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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignanciesin China. Todate, surgery isstill
the best solution to it. However, metastatic recurren
cesafter curative hepatic resections are very common.
Tang et al have repor ted that recurrencerate within 5
years of curative hepatic resection is 61.5%!. As
curative hepatic resection has a high tendency for
metastatic recu rrence, therapeutic interventions such
astransarterial embolizationand antiangi ogenesishave
beentriedtofurther improveprognosisof HCC patients.
Therefore, establishing adependable, sensitive, easy,
and economical method to predict me tastatic
recurrence following curative hepatic resection is of
clinical urgency.

Neovascul arization has been shown to be essential
for the growth and metastas sof solid tumors. Vascular
endothelial growth factor (VEGF), adimeric hepari n-
binding glycoprotein with amolecular weight of about
M,45000, isoneof themostimportant angiogenicfactors.
In addition to increasing permeability of blood vessels,
VEGF haspotent mitogeni ceffect onvascular endothelia
cells?9, Serum VEGF levels have previously been
shown to be raised in patients with various tumors,
includingbrain, rena, melanoma, breast, gastrointestind,
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and liver malignancies particularly in metastatic
diseases'*% Because VEGF plays an essential role
in tumor angiogenesis and hence the meta stasis and
recurrence of HCC, its elevation in serum may be a
candid at ebiomarker of metastatic recurrence. Con-
sequently, we set out to study whether preoperative
serum VEGF could be used as a biomarker of
metastatic recurrence following curative hepatic
resectionin HCC. Since 84.6% of HCC patients have
acc ompanied cirrhosis to some extent we also
examined serum concentrationsof VEGF in cirrhotic
patients and normal healthy controls*®l. In addition,
we studied the relationship between serum VEGF
concentrations and immuno histological expressions
of two known metastatic recurrence parameters-p53
and PCNA in tumor tissues.

MATERIALS AND METHODS

Subjects

Thecurrent study registered 12 normal healthy controls,
12 patientswith cirr hosis, 8 patientswith benign liver
tumors including hemangioma and focal nodular
hyperplasia, and 85 HCC patients who received
curative resection. The healthy controlswere selected
randomly from people coming to our hospital for a
medical checkup and found to be healthy. Cirrhotic
patientswerediagnosedclinically. HCCandbenignliver
tumor werediagnosed histologically. All HCC patients
had u nderlying cirrhosisto some degree as confirmed
by operations. Thrombi, intra- and extra-hepatic
dissemination, were confirmed by operation, and/or
ultrasonog raphy, and computed tomography.
According to generally recognized standards, we set
HCC patients with thrombi, intra- and extra-hepatic
dissemination, and tumor sizelarger than5cmashigh-
tendency metastatic recurrence (HTMR) group, and
lessthan 5 cm aslow-tendency metastatic recurrence
(LTMR) group. Hepati c resectionwith no signsof tumor
lesionwithintheliver, and no metastatic lesion outside
theliver after operation aswell asno tumor thrombi in
major bran chesof portal, hepatic vein, andintrahepatic
biliary ducts before operation wa s considered as
curative hepatic resection.

Blood samples were taken from all subjects. The
serum was separated after 20-30 min of coagulation at
room temperature and was stored at -80°C until the
assay. Repeated thawing and freezing of sampleswas
avoided.
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VEGF assay

The VEGF determinationswere performed in duplicate
followingthemanufacturer’ singtructionsusingtheR& D
Systems Quantikine enzyme-linked immunosorbent
assay (ELISA) kit. TheVEGF concentrationinasample
was determined by computer software-generated
interpolation (Microsoft Origin software) from the
standard curve. The internal VEGF standards ranged
from 0 to 2000 ng/L, and the intensity of chromogen
was measured at a wavelength of 450 nm with a
reference wavelength of 595 nm using the dual
wavelength mode on the BIO-RAD 450 Microplate
Reader. Standard curvewas generated and plotted using
alog-loglinear regression.

Immunohistochemistry

For the immunohistochemical demonstration of p53
and PCNA protein, formalinfixed, paraffin embedded
sections were deparaffinized in xylene and alcohol
and placed for 15 minin acohol-H,O, for blocking
endogenous peroxidase. The sampleswere processed
inamicrowave oven, placed in athermoresistant plas
tic box with 10 mmol/L pH 6.0 citrate buffer. Tissue
sections were treated in th e oven twice for 5 min
while the buffer was boiling. Tissue sections were
left at room temperature in the buffer solution for 20
minwithout drying. Section sweretreated with bovine
serumalbuminto prevent background staining andincu
bated for 1 h with a primary nondiluted ready-to-use
murine anti-p53 a ntibody (Dako, Carpentaria, CA)
or murine anti-PCNA antibody (Dako, Carpentaria,
CA) diluted at 1:500 at room temperature in a
humidified chamber. Slides were rinsed with
phosphate buffered salinefor 3 min and incubated first
with thebiotinylated linked goat anti-mouse antibody
for 30 min and then with the | abeling reagent,
peroxidase conjugated streptavidine, for 30 min. After
the slides were rinsed, the peroxidase label was
demonstrated using 3-amino-9-eth ylcarbazol (AEC)
for 15 min, and counterstained with Mayer
hematoxylin. AEC produced ared product which was
soluble in alcohol and was used with an aqueous
mounting media. Positive and negative controlswere
includedin each experiment. Specifically, for thelatter
the primary antibody was substituted with nonspec
ific mousegG. p53 or PCNA immunopositivity was
recorded when more than 15 carcinoma cell nuclei
were stained in one or more fields™?.

Statistics

Anadyseswereperformedusing SAS (Verson 6.12; SAS
Ingtitute, Inc., Cary, NC). Student’ st test and Oneway
ANOVA wereused to determinethedifferences between
the means of different groups. Results were expressed
asmean + SD. Theleve of significance was P<0.05.

RESULTS
TheVEGF concentrationsinthenormd controlsand groups

of cirrhotic, benign liver tumor, and HCC patientswere
158.46+41.84ng/L,90.00+22.42ng/L, 156 .34+ 41.32
ng/L, 164.42 + 76.07 ng/L, respectively (Table 1).
Cirrhotic patients had the lowest levelsof VEGF inthe
four groups. Compared with the cirrhotic group, HCC
group had asignificantly higher level of VEGF inthe
serum (P<0.01). Yet, no significant differences could
be found between serum levels of VEG F in HCC
and benign liver tumor or normal healthy control group
(P>0.05) (Fi gure1). Since large HCC has a high
tendency to recur after hepatic resection, we next
divided HCC patientsinto small HCC and largeHCC
group. TheVEGF concent rations of large HCC group
were alittle higher than those of small HCC patients
(173.52+52.34ng/L vs154.46 + 37.23ng/L, P> 0.05).
However, this diffe rence was not significant. In
patients with thrombi, VEGF levelswere significan
tly higher than those in patientswithout (182.46 + 35.
61ng/L vs157.62+53.42ng/L, P<0.05). Ondividing
the HCC patientsintoHTMR and LTMR groups, HT
MR patients were observed to have significantly
higher VEGF concentrationsinth eserumthanLTMR
patients (185.33 + 92.88 ng/L vs 144.75+51.37 ng/L,
P < 0.05) (Figure 2). Anotable case observed was
that of afemale patient having atumor growth of just
1.8 cm diameter with no thrombi but with the highest
levels of VEGF (819.37 ng/L), she was thefirst to
metastasi ze (within three months). Asp53isreported
to play arolein regulating the production of VEGF,
we f urther divided HCC patientsinto p53 positive
and p53 negative groups. We found that serum VEGF
levelsin p53 positive patientsweresignificantly higher
than thosein p53 negative patients (176.56 + 53.29 ng/
L vs149.26 +41.29 ng/L, P < 0.05). Despite PCNA
being acommonly used clinical indicator of metastatic
recurrence after curative hepatic resection in HCC,
wedid not fi nd any significant differencein VEGF
levels between PCNA positive and PCNA negative
groups (176.56 + 53.29 ng/L vs 165.26 + 54.29 ng/L,
P> 0.05).

Table 1 Serum VEGF levels in different HCC groups which
received curative hepatic resect ion, benign liver tumor group,
and normal control group (X £ s)

Group Case (n) VEGF concentrations (ng/L)
Normal control 12 158.46 + 41.84
Liver cirrhosis 12 90.00 = 22.42
Benign 8 156.34 + 41.34
HCC 85 164.42 + 76.072°
Small HCC 34 154.46 + 37.23
Large HCC 51 173.52 + 52.34°¢
Without thrombi 71 157.62 + 53.42
Thrombi 14 182.46 + 35.61¢
p53 negative 34 149.26 + 41.29
p53 positive 38 176.56 + 53.29¢
PCNA negative 36 165.26 + 54.29
PCNA positive 31 176.56 + 53.29f

3P<0.01, vs liver cirrhosis; PP > 0.05, vs benign; °P < 0.05, vs
small HCC; 9P < 0.05, without thrombi; P < 0.05, vs p53
negative; P > 0.05, vs PCNA negative.
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Figure 1 Serum VEGF levels in benign liver tumor and HCC (hepa
tocellular carcinoma) groups.
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Figure 2 Serum VEGF levels in HTMR and LTMR groups. HTMR:
high-tendency metastatic recur rence group; LTMR: low tendency
metastatic recurrence group.

DISCUSSION

VEGEF is produced by awide variety of tumor cells,
hel ping thegrowth and dissemination of thesolid tumor
by making it more vascular. In HCC, it actsin a
paracrine fashion and plays an essential rolein tumor
angiogenesigz>17,

The prognostic vaue of VEGF has been shownin
breast and gastric cancer based on VEGF expressionin
tumor tissue detected by immunohistochemistry, with
VEGF concentrationsbeing highin highly vascular rich
breast tumors. The VEGF positi vity in gastric cancer
correlates with vessel involvement, lymph node
metastasis aswell asliver metastasisand is associated
withan overall poor prognosis*®#1. Becauselocal tumor
invasion and metastatic spread are angiogenes is-
dependent, it ishypothesi zed that metastatic recurrence
after curative hep atic resection in HCC may be
associ ated with up-regul ation of angiogenicfactors. Our
present study showed that HTMR patients had
sgnificantly higher levelsof VEGFthanLTMR patients.
Thisindicates that VEGF is a potential biomarker of
metastatic recurrence in HCC patients after curative
hepatic resection. The sensitive elevation of VEGF
in one female patient further strengthens the
hypothesis that raised VEGF levels may predict
metadtatic recurrencein HCC. Therangeof serum VEGF
levels among healthy controlswasfrom undetectableto

481.02 ng/L. Therelevanceof normal levelsof VEGF
isnot clear at present and further studiesarerequired
toclarify it. Asabout 84.6% of Chinese HCC patients
have some degrees of cirrhosis, it would be proper to
compare VEGF levels between cirrhosis group and
HCC group, rather than normal healthy controlsand
HCC patients*®l. Compared with cirrhotic patients,
HCC patientshad significantly hig her levelsof VEGF
in their serum. It indicates that VEGF could play an
importan t role in transforming liver cirrhosisinto
HCC. Unexpectedly, themean serumlevelsof VEGF
inHCC and benign liver tumor patientswere observed
to be very clo se. This suggests that VEGF can not
be used asamarker to distinguish benign|i ver tumor
from malignant one (HCC). Themain reason for this
phenomenon may bet hat all of the benign liver
patientsin our study have noncirrhotic liver. Since
tumor thrombi is a putative indicator of early
metastatic recurrence following curative hepatic
resection and poor prognosig?+%!, we detected VEGF
levelsin HCC patients with thrombi and found that
consistent high levels of VEG F reflected a high
tendency towards metastatic recurrencein thethrombi
group. Meanwhile, we found that there was no
significant difference between small HCC group and
large HCC group regarding VEGF concentrations
althoughmean serumVEGF levelsinbigHCC patients
were higher than thosein small HCC patients. Despite
thefact that tumor sizeisacommonly used prognostic
indicator of HCC, our re sult does not sufficiently
reflect its role as an important parameter of
metastatic recurrence in HCCI?%27, Here the point to
contemplateisthat the ability of metastatic recurrence
of HCC cannot be predicted by a single parameter
alone, such aspresence of tumor thrombi, intrahepatic
dissemination or tumor size, rather all of them
combined together can giveamore preciseindication.

p53 and PCNA have been reported to beindicators
of HCC metastatic recurr ence?3, Meanwhile, p53
asoplaysanimportant roleinregulatingtheproduction
of VEGF. Wild-type p53 down-regulates whereas
mutated p53 up-regulates VEGF expression
according to some studies’*2* | In the present study,
p53 positive patientshad significantly higher levelsof
VEGEF than p53 negative counterparts. confirming
previousreportsd?®. However, thedifferencein VEGF
levels between PCNA positive and PCNA neg ative
groups was not significant. Therole of PCNA inthe
regulation of VEGF iscurrently being investigated in
our lab.

In conclusion, this study demonstrates that serum
VEGF isapotential biomarker of metastatic recurrence
in HCC patients following curative hepatic resection.
However, it can not distinguish HCC from benign liver
tumor. p53 positive patients have asignificantly higher
VEGF leve intheserumthantheir counterp arts. Further
follow-up studies are needed to delineate the ability of
VEGF in predicting metastatic recurrence after curative
hepatic resectionin HCC.
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