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Fig. 6. Overexpression of ER-o in two breast cancer cefl lines with low ER-e
expression, MDA-MB-231and SK-BR-3, and Cap43 expression In these cel lines.
ER-oe mANA levels were determined by real-time PCR (4 and £). Cap43 protein
levels in ER-a transfectants were analyzed using Western blotting (C and D), Cap43
protein levels In each transfectant are normalized to the Cap43 protein band in
MDA /Vec-1 or SK-BR/Vec-125100%.

Effect of E; with or without tamexifen or ICI 182780 on C-myc
mRNA expression. C-mycas well as N-myc is known to regulate
expression of Cap43 gene (3). Expression of C-myc is highly
susceptible to E,. As shown in Fig. 5, expression of C-myc mRNA
was markedly up-regulated by addition of E; in the ER-a-positive
lines, T47D, MCF-7, and R-27, However, there was no change in
C-myc expression in the ER-o-negative cell lines, SK-BR-3 and
MDA-MB-231. Similarly, tamoxifen or ICl 182780 blocks this
E-induced stimulatory effect in T47D and MCF-7 cells (Fig. 5).
Compared with the inhibitory effect of tamoxifen on the
Es-induced C-myc up-regulation in MCF-7 cells, tamoxifen
showed only a slight, if any, effect on the Ex-induced C-myc
up-regulation in R-27 cells. By contrast, almost complete
inhibition by ICI 182780 was observed on the Ej-induced
up-regulation of C-mye in R-27 cells as well as MCF-7.

Overexpression of ER-cv in ER-ce-negative cells down-regulates
Cap43 cxpression. We examined whether the Ej-induced
down-regulation of Cap43 was specifically mediated through
its interaction with ER-o. We introduced ER-a cDNA into the
ER-a-negative lines, MDA-MB-231 and SK-BR-3, and estab-
lished six cell lines, MDA/ER-1, MDAJER-2, MDA/ER-3, SK-BR/
ER-1, SK-BR/ER-2, and SK-BR/ER-3. We also isclated trans-
fectants of the vector alone {MDA/Vec-1 and SK-BR/Vec-1). ER-
« gene expression was observed in the cDNA transfectants from
the SK-BR-3 and MDA-MB-231 lines (Fig. 6A and B). Three ER-
a-expressing cell lines derived from SK-BR-3 and MDA-MB-231
showed a marked decrease in their expression of the Cap43
protein in comparison with their vector counterparts (Fig. 6C
and D). Taken together, these data consistently indicated a
close association between Capd3 gene expression and E;-ER-a
signaling in human breast cancer cells.

Expression of Cap43 and ER-c in clinical samples of human
breast cancer. We next performed immunohistechemical
analysis to examine whether the expression of Cap43 was
associated with ER-o expression in tissue samples from breast
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cancer patients. Ninety-six breast cancer patients were included
in this study. The relationship between Cap43 expression and
clinicopathologic findings is shown in Table 1. There was no
significant correlation between the expression of Cap43 and
age, tumor size, menopausal status, lymph node metastasis,
EGFR expression, or HER-2 expression. However, because
Cap43 expression was detected in 42% of grade 1 and 2 and
71% of grade 3 tumors, there was a significant cormrelation
between Cap43 expression and tumor grade (P = 0.0387;
Table 1). Univariate analysis for 5-year postoperative overall
survival done on these patients showed that there was no
significant difference in Cap43 expression according to the
postoperative prognosis (P = 0.345).

Immunochistochemical analysis showed that breast cancers
were variously positive and negative for the expression of
Cap43 and ER-a. Figure 7 shows representative immunohisto-
chemical data from two breast cancer patients. The tissue
shown from case 1 with high expression of Cap43 and
negligible expression of ER-« was therefore scored positive for
the expression of Cap43 and negative for ER-a expression. By
contrast, case 2 showed high expression of ER-« and negligible
expression of Cap43, indicating that it was positive for ER-a
and negative for Cap43. Positive expression of both Cap43 and
ER- was detected in 20 of 63 (31.7%) patients, and 43 of
63 (68.3%) patients were classified as being Cap43 negative
and ER-a positive {Table 2). Cap43 expression was thus
generally decreased in breast cancer cells from ER-a positive
patients, and Cap43 expression was increased in breast cancer
cells of ER-a-negative patients, indicating that the expression of
Cap43 is inversely comelated with the expression of ER-u in
breast cancer patients (P = 0.0374). On the other hand, there
was no relationship between PgR and Cap43 expression in
breast cancer patients (P = 0.8405; Table 2).

P R T
¥ lel |
Factor Total Cap43 expression P
Negative, Positive, !
n (%) n {%)

Age 503 121 512 £ 12.9 0.6629

Tumor siza 37+£23 26 +£13 01579

Menopausal status
Pre 44 19 (43) 25 (57) 0.56432
Past 52 26 (50) 26 (50)

Histologic grade
12 55 32 (58) 23 (42) 0.0387
3. 21 6 (29) 15 {71)

Lymph node
metastasis
Absent 53 24 {45) 29 (B5) 0.8375
Present 43 21 (49) 22 (51)

EGFR
Negative 73 38 (52} 356 (48) 0.0941
Positive 23 7 (30) 16 (70)

HER-2
Negative 62 28 (47) 33(53) »0.899
Positive 34 16 (47} 18 (63)
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Fig, 7. Expression of Cap43 and ER-ain
hurnan breast cancer. Expression of Cap43
and ER-a in human breast cancer was
analyzed by immunohistochemistry.
Sactions were analyzad for detection of
ER-at (feft) and the same site was also
analyzed for Cap43 expression (rght),
Case 1 was evaluated as having high levals
of Cap43 expression and not expressing
ER-a. By contrast, case 2 showed high
levels of ER-o expression and weak Cap43
expression, {Original magnification, X200).

In our present study, we observed that Cap43 expression
levels were inversely correlated with expression levels of ER-o
in all seven human breast cell lines (Fig. 1}. One tamoxifen-
resistant line, R-27, which was derived from the MCEF-7 line,
however, showed expression of both Cap43 and ER-c. The
addition of E; was found to markedly down-regulate the
expression of the Cap43 gene in ER-a-positive cell lines but
not in ER-a-negative lines (Fig. 3A and B). Because the
expression of a representative ER-responsive gene, p82, could
be modulated by E; only in ER-a-positive lines (Fig. 3C}, we
concluded that ER-dependent signaling operated in these
ER-a-positive cell lines but not in the ER-a-negative lines.
Furthermore, overexpression of Eit-o in ER-a-negative cell lines
induced down-regulation of both protein and mRNA levels
of Cap43. Exposure to nickel, however, markedly increased
the expression of the Cap43 gene in both ER-a-positive and
ER-c-negative lines (Fig. 4), suggesting that the Bp-induced
specific down-regulation of the Cap43 gene depends on ER-a.
Taken together, these studies indicate that the presence of
the functional ER-a could be required for Eg-induced down-
regulation of Cap43.

We also showed that coadministration of tamoxifen or ICI
182780 abrogated the Ej-induced down-regulation of the
Cap43 gene in ER-a-positive lines. Expression of the Capd3
gene is thus modulated in response to E; or antiestrogen
possibly through the ER-o expressed in human breast cancer
cells, Tamoxifen at 10~° mol/L or ICI 182780 at 10™7 mol/L
almost completely abrogated the Eyinduced down-regulation
of Cap43 gene in ER-o-positive breast cancer cell lines, MCF-7
and T47D. The abrogatory effect of tamoxifen seemed to be
much less in 2 tamoxifen-resistant subline, R-27, compared
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with the parental counterpart, MCF-7, in the presence of E,
{107® to 107° mol/L). However, ICI 182780 could almost
completely abrogate the Eg-induced down-regulation of
Cap43 gene in R-27 cells. Moreover, the abrogatory effect of
167 mol/L tamoxifen on expression of the Ej-sensitive pS2
gene also seemed to be much less than that of ICI 182780 at
1077 mol/L when R-27 cells were exposed to E; at 10™° mol/L
(Fig. 3C). ICI 182780 showed ~ 10-fold higher antiestrogenic
activity in the regulation of Capd3 as well as pS2 gene
compared with tamoxifen, and 1Cl 182780 could thus
overcome tamoxifen resistance in breast cancer cells, consistent
with previous reports (26, 27). Cap43 could be a molecylar
target for the functional hormone-dependent celi growth signal
of breast cancers and also a target that is useful to determine the
therapeutics efficacy of antiestrogenic anticancer agents.
Expression of Cap43 gene is negatively regulated by myc gene
(3). We examined the effect of E; on C-myc expression, and

Total Cap43 expression P
Positive, Negative,
n (%) n (%)
ER-c
Positive 63 20/63 (31.7) 43/63(68.3) 0.0374
Negative 33 21/33 (63.6) 12/33 (36.4)
PgR
Posilive 60 26/60 (52.0) 24/60{480) 0.8405
Negative 46 25/46 (54.3) 21/46 (457)
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E;-induced up-regulation of C-myc gene was observed only in
ER-z-positive breast cancer cell lines. E; thus up-regulated
C-myc and down-regulated Cap43 possibly through the
Ez-ER-a pathway. Ep-induced down-regulation of Cap43 gene
might be mediated through up-regulation of C-myc. However,
further study should be required to determine how C-myc is
involved in the Es-induced down-regulation of Cap43 gene.
Oncogenes, tumor suppressor genes, and several physiologic
stimuli are known to modulate expression of Cap43 (see Intro-
duction). Recent studies have shown that Cap43 is a p53 target
gene (16, 17). Cap43 inhibited polyploidy in p53-negative
cancer cell lines and increased the cell population at M phase
when exposed to Taxol, a micotubule inhibitor, indicating
that Cap43 plays a rele in the p53-dependent mitotic spin-
dle checkpoint (17). Stein et al. have also reported that Cap43
is necessary for p53-dependent apoptosis (16). Of the breast
cancer cell lines used in this study, SK-BR-3, MDA-MB-231,
and T47D have mutant p53 and MCF-7 has wild-type p53
(IARC TP53 Mutation Database, hitp:/fwww-p53.iarc.fif). Both
FR-a-positive and ER-a-negative breast cancer cell lines with
wild-type p53 showed a marked incease in Cap43 expression
when exposed to doxorubicin, an anticancer agent that
mediates cytotoxicity through p53.° Nickel also promoted the
increased expression of Cap43 in all ER-a-positive and ER-a-
negative lines (Fig. 4). The up-regulation of Cap43 by nickel or
doxorubicin occurred imespective of the presence of p53.
Tamoxifen- and 1Cl 182780-induced abrogation of the E-
induced down-regulation of Cap43 might also occur imespec
tive of the presence of the p53 pathway but does depend on the
presence of ER-a.

Cap43 is a putative metastasis suppressor gene in human
colon and prostate cancer, and its expression in these cancers is
dosely correlated with the prognosis of patients {18, 19). We
also observed an inverse correlation between Cap43 expression
and the prognosis of patients with pancreatic cancers.’
Immunochistochemical studies by Bandyopadhyay et al. (20)
on tissue from B85 breast cancer patients have shown that
patients positive for Cap43 have a significantly more favorable
prognosis than those with reduced expression of Cap43. The
Cap43 protein was detected in normal mammary gland cells in
all 85 breast cancer patients; but its expression was significantly
reduced in the tumor cells of 30% of patients (20). In our
present study, immunohistochemical analysis of breast cancers
showed an inverse correlation between Cap43 expression and
histologic grade or ER-a expression (Tables 1 and 2). However,
there was no apparent correlation between Cap43 expression
and other clinical and pathologic features, including lymph

® A, Fotovati, unpublished data.
7Y, Maruyama et al,, unpublished data.
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Abstract

Cap43 has been identified as a nickel- and calcium-induced
gene, and is also known as N-myec downstream-regulated gene
1 (NMDRGX), Drg-1 and rit#2. It is also reported that over-
expression of Cap43 suppresses metastasis of some malignan-
cies, but its precise role remains unclear. In this study, we
asked how Cap43 conld modulate the tumor growth of
pancreatic cancer. Stable Cap43 cDNA transfectants of
pancreatic cancer cells with Capd43 overexpression showed
similar growth rates in culture as their control counterparts
with low Cap43 protein level. By contrast, Cap43 over-
expression showed a marked decrease in tumor growth rates
in vive. Moreover, a marked reduction in tumor-induced
angiogenesis was observed. Gelatinolytic activity by matrix
metalloproteinase-9 and invasive ability in Matrigel invasion
activity were markedly decreased in pancreatic cancer cell
lines with high Capd3 expression. Cellular expression of
matrix metalloproteinase-9 and twoe mejor angiogenic factors,
vascular endothelial growth factor and interleukin-8, were
also significantly decreased in cell fines with Cap43 over-
expression as compared with their parental counterparts.
Immunehistochemical analysis of specimens from 65 patients
with pancreatic ductaf adenocarcinoma showed a significant
association between Cap43 expression and tumor microvas-
cular density (P = 0.0001) as well as depth of imvasion
{P = 06.0003), histopathologic grading (P = 0.0244), and overall
survival rates for patients with pancreatic cancer (P = 0.0062).
Thus, Cap43 conld play a key role in the angiogeaic on- or off-
switch of ttumor stroma in pancreatic ductal adenecarcinoma.
(Cancer Res 2006; 66(12): 6233-42)

Introduction

The Capd3 gene has been identified as a nickel- and calcium-
inducible gene (1), which is also identical to the described N-myc
dovmstream-regulated gene 1 (NDEGI; ref 2). This is one of the
four closely related genes (NDRGI-4), the expression of which is
down-regulated by c-myc or the N-myc/Max complex (2-5). Cap43
is also identical to the homocysteine-inducible gene, reduced in
tumor cells (RTP/rit42; ref. 6), and to the differentiation-related
gene-1 {Drg-I; vef. 7). The protein encoded by the Cap43 gene has a
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©2006 American Association for Cancer Research.

doi:10.1158/0008-5472.CAN-06-0183

molecular weight of 43 kDa, has three unique 10-amino acid
tandem-repeat sequences at its COOH terminus, and is phosphor-
ylated by protein kinase A (8).

Althongh various characteristics of Cap43 have been reported by
several laboratories, its exact function remains unclear. Cap43
gene expression is highly responsive to nickel, cobalt, oxidative
stress, hypoxia, phorbol esters, vitamins A and D, steroids, histone
deacetylase-targeting drugs, homocysteine, B-mercaptoethanol,
tunicamycin, and lysophosphatidylcholine as well as oncogene
(N-mye and c-myc), and tumor suppressor gene (p53 and VHL)
products (1, 2, 6, 9, 10}). Cap43 is expressed in most organs—
particularly the prostate, ovary, colon, and kidney—and its
expression is markedly modulated during posmatal development
in the kidney, brain, liver, and gut (2, 3, 11, 12}, suggesting a key
role for this gene in organ maturation. A nonsense mutation of
human Cap43 gene is causative for hereditary motor and sensory
rienropathy-Lom (13). A relevant study by Okuda et al. established
Cap43-deficient mice, and indicated that Cap43/NDRGI.is
essential for the maintenance of the myelin sheaths in periphery
nerves (14). Moreover, Cap43 expression was dramatically changed
during the process of regeneration of periphery nerve system (15).
Thus, Cap43 seems to play a key role in the development of the
nervous system,

Concerning the plausible role of Cap43 in cancer progression, it
was reported that overexpression of the Cap43 gene results in the
inhibition of growth in colon cancer cells as well as suppression of
metastasis in prostate, colon, and breast cancer cells (16-18).
Capd3 pene expression is increased in many types of human
tumors including colon, breast, prostate, kidney, liver, and brain
cancers compared with normal tissue (19). By contrast, other
groups have reported that expression of the Cap43 gene is up-
regulated in normal cells and in highly differentiated cancer cells,
whereas it is down-regulated in poorly differentiated cancer cells
in colon and prostate cancers (16, 17). Thus, Cap43 seems to play
a critical role in both differentiation of normal tissue and
progression of cancer, In our laboratory, we identified the Cap43
gene as one of nine genes that were more highly expressed in
cancerous compared with noncancerous regions of human renal
turnors; we also observed high expression of Cap43 in macro-
phages infiltrating the stroma in renal cancer (20). Our previous
study showed down-regulation of the Cap43 gene in renal cancer
cells by the VHL tumor suppressor gene (10). However, it remains
unclear whether Cap43 gene expression is associated with disease
progression, prognosis, and malignant characteristics in human
cancers other than prostate and breast cancer.

Pancreatic ductal adenocarcinoma is one of the most difficult
neoplasms to treat curatively. Surgical resection is the standard
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treatment for this neoplasm, however, even after swgery, the
majority of patients die within the first year after diagnosis (21).
Overall 5-year survival rates for panereatic cancers are <25% after
radical surgery (22). It is difficult to predict which patient is at risk
of early relapse following surgery, or which patient with advanced
stage disease will show good long-term survival K-ras point
mutations and inactivation of p53, pl6, and SMAD4 are often
associated with malignant characteristics in pancreatic cancers,
but mutations of Keras and p53 are not significantly associated
with the prognosis of patients with pancreatic cancer (21, 23, 24).
In the prognosis of patients with pancreatic cancer, there seems
to be a significant correlation between microvessel density and
the expression of vascular endothelial growth factor (VEGF) and
PD-ECGF in the tumor, as well as with E-cadherin, p27, PEDF,
and SMAD4 expression (24-27). In this study, we investigated
whether Cap43 expression could play any role in tumor growth and
angiogenesis by pancreatic ductal adenocarcinoma. Moreovery, we
also asked if Cap43 could be associated with disease progression or
the malignant properties of pancreatic ductal adenocarcinoma

Materials and Methods

Materials and cell lines. Human pancreatic cancer cell lines were
obtained as follows: BxPC-3, PANC-1, and MiApaca-2 were from the
American Type Culture Collection {Manassas, VA); SUIT-2 was from T.
Iwamura at the Miyazaki Medical College, Miyazaki, Japan (28); and KP-1
and KP4 were from A. Kono at the National Kyushu Cancer Center,
Fukuoka, Japan (29). Al cell lines were maintained in DMEM supplemented
with 10% fetal bovine serum (FBS) and incubated in a hwmidified
atmosphere of 5% CO, at 37°C.

The rabbit polyclonal antibedy against Cap43, which was raised by
immunizing rabbits with a synthetic peptide corresponding to an internal
sequence of human Cap43 coupled to keyhole limpet hemocyanin, was used
as previously described (20). Other antibodies were purchased as follows:
anti-B-actin antibody was from Abeam, Inc,, {Cambridge, MA); anti-CD31
antibody was from PharMingen (San Diege, CA); and anti-CD34 antibody
was from Nichirei (Tokyo, Japen).

Expression vector construction and transfection, Cap43 cDNA was
amplified by reverse transcription-PCR (RT-PCR) using the 5 and 2’ primexs
5-CATGTCTCGGGAGATGCAGGATG-3' and 5-AGGCCGCCTAGCAGGA-
GACC-3, respectively, Amplified Cap43 cDNA was ligated into the
pCR2.1-TOPQ vector (Iuvitrogen, Carlsbad, CA) and transferred to the
pIRESneo2 expression plasmid (pIRESneo2-Cap43). Cells were transfected
with pIRESneo2-Cap43 or pIRESneo2 using LipofectAMINE 2000 (Invitro-
gen) following the manufacturer’s protocol, Stable transfected clones were
established using G418 selection.

Western blot analysis. Cells were rinsed with ice-cold PBS and lysed in
buffer containing 50 mmol/L Tris-HCl, 35¢ mmol/L NaCl, 0.1% NP0,
5 mmol/L EDTA, 5¢ mmol/L NaF, 1 mmol/L. phenylmethylsulfonyl fluoride,
10 pg/mL aprotinin, 10 pg/mb leupeptin, and 1 mmol/l. NeaVQs Cell
Iysates were subjected to SDS-PAGE and blotted ento Immobilon
membranes (Millipore Corp., Bedford, MA} as described previously (10).
After transfer, the membrane was incubated with blocking solution
followed by primary antibody. Antibody detection was done wsing an
enhanced chemiluninescence system (Amersham Biosciences Corp.,
Piscataway, Nj; ref. 30). The intensity of the luminescence was quantified
using & CCD camera combined with an image analysis system (LAS-1000;
Fuji Film, Japan).

Matrigel invasion assay. BD BioCoat Matrigel Invasion Chambers (BD
Bioscience, Bedford, MA} were used according to the manufacturer’s
instructions. Pancreatic cancer cells (1 X 10°) in serum-free DMEM con-
taining 0.1% bovine serum albumin were seeded onto Matrigel-coated filters
in the upper chambers. In the lower chambers, DMEM containing 109 FBS
was added as a chemoattractant. After 24 hours of incubation, cells on the
upper swface of the filters were removed with a cotton swab, and the filters

were fixed with 100% methanol and stained with Giemsa dye {31). The cells
that had invaded to the lower side of the filters were viewed wnder an
Olympus microscope and counted in five fields of view, The invasive ability
of the cancer cells was expressed as the mean number of cells in five fields,
The assay was carried out as three independent experiments.

Gelatin zymography. Secreted metalloproteinases and their gelatino-
lytic activity were measured by zymography (32). Equal number of cells
were plated on 24-well culture dishes and allowed to reach confluence over
24 hours. Cells were washed in PBS and incubated for 24 hours in 500 prL
of serum-free DMEM. Conditioned mediea samples were then loaded onto
10% SDS-PAGE that had been copolymerized with 1 mg/mL of gelatin,
Electrophoresis was done under nonreducing conditions, Gels were
washed in 2.5% Triton X-100 for 3¢ minutes, and were incubated in
collagenase buffer [100 mmol/L Tris-HCI (pH 8.0), 5 mmol/L CaCl,, 0.02%
Nala] for 40 hours at 37°C, Gels were stained for 30 minutes with 0.5%
Coomassie blue and then destained (30% methanol and 10% acetic acid)
thrice for 15 minutes. The presence of gelatinolytic activity due to secreted
metalloproteinases was indicated by an unstained proteolytic region in
the gel,

Quantitative real-time PCR analysis. Isolation of total cellular RNA
was done a5 described previously (33). In brief, PCR amplification reaction
mixtures (20 pL) contained cDNA, TagMan Universal PCR Master Mix
(Applied Biosystems, Poster City, CA), primer pairs, and probe. The primer
pairs and probe were obtained from Applied Biosystems. Thermal eycle
conditions included holding the reactions at 50°C for 2 minutes and at
95°C for 10 minutes, and eycling for 40 eycles between 95°C for 15 seconds
and 60°C for 1 minute. Results were collected and analyzed with an AB{
Prism 7300 Sequence Detector System using the comparative ACt methods.
All data were controlled for quantity of RNA input by performing measure-
ments on an endogenous reference gene (GAPDH),

Animals, All animal experiments were approved by the Committee on
the Ethies of Aniinal Experiments in Kyushu University Graduate School
of Medical Sciences, Japan. Male BALB/C mice (6-10 weeks old) were
purchased from Kyudo Co., Ltd. {Tosu, Japan). Male athymic nu/me mice
5 weeks of age, weighing 20 to 22 g and specific pathogen—free, were
obtained from Charles River Laboratories (Yokohama, Japan), Mice were
housed in microisolator cages with 12-hour light/dark cycles. Water and
food were supplied ad libitum. Animals were cbserved for signs of tumor
growth, activity, feeding, and pain in accordance with the guidelines of
the Harvard Medieal Area Standing Comnmittee on Animals,

Monuse dorsal air szc assay. This assay was carried out with 6- to
10-week-old male mice a3 previously described (34, 35). Cells (3 x 10°)
were suspended in 150 pL of DMEM containing 2% FBS, and was injected
inte a chamber, which consisted of a ring covered with Millipore filters
(0.45 pm pore size, Millipore Corp.) on each side. This was implanted into
an air sac produced by injecting 10 mL of air s.c. on the back of an
anaesthetized mouse (50 mg/kg pentobarbital, ip.) on day 0. On day 5, the
chambers were removed from the s.c. fascia, and replaced with black rings
of the same irmer diameter as the chambers. Photographs of these sites
were assessed by counting the number of newly formed vessels >3 mm in
length within the area of the rings. The number of newly formed blood
vessels were each scored on scales from 0 to 8. Results are expressed ag
mean 3 SD.

Nude mouse xenograft models and determination of microvasculay
density. Cells were suspended in sterile PBS at a concentration of 10°
cells/mL and 100 pL were injected s.c. into the right flank of the nude
mice. Tumor size was measured by calipers in the largest diameter and at
a perpendicular dimension in order to calculate the tumor area.

Tomors of nude mouse Xenograft. Iutratumoral microvessels were
detected using a rat anti-mouse CD31 described previonsly (33). Tumors in
nude mouse were removed, snap-frozen in optimum cutting temperature
compound (SAKURA Finetechnical, Japan), and 6-pm sections were cut,
air-dried, and fixed in cold acetone for 10 minutes, The sections were
blocked with 3% bovine serwun albumin and labeled at room temperature
with rat anti-mouse CD31 for 1 how, followed by biotinylated goat anti-
rat IgG for 20 minutes. Intratiumornl microvessels in human specimens
were detected using a monoclonal antibody against the CD34 antigen
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(monoclonal mouse anti-human CD34 antibody; Nitirei, Tokyo, Japan). In
all samples, the mean value for the number of microvessels was calculated
from four vascular hotspots, They were then assessed as the microvascular
density (MVD) for each case. Only the CD34 staining in the tumor area
was reviewed, and any endothelial cell cluater consisting of two or more
cells was considered to be a single, countable microvessel. All counts
were done by three independent observers without any knowledge of the
corresponding clinicopathologic data.

Determination of VEGF and interleuldn-8 by ELISA. The concen-
trations of VEGE and interleukin-8 (IL-8) in the conditioned medium and
tissue lysates were measured using commercially available ELISA kits (31).
Cells were plated in 24-well dishes in mediumn containing 10% FBS, When
the cells reached subconfluence, the medium was replaced with DMEM
containing 29 FBS, then the cells were incubated for 24 hours. Results
were normalized for the number of cells and reported 25 picograms of
growth factor/10° cells/24 hours. Tumors obtained from mice were
homogenized in T-PER Tissue Protein Extraction resgent containing
protein inhibitor cocktail (Pierce, Rockford, IL) and centrifuged at
13,000 » g for 10 minutes. The concentrations of VEGF and IL-8 in the
supernatant of the lysates were measured by using an ELISA kit following
the manufacturer’s protocols.

Patients and specinens. Surgically resected specimens from 65 patients
with pancreatic ductal adenocercinomas were studied. All patients
underwent surgical resection between 1991 and 1998 in the Department
of Surgery at the Kurume University Hospital, Japan. Among these patients,
43 underwent pancreaticoduodenectomy, 21 underwent distal pancreatec-
tomy, and one underwent total pancreatectomy. All subjects underwent

extended radieal lymphadenectomy. Pancreatic resection was not done in
patients presenting with distant site metastasis. All cases of raucinous
cystadenocarcinoma -or intraductal papillary-mucinecus carcinoma were
excluded from our study. Pancreatic ductal adenocarcinoma tissties were
obtained from 37 men and 28 women with a mean age of 64 years (age
range, 40-80 years).

Immunohistechemical analysis of Cap43. All human specimens were
fixed in 10% formalin and embedded in paraffin wax. Unstained 4-pm
sections were then cut from paraffin blocks for immunchistochemical
analysis. The sections were stained with rabbit anti-Capd3 polyclonal
antibedy (10, 20). Capd3-specific immunoreactivity was scored by
estimating the percentage of labeled tumor cells as follows: score 0, no
positive cells; score +, <30% positive cancer cells; score ++, 307 o 80%
positive cancer cells; and score +++, >80% positive cancer cells. Specimens
were considered positive for Cap43 expression when the score was ++ or
++#, anid were considered negative for Cap43 expression when the score was
0 or + All procedures were done by two independent assessors and one
pathologist, all of whom had no previous lnowledge of the clinical outcome
for this series of cases, Individual specimens with discordant results among
the investigators were re-evaluated.

Statistical analysis. Data are expessed as mean *+ SD. Comparisons
between groups were done using Welch’s ¢ test. The Kaplan-Meier method
was used to calculate the overall survival rate and the prognostic
significance was evaluated by the logrank test. The correlation of Cap43
immunoreactivity with the patients’ clinicopathologic variables were
analyzed by Fisher's exact test. Differences were considered significant at
P < Q.05
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Results

Cap43 levels had no effects on the cell proliferation rates of
pancreatic cancer cells in eulture. We first compared the protein
levels of Cap43 in six pancreatic cancer cell lines. Of the six
lines, KP-1, BxPC-3, and SUIT-2 showed relatively higher Cap43
expression, whereas KP-4, PANC-1, and MlApaca-2 showed
relatively lower Cap43 expression (Fig. 14). We next established
cell lines that express higher amounts of Cap43 by transfection
of Cap43 cDNA into two cell lines, PANC-1 and MIApaca-2. Two
Cap43 ¢cDNA transfectants from PNAC-1, PANC/Cap-6, and PANC/
Cap-7, and those from MIApaca-2, paca/Cap-11, and paca/Cap-14,
showed enhanced expression of Cap43 as compared with their
parental mock transfectants, PANC/Mock-3 and paca/Mock-2,
respectively (Fig. 18}, We also compared the growth rates of mock
and Cap43 ¢DNA transfectants of PANC-1 and MlApaca-2 in the
presence of 10% serum (Fig. 1C). No significant difference in
growth rates was observed between their parental counterparts
and transfected cell lines.

A marked decrease of tumor growth and angiogemesis by
Cap43 overexpression in pancreatic cancer cells, We next

examined whether overexpression of Cap43 could modulate
tumor growth in mice under xenograft assay systemns. The tumor
growth of both paca/Cap-11 and paca/Cap-14 showed markedly
reduced rates as compared with their mock-transfected line,
pata/Mock-2 (Fig. 24 and B). We could not observe any tumor
growth when PANC/Mock-3, PANC/Cap-6, and PANC/Cap-7 were
transplanted. Determination of MVD showed much greater
development of neovessels in paca/Mock-2 tumor than both
paca/Cap-11 and paca/Cap-14 tumors (Fig. 2C). Quantitative
analysis showed a significant decreasing number of MVD in
both Capd43 transfectants by >50% of the control counterparts
(Fig. 2D).

We compared the tumor-induced angiogenic activity of Cap43
cDNA transfectants and their mock transfectants in PANC-1 and
MIApaca-2. Dorsal air sac assay showed the apparent development
of new microvessels (tn, arrowhead, Fig. 3) with curled structures
and many tiny bleedirig spots by PANC/Moclk-3 and paca/Mock-2,
but only a slight, if any, development of such microvessels by their
Cap43 cDNA transfectants (Fig. 34). Quantitative analysis showed
that the development of neovessels by both Cap43 cDNA

A L
Ham . pacaMinck-2
ﬁg‘ m e paca/Cap-11
g 30
‘;’ erretnsusresannn pacnjCap-lq
£ amu 4
2
2 20m
[0
g 1m0
=]
H oo ’
00 4
q ) TR y T y - Y
n I 2 3 4 5 [ 7 8
Weeks aftor inooulation W)
Cc

o e

pacaMdock-2

3t

puca/Cap-11

pacx/Cap-I4

Tumer weight ()

para/Muck-2  puea/Cap-11  pace/Cap-14

B

MVYD/HPF(High pawer fields) 200X O
2

pacaMock-2

paca/Cap-11  paca/Cap-14

Figure 2. Comparison of tumar growth and angiogenesis between Cap43 transfec
paca/Mock-2 (black line} or Capd3 transtectants (dotted fine) implanted with 1 X107
B, Wumor weight data at 8 weeks from paca/Mock-2, paca/Cap-11, and paca/Cap-

tants and their mock transfectants. A, mean tumor volumes + SO for groups of
calls (n = 8). Tumor volumes were determined avery week after tumar implantation.
14 xenografis. C, representative photographs of tumor sections stainad with

anti-CD31 (MVD) from paca/Mock-2, paca/Cap-11, and pacalcap-14 xenografts at 8 wesks. D, the mean microvessel density for tumor sections from paca/Mock-2,
paca/Cap-11, and paca/cap-14 xenograft at 8 wesks was determined by counting the number of CD31-posilive vessels in high power fietds (x200) of each
saction. Columns, mean; bars, £SD; *, P < (.05 significant difference between Cap43 transfectanis and mock transfectant,

Cancer Res 2008; 66: (12}, June 15, 2006

6236

www.aacrfournals.org



The Role of Cap43 In Pancreatic Cancer

PANC/Klock-3 PANC/Cap-6 PANC/Cap-7

paca/Mack-2 paca/Cap-11 pacalCap-14

Javaded ceils (celleTV)

Kl KP4 InPCO  SUIN2 PANC MEdgpaosd

JRe]

9.0

8.0 4

7.0

giogenic score

G.0 4
5.0

4.0 4

Newly formed vessels (An

PANC PAN paca paca pata

PANC
Aack-3 /Cap.6 [Cap-7? Mork-2 /Cap-11 /Cap-14

)

a0

00 4

4100 4

Invaded celle (rellsTVY)

PFANC PANC PANC paca paca paca

Mivck-3 /Cap-6 /Cap-7 Mock-2 /Cap-11  /Cap-14

Figure 3. Effect of Cap43 overexpression on angiogenesis induced by pancreatic cancer cell lines in the mouse dotsal air sac assay and on invasive ability in Matrige!
invasion assay: A, representative photagraphs of assay chambers containing Cap43 transfectants and their mock transfectants; pv, preexisting vessels; #n, tumor

neavasculature. B, the angicgenic responses were determined by counting the number of new plood vessels {in} >3 mm in length {A and B). Columns, mean for four or
five mice; bars, £5D; ", P < 0,05, significant difference between Cap43 transfectants and mock transfectant. £, comparison of the Invasiveness af six haman pancreatic

cancer csll linas in the Matrige} invasion assay. Tumor cell invasiveness was guan

tified as the mean celf number of cells in five fislds of view per filter {calis/FV).

Columns, mean of three independent experiments; bars, £5D. 0, quantitative evaluafion of invasiveness of the Cap43 transfectants and their mock transfectants in the
Matrigal invasion assay. Tumor cell invasiveness was quantified as the mean cell number of invaded cells in five fields of view per filter {cells/FV). Columns, mean
of three Indapendent experiments; bars, +80;*, P < 0.05, significant difference between Cap43 transfectants and mock transfectant.

transfectants was <20% of their control counterparts in both
MiApaca-2 and PANC-1 (Fig. 3B).

Effect of Capd3 on invasive ability in pancreatic cancer cells.
We next examined if the expression of Cap43 could affect the
cellular locomotion/invasion activity of pancreatic cancer cell lines
by Matrigel invasion assay. Of the six cell lines, BxPC-3 and SUIT-2
showed relatively low invasive activity in comparison with the
other four cell lines in photographs of Matrigel-coated flters
{data not shown). Quantitative analysis showed a markedly lower
invasive ability for two cell lines, BxPC-3 and SUIT-2, which
expressed relatively high levels of Cap43 (see Fig. 14), and
intermediate invasiveness for one cell line, KP-1, which expressed
a moderate Capd3 level (Fig. 3C). By contrast, three cell lines (KP-4,
PANC-1, and MIApaca-2}, which expressed relatively low Cap43
levels, showed higher invasive abilities. We further compared the
invasive ability of Capd3 cDNA transfectants and their mock
transfectants in PANC-1 and Miapaca-2, Two Capd3 transfectants
consistently showed markedly decreased invasive ability compared

with the mock transfectants in both PANC-1 and MIApaca-2
(Fig. 3D).

A marked effect of Cap43 on the expression of matrix
metalioproteinase-9, VEGF, and IL-8. To determine why
angiogenesis and cell locomotion/invasion are strongly affected
by Capd3 expression, we compared the expression levels of
angiogenesis-related factors, matrix metalloproteinases (MMP),
VEGE, and IL-8 between Cap43 cDNA fransfectants and their
control counterparts. The expression of MMPs in cancer cells as
well as vascular endothelial cells, regulate neovascularization by
enhancement of pericellular fbrinolysis and celular locomotion
(36). Of the many MMPs, MMP-9 plays a critical role in the
angiogenic switch during carcinogenesis (37). By using conventional
gelatin zymography, we compared the activity of MMPs between
Cap43-transfected lines and their control counterparts in PANC-1
and MiApaca-2, Two Cap43 transfectants, PANC/Cap-6 and
PANC/Cap-7, which express high amounts of Cap43 protein
showed much reduced MMP-9 activity {gelatinase B} compared
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with their parental counterparts (PANC-1/Mock-3), whereas PANC/
Cap-6 and -7 showed similar MMP-2 activities as its parental
counterpart (Fig. 44 ). We could not observe any apparent activity of
MMP-2 and MMP-9 in cell lines derived from MIApaca-2 in this
assay (data not shown). Both Cap43-overexpressing cell lines of
PANC-1 showed <10% MMP-9 mRNA levels of that of PANC/
Mock-3 (Fig. 48). Although the mRNA levels of MMP-9 were ~ 10%
in MIApaca-2 as compared with that in PANC-1, reduced levels of
MMP-9 mRNA. were also observed in Cap43-overexpressing cell
lines of MIApaca-2 in comparison with thelr mock transfectant
(Fig. 4B).

We also compared the cellular production of two potent
angiogenic factors, VEGF and IL-8, by ELISA assay and reverse
transeription-PCR between Cap43 cDNA transfectants and their
control counterparts. Figure 4C showed a marked decrease in the
production of VEGF in both PANC/Cap-6 and PANC/Cap-7 in
comparison with PANC/Mock-3. However, we could not observe
any apparent production of IL-8 in these lines derived from PANC-1,
and also that of VEGF in cell lines derived from MIApaca-2, assayed
by ELISA (datz not shown). In contrast, cellular levels of IL-8 were
~10% and 60% in paca/Cap-11 and paca/Cap-14, respectively, of
those in paca/Mock-2 (Fig, 4C). Determination of mRNA levels by
quantitative real-time PCR also showed the marked decrease in
cellular mRNA levels of both VEGF and IL-8 in Cap43 cDNA
transfectants as compared with their parental counterparts in hoth
PANC-1 and MlIApaca-2 (Fig. 4D).

We further compared the production of VEGF and IL-8 in the
s.¢. tmors under iz vivo conditions. Determination of mRNA levels
by quantitative réal-time PCR showed 12- and 18-fold increases
in Cap43 mBNA levels in paca/Cap-14 tumor 1 and tumor 2,
respectively, over those in paca/Mock-2 tumor when tumors were
removed at 8§ weeks after inoculation. We deterrnined the
expresgion levels of VEGF and IL-8 in tumors by ELISA assay
system (see Materials and Methods). VEGF expression levels
{pg/mg protein} were not detectable in both paca/Cap-14 tumor
1 and 2 when those were 280 + 89 in paca/Mock-2 tumor.
1L-8 expression levels (pg/mg protein) were 142 + 102 and 46 +
8.4 in paca/Cap-14 tumor 1 and tumor 2, respectively, when those
were 580 -+ 824 in paca/mock-2 tumor.

Asgociation of Capd3 expression with angiogenesis and
clinicopathologic characteristics as well as proguosis in
patients with pancreatic cancer. The expression of immunore-
active Cap43 was examined immunohistochemically in resected
specimens of 65 patients with pancreatic ductal adenocarcinoma.
Two clinical examples of positive immunestaining (2 and &) and
two examples of negative immunostaining (¢ and d) are presented
in Fig. 54. Based on this immunohistochemical staining for Cap43,
we classified the 65 cancer specimens into positive (n = 27) and
negative (n = 38) groups. We further investigated whether Cap43
expression in patients with pancreatic ductal adenocarcinoma was
associated with clinicopathologic variables such as age, gender,
depth of invasion, lymph node metastasis, pathologic stage, and
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Figure 5. Correlation betwesn Cap43
exprassion and MVD. Immunchistachemical
analysis of Cap43 and microvessels in
pancreatic ductal adenocarcinoma with
anti-Cap43 and CD34 antibody (4 and B).
A, two clinical samples of patients with
pancreafic ductal adenocarcinoma who
had good leng-term survival after surgery
showing Cap43 expression (a and b). Two
clinical samples of patients with pancreatic
ductal adenacarcincrna who had poor
survival after surgery showing reduced
Cap43 expression {¢ and d}. Original
magnification, x100. B, ductal
adenocascinoma cells in Cap43 posilive
specimens (& and ¢}, and In
Cap43-negative specimens (e and g).
immunchistochemical stainlng of
anti-CD34 antibody. A tumor area with low
vessel density (b and d) and high vessel L
density (f and k) are shown, Original 1
magnification, x100. C, corelation
betwean Cap43 expression and MVD. The
median value of MVD in a Cap43-nagative
spacimen was 48.8 and in a Gap43-positive
specimen was 28.3. [, Kapfan-Meier
analysis of overall survival according to
Cap43 expression levals in pancreatic
ductal adenocarcinoma, The survival of
patienis whose cancer cells did not express
Cap43 was signiticanily (P = 0.0062)
worse than that of patients whoso cancer
cells expressed Capd3. Patients with
Cap43-positive cancer {i = 27) and those
with reduced expressicn of Cap43 (n = 38).
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histopathologic prading. Cap43 expression was significantly
correlated with depth of invasion (P = 0.0008}, pathologic stage
(P = 0.0263), and histopathologic grading (P = 0.0244), but not
with lymph node metastasis (Table 1). We also determined MVD
in tumors by immunostaining analysis with anti-CD34 antibody.
Two clinical samples of Cap43-positive immunostaining with
lower MVD (scoring number, <40; a-) and two clinical samples of
Cap43-negative immunostaining with higher MVD (scoring
number, >40; e-h) are presented in Fig. 5B. Based on this
immunohistochemical analysis, we classified patients into high
(scoring number, >40; n = 33} and low {scoring number, <40;
n = 32) MVD groups. High MVD was found to be significantly
associated with: negative Cap43 expression, whereas low MVD
was significantly associated with positive Cap43 expression
(P = 00001; Table 1). The median values of MVD in Cap43-
positive specimens was 28.3, and those of MVD in Cap43-negative
specimens was 48.8 (Fig. 5C). Immunohistochemical analysis of
clinical specimens therefore suggested that high Cap43 expression
was closely associated with low angiogenic status of pancreatic
ductal adenocarcinoma.

Finally, we investigated whether Cap43 expression was associ-
ated with the prognosis for patients with pancreatic ductal
adenocarcinoma. Kaplan-Meier analysis indicated that Cap43
protein expression showed a statistically significant correlation
with survival after radical surgery (P = 0.0062; Fig. 5D), with cases
lacking Cap43 expression having unfavorable prognoses. The
median survival time for patients with tumors that were positive
for Capd3 expression was 24.7 months, compared with 10.9 months
for patients with tumors negative for Cap43 expression.

Discussion

Overexpression of Cap43 did not alter the growth rates of human
prostate and colon cancer cells (16, 17). Consistent with these
studies, cellular proliferation assay of Cap43-overexpressing cell
lines of MIApaca-2 and PANC-1 showed similar growth rates as
their parental counterparts in culture. Tumor growth in vivo
showed a marked decrease by Cap43 ovetexpression in MlApaca-2
when their parental counterparts showed high tumor growth rates.
Thus, Cap43 overexpression seemed to specifically affect tumor
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Variable No. of Cap43 expression P
patients
Positive Negative
(n =27) {n = 38)

Age(y) 0.6760
<65 . 29 12 17
265 36 15 21

Gender 0.0868
Male 37 12 25
Female 28 15 13

Depth of invasion 00003 "
T, T2 % 17 7
Ta, Ty 41 10 31

Lymph node metastasis 0.5358
Negative 31 13 18
Positive 34 14 20

Pathologic stage 002637
I 10 7 3
I 4 P/ 2
1% 30 14 16
v 21 4 17

Histopathologic grading 002447
Gy 23 16 12
Gy, G 37 11 26

Microvascular density 0.0001"
Low (<40) 32 21 11
High (>40) 33 6 27

*Analyses were carried out using Fisher’s exact test.

TP < 0.05 considered statistically different.

growth in vivo but not cell growth in vitro, suggesting the critical
role of Capd3 in the medulation of tumor stroma in pancreatic
cancer. Previous studies using animal experimental models have
shown that Capd43 overexpression suppresses metastasis by
prostate and colon cancer cells, suggesting that Cap43/NDRGI
is a metastasis suppressor gene (16, 17). A relevant study by
Bandyopadhyay et al. have reported that the Cap43/Drg-1 protein
was significantly reduced in breast cancer cells, particularly, in
patients with lymph node or bone metastasis as compared to
those with localized breast cancer (18). Capd43 could thus affect
not only metastasis/invasion but also twmer growth, suggesting
that Cap43/NDRG1 conld be a putative metastasis suppressor
gene. Concerning the possible mechanism for up-regulation of
Cap43, Le and Richardson have previously reported that
treatment of breast cancer cells by iron chelator with high
antiproliferation activity up-regulates the expression of Capd3/
NDRGI gene through hypoxia-inducible factor-la-dependent and
~independent pathways (38). Our recent study showed estradiol
induced down-regulation of Cap43 gene in estradiol receptor-
positive breast cancer cell lings, and also that Cap43 expression
was inversely comelated with the expression of estradiol receptor-
o but not with progesterone receptor in human breast cancer
(39). Thus, expression of Cap43 in breast cancer seems to be
greatly affected under various conditions including hypoxia,
metals, and estradiol,

Cap43 in cancer cells might alter the tumor stroma microen-
vironment, resulting in a block of tumor progression. Consistent
with this notion,” our present study further showed a marked
decrease in angiogenesis by Cap43 overexpression in MIApaca-2
or PANC-1 in the dorsal air sac assay, and also decreased MVD in
tumor induced by Cap43 overexpression in MlApaca-2 as
compared with their parental counterparts. Cellular production
of angiogenesis-related factors such as MMP-9, VEGE, and
IL-8 were marked]y reduced in cell lines with Cap43 overproduc-
tion. In gelatin zymography, there seemed to be almost no
MMP-9 activity in PANC/Cap-6 and PANC/Cap-7 when their
parental counterpart had MMP-9 activity. Although there was no
apparent activity corresponding with MMP-9 and MMP-2 in cell
lines of MIApaca-2, MMP-9 mRNA level was also reduced in both
Cap43 transfectants of MIApaca-2. In the Matrigel invasion assay,
pancreatic cancer cell lines with relatively higher Cap43
expression showed lower invasive ability. Cap43 overexpression
may reduce both the expression and activity of MMP-9, resulting
in altered cellular locomotion and invasive ability. A relevant study
by Bergers et al. has reported that MMP-9 triggers the angiogenic
switch during carcinogenesis of pancreas in transgenic mice
(37). In this study, genetic ablation of MMP-9, but not that of
MMP-2, impairs the induction of angiogenesis. Moreover, expres-
sion of two representative angiogenic factors, VEGF and IL-8,
was also markedly reduced in cell lines overexpressing Cap43.
Cellular production of VEGF and IL-8 was also inversely correlated
with Cap43 levels. VEGF and IL-8 preduction was markedly
decreased in the subcutaneous tumor by Cap43 gene transfectant
in comparison with tumors of the parental counterpart, suggest-
ing that expression of VEGF and IL-8 is affected in both iz vitro
and in vive conditions by Cap43 in pancreatic cancer. The low
tumor angiogenic activity by Capd43 overexpression could be
due to decreased expression of angiogenic factors such as VEGF,
IL-8, and MMP-9. A more precise study should be required to
understand the underlying mechanism of how the expression
of such angiogenesis-related factors could be modulated by
Cap43.

Consistent with previous studies (22, 40, 41}, we found that the
survival rates for 65 patients with pancreatic cancer were
significantly correlated with histopathologic grading and depth of
invasion. We further observed a close association between low
Capd3 expression and poor prognosis in pancreatic dnctal
adenocarcinoma. Cap43 was originally isolated as 2 differentia-
tion-related gene and is mostly expressed in differentiated
epithelial cells (9, 11), and this might be relevant to its association
with the histopathologic grading of pancreatic cancer. To our
surprise, high MVD in clinical specimens of pancreatic cancer was
found to be significantly associated with low Capd3 expression
levels (Table 1; Fig. 5), consistent with our experimental animal
madel for tumor growth and MVD. On the other hand, poor
prognosis and malignant progression are often significantly
associated with VEGF and PD-ECGF, as well as with MVD in
tumors {see Introduction). From our present study, MVD in clinical
specimens of pancreatic cancer was also significantly associated
not only with Capd3 (see Table 1) but also with prognosis of
patients.® Pancreatic tumor growth is regulated by positive and
negative angiogenesis modulators {42), and kinase inhibitors of
both VEGF and EGF receptors were found to reduce the tumor

& Unpublished data.
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growth and metastasis of pancreatic cancers in a xenograft
model (43). Clinical studies also showed a close association of
angiogenesis and/or enhanced expression of VEGF and other
angiogenic factors with disease progression and patient survival in
pancreatic cancers (44-46). Shi et al. have reported that IL-8
expression renders pancreatic cancer cells more tumorigenic and
metastatic under various microenvironmental changes including
hypoxia and acidosis (47). On the other hand, infiltration of fumor-
associated macrophages is often closely associated with angiogen-
esis in varfous human malignancies (48, 49), and our previous
study showed the expression of Cap43 in tumor-associated
macrophages in human renal cancers (20). We also observed the
expression of Cap43 in macrophages as well as cancer cells in
pancreatic cancers when clinical specimens were examined by
immunohistochemical analysis {data not shown). The role of
Cap43 in macrophages, however, remains to be further studied.
In conclusion, we first demonstrated that Cap43 could switch-off
angiogenesis and cell locomotion/invasion by pancreatic cancer

cells. A putative metastasis suppressor function of Cap43/NDRG1
might be due to such modulation of angiogenesis in tumor stroma.
Cap43 could be a novel target for angiogenesis and malignant
characteristics of pancreatic cancers. How Cap43 could control the
expression of angiogenesis-related genes in pancreatic cancer cells
is now in progress in our laboratory.
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The up-regulation of type I interferon receptor gene plays a
key role in hepatocellular carcinoma cells in the synergistic
antiproliferative effect by 5-fluorouracil and interferon-a
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Abstract. Combination therapy with interferon (JFN)-o. and
5-fluorouracil (5-FU) has been reported to show an improved
therapeutic efficacy in patients with advanced hepatocelluiar
carcinoma (HCC) but the mechanism behind this has not been
completely elucidated. We examined the molecular events
underlying the antiproliferative effects of IFN-o and 5-FU in
combination using six human HCC cell lines. When the
antiproliferative effects of administering IFN-a and 5-FU
together were analyzed using isobolograms, we found that
the cell lines could be divided into two groups: the S-group
containing three cell lines, which showed synergistic effects,
and the A-group, containing the remaining three cell lines,
which showed additive effects. Real-time RT-PCR and Western
blot analyses revealed that the expression levels of type I TFN
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Abbreviations: IFN-a, interferon a; 5-FU, 5-fluorouracil; HCC,
hepatocellular carcinoma; IFNARI, type I IFN receptor subunit 1;
1IFNAR2, type I IFN receptor subunit 2; FdUMP, 5-fluore-
2'deoxyuridine-5'-monophosphate; TS, thymidylate synthase;
TP, thymidine phosphorylase; DPD, dihydropyrimidine
dehydrogenase; OPRT, orotate phospheribosy! transferase; UP,
uridine phosphorylase; TK, thymidine kinase; RT-PCR, reverse
transcription-polymerase chain reaction

Key words: inerferon-, 5-fluorouracil, combination therapy,
synergism, interferon receptor, hepatocellular carcinoma

receptor subunits, IFNAR1 and IFNAR2, were specifically
up-regulated by 5-FU in all three cell lines of the S-group
with the exception of IENAR2 in one cell line, but not in
those of the A-group. IFN-e modulated the protein expression
levels of six enzymes regulating sensitivity to 53-FU, but none
of them were down- or up-regulated in the same way in all
members of the 8- or A-group. In conclusion, the 5-FU-
induced modulation of IFN receptor expression could play a
pivotal role in the therapeutic efficacy of IFN-a combined
with 5-FU. Measuring the expression levels of IFN receptors,
and their ability to be up-regulated, may be a promising
method for selecting HCC patients for this type of combination
therapy.

Intreduction

Hepatocellular carcinoma (HCC), the most common primary
liver cancer, is one of the most frequent and aggressive
malignant tumors, and its incidence is increasing. The surgical
resection of hepatic lesions is the most effective treatment
for patients with HCC, and local therapeutic approaches,
such as transcatheter arterial embolization (1), percutaneous
transhepatic ethanol injection (2), microwave coagulation
(3), and radiofrequency ablation (4) have also been reported
to be effective. However, these therapies are still not effective
for patients with advanced HCC, who are often not suitable
for surgery and whose S-year survival rate is extremely low
(5). One chemotherapeutic strategy is combined chemo-
therapy with 5-fluorouracil (5-FU) and interferon (IFN)-a.
Monden and colleagues have reported a beneficial therapeutic
effect in a patient with recurrent HCC and multiple lung and
bone metastases {(6-8). However, this combined treatment
was accompanied by increased toxicity, as manifested by an
elevated incidence of mucositis and neurological and hema-
tological side effects (9). It is therefore important to understand-
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the exact mechanism of this combination therapy so that
patients likely to respond can be selected and unnecessary side
effects can be avoided.

5-FU has two major antitumor mechanisms: one involves its
active metabolite 5-fluoro-2'-deoxyuridine-5'-monophosphate
(FAUMP), inhibiting the activity of thymidylate synthase
(TS) and consequently DNA synthesis; the other is related to
the incorporation of 5-FU metabolite into RNA and DNA,
thereby disrupting normal RNA processing and function. The
sensitivity of cancer cells to 5-FU is often influenced by the
enzymes affecting 5-FU metabolism, including dihydro-
pyrimidine dehydrogenase (DPD}, orotate phosphoribosyl
transferase (OPRT), thymidine phosphorylase (TP), uridine
phosphorylase (UP), and thymidine kinase (TK). In contrast,
IFNs are divided into type I and type II. The human type I
IFN family is composed of at least 14 structurally related
IFN-o subtypes and single IFN-B and IFN-o subtypes. Type I
IFNs have various biclogical activities, including antiviral,
anti-proliferative, immunomodulatory (10-12), and anti-
angiogenic effects (13,14), mediated by the type I TFN Teceptor.
This receptor is composed of two functional transmembrane
subunits, type I IFN receptor subunit 1 (IFNAR1) and subunit
2 (IFNAR?2), cooperating to form a high-affinity receptor for
all type I IFNs (15,16). IFNAR2 is the major binding subunit
and IFNAR1 is necessary for the tight binding. Of these
receptor molecules, the expression levels of the type I IFN
receptor were closely correlated with the response rates to
IFN treatment in patients with chronic hepatitis C (17), and
overexpression of the IFNAR2 markedly increased the anti-
proliferative activity of IFNs and their capacity to induce
apoptosis (18), suggesting that the type I IFN receptor is a
key molecule for the antitumor activity of IFN-c.

Concerning possible mechanisms behind IFN-a and 5-FU
showing improved therapeutic efficacy, increased FAUMP
concentrations, decreased protein level of TS, an increase in
TS inhibition rate and TP activity, and an alteration in 5-FU
pharmacokinetics by combined IFN-a have been reported
(19-24). Eguchi er al have reported that angmentation of the
antitumor effect of 5-FU by IFN-o might in part be attributable
to the up-regulation of p27%#! blocking cell cycle progression
(25}. However, none of these theories provide a consistent
mechanism for the exact rationale of this combination therapy.
Furthermore, almost all studies have assumed that IFN-a plays
a role in modulating the antitumor activity of 5-FU.

In this study, we provide evidence that the modulation of
IFN receptor expression by 5-FU is specifically associated with
the improved efficacy rather than the cellular modulation of
the enzymes that regulate the sensitivity to 5-FU by IFN-q.,

Materials and methods

Drugs. Natural human IFN-a was purchased from Otsuka
Pharmaceutical Co., Ltd. (OIF, Tokyo, Japan) and 5-FU
was purchased from Kyowa Hakko Kogyo Co., Ltd. (5-FU
Injection 250 Kyowa, Tokyo, Japan).

Cell lines. HCC cell lines, KIM-1, KYN-1, KYN-2, KYN-3,
HAK-1A and HAK-1B (26-30), were grown in Dulbecco's
modified Eagle's medivm (Nissuj Seiyaku Co., Tokyo, Japan)
with 10% fetal bovine serum (FBS) (FETALCLONE 1],
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Hyclone, UT, USA) in a humidified atmosphere of 5% CO,
at 37°C.

Antiproliferation test. Cells were seeded into 96-well plates
at 1,000 cells/0.1 ml/well and incubated overnight. On the
following day, 100 g1 aliquot containing IFN-e and 5-FU was
added and cultured for a further 5 days. In study of schedule-
dependent synergy, HCC cells were seeded into 12-well plates
at 5,000 cells/1 mi/well. On the following day, 1-ml aliquot
containing drugs was added. After a further 3 days, culture
medium was exchanged for fresh medium including another
drug and cultured for a further 3 days. The number of viable
cells was estimated by activity of cellular dehyrogenases using
WST-8 reagent (Cell Counting Kit-8, DOJINDO, Kumarmoto,
Japan) (31).

Isobologram analysis. To analyze the mode of interaction
between 5-FU and IFN-g, the combined doses that reduced
cell growth by 50% were plotted as isobolograms, according
to the method of Steel and Peckham (32). The envelope of
additivity surrounded by mode I (heteroaddition), Ila and IIb
(isoaddition) curves, was constructed based on the dose-
response curves of IFN-a and 5-FU alone. Thus, when the
data points for the combined drugs fell within this envelope,
the combined effect was judged to be additive. When the
points fell in the area under the envelope of additivity, the
combined effect was judged as synergistic, because in this
case, 50% inhibition was produced by a lower concentration
than predicted on an additive basis.

cDNA preparation and quantitative real-time RT-PCR. Total
RNA was extracted using Isogen {Nippon Gene Co., Lid.,
Tokyo, Japan) and reverse transcribed using a reverse tran-
scription system (Promega Corp., Madison, WI) according to
the manufacturer's instructions. RT-PCR was performed with
an ABI PRISM 7300 (PE Applied Biosystems, Foster City,
CA). The sequences of the primers and probes are shown in
Table I, and those for IFNAR1, IFNAR?2 and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were purchased from
Applied Biosystems.

Western blotting. HCC cells were cultured with various con-
centrations of 5-FU or IFN-a. Total protein was extracted using
protein extraction reagent (M-PER™ | Pierce, Rockford, IL)
supplemented with protease inhibitors (Halt™ protease
inhibitor cocktail kit, Pierce). Cell lysates were subjected to
SDS-PAGE and transferred to Immobilon-P transfer mem-
branes (Millipore, Bedford, MA). After blocking, membranes
were probed with anti-TS, -OPRT and -TP monoclonal and
anti-DPD polyclonal antibodies (a gift from TATHO Pharma-
ceutical Co., Ltd., Tokyo, Japan), monoclonal antibody against
TK (abcam, Cambridge, UK), polyclonal antibodies against
IFNAR1, IFNAR2 and UP (Santa Cruz Biotechnology, Santa
Cruz, CA). The proteins were visualized using HRP-conjugated
antibodies followed by enhanced chemiluminescence (Pierce).
The intensity of luminescence was quantified using an image
analysis system (LAS-1000, Fuji Film, Tokyo, J apan).

Silencing IFNARI and IFNAR2 genes. Stealth™ RNAis
(Invitrogen™ Life Technologies, San Diego, CA) were used
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Table I. Probe and primer pair sequences for six factors regulating 5-FU sensitivity.

Gene Sequences

Probe: S (FAM)TTCAGCTTCAGCGAGAACCCAGA(TAMRA)-3'
TS Forward primer:  5-GAATCACATCGAGCCACTGAAA-3'

Reverse primer: 5-CAGCCCAACCCCTAAAGACTGA-Y

Probe: 5'-(FAM)TGCCCTCACCAAAACTTTCTCTCTTGATAAGGA(TAMRA)-3'
.DPD*® Forward primer:  5-AATGATTCGAAGAGCTTTTGAAGC-3'

Reverse primer: §-GTTCCCCGGATGATTCTGG-3'

Probe: 5' (FAM)CTCCTTATTGCGGAAATGAGCTCCACC(TAMRA)-3'
OPRT- Forward primer: 5-TCCTGGGCAGATCTAGTAAATGC-3'

Reverse primer: ~ 5-TGCTCCTCAGCCATTCTAACC-3'

Probe: 5'-(FAM)CAGCCAGAGATGTGACAGCCACCGT(TAMRA)-3'
P Forward primer:  5-CCTGCGGACGGAATCCT-3'

Reverse primer: 5-GCTGTGATGAGTGGCAGGCT-3'

Probe: 5-(FAM)TGCTCCAACGTCACTATCATCCGCAT(TAMRA)-3'
ups Forward primer:  5-TGACTGCCCAGGTAGAGACTATCC-3'

Reverse primer: 5-AGACCTATCCCACCAGAAGTGC-3'

Probe: 5-(FAM)TGGCCTGGATTCACGCCCTCTTG(TAMRA)-3'
TKf Forward primer: 5-AGCCTTGGCCCACACTGA-3'

Reverse primer:

5-CCAGAGGTAGGAAGGGCTTTG-3'

"Thymidylate synthase; *dihydropyrimidine dehydrogenase; “orotate phosphoribosy] transferase; ‘thymidine phosphorylase; uridine

phosphorylase; and ‘thymidine kinase.
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Figure I. Antiproliferative effects of IFN-a and 5-FU in six HCC cell lines, HAK-1A, HAX-1B, KYN-1, KYN-2, KYN-3, and KIM-1. Cells were exposed to

drugs for 5 days. Curves show the fitted dose-response curves for 3-FU (A) and IFN-o (B). Assays were carried out in guadruplicate. Data points represent the
mean = SD of the cell survival ratio relative to that of untreated cells, taken as 100%. Experiments were repeated twice with essentially similar results.

to knock down IFNAR1 (j03171_stealth_189) and IFNARZ
(x89772_stealth_1054) expression. Sub-confluent KYN-1
cells were cultured overnight in Opti-MEM 1 medium, then
40 nmol/l siRNA and Lipofectamine™ 2000 (Invitrogen™ Life
Technologies) were applied according to the manufacturer's
instructions. After 4 h, cells were harvested from the culture
plates and seeded into 96-well plates. After a further &-h
incubation, IEN-a was applied and cells were cultured for 5

more days. The numbers of cells were estimated by WST-8
method (31).

Results
Antiproliferative effects of IFN-a and 5-FU in six HCC cell

lines. When the antiproliferative effects of IFN-a and 5-FU on
six HCC cell lines were examined, the growth inhibition seen
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Table II. Relative mRNA expression levels of type I IFN receptor subunits and six factors regulating sensitivity to 5-FU in six
HCC cell lines.

Relative mRNA levels ICy
Cell line IFNARI*  JFNAR2®  TS¢ DPD*  OPRTf  TP: uph TK! IFN-a 5-FU
(IU/m]) (umol/l)
HAK-1A 23 5 100 1 100 6 16 91 700 23
HAK-1B 100 100 15 59 84 100 100 43 66 1.0
K¥YN-1 99 54 67 100 71 15 94 99 25 7.2
KYN-2 5 i3 9 4 38 34 2 92 490 14
KYN-3 27 14 66 13 55 31 36 92 19 9.6
KIM-1 38 27 20 87 42 55 19 100 94 14

"The mRNA levels were examined by quantitative real-time RT-PCR and normalized with GAPDH. Relative mRNA level shows the
average of the ratio relative to the highest level in six HCC cell lines of 100 in respective factor in triplicate determinations.® Type I interferon
receptor subunit 1; “type I interferon receptor subunit 2; thymidylate synthase; “dihydropyrimidine dehydrogenase; ‘orotate phosphoribosyl
transferance; Sthymidine phosphorylase; "uridine phosphorylase, and | thymidine kinase. 1ICyp, drug concentration reducing the cell growth to
30% of that of non-treated ceils. Cytotoxicity tests were carried out in quadruplicate.
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Figuare 2. Combination effects of IFN-a and 5-FU. Isobologram analysis of IFN-a and 5-FU against six HCC cell lines. Cells were exposed to IFN-u and 5-FU
for 5 days simultanecusly. The area surrounded by the outer 2 curves of Mode 1, ITa and IIb curves is the eavelope of additivity. Relative doses of the drugs
were calculated as concentration of 5-FU/IC,, of 5-FU and concentration of 1BN-o/ICyq of IFN-q, Closed circles represent combined concentrations of 5-FU
and TFN-g that inhibited cell growth by S0%. Assays were carried out in quadruplicate. Experiments were repeated twice with essentially similar results.

n all HCC cell lines was dose-dependent (Fig. 1). The HCC  while the remaining four HCC cell lines were approximately
cell lines showed varied sensitivities to IFN-a, with IC,, values  three times more sensitive to 5-FU.

over a 25-fold range, from 19 to 700 IU/ml (Table II). KIM-1,

K¥N-1,KYN-3, and HAK-1B were highly sensitive to IFN-o  Expression of type 11IFN receptor and factors regularing 5-FU
with ICq, values below 100 TU/ml, while HAK-1A and KYN-2 sensitivity in six HCC cell lines. Table II shows the relative
appeared to be more resistant with ICy, values of 700 and 490  levels of basal mRNAs for IENARI, IFNAR2 and factors
IU/ml, respectively. KYN-1 and K'YN-3 responded weakly to regulating sensitivity to 5-FU, with an arbitrary maximum
5-FU with 1Cy, values of 7.2 and 9.6 ymol/], respectively,  value of 100. The mRNA levels of IFNAR1 were highest in
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Figure 3, Schedule dependency of synergism of IFN-a and S_FUL KYN-1 cells were seeded on day 0 and exposed to IFN-a or 5-FU for 3 days (day 1-4). On
day 4, culture medium was removed and washed with PBS three times and fresh medium containing ancther drug was added. Cells were cultured for a further
3 days (day 4-7). The number of viable cells was estimated using the WST-§ assay. Experiments were carried out in triplicate independently. The columns
show the mean value and bars represent SDs, Dotted columm, IEN-a ajone; striped column, 5-FU alone; solid column, sequential treatment of 5-FU and IFN-¢.
*P<0 05, “P<0.01, ""P<0.001; statistically significant difference between the indicated data points by Welch's test.

the [FN-a-sensitive cel] lines HAK-1B and KYN-1, while
those in the other four HCC lines, which included both
1FN-a-sensitive and resistant lines, were only 5-40% of
their levels in HAK-1B. As for JFNAR-1, the levels of
IFNAR-2 mRNA were relatively higher in HAK-1B and
KYN-1. Moreover, both IFN-a-resistant cell lines, HAK-1A
and KYN-2, had relatively lower levels of IFNAR-1 and
JFNAR-2 mRNAs, while the other IFN-a-sensitive cell lines
had relatively higher levels of mRNA for both subunits.

Of the six factors regulating sensitivity to 5-FU, low
levels of TS and DPD and high levels of OPRT, TP, UP and
TK render cancer cells sensitive to 5-FU in in vitro assays.
Cellular TS mRNA levels were relatively high in two 5-FU-
resistant lines, KYN-1 and KYN-3, while DPD mRNA levels
were high only in KYN-1 cells. Cellular TP mRNA levels
were relatively low in the 5-FU-resistant KYN-1, but high in
the 5-FU-sensitive HAK-1B cells. However, overall there
was no clear association between the cellular mRNA levels
of each factor and the 5-FU sensitivity of the six HCC lines.

Combined effect of IFN-a and 5-FU on six HCC cell lines. The
isobolpgram method yielded three curves, Mode 1, Mode 11a
and Mode IIb, All of the data points for combined treatments
against KYN-1 and K'YN-2 cell lines, and three out of six data
points for HAK-1A, fell in the area suggesting a synergistic
effect and the other three points for HAK-1A cells were almost
on the mode I curve (Fig. 2A and C). Therefore the combined
effect of IFN- and 5-FU on these three cell lines was judged to
be synergistic. By contrast, all of the data poinis for combined
treatments of HAK-1B, KYN-3, and KIM-1 cells feli within
the envelope of additivity, and the combined effects on these
cell lines were judged to be additive (Fig. 2D and F). Based
on these results, we separated the six cell lines into two groups:

the S-group, showing synergistic responses, and consisting of
KYN-1,KYN-2, and HAK-1A, and the A-group, characterized
by additive responses, and consisting of HAK-1B, KYN-3,
and KIM-1.

As shown in Fig. 3, schedule-dependent interactions
between IFN-a and 5-FU were examined using KYN-1 cells
showing synergistic effect with simultaneous treatment of
IFN-¢ and 5-FU. Sequential exposure to 5-FU followed by
IFN-o showed much stronger antiproliferative effect than the
reverse sequence at all tested concentration sets of 5-FU and
IFN-a.

Effect of IFN-0. on protein expression of factors regulating
5-FU sengitivity. The metabolism of 5-FU is shown in Fig. 4A.
The antitumor effects of 5-FU primarily depend on levels of
its metabolic enzymes in in vitro study. We selected six
enzymes, TS, DPD, OPRT, TP, UP and TK, that were
reported to be closely associated with sensitivity and/or
resistance to 5-FU. We examined their protein levels in these
six cell lines when treated with TFN-a at 500 IU/m] for 48 b
(Fig. 4B). The expression levels of TS, OPRT and TK were
down-regulated after treatment with IFN-¢ for 48 h, not only
cell lines in the S-group, but also in the A-group. By contrast,
treatment with IFN-a resulted in a 3-fold increase in DPD
protein level in KYN-3 cells. We also observed an up-
regulation of TP in IFN-a treated K'YN-1 and HAK-1A cells,
both in the S-group, by 6.9- and 2.8-fold respectively.
However, none of the six factors regulating sensitivity to
5-FU was consistently modulated in response to IFN-o in all
of the $-group or all of the A-group celi lines.

Effect of 5-FU on expression of IFNART and IFNAR?2 in six
HCC cell lines. The relative mRNA levels of IFNAR! and
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Figure 4. Effect of IFN-a on factors regulating sensitivity to 5-FU. (A)
Metabolism of 5-FU. *T§, thymidylate synthase; *DPD, dihydropyrimidine
dehydrogenase; “OPRT, orotate phosphoribosyl transferase; YTP thymidine
phosphorylase; *UP, uridine phosphorylase; 'TK thymidine kinase; FUdR, 5-
fluoro-2'-deoxyuridine; FAUMP, 5-fluoro-2'-deoxyuridine-5'-monophosphate:
FdUDP, 5-fluoro-2'-decxyuridine-5'-diphosphate; FAUTPE, 5-fluoro-2'-
deoxyuridine-5'-triphosphate; FUR, 5-fluorouridine; FUMP, 5-
fluorouridine-5'-monophosphate; FUDP, 5-flucrouridine-§'-diphosphate;
FUTP, 5-fluorouridine-5"-triphosphate. TS is a target enzyme of active
metabolite FAUMP from 5-FU, and DPD inactivates 5-FU. OPRT, TP, UP
and TK were concerned with conversion of 5-FU to its active form. Low
levels of TS and DPD aad high levels of OPRT, TP, UP and TK render
cancer celis sensitive to 5-FU in in virre assays. (B) Protein expression of
six enzymes after 48-h treatment with 500 IU/ml JFN-a were determined by
Western blot analysis. Values underneath the bands represent the relative
density to that of drug untreated cells, taken as 1.0. Cell lines in the $-group
showed synergistic effect, and those in the A-group showed additive effect
with combination of IFN-a and 5-FU,
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IFNAR? in 5-FU-treated HCC cells, compared to untreated
cells, are shown in Fig. 5. In HAK-1A, KYN-1 and KYN-2
in the S-group, treatment with 5-FU induced an approximately
4-fold increase in IFNAR-1 mRNA levels when compared to
untreated cells (Fig. 5A). By contrast, there appeared only a
slight or no increase in IFNAR-1 mRNA in KIM-1, KYN-3,
and HAK-1B in the A-group. We observed a 2.5- to 3-fold
increase in IFNAR2 mRNA in KYN-1 and HAK-1A, but not
in KYN-2 in the S-group by 5-FU. By contrast, there appeared
no increase of IFNAR2 mRNA by 5-FU in KIM-1, KYN-3,
and HAK-1B cells in the A-group (Fig. 5B). Time-dependent
kinetics for the expression of both type I IFN receptor
subunits showed 2 marked increase in IFNAR1 and IFNAR2
mRNA levels at 3 h in KYN-1 cells, but not in KYN-3 cells
when treated with 5-FU (Fig. 6A and B). In KYN-1 cells,
Western blot analysis also showed an approximate 4-fold
increase in protein levels of IFNAR1, 24 h after exposure
to 5-FU (Fig. 6C). Treatment of KYN-1 cells with 5-FU
induced an approximate 7-fold increase in IFNAR2 protein.
In contrast, in KYN-3 cells in the A-group, the levels of the
IFNAR2-related molecules R2 were not increased by 5-FU
treatment (Fig. 6D).

Effect of knockdown of IFNARI and IFNARZ2 by siRNA on
antiproliferative effect of IFN-a. We next examined whether
cellular Jevels of IFNARI1 and/or IFNAR2 were closely
associated with IFN-o-induced antiproliferative effect in
KYN-1 and KYN-3. Cellular levels of IFNAR1 and IFNAR2
proteins were markedly reduced by the relevant siRNAs,
but not by scrambled RNAs (Fig. 7A). Moreover, the anti-
proliferative effect of IFN-a on both KYN-1 and KYN-3
cells was abrogated by knockdown of either IENAR1 or
IFNAR?2, while the scrambled RNAs had no effect (Fig. 7B).
Quantitative analysis of the cell survival curves of KYN-1
revealed that the knockdown of IFNAR! and IFNAR?2
increased the ICs, values for IFN-g, by 7-fold (231 TU/ml)
and 5-fold (158 IU/ml) respectively, compared to the IC, values
(31 TU/ml) for cells untreated with siRNAs and treated with
scramble RNAs (Fig. 7C and Table IM). In KYN-3 cells, the
knockdown of IFNAR1 and IFINAR? increased the ICs, values
for IFN-a from 21 IU/m] for untreated control cells to over
1000 IU/ml respectively. The antiproliferative activity of IFN-a
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Figure 5. Expression of IFNAR] and IFNAR2 mRNA, in HCC cells treated with 5.0 #mol/l 5-FU for 3 h, The increases in mRNA are shown relative to the
initial level, taken as 1.0. Dotted and black columns show the mean mRNA levels in drug-untreated and 5-FU-treated cells, respectively. (A) IFNARI, (B)
IFNAR2, Determinations were carried out in triplicate, and bars represent the SDs. Experiments were repeated twice with essentially simijar results.
Difference is >2-fald and statistically significant by Welch's test (P<0.05) as compared with untreated cells.





