial pathway and inhibited pro-

liferation of A431 cells. Taken together, our results suggest 

that IGFBP3 may be a biomarker and a potential therapeutic 

target for CSCC. However, the effect of IGFBP3 on the 

migration, invasion, and other progress of CSCC remains 

unknown. Further study will be required to determine the 

function of IGFBP3 in the regulation of CSCC.
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