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Abstract

AlIM: To detect the vascular endothelial growth factor (VEGF)
and soluble splice variant 6 of CD44 (sCD44v6) levels in
ascites and to explore their role in differentiating benign
from malignant ascites.

METHODS: Cirrhotic ascites (n=36), tuberculosis ascites
(n=8) and malignant ascites (n=23) were collected and
studied. Concentrations of soluble VEGF and sCD44v6 in
various kinds of ascites (n=67) were measured using a
sandwich enzyme-linked immunoadsorbent assay.

RESULTS: VEGF and sCD44v6 levels in malignant ascites
were 640.74+264.81 pg/ml and 89.22+38.20 ng/ml,
respectively, both of which were significantly higher than
those in cirrhotic ascites and tuberculous ascites (q=18.98,
11.89 and g=8.92, 5.09; P<0.01). However, the levels of
VEGF and sCD44v6 in cirrhotic and tuberculous ascites had
no significant difference (gq=0.48, 0.75; P>0.05).
Furthermore, VEGF levels in malignant ascites in patients
with ovarian cancer were higher than those with gastric and
colon cancer (g=5.03, 6.79; P<0.01, respectively). But
differences of VEGF levels between gastric and colon cancer
were not significant (q=1.90, P>0.05). Whereas, sCD44v6
levels in malignant ascites from patients with ovarian, gastric
and colon cancer had no significant difference (q=0.06, 0.91,
0.35; P>0.05, respectirely). In comparison with cirrhotic and
tuberculous ascites, when the upper limit of its VEGF mean
levels 119.44 pg/ml (70.90+48.54) and sCD44v6 mean levels
63.59 ng/ml (44.42+19.17) was taken as the minimum cutoff
limit, the sensitivity and specificity of VEGF and sCD44v6 of
this assay to the diagnos is of malignant ascites were
91.3 %, 90.9 % and 73.9 %, 88.7 % respectively.

CONCLUSION: Elevated levels of VEGF and sCD44v6 may be
useful in differential diagnosis of benign and malignant ascites.
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INTRODUCTION
Angiogenesisisan absolute requirement for neoplastic growth

of solid tumors after tumors reach a critical size of 1-2 mm?34,
and is also essential for tumor invasion and metastasis,
facilitates the shedding of tumor cellsinto surrounding blood
vessels. Tumor cells have been shown to secrete avariety of
angiogenic factors and thereby induce local formation of new
blood capillaries. Among these factors, vascular endothelial
growth factor (VEGF), also called vascular permeability factor
(VPF), isabifunctional cytokine and hastherolein enhancing
vascular permeability and stimulating endothelial growthz®,
and is recognized as one of the most important moleculesin
the growth, invasion, metastasis and recurrence of human
tumorg®9,

However, tumor invasion and metastasis are considered to
be a complex and multi-step process. Since the initial
observation that asplice variant of CD44 (CD44v) could endow
non-metastasizing cells with metastasis potential*®. Many
studies have demongtrated that CD44v, especially splicevariant
6 of CD44 (CD44v6), probably promoting cancer cellsto
adhere to vascular endothelium and base membranes and
enhancing moving ability of cancer cells, is most likely
responsible for the invasion and metastasis of several tumor
WSernéll—lS]_

Malignant ascitesisthe direct and prominent manifestation
of advanced carcinomametastasized to the peritoneum*®. Thus
it is reasonable to hypothesize that VEGF and CD44v6 can be
detected in malignant ascites. In the present study, we measured
the concentration of VEGF and soluble CD44v6 (sCD44v6)
using an enzyme-linked immunoadsorbent assay (ELISA) in
various kinds of ascitesin order to assess the value of VEGF
and CD44v6 in identifying benign and malignant ascites.

MATERIALS AND METHODS

Patients

A total of 67 inpatients with ascites were collected at Renmin
Hospital of Wuhan University, Zhongnan Hospital of Wuhan
University and Tumor Hospital in Hubei Province from July
2002 to March 2003(Table 1). Informed consent of the patient
and approval of the hospital were provided prior to collection
of samples and medical records. All the cases were confirmed
by cytologic examination of ascites, pathological examination,
B-ultrasound and CT scan, etc.

Table 1 Patient characteristics

Diagnosis No. of Meanage  Female/male
Patients (range)

Ascite 67 47(19-86) 26/41
Cirrhotic ascites 36 48(30-86) 10/26
Tuberculous ascites 8 28(19-33) 4/4
Carcinoma ascites 23 66(35-76) 12/11
Ovarian cancer 8 60(35-70) 8/0
Gastric cancer 6 68(38-74) 1/5
Colon cancer 5 64(48-71) 2/3
Hepatocellular cancer 2 - 0/2
Pancreatic cancer 1 - 0/1
Primary peritoneal carcinoma 1 - 1/0
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Sample processing

Ascites sampleswere collected during therapeutic or diagnostic
paracentesis and centrifuged at 3 000 rpm for 15 minutes at
4 °C. Cell free supernatants were collected and aliquots were
stored at -70 C before determination.

Experimental groups

Cirrhotic, tuberculous and malignant ascites were defined as
groups 1, 2 and 3, respectively. Malignant ascitesfrom patients
with ovarian, gastric and colon cancer were grouped as groups
A, B and C, respectively.

Immunoassay for human VEGF

Concentrations of VEGF in ascites were determined with an
ELISA kit (R & D Systems) following the manufacturer’ s
guidelines. All sampleswere analyzed in the laboratory of the
Department of Gastroenterology, Renmin Hospital, Wuhan
University. For determination of VEGF, sampleswere analyzed
in duplicate, human recombinant VEGF,eswas diluted in series
and used as a standard. VEGF concentrations were measured
according to the standard curve. Samples with VEGF values
beyond the standard curve were diluted and reanalyzed.

ELISA for human sCD44v6

Levels of SCD44v6 in ascites were measured with a SCD44v6
ELISA kit (Bender MedSystems, Austria). Briefly, monoclonal
antibody against CD44v6, VFF-7, was absorbed by microwells
in 96-well microtiter plates. SCD44v6 in the sample or in the
standard bound to antibodies was adsorbed by each microwell.
Horseradish peroxidase-conjugated monoclonal antibody
against CD44v6 was then added and bound to the sCD44v6
that had been captured by the first antibody. After incubation,
unbound enzyme conjugated antibodies were removed by
washing and a substrate solution was added to each well. A
colorful reactive product was formed , the reaction was
terminated by addition of acid, and absorbance was measured
at 450 nanometers. A standard curve was prepared from six
standard dilutions of sSCD44v6, which allowed determination
of the levels of SCD44v6 in our samples.

Statistical analysis

The data were presented as x+s. One-way analysis of variance
was used for statistical analysis. Differences were considered
significant when P value was less than 0.05.

RESULTS

Concentrations of VEGF in ascites

Figure 1 shows VEGF levelsin malignant ascites (640.74+
264.81 pg/ml), which were significantly higher than thosein
cirrhotic ascites (67.05+51.91 pg/ml), tuberculous ascites
(88.25+24.12 pg/ml) (P<0.01). However, there was no
significant difference of VEGF levels between cirrhotic and
tuberculous ascites (P>0.05).

Levels of sCD44v6 in ascites

SCD44v6 levelsin malignant ascites (89.22+38.20 ng/ml) were
higher than those in cirrhotic ascites (44.79+18.02 ng/ml),
tuberculous ascites (50.25+12.57 ng/ml) (P<0.01). But the
difference of sCD44v6 levelsin cirrhotic and tuberculous
ascites was not statistically significant (P>0.05) (Figure 2).
We found both VEGF and sCD44v6 levels were increased in
malignant ascites.

Comparison of VEGF and sCD44v6 levels in different kinds
of malignant ascites
Statistical comparison of VEGF and sCD44v6 levelsin

these kinds of malignant ascites was not performed due to the
limited number of hepatocellular cancer (n=2), pancreatic
cancer (n=1) and primary peritoneal carcinoma (n=1).
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Figure 1 Comparison of VEGF concentrations in different kinds
of ascites. Group 1: cirrhotic ascites, Group 2: tuberculous
ascites, Group 3: malignant ascites.
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Figure 2 Comparison of sCD44v6 concentrations in different
kinds of ascites. Group 1: cirrhotic ascites, Group 2: tubercu-
lous ascites, Group 3: malignant ascites. Concentrations of
sCD44v6 in group 3 were significantly higher than those in
groups 1 and 2 (P<0.01).

1000
900
800 [
700 |-
600 |-
500 -
400 -
300 -
200 |-
100 |-

0 j | |
1 2 3
Groups

[JVEGF
[1sCD44v6

Concentration (VEGF
pg/ml:sCD44v6, ng/ml)

Figure 3 Concentrations of VEGF and sCD44v6 in different
kinds of malignant ascites. Group A: ovarian cancer, Group B:
gastric cancer, Group C: colon cancer. Concentrations of VEGF
in group A were higher than those in groups B and C (P<0.01),
while the difference of CD44v6 levels among groups A, B and
C was not statistically significant (P>0.05).

Figure 3 shows VEGF levels in ascites from patients with
ovarian cancer (866.25+208.46 pg/ml), which were higher than
those with gastric cancer (541.30+123.17 pg/ml) and colon
cancer (402.80+140.10 pg/ml), respectively (P<0.01). There
was no significant difference of VEGF levels between gastric
and colon cancer (P>0.05). Whereas, no statistical difference
of sCD44v6 levelsin ascites of patients with ovarian cancer
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(89.42+25.70ng/ml), gastriccancer (83.91+32.62ng/ml) and colon
cancer (80.10+9.97 ng/ml) wasfound (P>0.05).

Additionally, in our study, 2 out of 4 unidentified ascites
cases were identified by peritoneum biopsy as metastatic
ovarian cancer and primary peritoneal carcinoma. In thesetwo
cases, thelevels of VEGF exceeded 1 200 pg/ml, and sCD44v6
levelsexceeded 100 ng/ml. Another 2 casesof gastric and colon
cancer, were identified by gastroscopy and colonoscopy,
respectively. The concentration of VEGF and sCD44v6 in these
2 cases exceeded 650pg/ml and 80ng/ml respectively.

Sensitivity and specificity of VEGF and sCD44v6 levels to
diagnosis of malignant ascites

Using benign ascites including cirrhotic and tuberculous
ascitesas control, and the upper limit of its VEGF mean levels,
119.44 pg/ml (70.90+48.54), as positive boundary value, 21
out of 23 malignant ascites cases and 4 out of 44 benign ascites
cases exceeded the boundary line. So the sensitivity and
specificity of this assay to the diagnosis of malignant ascites
were 91.3 % (21/23) and 90.9 %(40/44), respectively, and
calculated positive value, negative value and accurate rate
were 84.0 %(21/25), 95.2 %(40/42) and 91.0 %(61/67),
respectively. With same method, the sensitivity, specificity,
positive value, negative value and accurate rate of SCD44v6
to the diagnosis of malignant ascites were 73.9 %(17/23),
88.7 % (39/44), 77.3 %(17/22), 86.4 %(39/45) and 83.4 %
(56/67), respectively.

DISCUSSION

Human VEGF could be expressed in at least 5 isoforms,
which have 206, 189, 165, 145 and 121 amine acids,
respectively!*. It is a multifunctional cytokine that has
potent angiogenic activity and enhances microvascular
permeability by direct action on vascular endothelium,
promoting tumor growth and metastasis*4%9. Strong VEGF
expression has been demonstrated in various solid tumor
types, including gastric?>24, colorectal®?¥ and ovarian
carcinomas’??, Recently, substantial evidencesindicated that
serum concentration of VEGF was increased in cancerous
patients®*2, Although some studies showed that VEGF levels
were high in malignant ascitesd®, its value to the diagnosis
of malignant ascites has not been elucidated.

In the present study, we found that VEGF protein levelsin
malignant ascites were markedly higher than those in benign
ascites, which were consistent with the previous resultg03,
and possessed a high sensitivity and specificity to the diagnosis
of malignant ascites. Meanwhile, we also found that VEGF
levelsin malignant ascitesin patients with ovarian cancer were
higher than those in patients with gastric or colon cancer. No
significant difference of VEGF levels was observed among
those with gastric and colon cancer. Additionally, although
the number of cases studied in our experiment was small,
extremely increased VEGF levelsin ascites of patients with
ovarian cancer (n=8) and primary peritoneal carcinoma (n=1)
could be measured. These data suggested that VEGF levelsin
ascites could reflect tumor biological behavior to agreat extent,
and cells of ovarian cancer and primary peritoneal carcinoma
might secrete VEGF into peritoneal cavity directly?”. Most
importantly, detection of VEGF levels could provide a new
approach for differential diagnosis of benign and malignant
ascites, which remains a knotty problem all the timel3+%,
Moreover, detecting VEGF levels may contribute to the
diagnosis of primary cancer that causes malignant ascitesto a
certain extent.

CD44 isan integral cell membrane glycoprotein, and is
known to function in homing of lymphocytes, cell adhesion,

activation of leukocytes and migration of cells. At least 20
variants (v) of CD44 have been reported due to the alternative
splicing of 10 exons (v1-v10) that encode the membrane’ s
proximal portion of the extracellular domaint®-%, NH2-
terminal function area of CD44 on the surface of cells could
join the hyaluronate in the basement membrane to extracellular
matrix, thus regulate the movement and function of cells. By
this mechanism, neoplastic cells could adhere to the
extracellular matrix and basement membrane of the host cell,
resulting in invasion and metastasis of malignancy. On the
other hand, the degraded products of hyaluronic acid could
motivate the growth of local vessels, providing the basis for
invasion and metastasig®*#%, Many studies have reported that
expression of CD44v, especially CD44v6, was correlated with
invasion and metastasis of certain type of human cancer4-47,
including gastric cancer®%%, colorectal cancer®-¥, ovarian
cancer’™ and prostate cancer®. Furthermore, serum
concentrations of sCD44v6 were found to be significantly
increased in patients with advanced carcinoma***>%!, To our
knowledge, however, concentration of SCD44v6 has not been
examined in malignant ascites, thismight be the first study to
document sCD44v6 in malignant ascites.

We found sCD44v6 levels were high in malignant ascites,
and relatively low in nonmalignant ascites. It implies that
elevated CD44v6 appearsto be correlated to the invasion and
metastasis of cancer cellsinto peritoned cavity. But it isunclear
why CD44v6 is closdly associated with malignant ascites. The
ability of CD44v6 to bind peritoneal mesothelia surfaces of
abdominal cavity, and a subsequent cancer cell implantation
may contribute to it. At the same time, our results showed a
higher sensitivity and specificity of sCD44v6 to the diagnosis
of malignant ascites. However, no evidenceisavailable to show
that detection of SCD44v6 could contribute to the determination
of apotential primary cancer causing malignant ascites. It is
reasonabl e to consider sSCD44v6 may be a diagnostic index of
malignant ascites.

In summary, VEGF and sCD44v6 are detectable in ascites
and are significantly elevated in malignant ascites.
Prospective monitoring of VEGF and sCD44v6 levelsin
ascites would be helpful in differential diagnosis of benign
and malignant ascites.
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