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Abstract. The von Hippel‑Lindau (VHL) gene is a tumor 
suppressor gene, which is widely expressed in the kidney, lung, 
breast, eye, ovary and cervix. Mutations of the VHL gene are 
able to induce VHL disease and tumorigenesis. However, it 
has yet to be evaluated whether the  VHL gene is expressed 
in the human endometrium. The objective of the present study 
was to investigate whether the VHL gene is expressed in 
the human endometrium and to identify changes in expres-
sion levels during the menstrual cycle. A total of 35 human 
endometrial tissue samples in the proliferative  (n=17) and 
secretory phase (n=18) were subjected to the present study. 
VHL gene expression levels were assessed using Western blot 
analysis and reverse transcription polymerase chain reaction 
(RT-PCR). It was observed that the expression of VHL mRNA 
in the human endometrium decreased from the proliferative to 
secretory phase (P<0.05). Levels of VHL protein in the prolif-
erative phase were higher than those in the secretory phase 
(P<0.05). In conclusion, the present study revealed that the 
VHL gene is expressed in the normal human endometrium, 
and its expression levels change during the different periods of 
the menstrual cycle.

Introduction

The human endometrium consists of complex tissue composed 
of various cell components, and changes during the prolifera-
tive and secretory phase of the menstrual cycle (1). It is capable 
of blastocyst implantation, immunological tolerance, regula-
tion of trophoblast invasion and infectious agent control (2). A 
number of factors participate in the remodeling of the endome-
trium, including steroid hormone, cytokines, tumor suppressor 
gene and growth factors.

The von Hippel‑Lindau (VHL) gene was isolated by posi-
tional cloning and identified as a tumor suppressor gene in 
1993 (3). The VHL gene, which is a classical tumor suppressor 
gene and regulates a number of target genes involved in mRNA 
stabilisation through the selective degradation of RNA bound 
proteins, including the endothelial growth factor, vascular 
endothelial growth factor, transforming growth factor α and 
carbonic anhydrase 9 (4). It is widely expressed in a variety 
of tissues, demonstrating that the expression of the VHL gene 
transcript is not restricted to organs affected by the VHL 
disease (5). Mutations of the VHL gene were associated with 
carcinogenesis in various organs, including the kidney, lung, 
breast, eye, ovary and cervix (6). Additionally, a deficiency or 
inactivation of the VHL gene is able to cause ovarian tumors 
and uterine cervix carcinoma (7,8). The VHL protein (pVHL), 
the expression product of the VHL gene, has been ascribed 
several distinct biochemical activities and involvement in the 
regulation of the cell cycle (9). The pVHL is a multifunctional 
protein, which is associated with the inhibition of angiogen-
esis, cell cycle arrest, fibronectin matrix assembly, activation 
of p53 and proteolysis (10). However, it has yet to be elucidated 
whether the VHL gene is expressed in the human endome-
trium during the menstrual cycle. 

The aim of the present study was to investigate whether 
the VHL gene is expressed in the human endometrium, and to 
assess its expression levels in the human endometrium during 
the different phases of the menstrual cycle.

Materials and methods

Tissue samples. Samples of human normal endometrial tissue 
were obtained by hysterectomy from patients with benign 
diseases. A total of 35 fresh tissue samples consisting of 
proliferative (n=17) and secretory endometrium (n=18) were 
immediately frozen in liquid nitrogen and subsequently 
stored at ‑80˚C until further processing for reverse transcrip-
tion polymerase chain reaction (RT‑PCR) and Western blot 
analysis. The exclusion criterion of patients was treatment 
with exogenous hormones within six months prior to surgery. 
All patients signed informed consent letters, and the protocol 
for the present study was approved by the Local Ethics 
Committee (Guangzhou, China). Patients with normal endo-
metrial tissue were subjected to surgery for benign reasons not 
associated with endometrial dysfunction, and their age was 
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43±2.5 years (mean ± standard deviation; range, 30‑48 years). 
The menstrual day of the patients was correlated with the 
histologic stage of the endometrium according to the criteria 
established by Noyes et al (11).

RNA isolation and RT-PCR. Total mRNA was extracted 
from 35 fresh human endometrial tissue samples in the 
proliferative phase (n=17) and secretory phase (n=18) using 
a commercial kit (Omega Bio-Tek, Norcross, GA, USA) 
according to the manufacturer's instructions. Concentration 
and purity of the mRNA were assessed using electropho-
resis on a 1.0% agarose gel with an OD260/280 absorption 
ratio >1.8. Aliquots of mRNA (20 µg) from each sample were 
reverse transcribed using Oligo (dT) 18 primer and moloney 
murine leukemia virus reverse transcriptase (M-MLV RT) 
(Promega Corp., Madison, WI, USA). The housekeeping gene 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as an internal control to normalize the results in terms 
of variations in the amount of input RNA and efficiency of 
reverse transcription. The primers used were: GAPDH, 
forward: 5'‑CTGGCGCTGAGTACGTCG‑3' and reverse: 
5'‑TTGACAAAGTGGTCGTTGA‑3' (657  bp), and VHL 
gene, forward: 5'‑GTCGAAGAGTACCGCCCTGAAG‑3' and 
reverse: 5'‑GTGTCCCTGCATCTCTGAAGAG‑3' (300 bp). 
PCR amplification was performed under the following 
conditions: Initial denaturation at 94˚C for 2 min, followed 
by 32 cycles of denaturation at 94˚C for 30 sec, annealing at 
59.5˚C for 30 sec (60˚C for GAPDH), extension at 72˚C for 
1 min and a final extension at 72˚C for 7 min. The PCR prod-
ucts were verified by electrophoresis on a 1.5% agarose gel 
and densitometric analysis was performed using the Bio‑Rad 
Gel Doc  2000 Imaging System (Bio‑Rad, Hercules, CA, 
USA). Densitometrical values were used to calculate the ratios 
between target and GAPDH bands.

Western blot analysis. Western blot analysis was performed 
with the same endometrial tissue samples as those used for 
PCR. The fresh endometrium was homogenized and lysed 
on ice using cell lysis buffer and protease inhibitor cocktail. 
Following centrifugation at 12,800 x g for 5 min at 4˚C, protein 
concentrations were assessed using the Bicinchoninic Acid 
Protein Assay kit (Pierce Biotechnology, Inc., Rockford, IL, 
USA). Total protein was denatured in Laemmli buffer, fraction-
ated using a 10% one‑dimensional SDS‑PAGE and transferred 
onto a nitrocellulose membrane (Amersham Biosciences, 
Piscataway, NJ, USA). The gels were blocked for 2 h in TBST 
solution (20 mmol/l Tris (pH 7.6), 137 mmol/l sodium chloride, 
0.1% Tween 20) containing 10% non‑fat dry milk and incubated 
with antibodies against human VHL (1:1000; Cell Signaling 
Technology, Inc., Danvers, MA, USA) overnight at 4˚C and 
against β‑actin (1:3,000; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) for 1 h at room temperature with agitating. 
The gels were then washed three times for 10 min each in 
TBST followed by incubation for 1 h at room temperature with 
anti‑rabbit immunoglobulin G (IgG; 1:1,000; Boster Biological 
Engineering Co., Ltd., Wuhan, China) and anti‑mouse IgG 
horseradish peroxidase‑linked species‑specific antibodies 
(1:500; Boster Biological Engineering Co., Ltd.). The bound 
antibodies were detected with the enhanced chemilumines-
cence system BeyoECL Plus (Beyotime, Shanghai, China). 

Band intensities were quantified by scanning densitometry 
using the Bio‑Rad Quantity One software (Bio‑Rad, Hercules, 
CA, USA).

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0  (SPSS, Inc., Chicago, IL, USA). Values were 
presented as the mean ± standard deviation, and the one‑way 
analysis of variance test (ANOVA) was used. Differences were 
considered as statistically significant for P<0.05.

Results

RT‑PCR analysis. Expression of VHL mRNA in the human 
endometrium was analyzed by RT‑PCR. A total of 35 fresh 
endometrial samples were analysed in regard to GAPDH 
mRNA expression, and when they were positive, they 
were considered for further assessment of VHL  mRNA 
expression levels  (Fig.  1). VHL  mRNA expression levels 
are shown in Fig. 2. The expression of VHL mRNA in the 

Figure 1. Electrophoresis of amplified PCR products. RT-PCR analysis of 
GAPDH and VHL mRNA levels in human endometrium. GAPDH mRNA 
(lanes 1‑4) and VHL mRNA (lanes 5‑8) expressed in human endometrium 
samples. The VHL mRNA expression in proliferative endometria (lanes 5, 6 
and 7) and secretory endometrium (lane 8). M, marker.

Figure 2. VHL mRNA levels in proliferative and secretory endometria 
were assessed using RT-PCR. The GAPDH gene was used as an internal  
control for RT-PCR. The expression of VHL mRNA in the proliferative 
phase was higher than that in the secretory phase (**P< 0.01).
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proliferative phase was higher than that in the secretory phase 
(1.26±0.46  versus  0.69±0.28)(P<0.05). A decrease in the 
expression of VHL mRNA in the endometrium was observed 
from the proliferative to the secretory phase of the menstrual 
cycle.

Western blot analysis. pVHL levels in the fresh endometrial 
tissue were assessed by western blot analysis and normalized 
to β‑actin, and a single band with a molecular mass of 24 kDa 
was observed in all the samples (Fig. 3A). The quantified results 
are shown in Fig. 3B. pVHL expression levels were signifi-
cantly increased in the proliferative phase compared with the 
secretory phase (1.83±0.67 versus 0.43±0.37) (P﹤0.05).

Discussion

The VHL gene is ubiquitously expressed in a variety of organs, 
with particularly high levels of expression in the urogenital 
system, brain, spinal cord, sensory ganglia, eyes and bronchial 
epithelium (12). Its deactivation in patients is able to induce 
the development of VHL disease, central nervous system 
haemangioblastoma, renal carcinoma and cysts. pVHL is a 
multifunctional protein, which is essential for endothelial 
extracellular matrix deposition and inhibits cell motility (13). 
pVHL is also able to induce cell differentiation and growth 

arrest through integration of cell‑cell and cell‑extracellular 
matrix signaling (14).

The endometrium undergoes changes in the cyclic blood 
vessels during the menstrual cycle, influenced by steroid 
hormones and other angiogenesis genes. A previous study 
confirmed that the expression levels of the VHL gene in human 
placental villous tissue were associated with the vascular 
endothelial growth factor (VEGF), and that it was a positive 
regulator of VEGF production (15). However, the expression 
of the VHL gene has yet to be assessed in the human endome-
trium during the menstrual cycle. Angiogenesis is regulated by 
a number of cytokines, including VEGF, transforming growth 
factor and tumor necrosis factor. VEGF is a key mediator of 
angiogenesis in physiological and pathological conditions, 
and also regulates endometrial vascular development (16). In 
addition, VEGF expression at the transcriptional level is able 
to promote endometrial angiogenesis during the menstrual 
cycle. The VHL gene regulates VEGF expression at both the 
transcriptional and post‑transcriptional levels, and its inacti-
vation in target cells leads to loss of VEGF suppression (17). 
The present study has demonstrated that VHL gene expres-
sion levels in the endometrium in the proliferative phase are 
higher than those in the secretory phase (P﹤0.05). This result 
suggests that the VHL gene inhibits the expression of VEGF 
in the endometrium during the proliferative phase to prevent 
an excess of vascular proliferation.

The hypoxia inducible factor‑1 (HIF1) has a crucial role 
in the cell responses to the availablity of oxygen and vasculo
genesis through the transcriptional activation of specific genes. 
Expression of HIF1‑α protein in the human endometrial 
glandular epithelium may be responsible for the upregulation 
of VEGF (18). In addition, HIF1‑α protein was increasingly 
expressed from the proliferative to the secretory phase in the 
human endometrium (19). pVHL is regarded as a key factor for 
the oxygen‑dependent proteolysis of α‑subunits of HIF1‑α, and 
in pVHL-defective cells, HIF1‑α subunits were not downregu-
lated. Therefore, the HIF1‑α subunit was identified and targeted 
for rapid proteasome-dependent degradation by the VHL E3 
ubiquitin ligase complex at normal oxygen concentrations (20). 
Additionally, hypoxic cells were able to regulate VHL gene 
expression levels through HIF1‑α (21). Thus, the deficiency and 
inactivation of the VHL gene is able to promote cellular HIF1‑α 
expression. In the present study, the expression of VHL mRNA 
and protein in the endometrium were decreased from the 
proliferative to the secretory phase. This result indicates that 
the VHL gene may prevent excessive growth of blood vessels 
in the endometrium during the proliferative phase.

The pVHL as a tumor suppressor protein regulates 
extracellular fibronectin matrix assembly and cell cycle. 
Fibronectin is a regulator of various cell activities including 
the promotion of cell migration, spreading, and extracellular 
matrix assembly or tissue turnover. Fibronectin has a crucial 
role in the control of trophoblast invasion, angiogenesis and 
determination of cell shape, and thus regulates endometrial 
receptivity and pregnancy (22). In the human endometrium, 
fibronectin was detected by immunocytochemical localiza-
tion in the epithelial and stromal cells of the endometrium. 
Additionally, fibronectin levels decrease in the endometrium 
from the proliferative to the secretory phase and modulate the 
progression of endometrium (23). Overexpression of pVHL 

Figure 3. Endometrial samples were subjected to western blot analysis for 
detection of pVHL and β-actin. (A) pVHL and β-actin were detected in the 
first and the second band, respectively. The intensity of pVHL is shown 
in the proliferative phase (lanes 3 and 4) and the secretory phase (lanes 1 
and 2). (B) pVHL expression levels were elevated in the endometria during 
the proliferative phase compared with the secretory phase. There was a 
statistically significant difference between proliferative phase and secretory 
phase (**P<0.01).

  A
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may increase fibronectin expression post‑transcriptionally and 
the secretion of extracullar fibronectin (24). pVHL mutations 
lead to diseases associated with fibronectin assembly defects, 
and pVHL‑deficient cells fail to assemble the extracellular 
fibronectin matrix. In the present study, pVHL expressed in the 
endometrium during the proliferative phase was higher than 
that in the secretory phase. This result suggested that pVHL 
may take an active role in the human endometrium during 
menstrual cycle through the interaction with fibronectin.

In conclusion, to the best of our knowledge, the present 
study is the first to assess VHL mRNA and protein expression 
levels in the human endometrium during the menstrual cycle. 
Expression of VHL mRNA and protein were decreased in the 
human endometrium from the proliferative to the secretory 
phase. This result may provide a novel view on the mechanism 
of endometrial disease. There is a requirement for further eluci-
dation of whether VHL mRNA and protein expression levels 
may be a target for novel therapies of endometrial diseases.
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