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Abstract. Lichen sclerosus is a chronic and inflammatory 
disease. Extensive studies have focused on the epidermis, 
with the dermis or epidermis‑dermis receiving less attention. 
To investigate the role of galectin‑7, a keratinocyte protein, in 
vulvar lichen sclerosus (VLS) and its potential effects on dermal 
fibroblasts, immunohistochemical staining was performed with 
VLS tissue samples and normal control samples. The expres-
sion of galectin‑7 was determined by evaluating the galectin‑7 
integrated density analysis, and further assessed by western 
blot analysis. Dermal fibroblasts were isolated from the normal 
tissue of the female anogenital region following sexual plastic 
surgery. A cell viability assay was performed on isolated 
dermal fibroblast cells in the presence or absence of galectin‑7. 
Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) was performed to determine the transcriptional 
level of collagen I and collagen III in the response to different 
doses of galectin‑7. In the immunohistochemical analysis, 
galectin‑7 demonstrated a significantly elevated level in VLS, 
compared to control tissues, which was confirmed by western 
blot analysis. In the analysis of primary dermal fibroblast cells, 
galectin‑7 significantly inhibited the viability rate of fibro-
blasts in a dose‑dependent manner. RT‑qPCR data revealed 
that the transcription level of collagen I and collagen III were 
positively associated with the galectin‑7 treatment concentra-
tion. The overexpression of galectin‑7 is associated with the 
progression of VLS in the epidermis, a high concentration of 
galectin‑7 inhibits the viability of the primary vulvar dermal 
fibroblasts, and stimulates the accumulation of collagen I and 
collagen III in dermal fibroblast cultures, thus galectin‑7 may 
serve as a drug target during VLS progression.

Introduction

Lichen sclerosus (LS) is a chronic relapsing disease that 
predominantly affects the female anogenital region. It may 
occur at any age, but the majority of cases are reported in post-
menopausal women (1). It evokes multiple symptoms, including 
intense itching, pain, burning, stenosis and dysuria, affecting 
the quality of normal life and sexual activity (1). Currently, 
there is no cure for LS; instead treatment is primarily aimed at 
the inhibition of itching, and prevention of scar formation and 
vulvar anatomical deformities. Previous studies have indicated 
that numerous factors are involved in LS, including autoim-
mune disturbance (2), abnormal hormone secretion (3), genetic 
factors and inflammation (4), although there is no consensus 
regarding their relative importance. Since the malignant 
potential of invasive vulvar carcinoma for LS is ~4%, ~60% of 
invasive squamous cell carcinoma are identified in the adjacent 
site of the LS (5), and thus it is considered as a precancerous 
lesion. The typical pathological changes of LS include skin 
epidermis atrophy over keratosis, a dermal layer of connective 
tissue fibrosis forming a homogeneous zone and lymphocyte 
infiltration. Genes associated with LS have been identified; 
these have primarily focused on the dysregulated epidermis, 
for the hyalinization of collagen fibers in fibroblast hinders 
further investigation in the superior dermis. The keratinocyte 
protein, galectin‑7, is an apoptosis‑associated protein that 
serves multiple roles in epidermal differentiation, maturation 
and regeneration (6). Although galectin‑7 is not a canonical 
secreted protein that is transported through the vesicular 
biosynthetic pathway, it has the ability to reach the cell surface 
in a fully folded form via an ‘unconventional protein secretionʼ 
mechanism (7). Thus, we hypothesized that galectin‑7 may be 
secreted by keratinocytes and infiltrate the superior dermis, 
influencing the cellular activity of the dermal fibroblasts.

Patients and methods

Patient selection. The present study was approved by the Ethics 
Committee of China Medical University (Shenyang, China) 
and written informed consent as obtained from all patients. 
The present study involved 5  outpatients, 10  in‑patients 
and 10 healthy biopsy tissues obtained from sexual plastic 
surgery between September 2011 and December 2013. The 
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mean age of the 15 patients with VLS was 55.7±4.3 years 
(range, 34‑65 years). Patients were diagnosed via the evident 
VLS morphology and samples were further confirmed by 
histopathological analysis. All patients had no comorbidities 
or other medical history and were comparable.

Immunohistochemistry. A total of 15 VLS and 10 normal 
vulva skin 4% formalin‑fixed (Boster Biological Technology, 
Pleasanton, CA, USA) at room temperature overnight. The 
paraffin‑embedded 4 µm sections of biopsies were examined 
using an optical microscope (magnification, x200) for galectin‑7 
expression. Rabbit monoclonal anti‑galectin‑7 antibody 
(1:400; cat. no. AB108623; Abcam, Cambridge, UK) was used 
as the primary antibody at 4˚C overnight. Alkaline phospha-
tase‑conjugated goat monoclonal anti‑rabbit antibody (1:625; 
cat. no. ZB‑2301; OriGene Technologies, Inc., Beijing, China) 
was used as the secondary antibody at room temperature for 
1 h. All immunohistochemical staining were also performed 
on control biopsy samples. The specificity of the primary 
antibody was confirmed with the negative signal obtained 
by substituting normal rabbit serum (ZLI‑9023; OriGene 
Technologies, Inc.) for the primary antibody in the protocol. 
The pixel of integrated density from 6 sections/sample was 
measured using ImageJ 1.46 (National Institutes of Health, 
Bethesda, MD, USA), and a median pixel was calculated.

Western blot analysis. The protein from 10 paired VLS and 
healthy vulvar tissue samples were extracted using radioim-
munoprecipitation assay buffer (P0013B; Beyotime Institute of 
Biotechnology, Shanghai, China) and quantified using a bicincho-
ninic acid assay. Loading samples were diluted with protein lysis 
buffer to produce a final concentration of 5 µg/µl. SDS‑PAGE 
(15%) was performed to separate the protein samples (14 µl) by 
size. Following membrane transfer to a polyvinylidene fluoride 
membrane (Bio‑Rad Laboratories, Inc., Hercules, CA, USA), was 
blocked with blocking buffer containing 5% non‑fat milk in PBS 
with Tween‑20 at room temperature for 2 h. Blocked membranes 
were incubated overnight at 4˚C with a rabbit monoclonal anti-
body against galectin‑7 (1:1,000; cat. no. AB108623; Abcam) 
and rabbit monoclonal β‑actin (1:1,000; cat. no. SC‑47778; Santa 
Cruz Biotechnology Inc., Dallas, TX, USA) at a dilution of 1:800. 
Signals were detected using horseradish‑peroxidase‑anti‑rabbit 
secondary antibodies (1:1,000; cat. no. A0277) and an electro-
chemiluminescence detection kit (both Beyotime Institute of 
Biotechnology). Images were captured using a Quantity One 
v.4.62 software (Bio‑Rad Laboratories, Inc.).

Isolation and cultivation of primary dermal fibroblasts. 
Samples were placed in 70% ethanol for 10 sec and washed 
five times with PBS. Then, samples were placed in Dulbecco's 
modified Eagle medium (DMEM; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) with antibiotics. Additional fat 
tissues were discarded. Subsequently, the samples were cut into 
2‑3 mm pieces, placed in a petri dish and incubated at 37˚C in 
a humidified atmosphere with 5% CO2 and the medium was 
replaced every 3 days. Fibroblast outgrowths were harvested 
by trypsinization and re‑seeded (100‑110 cells/ml) in a T10 
flask in DMEM. Cells were allowed to reach 90% confluence 
prior to freezing (‑80˚C) or splitting for use in the galectin‑7 
experiments.

Cell viability assay. After three passages, fibroblasts were 
seeded into 96‑well plates at a density of 5x103 cells/well. After 
24 h, different concentrations of galectin‑7 were added (0.2, 0.5, 
1, 2.0 and 5.0 µg/ml) to the DMEM. Cells were cultivated for 
another 48 h, then 20 µl MTS was added to 100 µl medium and 
the plate was incubated at 37˚C avoiding exposure to light for 
4 h. Optical density values were obtained with a plate reader at 
490 nm, data were corrected with blank controls.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. qPCR primers were designed as 
follows: Collagen I forward, 5'‑CCC​CCT​CCC​CAG​CCA​CAA​
AG‑3' and reverse, 5'‑TCT​TGG​TCG​GTG​GGT​GAC​TCT‑3' 
(product size, 360 bp); collagen III forward, 5'‑CCA​AAC​TCT​
ATC​TGA​A‑3' and reverse, 5'‑GGA​CTC​ATA​GAA​TAC​A‑3' 
(product size, 449 bp); β‑actin forward, 5'‑ATC​TGG​CAC​CAC​
ACT​TCT​ACA‑3' and reverse, 5'‑GTT​TCG​TGG​ATG​CCA​
CAG​GCT‑3' (product size, 577 bp).

Brief ly, cells were harvested following incubation 
with different galectin‑7 concentrations. According to the 
results of cell viability assay, the cells were assigned as 
normal human fibroblasts group (N‑HF), low concentration 
group (≤1 µg/ml, L‑galectin) and high concentration group 
(>1 µg/ml, H‑galectin). The RNA was isolated with TRIzol 
(Life Technologies; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol from duplicate or triplicate cell 
samples. cDNA synthesis was performed on 1 µg RNA with 
SuperScript™ III First‑Strand system (Invitrogen; Thermo 
Fisher Scientific, Inc.) and oligo(dT) primers, according 
to the manufacturer's protocols. The cDNA was diluted to 
a final volume of 200 and 1 µl was added to 500 nM of the 
forward and reverse primers in a final volume of 10 µl per PCR 
reaction. qPCR was performed with SYBR® Green (Takara 
Biotechnology Co., Ltd., Dalian, China) under the following 
conditions: Pre‑denature 95˚C for 1 min; then denature at 95˚C 
for 30 sec; annealing 44˚C for 30 sec; elongation 72˚C for 
1 min (35 cycles). Melting curve data was collected following 
amplification. The negative control was loaded with ddH2O. 
Data were analyzed using the ΔΔCq method (8). Charts were 
plotted using Microsoft Excel 2007 (Microsoft Corporation, 
Redmond, WA, USA).

Statistical analysis. Statistical analyses were conducted 
using SPSS v.17.0 software (SPSS Inc., Chicago, IL, USA). 
Independent samples t‑tests were used to compare the 
expression difference of Gelectin‑7 between vulvar normal 
skin and VLS. Statistical comparisons among groups in the 
cell viability assay and qPCR were analyzed using one‑way 
analysis of variance with the least significant difference post 
hoc test. All data are presented as the mean ± standard error 
of the mean. P<0.05 was considered to indicate a statistically 
significant difference.

Results

High galectin‑7 level in VLS tissues. To determine the expres-
sion of galectin‑7 in the epidermis, immunohistochemical 
staining of galectin‑7 was performed in healthy control biopsy 
and VLS samples. In the healthy control skin, moderate expres-
sion of galectin‑7 was detected in the inner part of epidermis, 
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with an even distribution in the nucleus and cytoplasm. In 
contrast, VLS tissue exhibited significantly elevated immune 
expression of galectin‑7 in the superficial epidermis (Fig. 1; 
P<0.01). To further confirm the immunohistochemical staining 
results, the protein content was extracted from tissues and 
western blotting was performed with the galectin‑7 antibody. 
The results demonstrated >5‑fold upregulation in galectin‑7 
expression in VLS tissue compared with healthy tissue (Fig. 2; 
P<0.01). These data indicated a positive association between 
galectin‑7 expression and VLS.

Galectin‑7 inhibits the viability of primary dermal fibroblast 
cells. To determine whether galectin‑7 influences vulvar 
dermis fibroblasts, primary dermal fibroblast cells were 
isolated from healthy control biopsy tissue. Phase contrast 
microscopy demonstrated spindle shaped fibroblasts, whereby 
the cells were bipolar and refractile, with enlarged nuclei 
(Fig. 3A and B). To confirm that the cells were fibroblasts, 
the typical mesoderm marker Vimentin, which is expressed 
in fibroblasts was used for staining (9). It was observed that 
all the isolated fibroblast cells exhibited Vimentin expression 
(Fig. 3C and D). Whether galectin‑7 serves a role in the growth 
rate of the isolated primary dermal fibroblasts was then inves-
tigated. There were significant overall group effects in the 
result of the MTS cell viability assay [F(5,12)=7.631; P=0.002]. It 
revealed that galectin‑7 exerted a significantly inhibitory effect 
on fibroblasts at concentrations >1 µg/ml. Compared with that 
of untreated fibroblasts, fibroblast viability was significantly 
impaired at the concentrations of 2 µg/ml (P<0.05) and 5 µg/ml 
(P<0.01) (0.82±0.03 vs. 0.63±0.81 and 0.60±0.11, respectively), 
indicating that galectin‑7 serves a negative role on the growth 
of primary dermal fibroblasts (Fig. 4).

Galectin‑7 regulates Collagen I and collagen III at transcrip‑
tional level. A typical feature of VLS is the accumulation and 
dis‑organization of collagen I and collagen III in the dermal 
fibroblasts (10). We hypothesized that galectin‑7 may contribute 
to VLS through regulating the dermal fibroblast function and 
influencing collagen levels. Isolated primary dermal fibro-
blasts were seeded in the presence of galectin‑7 and a qPCR 
analysis was performed to determine the transcriptional 
level of collagen I and collagen III. The results demonstrated 
that the levels of collagen  I [F(2.6)=6.267; P=0.034] and 
collagen III [F(2,6)=26.669; P=0.001] were significantly elevated 
following the administration of galectin‑7 in a dose‑dependent 

manner (Fig. 5). It would be interesting to explore in the future 
whether the accumulated collagens are irregularly distributed in 
the cytoplasm of fibroblasts, and whether they contribute to the 
hyalinization encountered in VLS.

Discussion

In the current study, it was observed that galectin‑7 serves 
important roles in primary dermal fibroblasts, including an 
inhibitory role on their growth rate, as well as a promoter 
role on the transcription of collagen I and collagen III. The 
increased expression of galectin‑7 in patients with VLS 
significantly influenced the viability of fibroblasts.

Members of the galectin family are recognized for their 
ability to bind β‑galactosides via a highly conserved carbo-
hydrate recognition domain. They serve an important role in 
several physiological processes, including embryonic develop-
ment, intercellular adhesion, host‑pathogen interactions, cell 
migration and the immune response (11). Galectin‑7 belongs to 
the galectin family and was initially described as a marker of 
epithelial differentiation, due to its expression in the stratified 
epithelium of various tissues. It is induced by p53, thus it is also 
known as p53‑induced gene 1 (12). The induction of galectin‑7 
triggers the release of cytochrome c and increases the activity 
of JUN N‑terminal kinase (JNK), triggering programmed 
apoptosis  (13), which provides evidence of the inhibitory 
effect on cell viability. The results of the present study demon-
strated that galectin‑7 was significantly upregulated in VLS 
tissue from patients compared with healthy tissue, indicating 
that a high level of galectin‑7 may increase the apoptosis rate 
of epidermal cells and inhibit their viability, leading to the 
shrinking and loss of epidermal tissue. There is evidence that 
the epidermis of extracellular superoxide dismutase (EC‑SOD) 
transgenic mice produces more galectin‑7 compared with wild 
type animals, and furthermore the epidermis of EC‑SOD 
transgenic mice is thinner compared with that in their wild 
type counterparts  (14). Transgenic mice were developed 
specifically overexpressing galectin‑7 to aid in research into the 
basal epidermal keratinocytes. It was reported that an excess 
of galectin‑7 causes a destabilization of the adherens junctions 
associated with defects in epidermal repair  (15). Another 
study demonstrated that galectin‑7 is highly expressed in the 
epidermis of patients with actinic keratosis, and that galectin‑7 
upregulates the apoptosis of the epidermis via T lympho-
cytes (16). The galectin‑7 gene was reported to be upregulated 

Figure 1. Representative image of immunohistochemical staining of galectin‑7 in (A) normal vulvar tissue and (B) vulvar lichen sclerosus (magnifica-
tion, x200). (C) galectin‑7 was significantly elevated in the vulvar lichen sclerosus samples compared with the normal vulvar tissues (**P<0.01). Date was 
presented as the mean ± standard deviation.
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by 8‑fold in bronchial epithelial cells from asthmatic children 
following RSV infection in  vitro, compared with tissues 
from the healthy control patients, indicating that this protein 
may be associated with bronchial epithelial cell apoptosis in 
asthma (17). These findings suggest that the overexpression of 
galectin‑7 is associated with VLS epidermal atrophy.

In our previous study, it was demonstrated that galectin‑7 
was downregulated in the early stage of vulvar squamous cell 
carcinoma (18). Since it is a pro‑apoptosis protein, this may be 
associated with the progression of malignancy. Other reports 
have revealed a high expression of galectin‑7 in certain cancer 
cell lines, including in breast cancer (19), cervical cancer (20), 
and late and poorly differentiated vulvar squamous cell carci-
noma (18). Galectin‑7 has also been associated with a poor 
prognosis in ovarian cancer  (21). In summary, the role of 
galectin‑7 in apoptosis may be organ‑ or tissue‑dependent, and 

may be associated with the methylation pattern of galectin‑7 
itself (22,23).

Due to the multifunctional of the galectin family, its 
sub‑cellular localization has been extensively studied. Based 
on the fact that galectins are able to be detected in intracellular 
and extracellular locations, as well as in the plasma of patients 
with tumors, recombinant galectins have been used widely in 
various in vitro models (11). All lectins, whether dimers or oligo-
mers, bind to cell surface receptors, including growth factor 
receptors and integrins (24,25). The results of the immunohis-
tochemistry assay in the present study revealed that galectin‑7 
was expressed exclusively in the epidermis. Galectin‑7 is 
specifically synthesized and secreted by keratinized epithelial 
cells. Non‑keratinizing cells can only be obtained through 
membrane surface receptors (12). In the immunohistochemistry 
experiments in the present study, galectin‑7 was not detected 

Figure 3. Fibroblasts in primary culture and verification. Fibroblast primary culture at (A) magnification, x100 and (B) x200. Vimentin immunocytochemistry 
images at (C) magnification, x200 and (D) x400, demonstrating that the cells were positive for vimentin, and thus fibroblasts.

Figure 2. Expression levels of galectin‑7 were analyzed using western blot analysis. (A) Expression of galectin‑7 in 10 pairs of lichen sclerosus (LS) and normal 
vulvar tissues (N). β‑actin was used as an internal standard. (B) Galectin‑7 was significantly elevated in the VLS samples compared to the normal vulvar 
tissues (**P<0.01). VLS, vulvar lichen sclerosus; N, normal vulvar tissues; LS, lichen sclerosus. Data was presented as the mean ± standard deviation.
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in the dermis. It was hypothesized that galectin‑7 formed in 
the epidermis can reach the dermis via paracrine and bind to 
the surface receptor of dermal fibroblast cell membrane, which 
affects cell function. Therefore, in subsequent cell experiments, 
recombinant galectin‑7 was added to the culture medium to 
detect changes in collagen fibers. A previous study reported 
that recombinant galectin‑3 binds to the glycol‑receptor and 
stimulates the expression of matrix metalloproteinase 9 (26). 
We hypothesized that the elevated galectin‑7 expression in the 
VLS epidermis may be released to the dermal part of the skin 
and bind to fibroblasts, and thus, galectin‑7 may modulate the 
function of dermal fibroblasts.

In the dermis layer, dermal fibroblasts generate connec-
tive tissue allowing the skin to recover from injury. One of 
the primary functions of dermal fibroblasts is to produce 
proteins which form the extracellular matrix (27); among 
these proteins, collagen  I and collagen  III are the main 
collagens generated  (28). To the best of our knowledge, 
no suitable animal models for Lichen sclerosus have been 
produced previously (29). Therefore, primary dermal fibro-
blasts isolated from the healthy control tissues through 
biopsy were cultured to mimic the in vivo progression of 
VLS. As revealed by the results of the present study, a high 
concentration of galectin‑7 (>1 µg/ml) significantly inhibited 
the viability of fibroblasts. Notably, exposure to a low dose 
(<1 µg/ml) slightly promoted the viability of fibroblasts, 

although this was not significant. It is not known whether this 
is associated with different levels of galectin‑7 expression 
in the epidermis. Due to the characteristics of pathological 
tissues, it is difficult to perform further research, and there 
have been no literature regarding any change in the number 
of dermal cells in VLS.

In the present study, the expression of collagens and its 
association with galectin‑7 in primary dermal fibroblasts 
were also analyzed. Collagen I and collagen III, the primary 
collagens generated by dermal fibroblasts, were upregulated 
by galectin‑7 in a dose‑dependent manner, suggesting that 
galectin‑7 may be an essential regulator for the hyaliniza-
tion mediated by fibroblasts in VLS. Thus, galectin‑7 has the 
potential of being a target in VLS therapy. Galectin‑7 might 
positively regulate the collagen expression through the JNK 
pathway since the apoptotic role of Galcetin‑7 is mediated by 
accelerating the release of cytochrome C and the upregula-
tion of JNK. Hashimoto et al (30) reported that tumor growth 
factor‑β promoted the transdifferentiation of fibroblasts into 
myofibroblasts through JNK and that also led to the produc-
tion of extracellular matrix proteins, leading to pulmonary 
fibrosis (30). In VLS skin, the hyalinized collagen is found 
below the epithelium. Whether galectin‑7 has a role in the 
irregular distribution of collagen fibers still needs to be clari-
fied. Certain data have indicated that galectin‑7 induces the 
viability of T cells, primarily the cluster of differentiation 8+ 
sub‑population (31), and possibly function as an accelerant of 
T‑cell responses (32). A previous study described the autoim-
mune phenotype in VLS, including high levels of Th1‑specific 
cytokines as well as a dense infiltration of T cells (33). All 
these data suggest that galectin‑7 may serve a role in the 
elevated immune response encountered in VLS.

In conclusion, the present study identified that the expres-
sion of galectin‑7 was significantly upregulated in VLS tissues. 
In addition, galectin‑7 significantly inhibited the viability of 
dermal fibroblasts and stimulated the production of collagen, 
thus galectin‑7 may be a potential drug target for the treatment 
of patients with VLS.
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