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Vaspin and its relation to cancer (Review)
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Abstract. Adipose tissue releases signaling molecules and
hormones which are known as adipokines. Adipose tissue
also provides a medium for low-grade inflammation which
occurs from adipocyte hypertrophy with ensuing hypoxia and
cell death. Cancers are known to arise in states of low-grade
inflammation. There have been attempts to understand the role
of adipokines in cancer pathogenesis and to establish their use
as diagnostic and prognostic tools, as well as treatment targets.
The present review article aims to highlight the role of vaspin
in various types of cancer. Vaspin is known to inhibit apop-
tosis via the phosphatidylinositol-3-kinase/protein kinase B
pathway, which has also been implicated in the development of
colorectal cancer. The inhibition of the apoptosis of cells with
malignant potential promotes tumor formation. At the same
time, vaspin exhibits anti-inflammatory and insulin-sensitizing
properties, which possibly confer its tumor inhibitory effects
observed in endometrial cancer. However, its role either as a
tumor promoter or inhibitor in other types of cancer in which
it has not yet been studied would be difficult to predict.
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1. Introduction

Adipose tissue has been identified as a complex organ with
endocrine, metabolic and immunoregulatory functions.
Adipose tissue releases hormones and signaling molecules,
known as adipokines, which function in an autocrine and
paracrine manner (1). In obesity, adipocyte hypertrophy and
hyperplasia alter the physiological microenvironment within
adipocytes. This hyperadiposity causes a chronic low-grade
inflammation resembling chronically injured tissue with
immune cell infiltration and remodeling (2). In 1863, Virchow
hypothesized that the origin of cancer was located at sites of
chronic inflammation, partly based on the hypothesis that
certain irritants cause tissue injury and cell proliferation
occurs in the ensuing inflammatory environment. It has been
observed that patients with obesity have a higher risk of devel-
oping cancer and also have increased mortality rates (3). One
proposed mechanism is that of white adipose tissue hyper-
trophy and the adipocyte outgrowing its blood supply (4). The
hypoxia of these cells leads to adipocyte stress, death and an
adverse adipokine secretion profile. Adipocyte hypertrophy
also leads to insulin resistance, and the established link is so
substantial that an adipocyte size threshold has been identified
for an increased risk of insulin resistance (5).

Hida et al (6) first identified a 47 kilodalton (kDa) molecule
comprised of 415 amino acids termed vaspin (visceral adipose
tissue-derived serpin) in the visceral adipose tissue of Otsuka
Long-Evans Tokushima fatty rats at the age when obesity
and insulin plasma concentrations peaked. This is a model
of human type 2 diabetes that shares common components of
the human metabolic syndrome, including abdominal obesity,
insulin resistance, hypertension and dyslipidemia (6). From
their experiments, Hida er al (6) concluded that vaspin exerts a
protective effect against insulin resistance. Its increased levels
suggest possible anti-protease properties, thereby improving
insulin sensitivity (6). Adipokines may play a significant role
in the regulation of cell growth, proliferation, cell cycle, angio-
genesis, tumor growth and metastases. Vaspin is also known
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to cause an imbalance in favor of apoptosis inhibition via the
phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt)
pathway (7). Several adipokines have been linked to various
types of cancer with notable attempts made as regards their
use as diagnostic tools, prognostic markers and therapeutic
targets. The present review article aimed to shed light on avail-
able studies that have linked vaspin to various types of cancer.

2. Data collection methods

All articles reporting adipokines and various types of cancer
were considered. The PubMed electronic database was
searched using medical subject heading (MeSH) terms related
to various adipokines, and benign and malignant tumors.
Vaspin was first discovered in 2005 (6). Hence, search results
were considered from 2005 onwards to select relevant articles.
Manually searching reference lists supplemented this for
additional studies. Similarly, the Google Scholar database was
also manually searched. Studies listing adipokines other than
vaspin were excluded, since different adipokines use distinct
mechanisms in exerting their effects. Review articles on other
adipokines were also excluded. An initial search revealed
4,380 articles; finally, 11 clinical and translational studies were
included (Fig. 1 and Table I).

3. Colorectal cancer

According to the study search performed, a total of three
studies were found that attempted to highlight the association
between vaspin and colorectal cancer. Fazeli er al (8) exam-
ined vaspin levels in 39 patients who had biopsy-confirmed
colorectal cancer compared with those in control subjects.
They found that the vaspin, visfatin and omentin-1 levels were
significantly higher in patients with colorectal cancer (8).
This result was obtained without adjusting for variables;
following the adjustment for variables such as age, body
mass index (BMI) and waist-to-hip ratio. Additionally, when
examining the levels of vaspin in different groups according
to sex, no significant difference was found between males and
females. They also found that adipocytokines were not related
to the stage of colorectal cancer in these patients (8).

Another study comprised 41 patients with confirmed
colorectal cancer and 27 healthy controls (9). The included
patients either had colon cancer or rectal/sigmoid cancer at
various stages. Of note, no difference was observed between
the serum levels of vaspin among the healthy volunteers and
study subjects. However, there was a difference in the median
age of the study subjects to controls (55 vs. 43 years) and the
study subjects were enrolled 2-4 weeks following the surgical
or colonoscopic removal of the tumor. It is possible that the
therapeutic intervention and time interval may have altered the
serum vaspin levels in the study subjects compared with the
time point when the tumor burden was higher (9).

Kan et al (10) examined the effects of tumor burden
on vaspin expression and cancer prognosis in 89 patients
with confirmed colorectal cancer. In patients with disease
progression, the vaspin levels at the time of initial diagnosis
were 40.1 vs. 27.4 pg/ml (P=0.021) in patients who remained
disease-free at the end of the study period. They also illus-
trated vaspin immunostaining imaging results in tumor burden

subgroups according to disease progression and disease-free
status. The results of their study revealed that patients with
progressive disease had a higher vaspin expression at the start
of the study irrespective of the tumor burden characteristics.
That study highlighted that vaspin levels may be used as a
potential marker for cancer progression and early cancer
detection (10).

Although the underlying mechanisms remain to be fully
elucidated, vaspin may possess anti-apoptotic properties (7).
The lack of apoptosis of malignant cells may prevent them
from dying. There are a number of mechanisms through
which malignant cells can acquire a reduced apoptotic state.
This can occur when there is an imbalance between pro- and
anti-apoptotic proteins, as well as in instances where the
reduced function of the caspase enzyme family, which is
involved in the actual apoptosis of cells, provides the cells with
their morphology, and impairs cell death signaling (11). Vaspin
is known to cause an imbalance in favor of apoptosis inhibi-
tion via the PI3K/Akt pathway (Fig. 2) (7). This pathway has
been implicated in the development of colorectal cancer (12).

4. Hepatocellular carcinoma

Adipokines have been linked to inflammation with eventual
fibrotic, steatotic and angiogenic changes (13). These changes
are mechanisms that underlie the development of chronic liver
disease. Diseases, such as chronic hepatitis C induce meta-
bolic alterations, including insulin resistance and contribute to
hepatic steatosis. Kukla e al (14) demonstrated that vaspin was
an independent predictor of the severity of liver fibrosis and
positively correlated with the stage of fibrosis. In the case of
no fibrosis or mild fibrosis limited to portal spaces, the serum
vaspin level has been shown to be significantly decreased in
patients with hepatitis C as compared with healthy controls.
Insulin resistance, as noted with the homeostatic model assess-
ment of insulin resistance (HOMA-IR) measurements, has
also been shown to be significantly increased in patients with
hepatitis C (14).

According to the search performed, two studies evalu-
ated the relation of serum vaspin levels with hepatocellular
carcinoma (HCC). The first study comprised 69 patients with
cirrhosis and HCC. That study included patients with cirrhosis
due to viral causes (81% had hepatitis C) and non-alcoholic
fatty liver disease/non-alcoholic steatohepatitis with the
majority of patients in Child-Pugh class A or B (15).

The serum vaspin levels were found to be higher in
patients with HCC compared with healthy volunteers
(0.18 vs. 0.10 ng/ml; P=0.05). Serum vaspin levels were also
higher in patients with HCC due to viral causes compared with
HCC due to non-viral causes (0.23 vs. 0.10 ng/ml; P=0.02).
Vaspin levels were also higher in patients with chronic hepa-
titis C compared to those with liver disease due to non-viral
causes (0.41 vs. 0.10 ng/ml, p=0.003). No difference was noted
in the serum vaspin levels between different groups according
to Child-Pugh scores or Barcelona clinic liver cancer scores.
The authors of that study demonstrated that vaspin levels did
not differ in patients with higher or lower HOMA-IR scores,
indicating that the increase in vaspin levels was primarily from
the cancer and not a compensatory mechanism for insulin
resistance (15). The increase in vaspin levels may also be a
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Table I. Summary of the studies comparing patients to healthy subjects and the inference of serum vaspin levels.
Author/(Refs.), year of publication No. of subjects Type of condition Vaspin
Jung et al (7),2011 N/A Aortic endothelial cells N/A
Fazeli et al (8),2013 69 Colorectal cancer Higher
Erdogan et al (9),2016 68 Colorectal cancer No difference
Kan et al (10), 2020 89 Colorectal cancer Higher
Pazgan-Simon et al (15), 2020 89 Hepatocellular carcinoma Higher
Skonieczna et al (16),2019 N/A Hepatocellular carcinoma N/A
Cymbaluk-Ploska er al (17),2018 168 Endometrial cancer Lower
Erdogan er al (18),2013 130 Endometrial cancer Lower
Jabbari et al (20),2015 90 Medullary thyroid cancer Higher
Ginis et al (21),2016 72 Prolactinoma Lower
Zhu et al (22),2013 N/A Human osteoblasts N/A
N/A, not available.

[ Identification of studies

Articles removed:
Articles removed prior to
2005 (when vaspin was
discovered) (n=439)

Records identified from PubMed
Articles (n=4,380)

Articles added by manually
<4— searching references and Google

Articles screened (n=3.979) Scholar (n=10)

\4

Articles excluded:
Other adipokines (n=3,946)
Reviews and systemic
reviews (n=8)
Non-cancerous conditions
and gene studies (n=14)

Studies included in review
(n=11)

Figure 1. Flowchart of the study selection and criteria used for inclusion.

result of liver fibrosis, as demonstrated by Kukla ez al (14),
or a direct result of hepatitis C virus infection, which causes
insulin resistance by affecting the insulin signaling pathway
and inhibiting signal transduction.

The second study was performed by Skonieczna et al
(16), in which human HCC cells treated with vaspin were
cytometrically evaluated. The researchers demonstrated that
vaspin reduced apoptosis in a concentration-dependent manner
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Figure 2. Insulin binds to the IR and activates IRS-1, which in turn activates
PI3K. PI3K phosphorylates PIP2 to PIP3 which further activates Akt. Akt
then regulates proteins involved in cell growth and proliferation. Vaspin
inhibits the FFA-induced apoptosis via the PI3K/Akt pathway, increasing
cell proliferation. FFA, free fatty acid, IR, insulin receptor; IRS-1, insulin
receptor substrate 1; PI3K, phosphatidylinositol 3-kinase; PIP2, phosphati-
dylinositol-4,5-bisphosphate; PIP3, phosphatidylinositol-3.4,5-bisphosphate;
Akt, protein kinase B

in the cancer cells, thus promoting the proliferation of tumor
cells. They also noted that the production of reactive oxygen
species (ROS), specifically nitric oxide and superoxide anion,
which are commonly elevated in apoptotic cells and implicated
in the promotion of apoptosis, was decreased in the pres-
ence of vaspin. The levels of ROS were related to vaspin in a
concentration-dependent manner with a significant reduction
when vaspin was used at 5 ng/ml. The decreased levels of ROS
observed with 5 ng/ml vaspin resulted from the suppression of
physiological oxidative processes. The authors of that study
suggested that an anti-apoptotic switch was activated at lower
concentrations of vaspin and once initiated, the anti-apoptotic
cascade was maintained with higher vaspin levels. The reduction
in ROS generation could restrict pro-inflammatory processes
in cancer cells, leading to increased viability and proliferation.
Free radical scavenging in cells exposed to vaspin resulted in
a reduction of pro-oxidative apoptotic signaling pathways (16).

5. Endometrial cancer

Chronic hyperinsulinemia is one of the main risk factors of
endometrial cancer, and insulin is known to exhibit mitogenic
and proliferative action through endometrial insulin receptors.
Vaspin is known to play a role in augmenting tissue sensitivity
to insulin, thereby protecting against one of the risk factors
for endometrial cancer (6). It can be thus concluded that lower
concentrations of vaspin would thus increase the risk of endo-
metrial cancer development.

Following the search performed of the databases, two
studies were found which investigated the relation of serum

vaspin levels with endometrial cancer. In a previous study on
168 patients, including 92 patients with endometrial cancer
and 76 patients with normal endometrium or benign polyps, no
statistically significant differences in the mean values of vaspin
levels were found in patients with endometrial cancer and
patients with endometrial polyps or benign endometrium (17).
However, significantly lower serum levels of vaspin were
found in patients with lymph node or lymph vessel involve-
ment. Lower levels were also observed in patients in whom
the tumor had invaded deeper into the myometrium. The mean
vaspin levels were examined between different tumor clas-
sification grades and were noted to be 1.1 ng/ml in patients
with International Federation of Obstetrics and Gynecology
(FIGO) stage I and IT endometrial cancer, and 0.52 ng/ml in
patients with FIGO stage III and IV endometrial cancer (17).

Another study by Erdogan et al examined at vaspin levels
in 60 post-menopausal female patients with histologically
confirmed endometrial cancer (18). The control group included
70 patients with benign endometrial conditions. The median
vaspin levels were lower in patients with endometrial cancer
compared with the controls (0.21 vs. 0.39 ng/ml; P<0.0001). A
sub-group analysis of the various tertiles of vaspin levels also
revealed that, when compared with the highest tertile of vaspin
levels, the first tertile had an odds ratio of 17.04. This observa-
tion remained significant when the results were adjusted for
BMI, HOMA-IR and the quantitative insulin-sensitivity check
index (QUICKTI) scores of the patients (18).

A possible mechanism of cancer development consists of
understanding obesity and its implications. Obesity causes
excess adipose tissue, which promotes the conversion of andro-
gens to excess estrogen. Unopposed estrogen activity is known
to be a risk factor of endometrial cancer. From cytological
studies on vascular endothelial cells and smooth muscle cells,
it is known that vaspin exerts an anti-inflammatory effect, thus
protecting cells from tumorigenesis (19). This may explain
why low vaspin levels were associated with a higher risk of
developing endometrial cancer in both the studies on endome-
trial cancer mentioned above.

6. Other types of cancer

Jabbari et al (20) attempted to examined vaspin levels in
medullary thyroid cancer in 45 patients with cancer and 45
healthy controls who were matched for age, sex and BMI.
They found that the vaspin levels were elevated in patients with
cancer compared with the healthy controls (0.52 vs. 0.45 ng/ml;
P=0.0241).

Another study examined 42 patients who were diagnosed
with prolactinomas and compared them with 30 controls (21).
They further subdivided the patients with prolactinoma into
21 patients who underwent treatment with dopamine agonists
and 21 patients who were newly diagnosed and were treat-
ment-naive. Patients with prolactinomas had higher HOMA-IR
and QUICKI scores compared with the healthy volunteers.
The mean vaspin levels were lower in the untreated and treated
patients with prolactinoma compared with the healthy controls.
In a subset analysis of the healthy controls, after categorizing
the controls into two groups with the median value of serum
vaspin, lower vaspin levels were found to be associated with an
increased risk of prolactinoma (odds ratio, 6.00). These results
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did not change after adjusting for confounding factors, such as
BMI, HOMA-IR and QUICKI scores (21).

7. Other conditions

Zhu et al (22) examined the effect of vaspin on human osteoblasts
in relation to apoptosis. They noted that there was a consistent
decrease in apoptosis with increasing concentrations of vaspin
at up to 100 ng/ml. Vaspin exposure also increased Bcl-2
protein expression and decreased Bax protein expression in a
concentration-dependent manner. Bcl-2 protein is an inhibitor
of apoptosis, while Bax protein is an inducer of apoptosis. With
western blot analysis, the authors of that study were also able
to demonstrate that vaspin exerted its anti-apoptotic effects by
activating the mitogen-activated protein kinase (MAPK)/extra-
cellular signal-regulated kinase (ERK) signaling pathway in
human osteoblasts (22). Apoptosis is a natural phenomenon that
occurs in aging cells. The anti-apoptotic activity of vaspin has
been previously highlighted in HCC (16) and can be similarly
responsible for the development of bone-related cancers.

Jung et al (7) established the anti-apoptotic nature of
vaspin in endothelial cells. They studied the effects of vaspin
on human aortic endothelial cells and discovered that free
fatty acid-induced apoptosis was partly reversible with vaspin.
In the vascular endothelium, there exists a signaling pathway
that is very similar to that used by insulin to promote glucose
transporter type 4 expression on the cell surface. The similar
signaling pathway, when activated, increases nitric oxide
production, which reduces endothelial dysfunction. Vaspin
was noted to use the PI3K/Akt pathway to increase nitric oxide
production. It also inactivated Bad protein (pro-apoptotic) and
relieved the inhibitory effect on Bcl-2 protein (anti-apoptotic)
with the increased expression of Akt and Bcl-2, as recorded in
that study (7).

8. Conclusion

Vaspin appears to play a role in the promotion of tumor forma-
tion, possibly by inhibiting apoptosis via cellular mechanisms.
In turn, it can promote the proliferation of cells with malignant
potential. Mechanisms involved in insulin resistance may be
involved. Thus far, an attempt has been made to establish its
role in colorectal cancer and HCC, albeit in a limited number
of studies. However, vaspin also appears to exert anti-inflam-
matory effects via similar cellular signaling pathways, as
highlighted in the studies on endometrial cancer mentioned
above. It is difficult to predict whether vaspin functions as a
tumor promoter or a tumor inhibitor in other types of cancer,
as only a limited number of studies have explored its role in
various therapeutics. Further studies are thus warranted to
fully elucidate its potential as a possible diagnostic tool, prog-
nostic marker, or therapeutic target.
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