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Upregulation of the gene expression of CLOCK is correlated
with hypoxia-inducible factor 1o in advanced varicose lesions
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Abstract. According to previous literature, venous hypoxia and
the hypoxia-inducible factor (HIF) pathway may contribute to
the pathogenesis of varicose veins (VVs). It is widely accepted
that the circadian locomotor output cycles kaput (CLOCK)
gene affects nucleotide excision repair, DNA damage check-
points and apoptosis in mammalian organisms; however, the
expression levels of CLOCK in varicose veins remain to be
elucidated. The aim of the present study was to detect the
expression of the circadian clock gene in initial and advanced
varicose lesions and analyze the correlation between the
CLOCK gene, HIF-1a, and its target gene, vascular endothelial
growth factor (VEGF), in VVs. Sections of the great saphenous
veins (GSVs) were obtained from patients undergoing ligation
and stripping for VVs (n=70) and a control group undergoing
coronary artery bypass grafting with GSV harvest (n=11). All
VV patients had incompetent GSVs, according to color flow
duplex scanning. C-class VVs were determined according to the
clinical-etiology-anatomy-pathophysiology classification for
venous diseases following physical examination of the patients
with VV. Reverse transcription-quantitative polymerase chain
reaction was used to determine the expression levels of the
CLOCK gene, HIF-1a and VEGF. Immunohistochemical
analysis was also performed. The patients with VVs were
divided into those with initial varicose lesions (C3 and C4)
and advanced varicose lesions (C5 and C6). In total, 21 of the
patients had C3 lesions, 23 had C4 lesions, 14 had C5 lesions
and 12 had C6 chronic venous disease. The expression of the

Correspondence to: Professor Longhua Fan, Department of
Vascular Surgery, Qingpu Branch of Zhongshan Hospital, Fudan
University, 1158 Park Road, Qingpu, Shanghai 200032, P.R. China
E-mail: fan.longhua@zs-hospital.sh.cn

“Contributed equally

Key words: varicose veins, clock, hypoxia-indicible factor-la,
vascular endothelial growth factor

CLOCK gene was significantly higher in the VV lesions of the
GSV, compared with the normal GSVs (P<0.0001). The same
trend was found in the expression levels of HIF-1a and its target
gene, VEGF, in the VV lesions (P=0.003 and P<0.0001, respec-
tively). Subgroup analysis revealed that the expression levels
of the CLOCK gene, HIF-1a and VEGF were significantly
higher in the advanced stage varicose lesions, compared with
the initial varicose lesions (P<0.0001, P=0.0014 and P<0.0001,
respectively). However, no statistically significant difference
was identified in the expression levels of the aforementioned
genes in the C3 and C4 lesions. The results demonstrated that
the expression gene levels of CLOCK, HIF-la and its target
gene, VEGF, increased significantly in advanced stage vari-
cose lesions. Therefore, upregulation of the CLOCK gene in
the vessel walls of veins may be involved in the pathogenesis
of VVs and the progression of venous disease.

Introduction

Varicose veins (VVs) are a common pathology affecting the
lower extremities and are manifested by a range of conditions,
including pain, ankle edema, itch, eczema, lipodermatoscle-
rosis and ulceration, affect approximately one third of the
adult western population and ~20% of the adult Chinese
population (1). Despite several hypotheses, the mechanism
involved in VVs remains to be elucidated. Increasing lines of
evidence indicates that venous wall alterations and dilation are
the primary events responsible for the formation of VVs and
suggests that chronic venous insufficiency, characterized by
symptoms or signs produced by venous hypertension, may be
the result of venous wall changes. Structural and biochemical
changes, which have been reported in the walls of VVs include
intimal hyperplasia, dysregulated apoptosis, smooth muscle
cell proliferation, abnormal glucose metabolism, altered
angiogenesis, changes in collagen and elastin content, and
imbalances of matrix metalloproteases and their tissue inhibi-
tors (1,2).

Venous hypoxia secondary to blood stasis in chronic
venous disease has been hypothesized to contribute to changes
in the walls of VVs (3). Hypoxia-inducible factors (HIFs) are
nuclear transcription factors. HIF-a dimerizes with HIF-f in
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the nucleus and binds the hypoxia-responsive element of target
genes, which regulate their transcription responses to altered
oxygenation (4,5). In vitro studies have clearly demonstrated
that hypoxia upregulates the formation of new vessels through
activation of the HIF pathway, leading to the release of
pro-angiogenic factors, including vascular endothelial growth
factor (VEGF) and basic fibroblast growth factor (6,7). Together
with nitric oxide, VEGF, one of the target genes of HIF-1, is
central in maintaining vascular integrity and reactivity by
mediating vaso-permeability and dilatory responses (8.,9).

In mammals, several behavioral and physiological processes
exhibit circadian (~24 h) rhythms, which are controlled by a
clock system. This system includes a central circadian clock
residing in the hypothalamic suprachiasmatic nucleus (SCN)
and a peripheral clock located in a number of peripheral
tissues (10). Previous studies have demonstrated that periph-
eral tissues and cells contain a similar clock system to that in
the SCN (11,12). It has been reported that the circadian rhyth-
micity of human plaque-derived vascular smooth muscle cells
(VSMCs) differs from that of normal carotid VSMCs (13).
Rhythmic changes in the expression of circadian clock genes,
including circadian locomotor output cycles kaput (CLOCK),
in plaque-derived VSMCs may be involved in the process of
vessel disease. This hypothesis is supported by increasing
evidence that cross-talk between mediators of hypoxic and
circadian pathways can regulate target genes (14). To further
understand the pathology of V' Vs, the present study compared
the expression of the CLOCK gene in initial and advanced
varicose lesions, and examined the correlation between the
CLOCK gene, HIF-1a and its target gene, VEGF, in V'Vs.

Patients and methods

Patient recruitment. The procedures performed in the
present study were performed following the principles
outlined in the Declaration of Helsinki and approved by the
Ethics Committee of Zhongshan Hospital, Fudan University
(Shanghai, China). All human tissues were collected following
the provision of informed consent by the patients. Following
removal of adherent connective tissue, all venous specimens
were snap-frozen in liquid nitrogen (Shanghai Pujiang Special
Gas Co., Ltd., Shanghai, China) and then stored at -80°C or
preserved in 4% paraformaldehyde (Sangon Biotech Co., Ltd.,
Shanghai, China) until use.

The samples of VVs were obtained from symptomatic
patients undergoing saphenofemoral ligation and stripping
of the great saphenous vein (GSV) for primary VVs due to
incompetence of the GSV. Prior to surgery, a duplex ultrasound
scan was performed in a vascular laboratory by a qualified
independent vascular surgeon. Prior to removal of the varicose
lesions, physical examination and hemodynamic findings
were used to classify the stage of disease, according to the
clinical-etiology-anatomy-pathophysiology (CEAP) criteria
of the American Venous Forum for chronic lower-extremity
venous disease (15). As venous ulcers in C5 patients (a healed
ulcer) or C6 patients (an active ulcer) can significantly reduce
health-associated quality of life, the patients with VV were
divided into those with initial varicose lesions (C3 and C4) and
advanced varicose lesions (C5 and C6).
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Samples of a normal control vein were obtained from
patients undergoing cardiac bypass procedures, who had no
symptoms or clinically evident signs of varicose disease in
either limb. The veins were confirmed with a duplex ultrasound
scan using a Philips iU22 (Philips, Bothell, WA, USA) ultra-
sound system, which was performed in the vascular laboratory
at the Qingpu Branch of Zhongshan Hospital by a qualified
independent vascular surgeon. The veins were confirmed to be
normal with a preoperative duplex scan, which indicated that
the vessel was disease-free and without valvular incompetence
in any segment. Patients with a history of recent infection,
rheumatoid arthritis, steroid use, cancer or connective tissue
disease, those <18 years of age or those who did not sign a
consent form, were excluded from the investigation.

RNA isolation and reverse-transcription quantitative poly-
merase chain reaction (RT-gPCR). Total RNA from each
vein was extracted using TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) in an RNase-free environ-
ment, according to the manufacturer's standard instructions.
First-strand cDNA was synthesized and amplified from
1 ug of the total RNA using the ReverTra Ace qPCR RT kit
(Toyobo Co., Ltd., Osaka, Japan). Messenger RNA (mRNA)
levels of the target genes were determined using an ABI
7900HT machine (Applied Biosystems Life Technologies,
Foster City, CA, USA) in triplicate, in 10 ul reaction mixtures
containing SYBR Green Real-time PCR master mix (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). The relative quanti-
fication of gene expression was analyzed from the measured
threshold cycles (Ct) using the 224 method, as described
previously (16). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal standard to normalize the
expression level of other genes. Primers were designed by
PRIMER 5.0 (Premier Biosoft International, Palo Alto, CA,
USA) and synthesized by Sangon Biotech Co., Ltd., as follows:
CLOCK, forward 5-GGCATGTCCCAGTTTCAGTTT-3'
and reverse 5'-ATGCGTGTCCGTTGTTCCAAT-3"; HIF-1a,
forward 5'-CACCACAGGACAGTACAGGAT-3' and reverse
5'-CGTGCTGAATAATACCACTCACA-3'; VEGF, forward
5'-AGGGCAGAATCATCACGAAGT-3' and reverse 5'-AGG
GTCTCGATTGGATGGCA-3' and GAPDH, forward 5-TGT
TGCCATCAATGACCCCTT-3' and reverse 5'-CTCCACGAC
GTACTCAGCG-3.

Immunohistochemistry (IHC). For histological analysis of
the venous tissue, 4 ym sections of the paraffin-embedded
veins were used. Hematoxylin and eosin staining was used
for general histological evaluation, and calcification was
observed using von Kossa staining (cat. no. ab150687I;
Abcam, Cambridge, MA, USA). Formalin-fixed paraffin
embedded sections (4 ym thickness) of varicose veins were
used for CLOCK immunostaining, according to the manufac-
turer's standard instructions, as described previously (17). In
brief, the slides were deparaffinized in xylene and rehydrated
with alcohol prior to being placed in a 3% H,0,/methanol
blocking solution to quench endogenous peroxidase activity.
This was followed by subsequent antigen retrieval. The
non-specific binding was blocked with normal horse or goat
serum. The slides were incubated with rabbit anti-human
polyclonal antibody for 10 minutes at 95°C in the specified
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Table I. Patient demographics and clinical risk factors.
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Varicose vein group

Characteristic Initial (n=44) Advanced (n=26) Control group (n=11) P-value
CEAP classification C3 and C4 C5 and C6 Normal -
Age (years) 58.6£9.2 57.0+7.1 67.4+6.9* P<0.05
Male:female 25:19 19:7 9:2 P=0.181
Hypertension (n) 14 9 8° P=0.040
Diabetes mellitus (n) 4 2 7¢ P<0.001
Dyslipidemia (n) 9 10 5 P=0.131
COPD (n) 0 0 1 P=0.136

Results are presented as the mean + standard deviation. Statistical analyses of the groups were performed using Student's t-test. A one-way analysis
of variance, followed by the Fisher's exact test, was performed when appropriate. “P=0.040, vs. varicose vein group; °P<0.001, vs. varicose vein
group; ‘P<0.001, vs. varicose vein group. COPD, chronic obstructive pulmonary disease; CEAP, clinical-etiology-anatomy-pathophysiology.

antigen retrieval solution (pH 6.0, Abcam) at a 1:50 dilution
overnight in a humidified chamber at 4°C. Following washing
with phosphate-buffered saline, the slides were incubated
with goat anti-rabbit IgG conjugated to a horseradish perox-
idase-labeled polymer (Envision System; Dako, Carpinteria,
CA, USA) for 30 min at room temperature. Reactions were
performed using 3,3'-diaminobenzidine chromogen and coun-
terstained with hematoxylin. Negative controls comprised of
tissue sections incubated with non-specific IgG in place of the
primary antibody.

All sections were quantitatively analyzed and scored by
two experienced pathologists under a light microscope. The
scoring of the IHC was based on two independent criteria:
The proportion of immunopositive cells and their intensity
of immunoreactivity. The percentage of immunopositive
cells was categorized as follows: 0, <10%; 1, =10 to <25%;
2,25 to <50%; 3, =50 to <75% and 4, =75%. The intensity of
staining was categorized by the relative intensity as follows:
0, no positivity; 1, weak positivity; 2, moderate positivity
and 3, marked positivity. A final immunoreactivity score of
each section was assigned by multiplying the two individual
scores.

Statistical analysis. Statistical analysis was performed using
SPSS software, version 19.0 (IBM SPSS, Armonk, NY, USA).
The results are expressed as the mean + standard deviation.
The values for mRNA levels are presented as relative values
in all experiments. Student's t-test was performed to examine
the differences between the groups. A one-way analysis of
variance, followed by Fisher's test, was used when appropriate.
Pearson's correlation analysis was performed to examine the
correlation between CLOCK and HIF-1a or the levels of
VEGEF in the human VVs. P<0.05 was considered to indicate a
statistically significant difference.

Results
Patient demographics and clinical characteristics. The

demographics and characteristics of the patients in the clinical
investigations are summarized in Table I. The patients with

V'Vs exhibited incompetence of the saphenofemoral junc-
tion, combined with superficial and perforator reflux (CEAP
classification, C3-6). The mean age of the control group was
67.4 years (standard deviation, 6.9) and the ratio of males
to females was 9:2. The patients with either initial VVs or
advanced VVs were significantly younger than the control
patients (58.6+£9.2 and 57.0+7.1 years, vs. 67.4+6.9 years,
respectively; P<0.05). Fewer patients in the VV group had
hypertension or diabetes mellitus, compared with the control
group (P=0.040 and P<0.001, respectively). No other differ-
ences in the demographics were identified among the three
groups.

Quantification of the gene expression of CLOCK in VVs
and normal vein tissues. To analyze the gene expression of
CLOCK in the veins, RT-qPCR analysis of the veins from
VVs and normal control veins was performed. As shown
in Fig. 1A, a high mRNA expression level of CLOCK was
detected in the V'Vs. Densitometric analysis revealed that the
mRNA levels of CLOCK in the VVs were higher than those
in the normal veins (control group). Although variations
between individuals were observed, the expression pattern
was similar in all the vein samples examined. The present
study subsequently investigated whether the deterioration
in the VVs accounted for the elevated gene expression of
CLOCK in the VVs. Subgroup comparison of the C3 and C4
lesions revealed no significant differences in the gene expres-
sion of CLOCK in these initial VVs (Fig. 1B). However,
comparison of the mRNA expression level of CLOCK in
the advanced varicose lesions (C5 and C6), with those in the
initial varicose lesions (C3 and C4) revealed significantly
higher levels in the C5 and C6 lesions (Fig. 1C). To confirm
these results, THC analysis was performed to investigate the
expression of CLOCK in the VVs and normal control veins.
The THC analysis revealed that the expression of CLOCK
was predominantly located in the cytoplasm (Fig. 2). Normal
control veins exhibited negative or weak staining, while
staining in the VVs was often more marked (Fig. 2). Taken
together, these data revealed that upregulation in the mRNA
expression of CLOCK is a characteristic of VVs.
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Figure 1. Difference in the relative expression of CLOCK in varicose veins sample tissues. Comparison of the differences in the expression levels of CLOCK
between (A) normal veins tissues and varicose vein tissues; (B) C3 (III) subgroup and C4 (IV) subgroup tissues; (C) C3-C4 (III-1V) and C5-C6 (V-VI) subgroup.
Expression levels of CLOCK were determined using reverse-transcription-quantitative polymerase chain reaction and normalized against an endogenous
control (GAPDH). Data are expressed as the mean + standard deviation. CLOCK, circadian locomotor output cycles kaput.
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Figure 2. Detection of the expression of CLOCK using immunohistochemistry. Representative photomicrographs of the expression of CLOCK in normal veins
(left), which was commonly weak or absent; C3-C4 (middle) veins, which was commonly weak or moderate and C5-C6 (right), which commonly exhibited
more intense immunostaining of CLOCK (original magnification, x400). V'V, varicose vein; CLOCK, circadian locomotor output cycles kaput.
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Figure 3. Differences in the relative expression of HIF-1la in varicose vein sample tissues. Reverse transcription-quantitative polymerase chain reaction
analysis of the expression of HIF-1a between (A) normal veins tissues and varicose vein tissues; (B) C3 and C4 subgroup (III and IV) tissues; and (C) C3-4
(ITI-IV) and C5-6 subgroup (V-VI). Data are expressed as the mean + standard deviation. HIF, hypoxia-inducible factor.
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Figure 4. Differences in the relative expression of VEGF in varicose vein sample tissues. Relative expression levels of VEGF between (A) normal veins tissues
and varicose vein tissues; (B) C3 and C4 subgroup tissues (III-IV) and (C) C3-4 (III-1V) and C5-6 (V-VI) subgroup. Data are expressed as the mean + standard
deviation. VEGF, vascular endothelial growth factor.
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Figure 5. Correlation between the expression levels of CLOCK, HIF-1a and VEGF in varicose vein sample tissues. (A) Correlation between the expression
levels of CLOCK and HIF-1a in varicose vein sample tissues, determined using Pearson's product-moment correlation coefficient. (B) Correlation between the
expression levels of CLOCK and VEGF in varicose vein sample tissues, determined using Pearson's product-moment correlation coefficient. VEGF, vascular
endothelial growth factor; HIF, hypoxia-inducible factor. CLOCK, circadian locomotor output cycles kaput.

Expression levels of HIF-1a and VEGF are elevated in
VVs. Previous studies have demonstrated that hypoxia
increases the protein expression levles of CLOCK in mice,
and the co-operative effect of HIF-loo and CLOCK lead to
the transcriptional activity of vasopressin (14,18). In the
present study, the expression levels of HIF-1a and VEGF
were assessed. Compared with the control veins, RT-qPCR
revealed a significant increase in the mRNA expression
levels of HIF-1a in the V'Vs (Fig. 3A), however, no significant
differences were observed between the C3 and C4 subgroups
(Fig. 3B). Furthermore, it was also observed that the mRNA
expression levels of HIF-1a were significantly increased in
the advanced varicose lesions (C5 and C6), compared with
those in the initial varicose lesions (C3 and C4; Fig. 3C).
Similarly, RT-qPCR revealed a significant increase in the
mRNA expression levels of VEGF in the VVs, compared
with the normal control veins (Fig. 4A), however, no signifi-
cant differences were observed between the C3 subgroup and
C4 subgroup (Fig. 4B). In addition, the mRNA expression
levels of VEGF were significantly increased in the advanced
varicose lesions (C5 and C6), compared with those in the
initial varicose lesions (C3 and C4; Fig. 4C). Despite indi-
vidual variations, the same expression pattern was observed
in all the specimens assessed. Together, these results revealed
marked expression levels of HIF-1a and VEGF associated
with venous disease, the expression pattern of which were
distinct, compared with those observed in the control veins.

Upregulation of CLOCK is associated with the expression of
HIF-1a and VEGF in VVs. To better understand the clinical
significance of CLOCK in V'Vs, the association between
the expression of CLOCK, HIF-1a and VEGF in VVs was
investigated. A relatively higher expression level of CLOCK
was detected in the early and advanced V'V tissues, with
high expression levels of HIF-1a. The expression levels of
CLOCK and HIF-la were positively correlated in the early
and advanced V'V tissues (r=0.75; P<0.001; Fig. 5A). The same
trends were observed in the expression levels of CLOCK and
VEGF in the advanced V' Vs (r=0.56, P<0.001; Fig. 5B).

Discussion

At present, the pathogenesis of VVs remains to be fully eluci-
dated. Understanding the pathophysiology of chronic venous

disease is important to establish pharmacological approaches
to complement current treatment strategies. For the first time,
to the best of our knowledge, the present study demonstrated
that high mRNA expression of CLOCK is a hallmark of VVs,
and that upregulation in the expression of the CLOCK gene
is correlated with HIF-1a following deterioration in V'Vs.
These findings indicate a potential link between the expres-
sion of HIF-1a and the circadian clock in the pathogenesis of
this disease.

Venous hypoxia has been hypothesized to contribute
to VV wall changes and it is well known that activation of
the HIF pathway is increased in cells and tissues associated
with hypoxia (19). In the present study, the expression of
HIF-la in the VVs was elevated, compared with that of the
control group containing normal veins, the results of which
are in agreement with previous in vitro studies (20,21). The
increased expression of HIF in the VVs is a significant
finding, as HIFs regulate ~1% of human genes (5). Several
HIF target genes are involved in functions, which are known
to cause pathophysiological changes in the walls of veins.
However, what stage of VV formation the HIF pathway is
activated remains to be elucidated. The present study demon-
strated for the first time, to the best of our knowledge, that the
pathway was activated following the deterioration of VVs (in
CS5 and C6 lesions). Analysis of the subgroups revealed that
the expression of HIF-1a in the advanced varicose lesions
was significantly higher, compared with that of the initial
varicose lesions.

Several groups have demonstrated that hypoxia can
stimulate the production of VEGF (8,22). VEGF is central in
the maintenance of vascular integrity and reactivity by medi-
ating vaso-permeability and dilatory responses (9). VEGF,
which is produced in vascular smooth muscle, can stimulate
the production of nitric oxide from the vascular endothe-
lium, and continued and elevated expression of VEGF then
leads to elevated production of nitric oxide, resulting in the
generation of reactive oxygen species, contributing to the
further development of the pathology (8). Although it has
been previously demonstrated that patients with primary VV
exhibit a loss of VEGF release following mild, experimen-
tally-induced venous stasis that has been observed in control
individuals (23), the present study clearly demonstrated a
significant rise in the expression of VEGF in the VVs, as
well as altered expression of VEGF following deterioration
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in the veins. The ability to maintain or regulate the levels of
VEGF may be reduced in the VVs.

Notably, our previously study demonstrated that VEGFa
is one of a few genes expressed in a circadian rhythm-depen-
dent manner in the hearts of C57BL/6J and ApoE” mice (24).
In mammals, several behavioral and physiological processes
exhibit circadian (~24 h) rhythms, which are controlled by a
clock system. The circadian rhythmicity of peripheral tissues
is considered to be uniquely controlled by the SCN via neural
and humoral signals. Previous studies have demonstrated that
peripheral tissues and cells contain a similar clock system to
that in the SCN (11,12). Our previous study revealed that the
levels and rhythms of the expression of core circadian genes
were altered in human carotid plaque-derived VSMCs (13).
Therefore, in the present study, focus was placed on the
potential role of the CLOCK gene in the pathogenesis of
varicose lesions. The present study revealed, for the first
time, to the best of our knowledge, that the expression of the
CLOCK gene was significantly upregulated in the advanced
VVs, compared with normal control veins or initial V'Vs.
This finding further supports the hypothesis that changes in
the expression of circadian clock genes may be involved in
the progression of vascular diseases.

In common with several features of VVs, the cause and
effect association between the CLOCK gene and VVs may
be difficult to ascertain, particularly whether the association
contributes to a vicious cycle of disease progression. The
control of gene transcription and the maintenance of vascular
reactivity may be altered by a causative mechanism or simply
by the pathological process. As noted previously, increasing
evidence has demonstrated that cross-talk between mediators
of the hypoxic and circadian pathways regulate target genes.
At the molecular level, transient transfection experiments
investigating the effect of hypoxia on the circadian clock
have revealed that the CLOCK gene interacts with HIF-1a
and drives transcription (14). HIF-1la does not form a DNA
binding complex with the CLOCK gene at E-box A, the
control element of several circadian clock genes and the core
sequence of the hypoxia-responsive element. However, the
brain and muscle ARNT-like protein 1 complex at E-box A
is regulated by co-transfected HIF-1a/CLOCK. Therefore,
the E-box may be a key element in the interaction between
hypoxia signaling and the circadian clock (14). A previous
study revealed a bidirectional link between the hypoxic and
circadian pathway (25). Further examination of such genes
may assist in elucidating the mechanism underlying the
development of V'Vs.

In conclusion, the present study demonstrated a significant
increase in the gene expression of CLOCK, as well as HIF-1a
and its target gene, VEGF, in advanced varicose lesions. The
upregulation of the circadian clock gene in venous vessels
may be involved in the pathogenesis of VVs and promote the
progression of venous disease. However, further investiga-
tions are required to ascertain the correlations among the
CLOCK gene, hypoxia and HIF-1a, and the bidirectional
link between the hypoxic and circadian pathways in the
pathogenesis of VVs. Investigations are also required to
detect the protein expression of these circadian clock genes
and identify other downstream genes that they mediate.
Pharmacological therapy aimed at hypoxia signaling and the
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circadian clock may have a role in the management of venous
diseases in the future.
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