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Abstract. Although the incidence of lung cancer is increasing 
worldwide, the molecular mechanisms for its tumorigenesis, 
progression and prognosis remain unknown. As a member of 
the tumor necrosis factor superfamily, vascular endothelial 
growth inhibitor (VEGI) is involved in the development and 
progression of many malignant diseases. In the present study, 
the expression of VEGI and CD31 was examined via immuno‑
histochemistry in non‑small cell lung cancer (NSCLC) tissues 
obtained from 150 patients with NSCLC. The inhibitory effect 
of VEGI on tumor‑associated blood vessel formation and growth 
was investigated by determining the relationship between 
VEGI protein expression and microvascular density (MVD). 
Prognostic significance was evaluated using the Kaplan‑Meier 
method. VEGI expression was downregulated or lost in 68.7% 
(103/150) of patients with NSCLC, an effect that was more 
prevalent in adenocarcinoma (AC), 76.0% (57/75), than in 
squamous cell carcinoma, 61.3% (46/75). A significant nega‑
tive correlation was indentified between VEGI expression and 
lymphovascular invasion (P=0.039) and lymph node metastasis 
(P=0.017) in AC tissue. Additionally, MVD was significantly 
lower in the VEGI‑rich group compared with the VEGI‑poor 
group. The downregulation of VEGI expression was also asso‑
ciated with poorer overall survival (P=0.011) in patients with 

AC. The present study therefore provides evidence that VEGI 
may be a new and effective prognostic marker of lung AC.

Introduction

Lung cancer, as the leading cause of deaths due to cancer 
worldwide, maksitself a global public health problem (1‑3). In 
2017, it was estimated that there was 22.25 million new cases 
of lung cancer and 15.69 million new deaths in the United 
States (4). With the rapid increase in industrialization and 
aging population in China, more patients have been diagnosed 
with lung cancer in recent years (5). Approximately 80% of all 
lung cancer cases are attributable to an aggressive and highly 
invasive tumor: non‑small cell lung cancer (NSCLC) (6,7). 
Due to the lack of sensitive screening tests for early diagnosis 
of lung cancer, and the ineffectiveness of the current treatments 
for advanced and metastatic cancer, the 5‑year survival rate of 
NSCLC patients is less than 15% (7,8). Thus, it is imperative 
to develop early detection strategies to facilitate a timely 
diagnosis of primary or recurring cancers. This requires a 
better understanding of the molecular causes and evolution of 
the disease to enable the design of more effective treatments 
and improve the prognosis of lung cancer. 

Vascular endothelial growth inhibitor (VEGI), an 
anti‑angiogenic cytokine that inhibits the neovasculature, is 
a potential therapeutic target for the angiogenesis‑related 
diseases, especially malignant neoplasms. Previous 
studies (9‑14) have demonstrated that VEGI expression is 
down‑regulated in many solid tumors, including mammary 
tumors, bladder cancer, malignant melanoma, prostate cancer, 
kidney cancer, colorectal cancer, and renal cell carcinoma. 
Moreover, its down‑regulation is associated with low patient 
survival rates. Several studies (15,16) on the role of the recom‑
binant human VEGI found that systemic administration of 
VEGI significantly inhibited the growth of tumors and mark‑
edly prolonged the survival duration in the Lewis lung cancer 
murine tumor model, implying that VEGI possess anti‑tumor 
effects in lung cancer. However, the expression and role of 
VEGI in NSCLC remains unknown. Here, the expression of 
VEGI protein in human NSCLC tissues and its role in NSCLC 
progress was evaluated and explored. 
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Materials and methods

Patients and tissue specimens. One hundred and fifty 
NSCLC specimens, including 75 adenocarcinoma (AC) and 
75 squamous cell carcinoma (SCC), were obtained from 
patients undergoing surgical resection due to lung cancer 
between July 2008 and February 2016 at the department of 
Cardiothoracic Surgery, of the Affiliated Hospital of Xuzhou 
Medical University (Jiangsu, China). All patients had definite 
pathological diagnosis after surgery. Patients who received 
adjuvant therapy were excluded. Written informed consent 
was obtained from all patients before tissue acquisition. 
Staging was performed after pathological examination of the 
formalin‑fixed specimens according to the current seventh 
edition of the TNM classification. The clinical and biological 
data from the patients are listed in Table I. All patients were 
followed up every 3‑6 months for two years post‑operatively. 
After the second year, every patient was followed‑up on a yearly 
basis until death or the last date of follow‑up (November 1st, 
2017). The median follow up period for the population studied 
was 54.5 months (range, 20‑89 months). This study gained 
approval from the Ethics Committee of the Affiliated Hospital 
of Xuzhou Medical University.

Immunohistochemistry. Immunostainings were performed 
as per the standard protocols. Briefly, de‑paraffinized in 
xylene, rehydrated using graded alcohols firstly, 4 µm thick 
tissue sections, then, were incubated in acitrate buffer at a 
pH of 6.1 for 15 min to retrieve the antigen. To remove the 
endogenous peroxidase activity and reduce background 
non‑specific staining, sections were treated with freshly 
prepared 3% hydrogen peroxide for 10 min and incubated with 
10% goat non‑immune serum for 20 min. Thenceforth, after 
incubation with the goat anti‑VEGI polyclonal antibody (1:100, 
cat. no. sc‑23185, Santa Cruz Biotechnology, Inc.) or mouse 
anti‑CD31 monoclonal antibody (1:80, 3528, Cell Signaling 
Technology) at 37˚C for 1 h (h), the sections were incubated 
with biotin‑labeled secondary antibody (Invitrogen) at 37˚C 
for 20 min, and then incubated with HRP‑conjugated strepta‑
vidin (Invitrogen) at 37˚C for 30 min. The color development 
was performed with a DAB Substrate kit (Dako). At last, the 
sections were counterstained with dehydrated, cleared and 
mounted hematoxylin. Appropriate negative controls were 
carried out by excluding the primary antibody and/or replacing 
it with an irrelevant anti‑serum (no data shown).

Evaluation of VEGI expression. The evaluation of the immune 
histochmical staining of VEGI was based on the calculation of 
the percentage and intensity of the positive cells (per section by 
two independent pathologists). On the basis of the percentage 
of the positive tumor cells, the immunoreactivity of the tumor 
cells for VEGI was scored as follows: 0=no cell stained, 1=1 
to 25% of cells stained, 2=26 to 50% of cells stained, 3=51 to 
75% of cells stained and 4=more than 75% of cells stained. 
The intensity of positive tumor cells was graded as follows: 
0 for negative staining, 1 for weak staining, 2 for moderate 
staining, and 3 for strong staining. Scores for the intensity and 
percentage of positive cells were multiplied. Finally, when the 
total score was below 2, the classification of the expression 
of VEGI was considered as negative/weak, while when the 

total score was above 3, it was classified as moderate/high. He 
expression of VEGI was negative/weak moderate/high if the 
total score was ≥3. 

Evaluation of tumor angiogenesis. The immunohistochemical 
staining of CD31 was used for microvascular density (MVD) 
counting as described previously (17). Briefly, the vessel hot 
spot regions with immune reactivity against CD31 were identi‑
fied under magnification, x100 and the number of MVD was 
counted manually in 5 hot spots selected randomly at x400.

Statistical analysis. All statistical analyses were achieved with 
SPSS v16.0 software (SPSS, Inc.). Chi‑square test was used 
to assess the correlation between VEGI protein expression 
and clinicopathological variables. The Student's t‑test was 
evaluated the difference of MVD in different group. Survival 
curves were constructed by means of the Kaplan‑Meier and 
the differences between the curves were compared by the 
log‑rank test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of VEGI protein in NSCLC. The immunostaining 
of VEGI protein was represented as particles in the cytoplasm 
and the cell membrane which was 31.3% (47/150) in NSCLC 
patients (Fig. 1A and C). However, the VEGI expression was 
lost or weak in 103 (68.7%) out of 150 NSCLC patients, which 
was significantly higher in AC, 76.0% (57/75), than in SCC, 
61.3% (46/75) (Table I).

Correlation between VEGI protein expression and MVD. 
To investigate whether VEGI exert an inhibitory effect on 
tumor‑associated blood vessel formation and growth, we 
estimated the intratumoral microvessel density (MVD) by 
measuring CD31‑positive staining, which was mainly detected 
in vascular endothelial cell membrane and a lower degree in 
the cytoplasm. MVD was significantly lower in VEGI‑rich 
group than in the VEGI‑poor group (P=0.01; Fig. 2), indicating 
that VEGI may pose an inhibitory effect on tumor‑associated 
blood vessel formation and growth, at least partially.

Correlation between VEGI protein expression and the clinico-
pathological parameters. The relationship between the VEGI 
expression and the clinicopathological features was analyzed in 
150 NSCLC patients (Table I). Significant correlation between 
VEGI expression and clinicopathological parameters was not 
observed. Nevertheless, the down‑regulation of VEGI tended 
to be associated with the histopathological type (P=0.059), 
lymphovascular invasion type (P=0.065) as well as the lymph 
node metastasis type (P=0.057), but this trend was likely due 
to the association with AC. 

Subsequently, the association of VEGI with clinicopatho‑
logical variables classified according to their histology type 
was investigated (Table II). In AC patients, the down‑regula‑
tion of VEGI protein was observed in 91.3% (21/23) of cases 
with lymphovascular invasion, and in 88.6% (31/35) of cases 
with lymph node metastasis. A strong correlation was found 
between VEGI expression and lymphovascular invasion 
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Figure 1. Representative immunostaining of vascular endothelial growth inhibitor protein expression in NSCLC lesions (magnification, x400). (A) Positive 
staining in the cytoplasm of NSCLC squamous type tumor cells. (B) Negative staining in the cytoplasm and nucleus of NSCLC squamous type tumor 
cells. (C) Positive staining in the cytoplasm of NSCLC adenocarcinoma type tumor cells. (D) Negative staining in the cytoplasm and nucleus of NSCLC 
adenocarcinoma type tumor cells. NSCLC, non‑small cell lung cancer.

Figure 2. Association between VEGI protein expression and MVD. (A) Representative immunostaining of CD31 protein expression in NSCLC lesions with 
weak VEGI expression. (B) Representative immunostainings of CD31 protein expression in NSCLC lesions with moderate VEGI expression. (C) The quanti‑
fication of microvessel density in different VEGI expressed NSCLC lesions. *P<0.001 vs. Negative/weak. VEGI, vascular endothelial growth inhibitor; MVD, 
microvascular density; NSCLC, non‑small cell lung cancer.
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(P=0.039) and lymph node metastasis (P=0.017; Table II). No 
correlation was observed in the squamous carcinoma group.

Correlation of VEGI tissue expression status with prognosis 
of NSCLC patients. To further investigate the clinical signifi‑
cance of VEGI expression in lung cancer, the follow‑up was 
performed on the patients. Patients with moderate/high expres‑
sion of VEGI seemed to have a longer survival period than 
those with negative/weak VEGI expression, and was corre‑
lated with disease‑free survival (P=0.021; Fig. 3A). Moreover, 
analysis of data from a published study including 1926 lung 
cancer cases, available on the kmplotwebsite (http://www.
kmplot.com/analysis/index.php?p=background), revealed 
that 967 patients who displayed the low expression of VEGI 
mRNA in lung tumor tissues had shorter disease free time 
compared with the 959 cases whose VEGI mRNA expression 
levels were high in lung tumor tissues (Fig. 3B). These data 
strongly indicate that the expression of VEGI correlates with 
the prognosis of NSCLC patients.

Then, a further analysis was performed within each NSCLC 
histopathological type because there was a significant correla‑
tion between VEGI expression and lung AC. In AC, patients 
with negative/weak VEGI expression had poorer overall 
survival than those with moderate/high VEGI expression 
(P=0.011; Fig. 3C). In contrast, these effects were not observed 
in patients with squamous carcinoma (P=0.692; Fig. 3D).

Discussion

In the present study, we investigated the expression of VEGI 
protein in tissue samples obtained from NSCLC patients and 
analyzed the correlation between the expression level of VEGI 
and the clinicopathological parameters. To our knowledge, this 
is the first study to explore the clinical significance of VEGI 
protein levels in NSCLC patients.

Accumulating evidence have confirmed that neovascu‑
larization is one of the most critical steps for the progress 
and metastasis of lung tumor because angiogenesis provides 

Table I.  Association of VEGI expression with the clinicopathological characteristics of 150 patients with NSCLC.

 VEGI expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics Case, n (%) Negative/weak Moderate/high P‑value

Sex    0.738
  Male 109 (72.7) 74 35 
  Female 41 (27.3) 29 12 
Age, years    0.164
  ≤60 61 (40.7) 38 23 
  >60 89 (59.3) 65 24 
Smoking    0.487
  Yes 116 (77.3) 78 38 
  No 34 (22.7) 25 9 
Histopathological type    0.053
  AC 75 (50.0) 57 18 
  SCC 75 (50.0) 46 29 
Tumor location    0.301
  Left 61 (40.7) 39 22 
  Right 89 (59.3) 64 25 
Histopathological grade    0.566
  I+II 113 (75.3) 79 34 
  III 37 (24.7) 24 13 
Lymphovascular invasion    0.065
  Yes 33 (22.0) 27 6 
  No 117 (78.0) 76 41 
Tumor size    0.832
  T1 40 (26.7) 28 12 
  T2‑4 110 (73.3) 75 35 
Lymph node metastasis    0.057
  Yes 65 (43.3) 50 15 
  No 85 (56.7) 53 32 

VEGI, vascular endothelial growth inhibitor; NSCLC, non‑small cell lung cancer; AC, adenocarcinoma; SCC, squamous cell carcinoma.
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oxygen and nutrients which are essential for tumor cell 
growth, migration, and invasion. The balance between 
pro‑angiogenic factors and anti‑angiogenic molecules is 
critical for angiogenesis to occur. Vascular endothelial growth 
factor (VEGF), an important pro‑angiogenic factor, is over‑
expressed in lung cancer tissues and is closely associated 
with tumor metastasis and prognosis of NSCLC patients, 
whose expression can be regulated by numerous factors (17). 
For example, epidermal growth factor receptor (EGFR) 
promotes the transcription of VEGF under both normal 
oxygen and hypoxic conditions in tumor cells (18). The expres‑
sion of VEGF is reportedly induced by EGF (19). As a key 
anti‑angiogenic molecule, VEGI also can down‑regulate the 
expression of VEGF in endothelial cells and has been impli‑
cated in a variety of human tumors (20). Parr et al (9), carried 
out a study to determine the expression profile of VEGI in a 
cohort of 151 mammary tissue samples with a 6‑year median 
follow‑up and found that VEGI was expressed in the normal 
mammary tissue but it was dramatically reduced/absent in 
the breast tumor tissue samples. Moreover, VEGI level was 
positively correlated with the survival rate of breast cancer 

patients. A subsequent study (21) on the biological function 
of VEGI in breast cancer cell lines found that VEGI inhibited 
the migration, adhesion invasion, and vascularization capacity 
of MDA‑MB‑231 cells in vitro and in vivo. Similar results 
have been reported in other solid tumors (12,13,22,23) such as 
bladder tumor, renal cell carcinoma, and pituitary adenomas 
implying that VEGI function as a tumor suppressor which 
negatively regulates neovascularization during tumorigen‑
esis and progression of many solid tumors. Consistent with 
previous studies, absence or weak expression of VEGI was 
observed in 68.7% of NSCLC tissues. And MVD, a indicator 
of angiogenesis which can predict tumor growth, metastasis, 
and recurrence, was significantly increased in VEGI‑poor 
group. Taken together, these observations suggest that VEGI 
may pose an inhibitory effect on NSCLC progression through 
inhibiting the intratumoral angiogenesis, at least partially.

Unfortunately, due to the limited number of samples, the 
correlation between VEGI expression and the pathological 
parameters of NSCLC patients could be made in this study. 
However, a mild association between VEGI expression and 
the histopathological type was observed. For instance, the 

Table II. Association of VEGI expression with the clinicopathological characteristics of patients with AC and SCC.

 VEGI expression (AC) VEGI expression (SCC)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 Case, Negative/ Moderate/  Case, Negative/ Moderate/ 
Characteristics n (%) weak high P‑value n (%) weak high P‑value

Sex    0.828    0.166
  Male 70 (93.3) 53 17  39 (52.0) 21 18 
  Female 5 (6.7) 4 1  36 (48.0) 25 11 
Age, years    0.472    0.422
  ≤60 24 (32.0) 17 7  37 (49.3) 21 16 
  <60 51 (68.0) 40 11  38 (50.7) 25 13 
Smoking    0.625    0.330
  Yes 64 (85.3) 48 16  52 (69.3) 30 22 
  No 11 (14.7) 9 2  23 (30.7) 16 7 
Tumor location    0.564    0.436
  Left 29 (38.7) 21 8  32 (42.7) 18 14 
  Right 46 (61.3) 36 10  43 (57.3) 28 15 
Histopathological grade    0.463    0.810
  I+II 55 (73.3) 43 12  58 (77.3) 36 22 
  III 20 (26.7) 14 6  17 (22.7) 10 7 
Lymphovascular invasion    0.039    0.924
  Yes 23 (30.7) 21 2  10 (13.3) 6 4 
  No 52 (69.3) 36 16  65 (86.7) 40 25 
Tumor size    0.074    0.068
  T1 (40) 21 (28.0) 13 8  19 (25.3) 15 4 
  T2‑4 (110) 54 (72.0) 44 10  56 (74.7) 31 25 
Lymph node metastasis    0.017    0.772
  Yes 35 (46.7) 31 4  30 (40.0) 19 11 
  No 40 (53.3) 26 14  45 (60.0) 27 18 

VEGI, vascular endothelial growth inhibitor; AC, adenocarcinoma; SCC, squamous cell carcinoma.
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down‑regulation of VEGI was more prevalent in AC than that 
in squamous cell carcinoma (SCC). A negative correlation 
between VEGI expression and lymphovascular invasion and 
lymph node metastasis was observed in lung AC, which may 
be due to the differential contribution of the vasculature to 
the progress of lung cancer between SCC and AC. Moreover, 
NSCLC patients with reduced VEGI protein levels had a poor 
survival outcome than those with high levels of VEGI in AC, 
but this effect was observed in patients with squamous carci‑
noma, suggesting that the expression of VEGI protein may 
be a new prognostic parameter for AC patients but not SCC 
patients.

In summary, the down‑regulation of VEGI expression 
was observed in NSCLC patients, which was correlated with 
the lower MVD, poor prognosis and shorter survival period 
for NSCLC, particularly in AC patients. Our results indicate 
that VEGI may be a tumor suppressor through inhibiting the 
intratumoral angiogenesis, at least partially, in NSCLC and a 
new prognostic marker for lung AC.
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