Clin. Lab. 2019;65:XXX-XXX
©Copyright

ORIGINAL ARTICLE

Diagnostic and Prognostic Performance of Serum Vascular Endothelial
Growth Factor, Vascular Endothelial Growth Factor Receptor 2, and
Osteopontin for Gastrointestinal Cancers
Liejun Jiang 1, Steven Hochwald 2, Shuang Deng 1, Yanyun Chen 1, Chunyan Tan 1,
Qiulian Zhong 1, Huayi Huang 1, 2
1

Department of Laboratory Medicine, The People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning, Guangxi, China
2
Department of Surgical Oncology, Roswell Park Cancer Institute, Buffalo, New York, USA

SUMMARY
Background: Biomarkers for early diagnosis and follow-up of cancers are still underutilized in clinical management. Thus, seeking new biomarkers with better sensitivity and specificity is still a challenge. VEGF, VEGFR2,
and OPN are newly emerging biomarkers with clinical potential.
Methods: ELISA was used to analyze serum VEGF, VEGFR2, and OPN from 75 gastrointestinal cancer patients
and 75 control subjects. The correlation of pre-operative serum VEGF, VEGFR2, and OPN levels with CEA,
Ki-67 as well as clinical features (age, gender, tumor size, TNM stage, tumor stage, lymph node involvement, metastasis, and histological grading) in these patients.
Results: The pre-operative and post-operative serum VEGF and VEGFR2 levels and the post-operative OPN level
in patients were significantly higher than in controls (p = 0.000, for all mentioned). The post-operative VEGF and
OPN levels were significantly higher than that of pre-operative (p = 0.000 and 0.007, respectively). There was no
correlation between pre-operative serum VEGF, VEGFR2, and OPN levels and serum CEA concentration. The
pre-operative serum VEGF level was significantly correlated with the tumor Ki-67 scores; however, there was no
correlation between serum VEGFR2 and OPN and Ki-67 scores. Univariate logistic regression analysis revealed
that serum VEGF level was significantly higher in patients with advanced TNM (III - IV) stage and with lymph
node involvement than in patients with low TNM stage (I - II) and with no lymph node involvement. High OPN
level was correlated with metastasis. Multivariate logistic regression analysis results showed that serum VEGF
and VEGFR2 were the two most important factors for the diagnosis of gastrointestinal cancers in this study
(p = 0.000, for both). Combinatorial analysis of the biomarkers improved the performance of the assays.
Conclusions: Serum VEGF and VEGFR2 are potential biomarkers for the diagnosis and prognosis evaluation of
gastrointestinal cancers, while serum OPN is a potential biomarker for the prognostication of gastrointestinal cancers.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.180552)
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AJCC, and WHO. Seventy-five routine healthy individuals without known cancer or a history of cancer were
selected as controls, of which the age and gender were
matched with that of the patient group (33 - 83 years
old, 34 males and 41 females). The study was carried
out under the permission of the Institute Review Board
of the People’s Hospital of Guangxi Zhuang Autonomous Region on the use of human materials. Among 75
patients, 70 had paired pre-operative and post-operative
blood samples, the remaining 5 cases did not undergo
surgical treatment due to lacking of operative indication. However, the pre-operative serum and clinical features (TNM staging, lymph node involvement, and metastasis) of these 5 cases were used in the analysis when
available.
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INTRODUCTION
Cancers of the gastrointestinal track are common worldwide [1,2]. Survival of gastrointestinal cancers is directly related to early diagnosis and appropriate clinical
management during the course of disease.
Tumor biomarkers, which serve as an index of early detection and prediction of prognosis of gastrointestinal
cancers, are pivotal for clinical management. Biomarkers currently used in the diagnostic and prognostic prediction of gastrointestinal cancers such as carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9) are rather low in either sensitivity or specificity [3,4]. Thus, seeking more effective biomarkers is
still a challenge and a worthwhile task.
Vascular endothelial growth factor (VEGF) and its receptor VEGFR2 play an important role in vasculogenesis, angiogenesis, and tumorigenesis [5,6]. Soluble (serum or pleural effusion) VEGF and VEGFR2 have been
implicated to associate with certain types of cancers including oropharyngeal squamous cell carcinoma, ovarian cancer, non-small cell lung cancer, primary liver cancer, metastatic colorectal cancer, and bladder cancer
and, thus, serve as potential biomarkers in prognostic
prediction [7-18]. In addition, another biomarker, osteopontin (OPN), has been related to certain types of cancers as well and plays a role in predicting prognosis [3,
19-26]. However, the results from previous reports were
either inconclusive or contradictory. In this study, we
investigated the serum VEGF, VEGFR2, and OPN concentration from 75 gastrointestinal cancers including
esophageal, stomach, and colorectal cancers. Among
them, 70 cases were paired analyses with both pre-operative and post-operative parameters. We also correlated
the serum levels of VEGF, VEGFR2, and OPN with
CEA and the cell proliferation index-Ki-67 from clinical data, and compared them with patients’ clinical features. The performance of these three biomarkers either
alone or in combination has been also analyzed.

Blood sample collection
Fasting blood samples were obtained either the day before surgical operation or other treatments (baseline)
and on day 5 after surgery, using serum separation tubes
(BD Healthcare, Franklin Lakes, NJ, USA). The blood
samples were transported to laboratory within 30 minutes of collection and centrifuged at 3,000 rpm at 4°C
for 10 minutes; the serum was collected into a 2 mL
centrifuge tube and stored at -80°C until required.
Enzyme-linked immunosorbent assay (ELISA)
The Quantikine® ELISA human VEGF, VEGFR2/KDR,
and OPN immunoassay (catalog number DEV00, DVR200, and DOST00) kits were purchased from R & D
Systems, Inc. (Minneapolis, MN, USA) following the
manufacturer’s instructions. In brief, all required reagents, working standards, and sample dilutions were
prepared and stored properly prior to the assay sampling. A plate layout was prepared and 50 L or 100 L
of standard, control, or sample was added to corresponding wells. The plate was covered with an adhesive
strip and incubated for 2 hours at room temperature (for
VEGFR2 and OPN assay, 100 µL of Assay Diluent RD1W was added to each well prior to this step). After incubation, all liquid in wells were aspirated followed by
adding 400 µL of wash buffer into each well and washed 3 times. After the last wash, the plate was inverted
and blotted against clean paper towels to drain the remaining wash buffer. This was followed by adding
200 µL of human VEGF, or VEGFR2, or OPN conjugate to each well, covered with a new adhesive strip,
and incubated for 2 hours at room temperature. The
washing procedures mentioned above were repeated,
and then 200 µL of substrate solution was added into
each well and incubated for 25 minutes at room temperature while protecting from light. Following this step,
50 µL of stop solution was added to stop the color development, then the plate was gently tapped to ensure
thorough mixing and the OD 450 nm was measured immediately on a microplate reader.

MATERIALS AND METHODS
Patients
A total of 75 cases of gastrointestinal cancer (53 colorectal, 20 stomach, and 2 esophageal) were enrolled
consecutively in this study in a period of time from February 2016 to August 2016, of which 49 were males and
26 were female patients with the age from 36 to 83
years old. Patients were diagnosed upon pathological
examination. The tumor staging was made according to
the TNM staging system from a combination of UICC,
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0.001, respectively). The post-operative VEGF and
OPN levels were significantly higher than those of preoperative levels (70 vs. 70, p = 0.000 and 0.008, respectively); however, there was no significant difference between the pre-operative and control OPN, and pre-operative and post-operative VEGFR2 levels (p = 0.174,
p = 0.292, respectively, Table 2).

Statistical analysis
The statistical analysis was performed using the SPSS
18.0 version of which the independent t-test, paired
t-test, and binary logistic analysis were performed. A
p-value less than 0.05 was considered significant. The
receiver operating characteristic (ROC) curve was analyzed using the MedCal software and the area under
ROC curve (AUC) was obtained.

Correlation of serum VEGF, VEGFR2, and OPN
levels with serum carcinoembryonic antigen (CEA)
level in pre-operative gastrointestinal cancers patients
CEA is a common biomarker used in the follow-up of
gastrointestinal cancer management. In order to understand whether there was any correlation between serum
VEGF, VEGFR2, and OPN levels and serum CEA, the
pre-operative VEGF, VEGFR2, and OPN concentrations were correlated with serum CEA (from clinical
laboratory data). The results showed that there was no
significant correlation among these biomarkers
(p = 0.587, 0.547, and 0.381, respectively, Table 3).

RESULTS
In this study, the serum levels of VEGF, VEGFR2, and
OPN from 75 gastrointestinal cancer patients were analyzed and compared with control subjects as well as
correlated with other biomarkers and compared with
clinical parameters. The basic characteristics of patients
utilized and the summary of the analytical results are
shown in Table 1.
The scatter plots and the analytical performance of
serum VEGF, VEGFR2, and OPN analysis
Figure 1 shows the scatter plots of serum VEGF,
VEGFR2, and OPN from gastrointestinal cancer patients and control subjects.
In order to evaluate the analytical performance of serum
VEGF, VEGFR2, and OPN, the receiver operating characteristic (ROC) curve analysis was performed. The results showed that for VEGF, an area under the curve
(AUC) of 0.749 was obtained with the Youden index as
0.440; the specificity and sensitivity under this index
were 86.7% and 57.3%, respectively. The cutoff value
was 772 pg/mL. While for VEGFR2, an AUC of 0.758
was obtained with the Youden index as 0.427, the specificity and sensitivity under this index were 86.7% and
56.0%, respectively. The cutoff value was 1,379 pg/mL.
The AUC for OPN alone was 0.578 with the Youden index of 0.213, and the specificity and sensitivity of
44.0% and 77.3%, respectively. The cutoff value was
1.7 ng/mL. The results of logistic regression analysis on
the performances of inter-combination analysis were as
followings: AUC: 0.823, Youden index: 0.520, specificity: 88.0%, sensitivity: 64.0%, the cutoff (prediction
value): > 0.5201 (VEGF + VEGFR2); AUC: 0.748,
Youden index: 0.440, specificity: 88.0%, sensitivity:
56.0%, the cutoff (prediction value): > 0.5471 (VEGF
+ OPN); AUC: 0.762, Youden index: 0.413, specificity:
85.3%, sensitivity: 56.0%, the cutoff (prediction value):
> 0.566 (VEGFR2 + OPN) (Figure 2).

Correlation of serum VEGF, VEGFR2, and OPN
levels with tumor Ki-67 scores in pre-operative gastrointestinal cancers
Ki-67 is a nuclear protein which is associated with cell
proliferation and expresses during all phases of the cell
cycle except G0. In addition, Ki-67 is associated with
ribosomal RNA transcription. Ki-67 acts as an organizer
of chromosome periphery. Inactivation of antigen Ki-67
leads to inhibition of ribosomal RNA synthesis, thus
halting the cell cycle progression. In order to determine
whether the serum VEGF, VEGFR2, and OPN levels
were associated with cell proliferation, the correlation
between serum VEGF, VEGFR2, and OPN with Ki-67
scores (from pathology data) in tumor tissues was analyzed. Based on the clinical data on Ki-67 scoring results, a 25% score was set as the cutoff value in this
analysis. The results showed that the pre-operative serum VEGF was significantly correlated with the tumor
Ki-67 scores (p = 0.027), however, there was no significant correlation between the serum VEGFR2, OPN and
tumor Ki-67 scores (p = 0.542 and 0.394, respectively,
Table 4).
Evaluation of serum VEGF, VEGFR2, and OPN levels as a potential biomarker for gastrointestinal cancers
In order to evaluate the serum VEGF, VEGFR2, and
OPN levels as potential biomarkers for gastrointestinal
cancers, univariate logistic regression analysis was performed using experimental data and patients’ clinical
features including tumor size, TNM stages, histological
grading, tumor stage, lymph node involvement, gender,
and age. The results show (Table 5) that pre-operative
serum VEGF level was significantly higher in high
TNM stages (stages III + IV) than in low TNM stages
(stage I + II) (p = 0.031). The pre-operative serum
VEGF was also higher in patients with lymph node in-

Serum VEGF, VEGFR2, and OPN levels in pre-operative and post-operative gastrointestinal cancers
and in control subjects
The serum VEGF and VEGFR2 levels in pre-operative
gastrointestinal cancer patients were significantly higher
than in control subjects (75 vs. 75, p = 0.000 for both);
the levels of VEGF, VEGFR2, and OPN in correlated
post-operative patients were significantly higher than in
control subjects as well (70 vs. 75, p = 0.000, 0.000, and
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Table 1. Basic characteristics of patient collectives.
Characteristic

n (%)

Median (range)

Gender
Male

49 (65.3%)

Female

26 (34.7%)
Age

60 (36 - 83)

< 50 years

16

≥ 50 years

59

No. of patients who had surgery

70

No. of patients who had no surgery

5
Histological type

Adenocarcinoma

73

Squamous cell carcinoma

2
Gastrointestinal cancer types

Colorectal cancer

53

Esophagus cancer

2

Gastric cancer

20

Table 2. Comparison of serum VEGF, VEGFR2, and OPN concentrations in pre- and post-operative gastrointestinal cancers
and normal controls.
Category
* Pre-op vs.
controls
* Post-op vs.
controls
 Pre-op vs.
post-op

n
75/75
70/75
70/70

VEGF
( x  s , pg/mL)
1,063 ± 901
vs. 507 ± 315
1,398 ± 922
vs. 507 ± 315
1,070 ± 916
vs. 1,398 ± 922

VEGFR2
( x  s , pg/mL)
1,478 ± 551
vs. 1,024 ± 340
1,447 ± 476
vs. 1,024 ± 340
1,520 ± 539
vs. 1,447 ± 476

p
0.000
0.000
0.000

p
0.000
0.000
0.292

OPN
( x  s , ng/mL)
3.06 ± 2.29
vs. 2.59 ± 1.91
3.94 ± 2.58
vs. 2.59 ± 1.91
3.05 ± 2.34
vs. 3.94 ± 2.58

p
0.174
0.001
0.008

* - independent-samples t-test,  - paired-samples t-test, pre-op - pre-operative, post-op - post-operative.

Table 3. Correlation of pre-operative serum VEGF, VEGFR 2, and OPN concentrations with carcinoembryonic antigen values.
n

Pre-op VEGF
( x  s , pg/mL)

CEA (µg/L)

p

Pre-op VEGFR2
( x  s , pg/mL)

0.587

p

Pre-op OPN
( x  s , ng/mL)

0.547

p
0.381

≥5

20

1,175 ± 1,414

1,402 ± 525

3.06 ± 2.11

<5

47

1,038 ± 654

1,488 ± 536

2.67 ± 1.40

CEA - carcinoembryonic antigen.

volvement (N1 + N2 + N3) than in patients without
lymph node involvement (N0) (p = 0.028). The pre-operative serum OPN level was significantly higher in pa-

tients with metastasis (M1) than patients without metastasis (M0) (p = 0.042).
Multivariate logistic regression analysis results showed
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Table 4. Correlation of pre-operative serum VEGF, VEGFR2, and OPN concentrations with Ki-67 scores.
n

Pre-op VEGF
( x  s , pg/mL)

≥ 25%

59

1,193 ± 962

1,530 ± 519

3.16 ± 2.50

< 25%

10

499 ± 247

1,415 ± 712

2.46 ± 1.45

Ki-67

p

Pre-op VEGFR2
( x  s , pg/mL)

p

0.027

Pre-op OPN
( x  s , ng/mL)

p

0.542

0.394

Table 5. Evaluation of serum VEGF, VEGFR2, and OPN as a potential biomarker for gastrointestinal cancers (Univariate
analysis).
n

Pre-op VEGF
( x  s , pg/mL)

≥ 50

59

1,030 ± 958

< 50

16

1,090 ± 700

Age

p

Pre-op VEGFR2
( x  s , pg/mL)

0.255

Gender

p

Pre-op OPN
( x  s , ng/mL)

p

3.21 ± 2.49

0.255

0.598
1,460 ± 511
1,543 ± 596

0.465

2.48 ± 1.18
0.933

0.056

Male

49

1,119 ± 1,045

1,481 ± 546

3.42 ± 2.59

Female

26

958 ± 534

1,470 ± 527

2.37 ± 1.38

≥5

26

1,007 ± 688

<5

44

1,108 ± 1,033

Tumor size (cm)

0.658

TNM stage

0.180
1,408 ± 584
1,587 ± 505

0.031

III + IV

32

1,321 ± 1,157

I + II

43

871 ± 593

Tumor stage

0.568
3.26 ± 1.60
2.93 ± 2.69

0.267
1,395 ± 552

3.42 ± 1.94

1,539 ± 549
0.160

0.237
2.79 ± 2.51

0.365

0.640

T3 + T4

51

1,165 ± 1,017

1,485 ± 546

2.97 ± 1.78

T1 + T2

19

817 ± 506

1,617 ± 519

3.27 ± 3.48

N1 + N2 + N3

31

1,345 ± 1,157

N0

40

868 ± 598

Lymph node involvement

0.028

Metastasis

0.672
1,474 ± 534
1,530 ± 565

0.614

M1

8

1,216 ± 444

M0

67

1,045± 941

Histological grading

0.335
3.41 ± 1.90
2.80 ± 2.60

0.501
1,353 ± 616

4.60 ± 1.45

1,492 ± 546
0.812

0.042
2.87 ± 2.31

0.215

0.939

Low grade

21

1,103 ± 664

1,350 ± 566

3.02 ± 1.69

Medium and High grade

54

1,048 ± 983

1,527 ± 543

3.07 ± 2.50

Table 6. Multivariate analysis of experimental data and clinical features of gastrointestinal cancers (Binary logistic regression).
B

S.E

Wals

df

Sig.

Exp (B)

Gender

0.522

0.415

1.580

1

0.209

1.666

Age

-0.032

0.021

2.236

1

0.135

0.969

VEGF

0.002

0.001

12.251

1

0.000

1.002

VEGFR2

0.002

0.001

13.993

1

0.000

1.002

OPN

0.068

0.108

0.396

1

0.529

1.070

Constant

-2.579

1.476

3.055

1

0.080

0.076
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Figure 1. Scatter plots of serum VEGF, VEGFR2, and OPN concentrations in gastrointestinal cancer patients and in control
subjects.
The scatter plot analysis shows that serum VEGF, VEGFR2, and OPN from gastrointestinal cancer patients and control subjects, showing the
distribution of data.

Figure 2. The ROC curve and the performance of serum VEGF or VEGFR2, or OPN alone, and the inter-combinatorial analysis of three biomarkers.
The ROC curve analysis shows that for VEGF, an area under curve (AUC) of 0.749 was obtained with the Youden index as 0.440, the
specificity and sensitivity under this index are 86.7.0% and 57.3%, respectively. The cutoff value for the assay was 772 pg/mL (A). While for
VEGFR2, an AUC of 0.758 was obtained with the Youden index as 0.427, the specificity and sensitivity under this index are 86.7% and 56.0%,
respectively. The cutoff value for the assay was 1,379 pg/mL (B). For OPN, an AUC of 0.578 was obtained with the Youden index as 0.213, the
specificity and sensitivity under this index are 44.0% and 77.3%, respectively. The cutoff value for the assay was 1.7 ng/mL (C). D to F shows
the performance of inter-combinatorial analysis of three biomarkers: AUC: 0.823, Youden index: 0.520, specificity: 88.0 %, sensitivity: 64.0%,
the cutoff (prediction value of performance for combinatory analysis, same below): > 0.5201 (VEGF + VEGFR2); AUC: 0.748, Youden index:
0.440, specificity: 88.0%, sensitivity: 56.0%, the cutoff: > 0.5471 (VEGF + OPN); AUC: 0.762, Youden index: 0.413, specificity: 85.3%,
sensitivity: 56.0%, the cutoff: > 0.566 (VEGFR2 + OPN).
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show significant correlations with the assessment of
disease progression. Patients with high baseline serum
VEGF levels had significant shorter OS, CS, and BCS.
Therefore, serum VEGF was a significant predictor of
overall and cancer death [12]. In gastric cancer patients,
serum VEGF levels were significantly higher in patients
than in healthy controls and were reduced significantly
on day 7 and day 30 after radical resection [36,37].
Blank et al. also reported that high serum VEGF level
in gastric cancers was associated with poor prognosis
[38]. Our results showed that serum VEGF and OPN
levels on day 5 after operation were significantly higher
than levels before operation (baseline). The principle
and mechanism of this phenomenon is unknown, however, this could be interpreted as traumatic response to
the surgery since the secretion of VEGF is affected by
stress response [39-43]. Further study is needed to interpret this circumstance and mechanism. In addition,
Loosen et al. found that pre- and post-operative elevated serum OPN level was significantly associated with
poor post-operative survival of cholangiocarcinoma.
Thus, serum OPN concentrations represent a promising
prognostic biomarker in patients with resectable CCA
which could help to guide pre-operative treatment decisions and to identify patients that will particularly benefit from extended liver surgery [44].
While serum VEGFR2 is a naturally occurring soluble
form of the receptor caused by proteolytic hydrolysis of
the membrane form of VEGFR2 [45]. The biological
significance of the soluble form of VEGFR2 (sVEGFR2) has been suggested in several studies [46-49]. The
sVEGFR2 could inhibit angiogenesis by binding to its
ligand, VEGF, which blocks the binding of VEGF to
VEGFR2 [45,46]. Our study results indicated that preoperative and post-operative VEGFR2 levels were elevated alongside VEGF compared with control subjects
(Table 2), which indicates that there is a need in the balance of the receptor to its ligand, hence, more proteolytic hydrolysis of the receptor occurred during the
course of the cancer. Zheng et al. analyzed the serum
VEGFR2 in 169 patients with unresectable hepatocellular carcinoma before and after undergoing transarterial
chemoembolization. Serum VEGFR2 concentrations
decreased in 44 (26.0%) patients at week 4. Patients
who had a VEGFR2 response at week 4 had a longer
median survival than those who did not have a VEGFR2 decrease. Thus, the reduction of serum VEGFR2
after transarterial chemoembolization may predict favorable overall survival in patients with advanced hepatocellular carcinoma. In this context, serum VEGFR2
may serve as an index of prognosis for these patients.
When correlating the pre-operative serum VEGF, VEGFR2, and OPN levels with serum CEA levels (based on
a cutoff of 5 µg/L), we found that there was no significant correlation among these biomarkers (p = 0.587,
p = 0.547, and p = 0.381, respectively, Table 3).
The antigen Ki-67 is a nuclear protein that is associated
with and may be necessary for cellular proliferation and
is widely used in clinical practice. Furthermore, it is as-

that serum VEGF and VEGFR2 were the two most important factors for the diagnosis of gastrointestinal cancers in this study (p = 0.000, for both, Table 6).
DISCUSSION
Tumor biomarkers play an important role as indicators
of cancer diagnosis, progression, and prognosis. The
soluble tumor biomarkers are especially useful in clinical practice because of the noninvasive properties associated with their measurement, their ease of handling,
and the advantage of being low cost. However, none of
the tumor biomarkers used today possess both high
specificity and sensitivity. Thus, they are insufficient as
an early screening tool of cancer. Furthermore, results
from tumor biomarker measurement during disease progression cause confusion in clinical interpretation and
treatment decisions.
Vascular endothelial growth factor (VEGF) is a secreted
cytokine implicated in angiogenesis, tumorigenesis, and
vascular permeability [14,27]. Soluble VEGF is an autocrine cytokine of different types of cells [7,28,29].
VEGF binds to its receptor VEGFR2 (KDR/Flk-1),
which then is activated and triggers cellular signaling
cascades [30]. Therefore, VEGF and VEGFR2 have
been the targets of cancer chemotherapy [31-33].
Studies have found that serum or pleural effusion VEGF
and VEGFR2 levels were altered in multiple cancers
and might be potential cancer biomarkers in either diagnosis or evaluation of prognosis [7-18,34].
In this study, we found that the pre-operative and postoperative serum VEGF and VEGFR2 and post-operative serum OPN were significantly higher than in control subjects. Furthermore, post-operative VEGF and
OPN levels were significantly higher than that of preoperative levels (Table 2). Chen et al. observed serum
VEGF levels prior to treatment, and 1 day, 7 days, and
30 days after percutaneous microwave coagulation
treatment in primary hepatocellular carcinoma patients.
They reported that the serum VEGF had no significant
difference between day 1 post treatment and baseline
(pretreatment), however, it was reduced significantly 7
days post treatment, while it slightly increased on day
30 post treatment in primary hepatocellular carcinoma
patients. Thus, serum VEGF level was an effective hematologic evaluation index of percutaneous microwave
coagulation treatment for primary hepatocellular carcinoma [35]. In another report, the serum VEGF-A level
was decreased in metastatic colorectal cancers on day
21 after regorafenib salvage therapy, and this phenomenon was significantly associated with a better progression-free survival. Thus, serum VEGF-A level may
serve as a potential predictive marker for survival in
metastatic colorectal cancer patients [11]. In bladder
cancer, the baseline serum VEGF level was associated
with patients’ overall survival (OS), cancer survival
(CS), and bladder cancer survival (BCS), while the serum VEGF levels 12 months after treatment did not
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bination analysis of VEGFR2 with OPN also increased
the specificity of OPN alone from 44.0% to 85.3%.
Altogether, the results indicate that the serum VEGF
and VEGFR2 are potential biomarkers for the diagnosis
and prognosis of gastrointestinal cancers, while serum
OPN is a biomarker correlated with metastasis of gastrointestinal cancers. Inter-combinational analysis of serum VEGF, VEGFR2, and OPN further improved the
assay performance, and thus, may be useful in the diagnosis and prognostic evaluation of gastrointestinal cancers.

sociated with ribosomal RNA transcription [50]. In this
study, we correlated the serum VEGF, VEGFR2, and
OPN levels with Ki-67 scores in tumor tissues. The results showed that the pre-operative serum VEGF was
significantly correlated with the tumor Ki-67 scores
based on a cutoff of 25% (p = 0.027); however, there
was no significant correlation between the serum VEGFR2, OPN, and tumor Ki-67 scores (p = 0.542 and
p = 0.394, respectively, Table 4). To the best of our
knowledge, this is the first report on the association of
the proliferation marker Ki-67 with serum VEGF levels
which may be useful as combination testing in gastrointestinal cancers for prediction of prognosis.
Guo et al. reported that serum VEGF levels were significantly related to tumor stage and lymph node and lung
metastasis in liver cancer patients [10]. Another report
indicated that serum VEGF level in gastric cancers was
significantly correlated with degree of tumor cell differentiation, clinical stages, tumor infiltration depth, lymph
node metastasis, and tumor size [51]. Our study results
(Table 5) showed that pre-operative serum VEGF level
was significantly higher in high TNM stages (stages III
+ IV) than in low TNM stages (stage I + II) (p = 0.031).
The pre-operative serum VEGF was also higher in patients with lymph node involvement (N1 + N2 + N3)
than in patients without lymph node involvement (N0)
(p = 0.028). The pre-operative serum OPN level was
significantly higher in patients with metastasis (M1)
than patients without metastasis (M0) (p = 0.042). Ock
et al. reported that in gastric cancer patients, high-serum
VEGF was correlated with poor overall survival; however, the VEGFR2 level had no association with survival. The authors suggested that VEGF and VEGFR2
have distinct cytokine angiogenic factor signatures.
High VEGF/VEGFR2 ratio was significantly correlated
with worse overall survival. Combination analysis of
serum VEGF and VEGFR2 confers more accurate prognostic implications [14].
Multivariate logistic regression analysis results showed
that serum VEGF and VEGFR2 were the two most important factors for the diagnosis of gastrointestinal cancers in the analysis (p = 0.000, for both, Table 6). This
may be a new set of tumor markers with clinical potential.
Our results indicate that VEGF analysis alone had a
moderate performance (AUC: 0.749, Youden index:
0.440, specificity: 86.7%, and sensitivity: 57.3%), while
VEGFR2 analysis alone had a similar performance
(AUC: 0.758, Youden index: 0.427, specificity: 86.7%,
and sensitivity: 56.0%), Figure 2. Inter-combinatorial
analysis improved the performance assays and the specificity and sensitivity were both improved, Figure 2.
Previous studies have shown that OPN displayed a low
sensitivity of 30.2% when the specificity was fixed at
90% [7]. In our study, the OPN analysis alone had a relatively poor performance with an AUC of 0.578, a specificity of 44.0% and sensitivity of 77.3%; however,
combination analysis of VEGF with OPN increased the
assay specificity to 88.0% with an AUC of 0.748; com-

Acknowledgment:
This study was funded by a grant from the Guangxi
Bureau of Sciences and Technology, No. 1598013-3
(PI, Huayi Huang) and a grant from the Health and
Family Planning Commission of Guangxi Zhuang Autonomous Region, Z2015353 (PI, Huayi Huang).
Declaration of Interest:
There is no conflict of interest to this work.
References:

8

1.

Davidson NE, Armstrong SA, Coussens LM, et al. AACR Cancer
Progress Report 2016. Clin Cancer Res. 2016 Oct 1;22 Suppl
19:S1-S137 (PMID: 27697776).

2.

Chen W, Zheng R, Baade PD, et al. Cancer Statistics in China,
2015. CA Cancer J Clin 2016;66(2):115-32 (PMID: 26808342).

3.

Wild N, Andres H, Rollinger W, et al. A combination of serum
markers for the early detection of colorectal cancer. Clin Cancer
Res 2010;16(24):6111-21 (PMID: 20798228).

4.

Langan RC, Mullinax JE, Raiji MT, et al. Colorectal cancer biomarkers and the potential role of cancer stem cells. J Cancer
2013;4(3):241-50 (PMID: 23459666).

5.

Zhao LN, Wang P, Liu YH, et al. MiR-383 inhibits proliferation,
migration and angiogenesis of glioma-exposed endothelial cells
in vitro via VEGF-mediated FAK and Src signaling pathways.
Cell Signal 2017;30:142-53 (PMID: 27693218).

6.

Abhinand CS, Raju R, Soumya SJ, Arya PS, Sudhakaran PR.
VEGF-A/VEGFR2 signaling network in endothelial cells relevant
to angiogenesis. J Cell Commun Signal 2016;10(4):347-54
(PMID: 27619687).

7.

Polz-Dacewicz M, Strycharz-Dudziak M, Dworzański J, Stec A,
Kocot J. Salivary and serum IL-10, TNF-α, TGF-β, VEGF levels
in oropharyngeal squamous cell carcinoma and correlation with
HPV and EBV infections. Infect Agent Cancer 2016 Aug 20;11:
45 (PMID: 27547238).

8.

Szubert S, Moszynski R, Michalak S, Nowicki M, Sajdak S,
Szpurek D. The associations between serum VEGF, bFGF and
endoglin levels with microvessel density and expression of proangiogenic factors in malignant and benign ovarian tumors. Microvasc Res 2016;107:91-6 (PMID: 27312585).

Clin. Lab. 1+2/2019

VEGF, VEGFR2, and OPN in Gastrointestinal Cancers
9.

Tamiya M, Tamiya A, Yasue T, et al. Vascular endothelial
growth factor in plasma and in pleural effusion is a biomarker for
outcome after bevacizumab plus carboplatin-paclitaxel treatment
for non-small cell lung cancer with malignant pleural effusion.
Anticancer Res 2016;36(6):2939-44 (PMID: 27272808).

23. Kerenidi T, Kazakou AP, Lada M, Tsilioni I, Daniil Z,
Gourgoulianis KI. Clinical Significance of Circulating Osteopontin Levels in Patients With Lung Cancer and Correlation With
VEGF and MMP-9. Cancer Invest. 2016;34(8):385-92 (PMID: 27
624849).

10. Guo LY, Zhu P, Jin XP. Association between the expression of
HIF-1α and VEGF and prognostic implications in primary liver
cancer. Genet Mol Res 2016 May 9;15(2) (PMID: 27173353).

24. Catalán V, Gómez-Ambrosi J, Rodríguez A, et al. Increased Obesity-Associated Circulating Levels of the Extracellular Matrix
Proteins Osteopontin, Chitinase-3 Like-1 and Tenascin C Are Associated with Colon Cancer. PLoS One 2016 Sep 9;11(9):
e0162189 (PMID: 27612200).

11. Suenaga M, Mashima T, Kawata N, et al. Serum VEGF-A and
CCL5 levels as candidate biomarkers for efficacy and toxicity of
regorafenib in patients with metastatic colorectal cancer. Oncotarget 2016;7(23):34811-23 (PMID: 27166185).

25. Chen T, Sun L, He C, et al. Serum OPN expression for identification of gastric cancer and atrophic gastritis and its influencing
factors. PLoS One 2014;9(12):e114005 (PMID: 25479069).

12. Puntoni M, Petrera M, Campora S, et al. Prognostic Significance
of VEGF after Twenty-Year Follow-up in a Randomized Trial of
Fenretinide in Non-Muscle-Invasive Bladder Cancer. Cancer Prev
Res (Phila) 2016;9(6):437-44 (PMID: 27045034).

26. Leung DT, Lim PL, Cheung TH, et al. Osteopontin Fragments
with Intact Thrombin-Sensitive Site Circulate in Cervical Cancer
Patients. PLoS One 2016;11(8):e0160412 (PMID: 27494141).

13. Posch F, Thaler J, Zlabinger GJ, et al. Soluble Vascular Endothelial Growth Factor (sVEGF) and the Risk of Venous Thromboembolism in Patients with Cancer: Results from the Vienna Cancer
and Thrombosis Study (CATS). Clin Cancer Res 2016;22(1):2006 (PMID: 26302981).

27. Goel HL, Mercurio AM. VEGF targets the tumour cell. Nat Rev
Cancer 2013;13(12):871-82 (PMID: 24263190).
28. Vempati P, Popel AS, Mac Gabhann F. Extracellular regulation
of VEGF: isoforms, proteolysis, and vascular patterning. Cytokine Growth Factor Rev 2014;25(1):1-19 (PMID: 24332926).

14. Ock CY, Nam AR, Bang JH, et al. The distinct signatures of
VEGF and soluble VEGFR2 increase prognostic implication in
gastric cancer. Am J Cancer Res 2015;5(11):3376-88 (PMID: 268
07318).

29. Yang JC, Teng CF, Wu HC, et al. Enhanced expression of vascular endothelial growth factor-A in ground glass hepatocytes and
its implication in hepatitis B virus hepatocarcinogenesis. Hepatology 2009;49(6):1962-71 (PMID: 19475690).

15. O'Donnell PH, Karovic S, Karrison TG, et al. Serum C-Telopeptide Collagen Crosslinks and Plasma Soluble VEGFR2 as Pharmacodynamic Biomarkers in a Trial of Sequentially Administered
Sunitinib and Cilengitide. Clin Cancer Res 2015;21(22):5092-9
(PMID: 26199386).

30. Rossi A, Gauvrit S, Marass M, Pan L, Moens CB, Stainier DYR.
Regulation of Vegf signaling by natural and synthetic ligands.
Blood 2016;128(19):2359-66 (PMID: 27557946).
31. Ai B, Bie Z, Zhang S, Li A. Paclitaxel targets VEGF-mediated
angiogenesis in ovarian cancer treatment. Am J Cancer Res 2016;
6(8):1624-35 (PMID: 27648354).

16. Zheng YB, Meng QW, Zhao W, et al. Prognostic value of serum
vascular endothelial growth factor receptor 2 response in patients
with hepatocellular carcinoma undergoing transarterial chemoembolization. Med Oncol 2014;31(3):843 (PMID: 24442426).

32. Wentink MQ, Broxterman HJ, Lam SW, et al. A functional bioassay to determine the activity of anti-VEGF antibody therapy in
blood of patients with cancer. Br J Cancer 2016;115(8):940-8
(PMID: 27575850).

17. Villarejo-Campos P, Padilla-Valverde D, Martin RM, et al. Serum VEGF and VEGF-C values before surgery and after postoperative treatment in gastric cancer. Clin Transl Oncol 2013;15(4):
265-70 (PMID: 22855190).

33. Wheler JJ, Janku F, Naing A, et al. TP53 Alterations Correlate
with Response to VEGF/VEGFR Inhibitors: Implications for Targeted Therapeutics. Mol Cancer Ther 2016;15(10):2475-85
(PMID: 27466356).

18. Koukourakis MI, Limberis V, Tentes I, et al. Serum VEGF levels
and tissue activation of VEGFR2/KDR receptors in patients with
breast and gynecologic cancer. Cytokine 2011;53(3):370-5
(PMID: 21208810).

34. Lebellec L, Bertucci F, Tresch-Bruneel E, et al. Circulating vascular endothelial growth factor (VEGF) as predictive factor of
progression-free survival in patients with advanced chordoma receiving sorafenib: an analysis from a phase II trial of the french
sarcoma group (GSF/GETO). Oncotarget 2016;7(45):73984-94
(PMID: 27659533).

19. Rychlíková J, Vecka M, Jáchymová M, et al. Osteopontin as a
discriminating marker for pancreatic cancer and chronic pancreatitis. Cancer Biomark 2016;17(1):55-65 (PMID: 27314293).
20. Yushi Q, Li Z, Von Roemeling CA, et al. Osteopontin is a multifaceted pro-tumorigenic driver for central nervous system lymphoma. Oncotarget 2016;7(22):32156-71 (PMID: 27050077).

35. Chen JD, Xiong YQ, Dong K, Luo J, Yue LX, Chen Q. Clinical
significance of joint detection of serum VEGF, SIL-2R and HGF
in patients with primary hepatocellular carcinoma before and after percutaneous microwave coagulation therapy. Asian Pac J
Cancer Prev 2014;15(11):4545-8 (PMID: 24969882).

21. Jang ES, Jeong SH, Kim JW, Choi YS, Leissner P, Brechot C.
Diagnostic Performance of Alpha-Fetoprotein, Protein Induced
by Vitamin K Absence, Osteopontin, Dickkopf-1 and Its Combinations for Hepatocellular Carcinoma. PLoS One 2016 Mar 17;
11(3):e0151069 (PMID: 26986465).

36. Karayiannakis AJ, Syrigos KN, Polychronidis A, et al. Circulating VEGF levels in the serum of gastric cancer patients: correlation with pathological variables, patient survival, and tumor surgery. Ann Surg 2002;236(1):37-42 (PMID: 12131083).

22. Bandiera E, Zanotti L, Fabricio AS, et al. Cancer antigen 125, human epididymis 4, kallikrein 6, osteopontin and soluble mesothelin-related peptide immunocomplexed with immunoglobulin M in
epithelial ovarian cancer diagnosis. Clin Chem Lab Med 2013;
51(9):1815-24 (PMID: 24013103).

Clin. Lab. 1+2/2019

37. Karayiannakis AJ, Syrigos KN, Zbar A, et al. Clinical significance of preoperative serum vascular endothelial growth factor
levels in patients with colorectal cancer and the effect of tumor
surgery. Surgery 2002;131(5):548-55 (PMID: 12019409).

9

Liejun Jiang et al.
38. Blank S, Deck C, Dreikhausen L, et al. Angiogenic and growth
factors in gastric cancer. J Surg Res 2015;194(2):420-9 (PMID:
25577146).
39. Karayiannakis AJ, Zbar A, Polychronidis A, Simopoulos C. Serum and drainage fluid vascular endothelial growth factor levels
in early surgical wounds. Eur Surg Res 2003;35(6):492-6 (PMID:
14593233).
40. Holmes K, Roberts OL, Thomas AM, Cross MJ. Vascular endothelial growth factor receptor-2: Structure, function, intracellular
signalling and therapeutic inhibition. Cell Signal 2007;19(10):
2003-12 (PMID: 17658244).
41. Mecollari V, Nieuwenhuis B, Verhaagen J. A perspective on the
role of class III semaphorin signaling in central nervous system
trauma. Front Cell Neurosci 2014;8:328 (PMID: 25386118).
42. Sureda A, Batle JM, Martorell M, et al. Antioxidant Response of
Chronic Wounds to Hyperbaric Oxygen Therapy. PLoS One
2016;11(9):e0163371 (PMID: 27654305).
43. Erbaş B, Uresin Y, Ozek M, Doğru-Abbasoğlu S. Effects of valsartan on stress-induced changes of serum vascular endothelial
growth factor and nitric oxide in mice. Int J Neurosci 2006;
116(5):601-11 (PMID: 16644520).
44. Loosen SH, Roderburg C, Kauertz KL, et al. Elevated levels of
circulating osteopontin are associated with a poor survival after
resection of cholangiocarcinoma. J Hepatol 2017;67(4):749-57
(PMID: 28668580).
45. Ebos JM, Bocci G, Man S, et al. A naturally occurring soluble
form of vascular endothelial growth factor receptor 2 detected in
mouse and human plasma. Mol Cancer Res 2004;2(6):315-26
(PMID: 15235107).
46. Kou B, Li Y, Zhang L, et al. In vivo inhibition of tumor angiogenesis by a soluble VEGFR-2 fragment. Exp Mol Pathol 2004;
76(2):129-37 (PMID: 15010291).
47. Collet G, Lamerant-Fayel N, Tertil M, et al. Hypoxia-regulated
overexpression of soluble VEGFR2 controls angiogenesis and inhibits tumor growth. Mol Cancer Ther 2014;13(1):165-78
(PMID: 24170768).
48. Riely GJ, Miller VA. Vascular endothelial growth factor trap in
non small cell lung cancer. Clin Cancer Res 2007;13(15 Pt 2):
s4623-27 (PMID: 17671153).
49. Becker J, Pavlakovic H, Ludewig F, et al. Neuroblastoma progression correlates with downregulation of the lymphangiogenesis inhibitor sVEGFR-2. Clin Cancer Res 2010;16(5):1431-41
(PMID: 20179233).
50. Bullwinkel J, Baron-Lühr B, Lüdemann A, Wohlenberg C,
Gerdes J, Scholzen T. Ki-67 protein is associated with ribosomal
RNA transcription in quiescent and proliferating cells. J Cell
Physiol 2006;206(3):624-35 (PMID: 16206250).
51. Wang L, Chang Y, Xu J, Zhang Q. Predictive Significance of Serum Level of Vascular Endothelial Growth Factor in Gastric Cancer Patients. Biomed Res Int 2016;2016:8103019 (PMID: 275979
73).

10

Clin. Lab. 1+2/2019

