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Abstract

Background: Integrin avp3 (alphavbeta3) expression has recently been identified as a prognostic
biomarker predicting the tumor invasion and vascularization. This study collected all relevant
researches and explored the correlation of avp3 expression with malignant metastasis.

Methods: We searched PubMed, Web of Science, Cochrane Library, CNKI, VIP and Wanfang databases
with a series of inclusion and exclusion criteria to address the level of avp3 expression (accessed May
2016). Nine researches in regard to ovp3 expression in malignant tumor patients with Lymph Node
Metastasis (LNM) and without LNM. Five researches in regard to avp3 expression in malignancy and
normal control patients. Statistical analysis was conducted by using RevMan5.2 software.

Results: A total of 9 researches (7 studies in Chinese and 2 studies in English) were included in this
study, comprising 425 patients with tumor metastasis, 570 without metastasis, and 382 normal control.
Immunohistochemistry detection was used in all the researches. The odds ratio, expressed as group with
LNM versus group without LNM, was 5.54 (95% CI: 3.72-8.24). The results also revealed that the
positive expression rates of avp3 in malignant tumor patients were higher than those in normal control
patients. The odds ratio was 12.37 (95% CI: 8.77-17.43).

Conclusions: This meta-analysis demonstrated that galectin-3 may become a potentially useful immune
marker to distinguish between LNM and non-LNM patients. In addition, avp3 expression in

malignancies was higher than that in normal control in China.
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Introduction

It is generally known that malignant tumors are of great harm
to human health, and its incidence rate and death rate is
increasing year by year. Metastasis is primary cause of
mortality in cancer patients, and the appearance of Lymph
Node Metastasis (LNM) is a crucial reporter for distant
metastasis and prognosis in numerous cancers. We noted
earlier that cancer cell adhesion receptors are conducive to
cancer spreading. The integrin family are heterodimeric
transmembrane cell adhesion receptors that recognize
extracellular matrix proteins and may exist in high or low
affinity states. The affinity can determine ligand recognition
and signals that impact cell adhesion, survival, invasion, and
migration [1-6].

Activation and upregulation of integrin have been proven in
the induction of cell metastasis in a lot of solid tumors, like
colon carcinoma, melanoma, lung cancer, prostate cancer and
so on [7,8]. The avp3 integrin is the most prominent molecule
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in the family plays an important role of angiogenesis [9],
which recognizes the arginine-glycine-aspartic (RGD)
tripeptide sequence specifically in many extracellular matrix
proteins [10], involving in the metastatic cascade and affect
tumor cell survival [11,12]. Previous studies have shown that
avB3 which is generally low expression in normal epithelial
cells, but high expression in tumor-like endothelial cells, also
in some tumor cells [4,11,13-16]. Moreover, Integrin avp3 is
required for anchorage-independent proliferation of cancer
cells [17]. Expression of integrin avpB3 is especially expressed
on the majority of aggressive tumor cells that invade normal
tissue, in majority of solid tumors such as melanoma and
pancreas cancer [18]. The expression of integrin avp3 is
closely related to prostate cancer metastasis [19], poor
prognosis of patients with cervical carcinoma [11,15]. Integrin
avB3 expression also contributes breast cancer cell migration
and metastasis since exogenous expression of integrin avp3 in
breast cancer cells rescues the invasiveness and migration that
are suppressed by MYC [12]. The antagonists of integrin avfp3
obviously inhibited the malignant cell aggressiveness by
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apoptosis-inducing of proliferative angiogenic vascular cells
[17].

It is reported that avp3 expression may serve as a useful
prediction biomarker in the incidence of metastasis in many
malignancies. However, most research examining the impacts
of avB3 expression are limited by small sample size. Therefore,
we performed a meta-analysis to explore the exact association
of avp3 expression with LNM in human malignancies,
furthermore, to prove whether avp3 can be a potential tumor
marker for LNM.

Materials and Methods

Publication search

Online electronic databases (PubMed, Web of Science,
Cochrane Library, CNKI, VIP and Wanfang) were searched
with the key terms: (alphavbeta3 or avB3) and (metastasis)
(update to May 2016). No publication data restriction was
applied, and we also checked out the reference lists of all
retrieved studies and relevant reviews manually for important
cross-references. The citation lists of the retrieved articles were
manually screened to ensure the sensitivity of the search
strategy.

Inclusion and exclusion criteria

Published studies were included in our meta-analysis if they
met all of the following criteria: 1) The study inclusion of
patients with LNM; 2) The study must evaluation of the avf33
protein positive expression rates in malignancies; 3) Sufficient
data, especially avp3 positive expression in LNM patients and
non-metastatic controls, have been provided to calculate Risk
Ratios (RR) and 95% confidence interval (95% CI); 4) Number
of cases in enrolled studies should be more than 50; 5) The
study must be published in a peer-reviewed journal; 6) The
study must be independent from other studies. The exclusion
criteria were as follows: 1) The studies did not conform to the
inclusion criteria; 2) Reviews, case reports, editorials,
guidelines and comments were excluded; 3) Articles published
in a language other than English or Chinese; 4) In case of
duplicated publications or studies with overlapping data, the
study with largest data was selected. 5) Repeated studies were
based on non-human subjects.

Data extraction and qualitative assessment

The following data were collected from all the included
studies: first author, publication year, country, ethnicity of
participants, language, tumor type, numbers of participants,
number of high avB3 expression group and low avf3
expression group, detection method and number of patients
with lymph node metastasis in each group. Two investigators
extracted data from the selected studies independently,
depending on the inclusion and exclusion criteria above.
Potential discrepancy was resolved by discussions or by
consulting the original report. A flowchart describing the
identifying process of qualifying studies is shown in Figure 1.
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Figure 1. Flow chart depicting the study selection process.

Sensitivity analysis

In the presence of heterogeneity, sensitivity analysis was
performed by omitting one result in each turn and performing
statistical analysis again. The new result was compared with
the original to explore the effects of omitting the result on the
overall estimate. If no difference was observed, the results of
the meta-analysis were considered reliable.

Statistical analysis

This meta-analysis was performed by using Review Manager
(RevMan) Version 5.2 software (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).
Statistical heterogeneity among the studies was assessed by
using the I%-statistic. If 1>>50%, studies were considered to
exhibit severe heterogeneity. If there was a significant
statistical heterogeneity among the studies, random-effects
model was applied, otherwise fixed-effects model was used.
The potential publication bias was assessed by using Begg’s
funnel plots. A P-value of less than 0.05 was considered
statistically significant.

Results

Description of studies

A total of 9 articles including a total of 1377 patients were
enrolled from a search of the above databases using the search
strategy as described above [20-29] (Figure 1). Eight studies
are in Chinese and two articles are in English. All the research
objects were Asians. Among the nine studies, two focused on
colorectal cancer, two on non-small cell lung cancer, two on
gastric cancer, one on hepatocellular carcinoma, one on breast
cancer, and one on epithelial ovarian cancer. The expression of
avPB3 was measured by Immunohistochemistry (IHC) in all
normal or malignant tissue. No patients received chemotherapy
or radiotherapy before surgery. All the diagnoses of lymph
node metastasis were based on pathology. Among these
patients, there are 635 with avp3 upregulated (63.8%) and 360
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with avf3 downregulated (36.2%). The clinical characteristics
of these nine studies eligible for the meta-analysis are
summarized in Tables 1 and 2.

Table 1. Characteristics of the eligible studies about avB3 expression in cancer patients with or without LNM in this meta-analysis.

Year Surname Ethnicity Language Tumor type  Total number Detection avB3 expression
method

With LNM Without LNM

+ - + -
2014 Yi Jin Asian English HCC 305 IHC 85 6 151 63
2012 Yi Jin Asian English NSCLC 208 IHC 63 5 95 45
2016 Kang Li-Xia Asian Chinese GC 80 IHC 26 6 28 20
2013 Zhang Ming-Kun Asian Chinese CRC 53 IHC 22 4 14 13
201 Jiang Xue-Qin Asian Chinese EOC 50 IHC 21 2 11 16
2010 Hu Chun-Yan Asian Chinese NSCLC 52 IHC 27 1 15 9
2010 Shen Qing-Lin Asian Chinese CRC 73 IHC 37 20 5 1
2007 Yu Shou-Jian Asian Chinese GC 105 IHC 11 59 2 33
2006 Zheng Wei Asian Chinese BC 69 IHC 16 14 6 33

Notes: HCC: Hepatocellular Carcinoma; NSCLC: Non-Small Cell Lung Cancer; GC: Gastric Cancer; CRC: Colorectal Cancer; EOC: Epithelial Ovarian Cancer; BC:

Breast Cancer.

Table 2. Characteristics of the eligible studies about avB3 expression in patients with or without cancer in this meta-analysis.

Year Surname Ethnicity Language Tumor type Total number Detection avB3 expression
method

Cancer Non-cancer

+ - + -
2014 Yi Jin Asian English HCC 610 IHC 236 69 66 239
2016 Kang Li-Xia Asian Chinese GC 130 IHC 54 26 23 27
2011 Jiang Xue-Qin Asian Chinese EOC 60 IHC 32 18 0 10
2010 Hu Chun-Yan Asian Chinese NSCLC 104 IHC 42 10 14 38
2010 Shen Qing-Lin Asian Chinese CRC 88 IHC 42 31 2 13

Study results report and meta-analysis

Fixed-effects model was adopted in analysing the expression
rates of avP3 in malignant patients with lymph node metastasis
since there was no significant heterogeneity among the studies
(1=0%, P=0.81). Figure 2 directly reflects significant
difference in the positive expression of avB3 between the
group with LNM and the compare group without LNM. avf33
was found to be a highly sensitive (308/425, 72.47%) marker
in the diagnosis of LNM. The odds ratio, expressed as LNM
group vs. without LNM group, was 5.54 (95% CI: 3.72-8.24,
P<0.00001).

Figure 3 shows that 5 studies provided avf33 expression level
in malignant patients and normal controls (480 malignant
patients and 382 normal controls). Heterogeneity test revealed
the existence of heterogeneity in those 5 trials, thus a random-
effects model was used (1>=75.0%, P=0.003). Meta-analysis
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result revealed that avB3 expression in malignant patients was
significantly higher when compared with normal controls
(OR=8.19, 95% CI: 3.53-19.00, P<0.00001).

Sensitivity analysis and publication bias

Begg’s test was used to assess the publication bias. Figure 4
shows the Begg’s funnel plot (pseudo 95% CI) for the
expression of avp3 in malignant patients with or without LNM.
No significant publication bias was observed. This result
showed that avp3 was helpful for the diagnosis of LNM for
malignant patients and the conclusion of this meta-analysis had
high credibility.

The results showed that heterogeneity existed in investigating
the correlation of avp3 expression level in malignant patients
and normal controls (Figure 3). Then, a sensitive analysis was
used to find the heterogeneous study. After removal of the
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study by Kang et al. the heterogeneity was reduced from
1=75% (P=0.003) to 1°=0% (P=0.86), suggesting it might be
the heterogeneous study [29]. The odds ratio, was 12.23 (95%
CI: 8.69-17.22, P<0.00001).
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Figure 2. Forest plot for the expression of avp3 in patients with or
without LNM.
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Figure 3. Forest plot for the expression of avf3 in cancer patients or
normal control.
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Figure 4. Begg’s funnel plot for the expression of avf3 in patients
with or without LNM. Abbreviations: SE: Standard Error of the
mean; OR: Odds Ratio.

Discussion

The metastasis of cancer cells from the primary tumor is the
main cause of the failure of tumor therapy. Metastasis is a
combinative cascade event that involves numerous sequential
processes by cancer cells migrate to distant organs through
lymphatic channels and/or the circulation and attack new sites
to form new tumors [30]. A range of incorrect but precisely
coordinated cellular activities participate in metastasis such as
migration, invasion, survival, apoptosis and proliferation.
Effective control of cell attachment and detachment are needed
in all of these steps, which require integrin involve in these
metastatic cascades [7]. At least 24 integrins contain a o-
subunit and a B-subunit. They lack the key components of the
Extracellular Matrix (ECM), which are the endogenous kinase,
regulating localization and activity of proteases, and the cell
will migrate on and adhere to diverse matrices [31-34].

Some studies have revealed that integrin avf3 is
overexpression in both tumor cells, angiogenic endothelial
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cells and highly vascularized tumors, which is a main regulator
of angiogenesis and tumor growth [17,35]. Overexpression of
avP3 has been reported in many cancers including melanoma,
prostate, breast cancer and so on [36-38]. Studies also showed
that its overexpression correlates with angiogenesis go up and
metastasis in many cancers [39,40]. The integrin avp3 allows
tumor cells to attach ECM, which generates signals for support
cell proliferation, survival, and invasion [5,40,41]. For
example, inhibiting the activation of FAK/Src pathway, that
depends on integrin avP3, not merely reduce tumor metastasis,
but also suppresses new blood vessel formation in metastases
[39,42].

Several cancer models that affect tumor metastases by reducing
angiogenesis has made avf3 a factor brightening prospects for
preclinical cancer models therapy, such as glioma, breast
cancer and multiple myeloma [43,44]. Moreover, a humanized
anti-avpB3 MoAb used in phase I and II clinical trials exerted
the anti-proliferative effect with less toxicity and more stability
in a few of patients with advanced cancer like ovarian cancer
and breast cancer [45]. Although avB3 has received great
attention for its utility in anti-angiogenesis and represents one
of the most promising molecular candidate for the diagnosis of
metastasis, using anti-avp3 therapies alone have provided
unsatisfied results in additional clinical research.

The objective of this meta-analysis is to explore the
relationship between overexpression of avf3 and LNM of
multiple malignancies. Our research combined the results of
995 cancer patients from 9 individual researches, showing that
avP3 positive expression can predict a high incidence of lymph
node metastasis in malignant tumors patients (OR 5.54, 95%
CI 1.15-3.28). And avf3 was found to be a highly sensitive
(308/425, 72.47%) marker in the diagnosis of LNM.

Our researches observed that the overexpression rates of avf3
in malignant patients and normal controls as well. The odds
ratio, expressed as positive avpB3 group in malignant patients
versus negative avf3 group in normal controls, was 12.37
(95% CI: 8.77-17.43). In this review, the test for heterogeneity
of the included researches was significant. We find the possible
source of heterogeneity in this research and the article might
have a significant influence on overall heterogeneity [29]. And
when we excluded this study, the heterogeneity was
disappearing (1>=0%, P=0.86). We analysed the potential
source of heterogeneity for this paper might be as the following
factors: 1) tumor specimen preservation methods and time
were different after surgical resection. 2) In included studies,
reagents for [HC, reaction condition and analysis software may
different; the difference in this literature is likely to affect the
results. 3) The formation of heterogeneity might link to the
condition that an optimal threshold has not been estimated, the
cut-off defining LNM with avf3 expression is arbitrary, which
might create heterogeneity. 4) In this text cut-off value is
responsible for part of the heterogeneity.

So far, this is the first meta-analysis performed to evaluate the
relationship between avp3 and LNM of malignancy in human
comprehensively. However, we also acknowledged our review
has potential limitations: 1) it is still need to perform large-
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scale and better design studies to support our conclusions; 2)
the major limitation of the research was that patients in our
research were all of Asian descent; therefore, our study results
may just represent patients from Asia; 3) tumor category is
limited that reported by literature, so that we cannot actually
confirm the avp3 overexpression influence LNM in other types
of tumors; 4) a universal standard for the division of avf3
expression groups is crucial for our research.

In conclusion, this study revealed that the incidence of LNM in
patients defined with positive expression of avf3 was higher
than that in patients with negative expression of avf3 in China.
The avPB3 displayed more sensitivity and value in respect of
diagnosis and prognosis of LNM in many malignancies. In
addition, avB3 also could become a useful immune marker to
distinguish between normal controls and malignant patients.
The ovp3 expression levels in cancers could become an
independent and accurate candidate provide more significant
contributions in predicting disease staging and prognostic for
malignant patients.
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