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FIG.5. Detection of VCAM and ICAM proteins in liver tissue by immunohistochemical staining (X400). There was no difference compared
with the control group. Positive expression of VCAM and ICAM was almost not found at liver.

of tumor cells represents one of several important prop-
erties that are necessary for the formation of metastasis
[23]. The cell invasion kit is created in an effort to accel-
erate the screening process for compounds that influ-
ence cell migration through extracellular matrices,
which is a fundamental function of cellular processes
such as angiogenesis, embryonic development, immune
response, and metastasis of cancer cells [14].

On the other hand, angiogenesis is essential for can-
cers to metastasize. We have demonstrated that PEG-
IFN-a2b inhibits the mRNA expression levels of VEGF
in mouse HCC cells. These MH134 cells have been shown
to produce endogenous VEGF [24]. IFN has been shown
to down-regulate the expressions of the major stimula-
tory molecules, such as bFGF, VEGF, interlukin-8,
MMP-2, and MMP-9, and to inhibit angiogenesis in
most malignant tumors [25]. Continuous contact with
exposure to 1000 IU/mL PEG-IFN-a2b induces strong
antitumor effects in HCC cells [ 13]. The concentrations
of PEG-IFN-a2b used in this study are almost identical
to those of another study showing the inhibitory effects
0f 1000-3000 IU/mL IFN« on the VEGF mRNA expres-
sion in the human HCC cell line [25]. Tumor stromal
cells might also provide angiogenic signaling, such as

MMPs, which interact with tumor cells to stimulate
angiogenesis [26]. In response to angiogenic signaling,
tumor cells secrete a group of pro-angiogenetic polypep-
tides, known as angiogenic factors, which trigger the for-
mation of neovasculature from the host vessels. VEGF is
one of the first isolated angiogenic peptides and the most
studied angiogenic factor so far. It has a specific mito-
genic effect on endothelial cells, and it also increases
vascular permeability and promotes extravasation of
proteins from tumor vessels, leading to the formation
of a fibrin matrix that supports the growth of endothelial
cells and allows invasion stromal cells into the develop-
ing tumor [27]. The effects of VEGF are mediated via
its receptors, VEGF-1 (Flt-1) and VEGF-2 (KDR), in en-
dothelial cells [28]. VEGF appears to play a significant
role in the early stage of hepatocarcinogenesis. Its ex-
pression increases gradually from low-grade dysplastic
nodules to high-grade dysplastic nodules to early HCC
[29]. FGF is a family of heparin-binding growth factor
that includes at least 22 structurally related members,
of which bFGF is the best known member. Tumor cell-
derived bFGF that acts as a paracrine endothelial
mitogen, and endothelial cells themselves, produce and
release bFGF, which acts in an autocrine fashion
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independently. The bFGF appears to act synergistically
with VEGF in the induction of angiogenesis [30, 31].
However, in the current study, the mRNA expression
of bFGF dose not change in several different dosages
(data not shown). In fact, there is no report demonstra-
ting that IFN inhibits bFGF expression.

The intratumor micro vessel density (MVD)in the IFN
group is lower than in the control group, possibly result-
ing from the inhibition of the VEGF expression by IFN.
The intratumor MVD is a direct reflection of tumor angio-
genesis. It can be visualized by immunohistochemical
staining with antibodies to anti-CD34 and «-smooth mus-
cle actin [32]. MVD levels have a close relationship with
intrahepatic recurrence, disease-free survival, and could
be a predictive marker for disease-free survival [33].

Cell adhesion is also an important process of metasta-
sis, and several adhesion factors, E-cadherin, vascular
cell adhesion molecule-1(VCAM), intercellular adhesion
molecule-1 (ICAM), integrin family are related with cell
adhesion. The expression level of E-cadherin invasively
correlates with HCC histologic grade and prognosis.
E-cadherin underexpression might have some contribu-
tion to the early recurrence of HCC [34]. It has been
reported that focal adhesion kinase and E-cadherin
appear to be significantly up-regulated after exposure
to retinoic acid with IFN on SCC [35]. However, it is
not shown in the primary tumor but in metastatic tumor
in this study. ICAM and VCAM are important for tumor
cells first adhesion to the endothelium as ‘soil’ factor and,
therefore, recurrence or metastasis [36]. Serum concen-
tration of intercellular adhesion molecule-1 (sICAM-1)
in patients with HCC s a marker for disease progression
and prognosis. Higher sSICAM levels are more frequently
observed in the patients with multiple lesions and intra-
hepatic metastasis, and have a poor prognosis. Detecting
sICAM-1isofimportant value in predicting tumor recur-
rence after surgery [37]. However, ICAM and VCAM are
not significantly expressed in the liver as ‘soil’ factor in
this study. Additional experiments might be required re-
garding other cell adhesion molecules, such as MMP,
Sialyl-Lewis X, and integrin.

In conclusion, IFN in itself has remarkable anti-
metastatic effects. These findings suggest a mechanism
by which IFN inhibits angiogenesis and cell invasion in
HCC.

ACKNOWLEDGMENTS

This study was partly supported by a grant of Cancer Research Pro-
ject Cooperated by TATHO Pharmaceutical Co. Ltd. and The University
of Tokushima, and by Japan Society for the Promotion of Science
(grant-in-aid for scientific research B: no. 20390359). MH134 cell lines
were provided by Cell Resource Center for Biomedical Research, Insti-
tute of Development, Aging, and Cancer, Tohoku University (Sendai,
Japan). PEG-IFN-a2b (pegylated IFN a2b) was provided by Schering-
Plough K.K. (Osaka, Japan).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

REFERENCES

Poon RT, Fan ST, Lo CM, et al. Improving survival results after
resection of hepatocellular carcinoma: A prospective study of 377
patients over 10 years. Ann Surg 2001;234:63.

Tkai I, Yamaoka Y, Yamamoto Y, et al. Surgical intervention for
patients with stage IV-A hepatocellular carcinoma without lymph
node metastasis: Proposal as a standard therapy. Ann Surg 1998;
227:433.

Yamamoto T, Nagano H, Sakon M, et al. Partial contribution of tu-
mor necrosis factor-related apoptosis-inducing ligand (TRAIL)/
TRAIL receptor pathway to antitumor effects of interferon-a/5-
fluorouracil against Hepatocellular Carcinoma. Clin Cancer Res
2004;10:7884.

Kondo M, Nagano H, Wada H, et al. Combination of IFN-« and
5-fluorouracil induces apoptosis through IFN-o/( receptor in
human hepatocellular carcinoma cells. Clin Cancer Res 2005;
11:1277.

Nakamura M, Nagano H, Sakon M, et al. Role of the Fas/FasL
pathway in combination therapy with interferon-« and fluoroura-
cil against hepatocellular carcinoma in vitro. J Hepatol 2007;46:77.
Imura S, Ikemoto T, Morine Y, et al. Effect of a new adjuvant
systemic interferon-a, 5-fluorouracil and cisplatin on advanced
hepatocellular carcinoma with macroscopic portal invasion.
Hepatogastroenterol 2008;55:615.

Lai CL, Lau JY, Wu PC, et al. Recombinant interferon-a in inop-
erable hepatocellular carcinoma: A randomized controlled trial.
Hepatology 1993;17:389.

Llovet JM, Sala M, Castells L, et al. Randomized controlled trail
of interferon treatment for advanced hepatocellular carcinoma.
Hepatology 2000;31:54.

Folkman J, Seminars in Medicine of the Beth Israel Hospital,
Boston. Clinical applications of research on angiogenesis.
N Engl J Med 1995;26:1757.

Poste G, Fidler IJ. The pathogenesis of cancer metastasis. Nature
1980;283:139.

Giannelli G, Bergamini C, Fransvea E, et al. Human Hepatocel-
lular Carcinoma (HCC) Cells Require Both 381 Integrin and
Matrix Metalloproteinases Activity for Migration and Invasion.
Lab Invest 2001;81:613.

Yamashita YI, Shimada M, Hasegawa H, et al. Electroporation-
mediated Interleuikin-12 Gene Therapy for Hepatocellular Car-
cinoma in the Mice Model. Cancer Res 2001;61:1005.

Yano H, Ogasawara S, Momosaki S, et al. Growth inhibitory
effects of pegylated IFN a2b on human liver cancer cells in vitro
and in vivo. Liver int 2006;26:964.

Albini A, Iwamoto Y, Kleinman HK, et al. A rapid in vitro assay
for quantitating the invasive potential of tumor cells. Cancer Res
1987;47:3239.

Ikawa K, Terashima Y, Sasaki K, et al. Genetic detection of liver
micrometastases that are undetectable histologically. J Surg
Res 2002;106:124.

Weidner N, Semple JP, Welch WR, et al. Tumor angiogenesis
and metastasis correlation in invasive breast carcinoma.
N Engl J Med 1991;324:1.

Lépez S, Prats N, Marco AJ. Expression of E-selectin, P-selectin,
and intercellular adhesion molecule-1 during experimental murine
listeriosis. Am J Pathol 1999;155:1391.

Paget S. The distribution of secondary growths in cancer of the
breast. Lancet 1889;1:571.

de Lujan Alvarez M, Cerliani JP, Monti J, et al. The in vivo
apoptotic effect of interferon a-2b on rat preneoplastic liver
involves Bax protein. Hepatology 2002;35:824.

Merle P, Barraud L, Lefrangois L, et al. Long-term high-dose in-
terferon-a therapy delays hepadnavirus-related hepatocarcino-
genesis in X/myc transgenic mice. Oncogene 2003;22:2762.
Matsumoto K, Okano J, Murawaki Y. Differential effects of in-
terferon a-28 and B on the signaling pathways in human liver
cancer cells. J Gastroenterol 2005;40:722.



22.

23.

24,

25.

26.

27.

28.

29.

ARAKAWA ET AL.: INTERFERON ON METASTASIS OF HCC 7

Kim JS, Yu KN, Noh MS, et al. Serum immunoglobulin fused in-
terferon-« inhibited tumor growth in athymic mice bearing colon
26 adenocarcinoma cells. J Vet Sci 2008;9:45.

Liotta LA. Tumor invasion and metastases: Role of the basement
membrane. Warner-Lambert Parke-Davis Award lecture. Am
J Pathol 1984;117:339.

Yoshiji H, Kuriyama S, Hicklin DJ, et al. The vascular endothe-
lial growth factor receptor KDR/F1k-1 is a major regulator of ma-
lignant ascites formation in the mouse hepatocellular carcinoma
model. Hepatology 2001;33:841.

Wang L, Wu WZ, Sun HC, et al. Mechanism of interferon a on
inhibition of metastasis and angiogenesis of hepatocellular carci-
noma after curative resection in nude mice. J Gastrointest Surg
2003;7:5817.

TangY, Nakada MT, Kesavan P, et al. Extracellular matrix metal-
loproteinase inducer stimulates tumor angiogenesis by elevating
vascular endothelial cell growth factor and matrix-metalloprotei-
nases. Cancer Res 2005;65:3193.

Dvorak HF, Nagy JA, Berse B, et al. Vascular permeability factor,
fibrin, and the pathogenesis of the tumor stroma formation. Ann
NY Acad Sci 1992;667:101.

Veikkola T, Karkkainen M, Claesson-Welsh L, et al. Regulation
of angiogenesis via vascular endothelial growth factor receptors.
Cancer Res 2000;60:203.

Park YN, Kim YB, Yang KM, et al. Increased expression of vas-
cular endothelial growth factor and angiogenesis in the early
stage of multistep hepatocarcinogenesis. Arch Pathol Lab Med
2000;124:1061.

30.

31.

32.

33.

34.

35.

36.

37.

Schweigerer L, Neufeld G, Friedman J, et al. Capillary endothe-
lial cells express basic fibroblast growth factor, a mitogen that
promotes their own growth. Nature 1987;325:257.

Bauters C, Asahara T, Zheng LP, et al. Recovery of disturbed
endothelium-dependent flow in the collateral-perfused rabbit is-
chemic hindlimb after administration of vascular endothelial
growth factor. Circulation 1995;91:2802.

Morinaga S, Imada T, Shimizu A, et al. Angiogenesis in hepato-
cellular carcinoma as evaluated by a smooth muscle actin immu-
nohistochemistry. Hepatogastroenterol 2001;48:224.

El-Assal ON, Yamanoi A, Soda Y, et al. Clinical significance of
microvessel density and vascular endothelial growth factor
expression in hepatocellular carcinoma and surrounding liver:
Possible involvement of vascular endothelial growth factor in
the angiogenesis of cirrhotic liver. Hepatology 1998;27:1554.
Endo K, Ueda T, Ueyama J, et al. Immunoreactive E-cadherin,
a-catenin, B-catenin, and y-catenin proteins in hepatocellular
carcinoma: Relationships with tumor grade, clinicopathologic
parameters, and patients’ survival. Hum Pathol 2000;31:558.
Raskopf E, Gerceker S, Vogt A. Plasminogen fragment K1-3 in-
hibits expression of adhesion molecules and experimental HCC
recurrence in the liver. Int J Colorectal Dis 2009;24:837.
Matarrese P, Giandomenico V, Fiorucci G, et al. Antiprolifera-
tive activity of interferon « and retinoic acid in SiHa carcinoma
cells: The role of cell adhesion. Int J Cancer 1998;76:531.

Sun JJ, Zhou XD, Liu YK. Invasion and metastasis of liver can-
cer: Expression of intercellular adhesion molecule-1. J Cancer
Res Clin Oncol 1999;125:28.




Int J Clin Oncol (2010) 15:59-64
DOI 10.1007/s10147-009-0011-7

ORIGINAL ARTICLE

Expression of hypoxia-inducible factor-1 alpha (HIF-1«)
in patients with the gallbladder carcinoma

Erdenebulgan Batmunkh - Mitsuo Shimada - Yuji Morine * Satoru Imura -
Hirofumi Kanemura * Yusuke Arakawa - Jun Hanaoka - Mami Kanamoto *

Koji Sugimoto - Masaaki Nishi

Received: 31 May 2009/ Accepted: 19 August 2009/Published online: 16 January 2010

© Japan Society of Clinical Oncology 2010

Abstract

Background Hypoxia-inducible factor-1 (HIF-1) is a
transcription factor that plays a central role in biologic
processes under hypoxic conditions, especially concerning
tumor angiogenesis. Vascular endothelial growth factor
(VEGF) is a potent proangiogenic agent and a multifunc-
tional angiogenic cytokine in many malignant tumors.
Methods This study was conducted to clarify the role of
HIF-1 expression in gallbladder carcinoma. Thirty-one
patients with gallbladder carcinoma underwent surgical
treatment between 1994 and 2003 at the Department of
Surgery, University of Tokushima, Japan. Both HIF-1a and
VEGF were evaluated by immunohistochemistry, and
correlations between the expression of these factors and
clinicopathological features including prognosis were
analyzed.

Results Among 31 specimens from patients with gall-
bladder carcinoma, 22 (70%) and 9 (30%) were positive for
HIF-1a and VEGF expression, respectively. Expression of
HIF-1a was significantly correlated with stage, tumor
curability, lymph node metastasis, venous invasion, hepatic
infiltration, and lymphatic invasion (P < 0.05). The sur-
vival rate for patients with HIF-1la positive staining was
significantly lower than that for patients with HIF-lo
negative staining. However, VEGF overexpression did not
correlate with clinical outcomes. We demonstrated that
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HIF-1a expression was associated with a malignant
behavior risk category in gallbladder cancer.

Conclusion Expression of HIF-1a was correlated with the
poor prognostic indicators, such as lymph node metastasis
and venous invasion. Therefore, HIF-1a could serve as an
auxiliary parameter for predicting malignant behavior for
gallbladder carcinomas.

Keywords Hypoxia-inducible factor-1 alpha -
Vascular endothelial growth factor -
Gallbladder carcinoma - Immunohistochemistry

Abbreviations

HIF-1  Hypoxia-inducible factor-1

VEGF  Vascular endothelial growth factor
GBC Gallbladder carcinoma

Introduction

Gallbladder carcinoma (GBC) is the fifth most common
malignancy of the digestive tract in Japan. This carcinoma
is an aggressive tumor with a poor prognosis because of its
inherent biology and often advanced stage at diagnosis
[1, 2], despite the recent advances in diagnostic modalities
[3, 4]. Curative surgical approaches remain the principal
treatment associated with improvement in 5-year survival
rates, but prognosis is closely correlated with the extent of
tumor invasion and lymph node metastasis, suggesting
survival is stage dependent (if carcinoma remains within
the muscle layer and with no lymph node metastasis, the
overall 5-year survival rate is about 90%) [5, 6]. Hypoxia-
inducible factor-1 (HIF-1)—which consists of alpha (a)
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and beta (f) subunit, both members of the helix-loop-
helix family of transcription factors [7, 8]—is a master
transcriptional regulator of multiple gene expression in
critical pathways involved in angiogenesis, tumor growth,
and metastasis. In particular, the alpha subunit of HIF-1 is
predominantly induced by hypoxic conditions and medi-
ates a series of transcriptional responses. HIF-1a is both
strongly induced and stabilized under hypoxic conditions,
which can be translocated from the cytoplasm into the
nucleus where its target genes promote cell proliferation,
viability, angiogenesis, and metabolic adaptation to
hypoxia. Induction of HIF-1a expression appears to be a
critical step in the hypoxic response. It occurs via
increased messenger ribonucleic acid (mRNA) expression,
nuclear localization, and augmented activity of transcrip-
tional activation domains. Nuclear accumulation of this
protein can be detected immunohistochemically [9-11].
Vascular endothelial growth factor (VEGF) is known to be
a potent angiogenic mitogen that plays an important role
in tumor angiogenesis [12] and a multifunctional cytokine
that stimulates angiogenesis and increases microvascular
permeability through binding to specific receptors
expressed on vascular endothelial cells. Although VEGF is
produced by several tumors and hypoxic tissue, its
receptors are expressed primarily through endothelial cells
[13, 14]. The aim of this study was to investigate the
clinicopathological role, including prognosis, of HIF-la
expression and its correlation with VEGF expression in

GBC.

Materials and methods

Patients

This study included 31 patients with GBC who underwent
surgical treatment between 1994 and 2003 at the Depart-
ment of Surgery, Institute of Health Biosciences, Univer-
sity of Tokushima Graduate School, Japan. The
pathological examination of surgical specimens was
undertaken using hematoxylin- and eosin-stained tissue
preparations. This study was authorized in advanced by the
Institutional Review Board of the University of Tokushima
Graduate School of Medicine, and all patients provided
written informed consent.

Immunohistochemical staining

Four micrometer thick sections were cut from archival
formalin-fixed paraffin-embedded tissue blocks. The sam-
ples were deparaffinized and dehydrated using a graded
series of ethanol solutions. Endogenous peroxidase activity
was halted through the administration of 0.3% hydrogen

@_ Springer

peroxidase and methanol for 20 min. After having been
rinsed in phosphate-buffered saline (PBS), the tissue sec-
tions were processed in a 0.01 M citrate buffer (pH 6.0)
inside a heat-resistant plastic container. Sections were then
irradiated in a domestic microwave oven for 20 min. After
microwave irradiation, the slides were allowed to cool at
room temperature. The sections required a primary mouse
monoclonal antibody against HIF-1oa (H1lalpha67) NB100-
105 (Novus Biological) and a rabbit polyclonal antibody
against VEGF (A-20): sc-152 overnight at 4°C. Both the
mouse monoclonal antibody HIF-1a diluted at 1:500 and
the rabbit polyclonal antibody VEGF diluted at 1:100 were
used. After overnight rinsing, the sections were incubated
using Daco REAL™ Envision™/HRP, Rabbit/Mouse
(ENV) for 45 min followed by three washes in PBS. After
washing in PBS, peroxidase labeling was developed by
incubating the section in 3.3’-diaminobenzidine tetrahy-
drochloride (DAB) for 5 min. Finally, nuclear counter-
staining was done using Mayer’s hematoxylin solution. All
cell counts were performed using a Nikon digital camera
DXMI1200F photomicroscope at a magnification of x200
(x20 objectives and x 10 eyepiece). The area counted in
each section was randomly selected from representative
tumor field. For each section, 8 areas were assessed; the
counts were expressed as the mean percentage of positive
tumor cells out of the total number of cells and high power
fields.

Assessment of HIF-1« and VEGF

A positive value was recorded if there was nuclear staining
in >10% of the tumor cells; concomitant cytoplasm stain-
ing was not counted because HIF-1a protein in the nucleus
determined the functional activity of the HIF-1o complex
[15, 16]. Clinicopathological variables including postop-
erative survival rates were compared between the positive
and negative expression groups. The average was used to
define two groups of low-stain and high-stain VEGF
reactivity. VEGF high expression was determined by
counting the number of tumor cells with nuclei staining. If
25% or more of the cells were positive, it was regarded as
VEGF high expression [17, 18].

Statistics

All statistical analysis was calculated through Stat View
statistical software. (Stat View 5.0, SAS Institute, Cary,
NC, USA). The contingency table-raw data was used to
analyze correlations between the HIF-1«, VEGF, and rel-
evant clinicopathological features. Survival curves were
plotted using the Kaplan-Meier method and were com-
pared using the log-rank test. Statistical significance was
defined as P < 0.05.
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Fig. 1 Photomicrograph (x200) showing hypoxia-inducible factor-1
alpha (HIF-lo) immunohistochemical staining in gallbladder carci-
noma specimen. HIF-1a-positive staining

Results
HIF-1o and VEGF expression

The expression patterns of HIF-1a in the tumor cells were
mixed nuclear/cytoplasm staining. This was not seen in
normal gallbladder cells, but expression of HIF-1a in GBC
tissue was significantly higher than that in the normal
gallbladder tissue. HIF-la expression through nuclear
staining of positive cells was predominant at the invading
tumor margin and at the periphery of necrotic region within
tumors (Fig 1). The positive HIF-1a expression in cancer
cells was present in 22 (70%) of 31 cases. Nine of 31 (30%)
cases were then classified as negative staining for HIF-1a
expression. .

The high staining of VEGF was located in the cytoplasm
of GBC cells (Fig 2). The high staining for VEGF was seen
in 9 (29%) of the 31 cases. Twenty-two (71%) of the 31
cases were then classified as low staining for VEGF.

Correlations with clinicopathological characteristics

This study included 14 men and 17 women ranging from
45 to 85 years with a mean age of 65 years (Table 1).
Expression of HIF-lo was significantly correlated with
stage, curability, lymph node metastasis, venous invasion,
and hepatic infiltration (P < 0.05). However, other clini-
copathological parameters were not associated with HIF-1a
expression (Table 2).

Relationship between VEGF expression and clinico-
pathological features is summarized in Table 3. VEGF
expression was significantly correlated with lymph node
metastasis, lymphatic invasion, serosal invasion and bile

Fig. 2 Photomicrograph (x200) showing hypoxia-inducible factor-1
alpha (HIF-lo) immunohistochemical staining in gallbladder carci-
noma specimen. High vascular endothelial growth factor (VEGF)
staining

Table 1 Background of patients with gallbladder carcinoma

Variables Data
No. of patients 31
Age (years)
Median 70
Range 45-85
Gender
Male/female 13/18
Tumor size (cm) 1.2-6.5
Surgical stage
1,2 13 (42%)
3,4 18 (58%)
Curability
RO, 1 18 (58%)
R2 13 (42%)
N-stage (n)
Negative 11 (36%)
Positive 20 (64%)
Lymph node metastasis (1) 20 (64%)
Hepatic infiltration (n) 15 (48%)
Lymphatic invasion (n) 19 (62%)
Venous invasion (7n) 11 (35%)

duct infiltration (P < 0.05). However, there was no rela-
tionship between VEGF expression and the other parame-
ters, including age, gender, stage, differentiation,
curability, venous invasion, hepatic infiltration, and bile
duct infiltration. This study involved an investigation of the
correlation between HIF-la and VEGF protein. Against
our expectations, there was no correlation between HIF-1«
and VEGF expression.

;@_ Springer
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Survival analysis

We examined the postoperative survival of the 31 patients
who underwent curative surgery according to HIF-1a and
VEGF expression. Survival curves according to positive or
negative HIF-1« staining are shown in Fig 3. Respectively,
survival rates for patients with HIF-lo-positive staining
were significantly lower than for patients with HIF-lo-
negative staining (overall survival P = 0.02) [95% confi-
dence interval (CI) 1.125-6.885]. The S5-year overall
survival rate was 23.8% in the HIF-1a-positive group. The
cumulative overall survival rates between high and low

Table 2 Relationship between expressions of hypoxia-inducible
factor-1 alpha (HIF-1a) with clinicopathological data in gallbladder
carcinoma

Clinicopathological HIF-1 (neg) HIF-1 (pos) P

features n=9 n=22 value
Age 69+ 9 66 + 11 NS
Gender male/female 5/4 13/9 NS
Stage 1, 2/3, 4 72 6/16 0.009
Curability RO, 1/R2 8/1 10/12 0.01
Differentiation pap & well/other 8/1 1577 NS
Venus invasion (—)/(+) 9/0 11/11 0.008
Hepatic infiltration (—=)/(+) 72 9/13 0.049
Lymph node metastasis (—)/(+) 6/3 5/17 0.02
Lymphatic invasion (—=)/(+) 6/3 6/16 0.04
Serosal invasion (—)/(+) 72 10/12 NS
Bile duct infiltration (=)/(+) 8/1 13/9 NS
VEGEF low/high 5/4 17/5 NS

VEGF vascular endothelial growth factor, NS not significant

Table 3 Relationship between expressions of vascular endothelial
growth factor (VEGF) with clinicopathological data in gallbladder
carcinoma

Clinicopathological VEGF (low) VEGF (high) P

features n =22 n=9 value
Age 70+ 6 65+9 NS
Gender male/female 13/9 5/4 NS
Stage 1, 2/3, 4 8/14 5/4 NS
Curability RO, 1/R2 11/11 12 NS
Differentiation pap & well/other 17/5 6/3 NS
Venus invasion (—)/(+) 13/9 72 NS
Hepatic infiltration (—)/(+) 10/12 6/3 NS
Lymph node metastasis (—)/(+) 5/17 6/3 0.02
Lymphatic invasion (—)/(+) 6/16 6/3 0.04
Serosal invasion (—)/(+) 9/13 8/1 0.01
Bile duct infiltration (—)/(+) 13/9 1/8 0.01
HIF-1 neg/pos 5/17 4/5 NS

HIF-1 hypoxia-inducible factor-1, NS not significant

_@ Springer

VEGEF expression groups were determined (Fig 4), and the
prognosis for VEGF overexpression was not significantly
lower (overall survival P = 0.6) (95% CI 0.4815-3.304).
In order to search for independent prognostic factors, we
carried out univariate and multivariate Cox regression
analysis. In univariate analysis, the expression of stage,
curability, lymph node metastasis, differentiation, lym-
phatic invasion, venous invasion, and HIF-1« all had sig-
nificant effects. Variables that appeared significant in the
univariate analysis were entered into the multivariate
analysis. Curability, lymph node metastasis, and venous
invasion, such as HIF-1a-related factor, were found to be
prognostic factors, though HIF-1a was not an independent
prognostic factor. (Table 4).

Discussion

In this study, significant correlation was found between
HIF-1a expression and associated clinicopathological
characteristics and prognosis. Hypoxic conditions in rap-
idly growing tumors allow malignant cells to become
hypoxic vascular solid tumors, which are aggressive and
metastatic [16, 18]. The presence of HIF-1 controls the
expression of gene products that stimulate angiogenesis,
such as VEGF, and promote adaptation to hypoxia, such as
glycolytic enzymes, thus providing a molecular basis for
involvement of HIF-1 in tumor growth and angiogenesis
[19, 20]. Immunohistochemical analysis of human tumor
biopsies indicate that HIF-1a is overexpressed in common
cancers and that the level of expression is correlated with
tumor grade and angiogenesis. In addition to intramural
hypoxia, genetic alterations in tumor suppressor genes and
oncogenesis induce HIF-1 activity [21-23]. On the other
hand, most solid tumors developed regions of low oxygen
tension because of an imbalance in oxygen supply and
consumption. Hypoxia in the tumor microenvironment is

150

— pos HIF-1 (n=22)
-=- neg HIF-1 (n=9)

Percent survival

o

Year

Fig. 3 Cumulative overall survival rates of two populations, with
and without hypoxia-inducible factor-1 alpha (HIF-1a) overexpres-
sion, was determined using the Kaplan—-Meier method. Differences in
survival rates were statistically significant (P = 0.02)
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Fig. 4 Overall survival curve of patients with different expressions
of vascular endothelial growth factor (VEGF)

Table 4 Univariate and multivariate analyses of prognostic factors
in gallbladder carcinoma

Independent factors Univariate Hazard Multivariate

analysis  ratio  analysis
P value (HR) P value
Stage 1,2/3,4 <0.05 8.09 0.110
Curability RO, 1/R2 <0.05 29.41 0.001
Lymph node  (=)/(+) <0.05 33.33  0.008
metastasis
Differentiation Pap & well/other <0.05 2,13 0.179
Lymphatic =)+) <0.05 1.86 0.464
invasion
Venus invasion (—)/(+) <0.05 4.38 0.008
HIF-1 (=)(+) <0.05 1.14  0.878

HIF-1 hypoxia-inducible factor-1, VEGF vascular endothelial growth
factor

sufficient to activate hypoxia-inducible-factor-dependent
gene expression [24, 25]. The transcriptional factor HIF-1a
plays an important role in angiogenesis by up-regulating
hypoxia-induced genes, including VEGF [26, 27]. Over-
expression of HIF-1a is associated with poor prognosis in
patients with bladder, cervical, gastrointestinal stromal
tumor, brain, and breast cancer. HIF-1a expression was
associated with deeper invasion and poorer prognosis. In
other malignant tumors, Mizokami et al. [25] reported that
HIF-1o expression was related to angiogenesis in carci-
nomas of the gastric intestinal tract. In human gastric
cancer models, inhibition of HIF-1« function is associated
with inhibition of gastric tumor growth and angiogenesis
[25, 28]. However, tumor growth rate may not always be
associated with hypoxic conditions, and HIF-1o expression
may be influenced by factors other than hypoxia. A major
role for HIF-1o in determining gene expression, tumor
angiogenesis, and tumor growth has been demonstrated in
these studies [15, 23].

Angiogenesis is essential for growth, invasion, and
metastasis of a tumor. The mechanism of angiogenesis has
been shown to involve the release of substances from
growing tumors that stimulate outgrowth of blood vessels
from the host vasculature [22, 29]. Recently, studies have
focused on the main outcome of angiogenesis, tumor vas-
cularity. Tumor vascularity can be assessed by staining the
blood vessel endothelia in the tissue and expressed through
microvessel density.

VEGF has a strong selective mitogenetic effect on
endothelial cells. It is also known as the vascular perme-
ability factor due to its enhancement of vascular perme-
ability. In regular cases, VEGF expression can be seen in
ischemic hypoxic conditions. VEGF in malignant tumors
shows remarkable overexpression during angiogenesis in
tumor progressions. On the other hand, VEGF is also a
major positive angiogenic factor and was seen to overex-
press in various malignant tumors [17, 30]. We observed
the clinicopathological role of VEGF expression and the
correlation between overall survival rates related to VEGF
expressions on GBCs. However, VEGF expression is sig-
nificantly associated with lymph node metastasis, lym-
phatic invasion, and serosal invasion in GBC. VEGF can
simulate the lymphatic endothelial cell as it does the vas-
cular endothelial cell, which implicates VEGF in patho-
genesis of GBC lymphatic metastasis.

In this study, HIF-1e expression was found to be asso-
ciated with a malignant behavior category, including
postoperative prognosis. Furthermore, HIF-1a expression
was correlated with venous invasion, hepatic infiltration,
and lymph node metastasis. In multivariate analysis, HIF-
la was not an independent prognostic factor; however,
HIF-1o0 was correlated with some independent prognostic
factors, which were curability, lymph node metastasis, and
venous invasion. These findings suggest that HIF-1o. may
play an important role in tumor growth and progression of
GBC. Regarding VEGF, we could not demonstrate the
correlation between HIF-1a and VEGF expression in GBC.
In addition, contrary to previous reports, high VEGF
expression was negatively correlated with lymph node
metastasis and serosal invasion. This may be due to small
sample size in our study. In addition, this result may
explain that there was no correlation between VEGF and
HIF-1a expression.

In conclusion, this study was a comprehensive analysis
of HIF-1a expression in GBC, and the results suggest that
HIF-1a may have an important role in predicting prognosis
for patients with GBC and indicate that identification of
high-risk patients based on HIF-1a expression will improve
treatment strategies and help improve patient outcomes for
this lethal disease. HIF-1a expression was correlated with
poor prognostic indicators, such as lymph node metastasis
and venous invasion. Therefore, HIF-1a could serve as an
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auxiliary parameter for predicting malignant behavior, and
it is an independent prognostic factor for GBC. For a future
perspective, biological agents targeting HIF-1a might be
more effective at treating the earlier stages of GBC.
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Serum soluble interferon-a/p receptor (SIFN-ot/BR) and high-sensitivity C-reactive protein (hs-CRP) levels
were evaluated in the patients with gastrointestinal and hepatobiliary-pancreatic cancer. We compared
the sensitivity and specificity of serum sIFN-a/BR with that of serum hs-CRP and evaluated the two diag-
nostic parameters in combination. Serum sIFN-o/BR levels were measured in 92 patients and 25 healthy
individuals by enzyme-linked immunosorbent assay. The diagnoses were 37 cases of hepatocellular car-
cinoma, 17 cases of pancreatic cancer, 15 cases of colon cancer, 13 cases of biliary tract cancer, and 10
cases of gastric cancer. Serum levels of sIFN-o/pR and hs-CRP were significantly higher in the patients
than in healthy individuals (p <0.05). The optimal cut-off values of sIFN-a/BR and hs-CRP were
3600 pg/ml and 0.5 pg/ml, respectively. The sensitivity and specificity for these thresholds were 94.6%
and 88.0%, whereas positive predictive and negative predictive values were 96.7% and 81.5%. These
results suggest that a combination of serum sIFN-at/BR and hs-CRP thresholds may be more reliable diag-
nostic parameter for gastrointestinal and hepatobiliary-pancreatic cancer.
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1. Introduction

Tumor markers are useful tests in the management and follow-
up of patients with cancer [1-3], while tumor markers are gener-
ally not useful for diagnosis because of their low sensitivity and
specificity. Numerous serum markers have been investigated in
different tumors [4,5], however, the screening and diagnosis for
patients with various malignant disorders has remained unsatis-
factory. Reliable markers to identify patients with various malig-
nant disorders at early stage would be beneficial.

Inflammation may play an important role in various neoplasms
formation [6]. In fact, various kinds of inflammatory cells, cyto-
kines, and chemokines are involved in carcinogenesis. These
inflammatory constituents may result in the initiation or promo-
tion of neoplasm. Several studies suggest that inflammatory cyto-
kines play a key role in the development of various malignant
solid tumors [7-10]. Cytokines are a large family of low molecular
weight proteins [7,11]. They act in a complex network and stimu-
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late the mitotic division, migration, growth, differentiation or
apoptosis of various cancer cells. Additionally, different studies dis-
cuss the role of prognostic cytokine markers such as IL-6, IL-8, IL-
10, IL-12, IL-15, IFN-y, TNF-ot, TGF-B and GM-CSF [12-16].

Similarly, soluble interferon-o/B receptor (sIFN-ot/BR) and high-
sensitivity C-reactive protein (hs-CRP) known to be inflammatory
cytokine have produced interesting results for various neoplasms.
A few studies of these serum cytokine for various malignant disor-
ders have shown higher serum levels in patients than in healthy
individuals, however, those diagnostic relevance have not been
adequately investigated.

In the present study, we investigated whether serum levels of
sIFN-ot/BR and hs-CRP in patients with gastrointestinal and hepa-
tobiliary-pancreatic cancer are useful as a diagnostic parameter
of these malignant disorders. The diagnostic value, sensitivity,
specificity, predictive values and efficiency values were calculated
for each parameter and their combination.

2. Materials and methods
2.1. Patients

Twenty-five normal individuals of both genders who were ages
20-69 years were included. Ninety-two cancer patients of both
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genders who were ages 19-87 years were asked to donate a blood
sample for the current study. The distribution of diseases was as
follows: 37 cases of hepatocellular carcinoma, 17 cases of pancre-
atic cancer, 15 cases of colon cancer, 13 cases of biliary tract cancer,
10 cases of gastric cancer (Table 1).

Blood samples were collected in citrate buffer containing Vacu-
tainer™ tubes (Becton Dickinson, San Jose, CA) or in a Vacutainer
tube without any anticoagulant, kept at room temperature for 2-
4 h, and centrifuged at 1500g for 20 min. Serum fractions separated
from the blood were stored frozen at —80 °C until analyzed. The
current study was approved by the Ethics Committee of Tokushima
University and informed consent was obtained from the patients
before the blood samples were obtained.

2.2. Assessment of serum sIFN-o/pR and hs-CRP

Serum fractions separated from the blood samples were stored
at —20 °C until use. Concentrations of sIFN-a/BR in serum samples
were measured with sIFN-o/BR ELISA kit (Otsuka Pharmaceutical
Ltd., Tokyo, Japan) as described previously [17].

Concentrations of hs-CRP in serum samples were measured
with ELISA kit (Otsuka Pharmaceutical Ltd., Tokyo, Japan). Briefly,
A 96-well ELISA plate was coated with goat polyclonal anti-human
CRP antibody (0805-5; NIPPON BIOTEST LABO., Tokyo, Japan). Seri-
ally 3-fold diluted recombinant human CRP (0.14-100 ng/ml) and
samples were incubated at room temperature for 2 h in each well.
Rabbit anti-recombinant human CRP antiserum diluted 50,000
times was applied to the plate. Horseradish peroxidase-labeled
polyclonal goat anti-rabbit antibody and substrate system were
used to develop the reaction. Absorbance at 492 nm was measured
with a 96-well plate reader (Multiskan ]X; Labsystems, Vienna, VA)
and a standard curve was made. The CRP concentration of the sam-
ples was calculated from the standard curve. The detection limit of
this ELISA was 0.07 pg/ml and there was no cross-reaction with
other cytokines. Experiments were carried out in triplicate in
duplicate plates.

2.3. Statistical analysis
Data are expressed as the mean + SD. Analysis of variance (AN-

OVA) was carried out to determine sIFN-oa/BR and hs-CRP levels of
significance with p < 0.05 considered statistically significant. Linear

Table 1
Characteristics of subjects.
Healthy individuals Patients
Number of subjects 25 92
(Gastric cancer) (10)
(Colon cancer) (15)
(Hepatocellular carcinoma) (37)
(Pancreatic cancer) (17)
(Biliary tract cancer) (13)
Sex (M/F) 14/11 62/30
Age (years old)
Median 34 64
Range 20-69 19-87
Virus
No virus 25 60
HBV 0 9
HCV 0 23
sIFN-ot/BR (pg/ml)
<3600 23 18
>>3600 2 74
hs-CRP (pg/ml)
<0.5 22 21
>>0.5 3 71

regression lines for the relationship between were calculated using
Spearman'’s correlation coefficient. Receiver operator characteristic
(ROC) curve analysis was used to calculate the area under the curve
(AUC) as a factor of discrimination between the different pair-wise
comparisons and to determine cut-off values of sIFN-a/BR and hs-
CRP levels for evaluation of the diagnostic specificity and sensitiv-
ity and positive and negative predictive values (PPV and NPV) [18].
Calculations were made with the commercially available software
JMP version 6.0 (SAS Institute, Cary, NC, USA). A p value less than
0.05 was considered statistically significant.

3. Results
3.1. Serum levels of sIFN-o/BR and hs-CRP

Serum levels of sIFN-ot/BR and hs-CRP in 92 patients with vari-
ous malignant disorders and 25 healthy control subjects were as-
sessed. As shown in Fig. 1, sIFN-o/BR and hs-CRP levels of serum
samples widely varied from 1401 to 12602 pg/ml and 0.09 to
10.0 pg/ml. The median values of serum sIFN-o/BR were 2992 pg/
ml (range 1401-4800) in healthy individuals, 3345 pg/ml (range
2328-5552) in gastric cancer, 4658 pg/ml (range 2933-12602) in
colon cancer, 5754 pg/ml (range 2674-9216) in hepatocellular car-
cinoma, 4258 pg/ml (range 2805-7317) in pancreatic cancer, and
4420 pg/ml (range 2674-7926) in biliary tract cancer. The median
values of serum hs-CRP were 0.25 pg/ml (range 0.09-3.97) in
healthy individuals, 1.59 pg/ml (range 0.12-2.83) in gastric cancer,
1.91 pg/ml (range 0.21-9.61) in colon cancer, 2.85 pg/ml (range
0.11-10.0) in hepatocellular carcinoma, 2.53 pg/ml (range 0.11-
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Fig. 1. Serum sIFN-a//BR and hs-CRP levels in healthy individuals and patients with
various malignant disorders. Data are plotted as “box plots,” in which the horizontal
line represents the median value, upper and lower limits of the box correspond to
75 and 25 percentiles, respectively, and error bars indicate 10 and 90 percentiles.
p<0.05, p<0001 in comparison with healthy individuals. The straight line
parallel to the x-axis represents the chosen cut-off point of (a) 3600 pg/ml in serum
sIFN-a/BR and (b) 0.5 pg/ml in serum hs-CRP.
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8.57) in pancreatic cancer, and 2.85 pg/ml (range 0.41-10.0) in bil-
iary tract cancer. Serum levels of sSIFN-o/BR and hs-CRP in patients
were significantly higher than those in healthy individuals with re-
spect to various type of malignant disorders (p < 0.05).

To evaluate the possible correlation between the serum sIFN-o/
BR or hs-CRP level and age, Spearman correlation rank coefficients
(two-tailed) were used. As shown in Fig. 2, age was correlated with
the sIFN-a/BR level (r=0.386, p<0.001) and hs-CRP level

(r=0.369, p <0.001). There was no significant difference between .

the female and male group.

3.2. Diagnostic validity of serum sIFN-o/pR and hs-CRP

ROC curve analysis was carried out to determine the diagnostic
sensitivity and specificity of serum sIFN-o/BR and hs-CRP. As
shown in Fig. 3, the AUC were 0.929 for serum sIFN-o/pR and
0.871 for serum hs-CRP. Optimal cut-off values, 3600 pg/ml for
sIFN-ot/BR and 0.5 pg/ml for hs-CRP were obtained from the ROC
curve analysis.

There are two patients with low serum sIFN-o/BR (less than
3600 pg/ml). Sensitivity, specificity, positive predictive value, neg-
ative predictive value and efficiency for sIFN-a/BR were 80.4%,
92.0%, 97.4%, 56.1% and 82.9%, respectively. There are three pa-
tients with low serum hs-CRP (less than 0.5 pg/ml). Sensitivity,
specificity, positive predictive value, negative predictive value
and efficiency for hs-CRP were 77.2%, 88.0%, 95.9%, 51.2% and
79.5%, respectively.

Threshold values of 3600 pg/ml for sIFN-a/BR and 0.5 pg/ml for
hs-CRP were combined to discriminate between healthy individu-
als and patients with gastrointestinal and hepatobiliary-pancreatic
cancer. As shown in Fig. 4, 21 of 25 health individuals had both low
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Fig. 2. Age-dependent profiles of serum sIFN-a/BR and hs-CRP levels. (a) Serum
sIFN-o¢/BR and (b) serum hs-CRP levels of 25 healthy individuals and 97 patients
with various malignant disorders. Spearman’s correlation test was applied to
evaluate the possible correlation between the serum sIFN-a/BR or the hs-CRP levels
and age.
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Fig. 3. Receiver operating characteristic (ROC) curves for serum soluble interferon-
a/p receptor (AUC = 0.929) and hs-CRP (AUC = 0.871) in the patients with gastro-
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Fig. 4. Discriminatory capacity of serum levels of sIFN-o/BR or the hs-CRP with
respect to diagnostic parameter of gastrointestinal and hepatobiliary-pancreatic
cancer. Hepatocellular carcinoma: 37 cases, pancreatic cancer; 17 cases, colon
cancer; 15 cases, biliary tract cancer; 13 cases, gastric cancer; 10 cases and healthy
individuals: 25 cases. The straight line parallel to the x-axis represents the chosen
cut-off point of 0.5 pg/ml in serum hs-CRP, parallel to the y-axis represents the
chosen cut-off point of 3600 pg/ml in serum sIFN-a/pR.

sIFN-ot/BR and low hs-CRP. Sensitivity, specificity, positive predic-
tive value, negative predictive value and efficiency of combined
sIFN-ot/BR and hs-CRP thresholds were 94.6%, 88.0%, 96.7%, 81.5%
and 93.2%, respectively (Table 2).

4. Discussion

Primary aim of the present study was to evaluate the serum
sIFN-ot/BR and hs-CRP levels and their diagnostic value in patients
with gastrointestinal and hepatobiliary-pancreatic cancer. Many
reports regarding the clinical significance of serum sIFN-o/BR or
hs-CRP in disease states have been published. Elevated levels of
serum sIFN-o/BR and hs-CRP predicts the presence of extensive
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Table 2
Diagnostic relevance of serum sIFN-a/BR and hs-CRP for gastrointestinal and hepatobiliary-pancreatic cancer.

Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Efficiency (%) Cut-off point
sIFN-a/BR 80.4 (74/92) 92.0 (23/25)  97.4 (74]76) 56.1 (23/41) 829 (96/117)  >>3600 (pg/ml)
hs-CRP 77.2 (71/93) 88.0 (22/25)  95.9(71]74) 51.2 (22/43) 79.5(93/117)  >>0.5 (pg/ml)
Combined sIFN-a/BR and hs-CRP  94.6 (87/92) 88.0(22/25)  96.7 (87/90) 81.5(22/27) 93.2 (109/117)

disease in acquired immunodeficiency syndrome (AIDS), chronic
hepatitis C, cardiovascular diseases or various neoplasm [17,19-
21]. However, as far as we know, there is no study which was con-
ducted using these two inflammatory cytokine, sIFN-a/pR and hs-
CRP to achieve a higher sensitivity, specificity, positive predictive
value, negative predictive value and efficiency for diagnosis in
the literature. The most striking feature of this study was the dem-
onstration that combination of serum sIFN-o¢/BR and hs-CRP levels
showed higher diagnostic value for gastrointestinal and hepatobil-
iary-pancreatic cancer.

Type | interferon (IFN) have various biological activities, includ-
ing antiviral, anti-proliferative, immunomodulatory [22-24], and
antiangiogenic effects [25,26], mediated by the type I IFN receptor.
Type I IFN receptor has a multichain structure consisting of at least
2 subunits, IFNAR-1 and IFNAR-2 [27-30]. The IFNAR-2 subunit of
100 kDa is anchored on the outer surface of the cell membrane and
mediates intracellular signal transduction. A soluble form of IF-
NAR-2 proteins of 40 kDa, designated sIFN-a/BR, is found in body
fluids including peripheral blood and urine [31]. Of these receptor
molecules, sIFN-o/BR molecules inhibited the activity of type I IFN
as shown by biological assay with human WISH cells {29,31,32]. In
addition, elevated serum levels of sSIFN-a/BR were found in patients
with AIDS [19], chronic hepatitis C [17] and various neoplasms
[20].

On the one hand, C-reactive protein is well-known acute-phase
indicator of inflammation in the body [33]. This marker indicates
not only an acute-phase response but also a chronic low-level
inflammation and is associated with the risk of cardiovascular dis-
eases [21]. This indicator correlates well with the proinflammatory
cytokines mentioned above [34]. The significance of serum eleva-
tion of CRP as an indicator of the malignant potential of the tumor
and/or therefore the unfavorable outcome of the patients has been
investigated in human gastrointestinal carcinomas [35-42], hepa-
tocellular carcinoma [43], renal cell carcinoma [44], ovarian carci-
noma [45], or myeloma [46]. It has also been reported that
measurement of serum levels of CRP using a high-sensitivity assay
can reveal subclinical inflammatory states which may reflect neo-
plasm formation as well as vascular inflammation [47-49].

Our results showed that serum levels of two inflammatory cyto-
kine, sIFN-o/BR and hs-CRP for diagnostic parameter in gastroin-
testinal and hepatobiliary-pancreatic cancer patients. Both two
parameters showed elevation in serum of cancer patients when
compared to healthy individuals. Ikei et al. observed that chemo-
therapy for hepatocellular carcinoma changed the level of CRP
and other inflammatory cytokines, whereas Tang et al. reported
that pelvic radiotherapy did not change the level of CRP. Another
study determined that the level of TNF-a and ceruloplasmin in-
creased during radiotherapy for gynecologic cancer [50-52]. Since
our study includes a number of patients who with chemotherapy
and radiotherapy, those treatment may influence our results.

In the present study, we tried to improve the predictive power
of diagnostic parameters for gastrointestinal and hepatobiliary-
pancreatic cancer with the combination of serum sIFN-a/pR and
hs-CRP. Serum sIFN-o/BR and hs-CRP levels showed a diagnostic
value with sensitivity, specificity, positive predictive and negative
predictive value showed 80.4%, 92.0%, 97.4% and 56.1% in serum
sIFN-o/BR and 77.2%, 88.0%, 95.9% and 51.2% in serum hs-CRP,

respectively. The high sensitivity, specificity, positive predictive
and negative predictive value using combinations of SIFN-ot/BR
and hs-CRP were 94.6%, 88.0%, 96.7% and 81.5%. These results de-
scribe better diagnostic values than not only the results with
sIFN-o/BR or hs-CRP alone but also previously reported assay for
various malignant disorders [16,20,49,53-55].

Although no report regarding the relationship between the
sIFN-a/BR and hs-CRP have been published, the elevated sIFN-ot/
BR level might be related with CRP production. While our results
imply that sIFN-o/BR and CRP might be produced by tumor, the
mechanism and pathological significance of sIFN-a/pR and hs-
CRP remains unclear. In future, these points should be discussed
more fully in the further investigation.

In conclusion, measurement of serum sIFN-a/BR or hs-CRP is a
reliable diagnostic parameter for gastrointestinal and hepatobilia-
ry-pancreatic cancer and furthermore, combining sIFN-o/BR and
hs-CRP can be more valuable to improve detection of these malig-
nant disorders. Many large-scale studies for combinations of these
two cytokine is needed in this field and exciting new knowledge
will ultimately emerge for its diagnostic values.
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Role of dihydropyrimidine dehydrogenase and thymidylate
synthase expression in immunohistochemistry of
intrahepatic cholangiocarcinoma
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Aims: Dihydropyrimidine  dehydrogenase (DPD) and
thymidylate synthase (TS) are key enzymes in the metabolism
of 5-fluorouracil and have been implicated as possible
prognostic markers for cancer patients. However, the clinical
roles of DPD and TS in intrahepatic cholangiocarcinoma (IHCC)
have not been investigated. The aim of this study was to
clarify the clinicopathological role of DPD and TS expressions
in IHCC.

Methods: Twenty-nine patients who had undergone hepatic
resection for IHCC were enrolled in this study. Expressions of
DPD and TS in the resected IHCC specimens were examined
using anti-DPD or anti-TS antibody. The patients were divided
into positive and negative groups according to DPD/TS
expressions: DPD-positive group (n = 18) and DPD-negative
group (n=11)/TS-positive group (n=14) and TS-negative
group (n=15). Clinicopathological factors were compared
between the two groups.

Results: The overall survival rate was significantly lower in
the DPD-negative group than in the DPD-positive group
(1-year 36.4% vs. 77.4%, 3-year 18.2% vs. 43.0%; P < 0.05). The
disease-free survival rate in the DPD-negative group tended
to be lower than that in the DPD-positive group. The overall
survival rate or disease-free survival rate did not appear to be
associated with the TS-expression status. The Ki-67 labeling
index in the DPD-negative group was significantly higher than
that in the DPD-positive group (16.9 +3.2% vs.13.2 + 3.3%;
P < 0.05).

Conclusions: The negative DPD expression was significantly
associated with the enhanced tumor cell proliferation and
poorer prognosis in patients with IHCC. DPD expression is a
potential prognostic indicator for IHCC.

Key words: intrahepatic cholangiocarcinoma, Ki-67 index,
prognosis, recurrent pattern

INTRODUCTION

NTRAHEPATIC CHOLANGIOCARCINOMA (IFHCC)

accounts for five percent of primary malignant liver
tumors, arising from biliary epithelium,' and well
known to be one of the most malignant solid tumors
found in the digestive organs.'-* This highly malignant
carcinoma is associated with lymph node metastasis,
intrahepatic metastasis, peritoneal dissemination, bile
duct invasion, and vascular invasion.””* Prognosis of
IHCC is very poor with a 5-year survival rate ranging
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from 25% to 35%.'" Therefore, it is important to eluci-
date tumor characteristics and prognostic factors after
surgical resection for IHCC.

Dihydropyrimidine dehydrogenase (DPD) and
thymidylate synthase (TS) act as key enzymes of pyrimi-
dine cascade and 5-fluorouracil (5-FU) metabolism.**
In this cascade, 5-FU is first catabolised by DPD. TS
decreases the synthesis of deoxythymine monophos-
phate from deoxyuridine monophosphate, and exhibits
antitumor effects.”

Expressions of DPD and TS are correlated with the
antitumor effects of 5-FU and 5-FU based chemo-
therapy, such as tegafur-uracil, and S-1."'' Recently,
DPD and TS have been reported to play an important
role in various kinds of cancers. Down regulation of
DPD gene expressions may enhance the negative prog-
nostic effect in colorectal tumors'? and ovarian cancer."”

© 2010 The Japan Society of Hepatology
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Overall survival was significantly better in the TS nega-
tive patients than in the TS positive patients among
resected colon cancer patients.” High expression of TS
in tumors enhanced distant metastasis after surgery.'?

We have previously reported that a low expression of
DPD mRNA was a poor prognostic factor in hepatocel-
lular carcinoma (FCC)." However, to the best of our
knowledge, only one in vitro study examined the DPD
and TS expressions in IHCC cell lines."’

This is the first report evaluating the association of the
DPD and TS expressions with the clinicopathological
variables in surgical patients with IHCC.

PATIENTS AND METHODS

Patients

WENTY-NINE PATIENTS who had undergone surgi-
cal resection for IHCC at Tokushima University [Hos-
pital between 1992 and 2009 were included in this
study. There were 20 men and 9 women, with a mean
age of 66.9 years (range, 43-84 years). In 19 patients
(65.5%), hepatic lobectomy was performed. Lymph
node dissections of the hepatoduodenal ligament and
along the common hepatic artery or more extended
lymphadenectomies were performed in 14 patients
(48.3%). Extrahepatic bile duct resections were per-
formed on 11 patients (37.9%). Consequently, 22
patients (75.9%) had received RO or R1 resections. None
of the patients received prior chemotherapy or irradia-
tion before surgical resection. Mean follow-up period
was 29 months (range, 2-111 months). The clinical
stages were defined according to the Classification of
Primary Liver Cancer Study Group of Japan.'™
The current study was authorized in advance by
the Institutional Review Board of the University of
Tokushima, and all patients provided written informed
consent.

Immunohistochemistry

The expressions of DPD and TS in the resected 1IHCC
specimens were evaluated with using immunohis-
tochemistry as described previously." " Surgical speci-
mens were fixed in 10% formaldehyde embedded in
paraffin and cut into 4-um thick sections. Sections were
deparaffinized inxylene and rehydrated in a graded series
of ethanol. Deparaffinized sections were retrieved by
microwaving for 20 min. Endogenous peroxidase activ-
ity was blocked by soaking the sections in 0.3% hydrogen
peroxide in methanol for 30 min. After washing with
PBS, sections were placed in normal goat serum (2% in
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PBS) for 30 min to reduce nonspecific staining. The sec-
tions were subsequently incubated with DPD antibody
(rabbit polyclonal, dilution 1:200; Taiho Pharmaceuti-
cal, Tokushima) or TS antibody (rabbit polyclonal, dilu-
tion 1:200; Taiho Pharmaceutical), overnight at 4 °C in
moist chambers. The sections were incubated with goat
anti-mouse immunoglobulin for 20 min and then with
horseradish peroxidase-conjugated streptavidin complex
(Histofine SAB-PO Kit; Biogenex Laboratories, Tokyo).
To visualize immunoreactivity, diaminobenzidine/H,O,
(1 mg/mL) in PBS was used as the substrate. The sections
were counter stained with hematoxyline, dehydrated
with ethanol, and treated with xylene.

Assessment of DPD and TS staining was expressed as
the percentage of stained cells in the cytoplasms out of
total number of tumor cells and devided into two
groups as follows: <5%; negative expression, 25%; posi-
tive expression (Fig. 1)."" The assessment of immunohis-
tochemistry was conducted without knowledge of the
results of other experiments.

Determination of the Ki-67 labeling index

The correlation between the Ki-67 labeling index and
DPD or TS expression was investigated. Determination
of the Ki-67 labeling index was previously reported.'®
Five hundred tumor cells were counted in each 4-um
thick section. The Ki-67 labeling index was defined as
the number of Ki-67 positive nuclei divided by total
number of cancer cells, and expressed as a percentage.

Statistics

All statistical analysis was calculated through Stat View
statistical software (Stat View 5.0; SAS Institute, Cary,
NC). Relationships between DPD or TS expression and
the clinicopathological variables were analyzed with the
%’ test and Mann-Whitney U-test. Survival curves were
calculated using the Kaplan-Meier method and com-
pared using the Wilcoxon test. All significant factors by
univariate analysis were included in the Cox's propor-
tional hazards model of multivariate analysis to identify
independent factors influencing survival. Statistical sig-
nificance was defined as P < 0.05.

RESULTS

Immunohistochemistry

N DPD EXPRESSION, there were 18 (62.1%) positive

and 11 (37.9%) negative cases. Regarding TS expres-
sion, there were 14 (48.3%) positive and 15 (51.7%)
negative cases.

© 2010 The Japan Society of IHepatology
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Correlation between DPD/TS expressions
and clinicopathological characteristics

No significant correlations were observed in any clini-
copathological variables, such as staging, curability, vas-
cular invasion, intrahepatic metastasis, and other tumor
factors according to the expression levels of DPD or TS.
However, in the DPD negative group, the tumor tended
to be located more frequently in the hilar region
(Table 1). In the TS positive group, the incidences of
advanced clinical stage, non curative surgical resection,
larger tumor size, vessels infiltration, and intrahepatic
metastasis tended to be higher than in the TS negative
group (Table 2).

Overall and disease-free survival according
to DPD/TS expressions

Figure 2 shows overall and disease-free survival rates
according to DPD/TS expressions. The overall survival
rate was significantly lower in the DPD-negative group
than in the DPD positive group (1-year 36.4% vs.
77.4%, 3-year 18.2% vs. 43.0%; P <0.05) (Fig. 2A).
However, there were no differences in the overall sur-
vival rate between the TS-negative and the TS-positive
group (1-year 58.2% vs. 64.3%, 3-year 39.9% vs. 26.8%);
Fig. 2B).

Similarly, the disease-free survival rate in the DPD-
negative group tended to be lower than in the DPD-
positive group (1-year 22.2% vs. 57.1%, 3-year 11.1%
vs. 31.2%), although there was no statistical significance

© 2010 The Japan Society of Hepatology
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Figure 1 Dihydropyrimidine dehydro-
genase (DPD) and thymidylate syn-
thase (TS) expressions in intrahepatic
cholangiocarcinoma (IHCC). The posi-
tive immunostaining of DPD or TS was
recognized in cytoplasm of cancer cells
(a) DPD-positive (b) DPD-negative (c)
TS-positive (d) TS-negative.

Table 1 Clinicopathological characteristics according to dihy-
dropyrimidine dehydrogenase (DPD) expression

Factors DPD expression P-value
Positive Negative
(n=18) (n=11)
Mean age (years) 683+75 645+13.7 0.448
Sex (Male/Female) 13/5 7/4 0.628
Virus ([-]/HBV/HCV/ 9/4/4/1  10/1/0/0  0.140
Combined)
Staging (1, 11/111, IV) 5/13 3/8 0.976
Curability (RO, 1/2) 14/4 8/3 0.758
Location (hilar/ 4/14 5/6 0.190
peripheral)
Tumor diameter (<4 cm/  9/9 5/6 0.812
24 cm)
Macroscopic type: T/T+1  9/9 4/7 0.474
Differentiation: Diff./ 7/11 4/7 0.892
Undiff.
LN metastasis: —/+ 6/12 4/7 0.868
Vessels infiltration: —/+ 7/11 6/5 0.412
Intrahepatic metastasis: 12/6 9/2 0.376
.../+

Diff, differentiation; T, mass-forming type; T +1,
mass-forming + periductal infiltrative type; Undiff,
undifferentiation.
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Table 2 Clinicopathological characteristics according to TS
expression

Factors TS expression P-value
Positive Negative
(n=14) (n=15)
Age: Mean 683+75 645%13.7 0.448
Gender: Male/l'emale 10/4 10/5 0.782
Virus:(-)/HBV/HCV/ 9/2/3/0  10/3/1/1 0.528
Combined
Staging: I, 1I/11L, IV 2/12 6/9 0.122
Curability: RO, 1/2 9/5 13/2 0.159
Location: Hilar/ 4/10 5/10 0.782
Peripheral
Tumor diameter: <4 cm/ 5/9 9/6 0.191
24 cm
Macroscopic type: T/T+1  5/9 8/7 0.340
Differentiation: Diff./ 4/10 7/8 0.316
Undiff.
LN metastasis: —/+ 9/5 10/5 0.893
Vessels infiltration: —/+ 4/10 9/6 0.089
Intrahepatic metastasis: 8/6 13/2 0.076
_/+

Diff, differentiation; T, mass-forming type; T+1,
mass-forming + periductal infiltrative type; Undiff,
undifferentiation.

(Tig. 2C). No significant difference in the disease-free
survival rate was observed between the TS-negative and
the TS-positive group (1-year 46.2% vs. 40.0%, 3-year
23.1% vs. 20.0%; Fig. 2D).

Univariate and multivariate analysis of
prognostic factors

Table 3 shows the results of univariate and multivariate
analysis of prognostic factors. Univariate analysis
revealed that location, differentiation, macroscopic
type, vessels infiltration and intrahepatic metastasis
were not significant factors in terms of postoperative
survival. In contrast, curability (P = 0.0009), tumor size
(P=0.0066), lymph nodes metastases (P=0.0127),
and negative expression of DPD (P =0.0498) were
found to be significant prognostic factors for survival
after surgical resection. In multivariate analysis using the
Cox’s proportional hazard model, tumor size (=4 cm)
was found to be an only independent prognostic factor.
Negative expression of DPD tended to be an indepen-
dent prognostic factor, although there was no statistical
significance (P =0.1293).

Recurrent pattern

Table 4 shows the correlation between the recurrent pat-
terns and the DPD expression status. The recurrence rate
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in the DPD-positive group was similar to that in the
DPD-negative group. However, in the DPD-negative
group, the incidence of recurrence in the liver was sig-
nificantly higher (P < 0.05) and that of lymph node and
remote organ tended to be higher compared to the
DPD-positive group.

Ki-67 proliferating index

The Ki-67 labeling index in the DPD-negative group
was significantly higher than the DPD-positive
group (16.9+3.2% vs.13.2 % 3.3%) (P < 0.05). There
was no difference in the Ki-67 labeling index between
the TS-positive group and the TS-negative group
(14.1 +3.8% vs.15.5 + 3.5%).

DISCUSSION

HESE RESULTS SHOW that negative DPD expres-
sion was significantly associated with poorer prog-
nosis, higher proliferation index, and a higher incidence
of recurrence in the liver. However, TS expression was
not related to patient prognosis after surgical resection.
Several other reports have documented that the
expression of DPD is related to prognostic and clinico-
pathological factors.'' In primary liver cancer,
however, only a few reports are available on the role of
DPD.?"*2 The DPD activity in HCC was lower than in
non cancerous tissue and a gradual decrease in DPD
activity was associated with liver damage.”’ We previ-
ously reported that low mRNA expression of DPD was
a poor prognostic factor and significantly related to
advanced clinical stage, undifferentiated histology,
microscopic intrahepatic metastasis, and related to
tumor proliferation in HCC.'"" Regarding biliary tract
cancer, DPD concentration was higher in cancerous
tissue than in noncancerous tissue, although the prog-
nosis is not different.?* Ajiki et al. reported DPD expres-
sion was not a prognostic factor in gallbladder cancer.*
In this study, the patients in DPD-negative group had
asignificantly poorer prognosis. The mechanism of such
results is not fully understood at present. However, in
pyrimidine cascade, negative expression of DPD leads
the synthesis of both uracil and thymine. Increased syn-
thesis of uracil and thymine may relate to the enhance-
ment of pyrimidine nucleotide pools®™ and may cause
the cell proliferation of IHCC. Johnston §J et al. sug-
gested that the down-regulation of DPD expression
might create a favorable environment for tumor
growth.”® Further, it was suggested that low DPD expres-
sion was associated with an increase in the metastatic
activity. DPD activity in highly malignant murine neu-
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Figure 2 Overall survival rates in positive and negative expression of dihydropyrimidine dehydrogenase (DPD; a) and thymidylate
synthase (TS; b). The survival rate in DPD-negative group was significantly lower than in the DPD-positive group. Disease-free
survival rates in positive and negative expression of (c¢) DPD and (d) TS.

roblastoma cell line was lower than that in low malig-
nant cell line.*”** Consistent with these reports, DPD-
negative group had a significantly higher Ki-67 labeling

index and higher incidenc

e of recurrence in the liver

than the DPD-positive group in our study.

Table 3 Univariate and Multivariate analysis of prognostic

factors
DP D positive DPD negative P-
(n=14) (n=8) value
Recurrence 9 6 0.604
Recurrent pattern
Liver (n=12) 9 3 0.018
Lymph nodes 1 3 0.095
(n=4)
Peritoneum 0 1 0.205
(n=1)
Remote organ 0 2 0.063
(n=2)
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Table 4 Correlation between DPD expression and recurrent

site in patients with RO/1 resection (n=22)

Univariate Hazard Multivariate
P-value ratio 95% C.1.
Curability: 0.0009 2.832 0.804-10.000
R2
Tumor 0.0066 4.413 1.427-7.705
Diameter:
Z4 cm
Lymph 0.0127 2921 0.851-10.030
nodes
metastasis:
+
DPD 0.0498 2.132 0.801-5.672

expression:

p-
value

0.1052

0.0099

0.0885

0.1293

T+ I, mass-forming + periductal infiltrative type.
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TS also plays an important role in pyrimidine cascade,
and is implicated to be associated with tumor character-
istics in many cancers.""'**"*" ‘TS gene expressions in
primary gastric cancer differ according to degree of
tumor cell differentiation.”” High-TS expression was
associated with poor survival in patients with colon
cancer, and increased TS activity was related to prolif-
eration of tumor cells.™ In primary liver cancer, Baba
et al. reported TS activity was generally lower in HCC.”!
However, TS expression was not related to the prognosis
of patients with HCC in our previous report.'* In biliary
tract cancer, TS concentration was higher in cancerous
tissue than in noncancerous tissue, and the patients with
high-TS concentration had a better disease-free survival
rate.”* However, there is a report suggesting that TS may
not be a prognostic factor in gallbladder cancer.** In
pyrimidine cascade, TS does not affect synthesis of deox-
ythymine monophosphate via thimidine, or metabo-
lism of deoxythymine monophosphate.” Therefore, it
seems that TS is insufficient to alter the DNA synthesis
and tumor cell proliferation in IHCC.

In conclusion, the negative DPD expression was sig-
nificantly associated with the increased tumor cell pro-
liferation and poorer prognosis in IHCC patients. We
expect that DPD expression may be a useful biomarker
in the prediction IHCC patient prognosis.
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