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wus <15% of the maxmmum release for all expenments. For the assay
using hepatoma cell lines, the cytotoxic activity was considered positive
when it was higher than that of CTL against K562 which shows non-
specific lysis. The assay was performed at least three times for each

peptide.
2.7. ELISPOT assay

ELISPOT assays were perfi described with the
following modifications "J 10}, Peplldﬂ MRP‘m MRP3gs;, and
MRPBm were used for the dﬂemon ofMRP}spuaﬁc T cells. Nega-

d of s HIV deri (HIVenvsg,)
14]. Positive controls consisted of 10 ng!m! phorbnl 12-mynstate 13-
ucetate (PMA, Sigma) or a CMY ppb3-derived peptide (CMVpp65;2x)
(25]. The colored spots were counted with a KS ELISpot Reader
(Zesss, Tokyo, Japan). The number of specific spots was determined
by subtracting the number of spots in the absence of antigen from
the number of spots m its presence. Responses for peptides
MRP34g;, MRP345;, and MRP3;¢5 n HCC patients were considered
positive if more than lhe mean + 38D speuﬁn spots in healthy normal
donors were ok 1 and if the of spots m the presence of
antigen was at least twofold greater than the number of spots i its
absence. Responses for peptides HIVenvsyy and CMVpp65;y, were
considered positive if more than 10 specific spots were detected und
if the number of spots in the presence of anligen was at least twofold
greater than the number of spots in the absence of antigen.

2.8. Tetramer staining and flow cytometry

Peptide MRP3,45 specific tetramer was purchased from Medical
Biological Laboratones Co., Ltd (Nagoys, Japun). Tetrumer stuning
was performed according to a previously reported method with several
modifications [10]. In brief, PBMCs were stamned with CD8-PerCP (BD
PharMingen, San Diego, CA, USA) and tetramer-PE (10 pl) for
30 mun at room temperature. Cells were washed, fixed with 0.5% para-
formaldehyde/PBS, and unalyzed on a FACSCalibur ™ flow cytome-
ter. Dats snalyss was undertaken with CELLQuest™ software
(Becton-Dickinson, San Jose, CA, USA).

2.9. Statistical analysis

Data are expressed as means + SD. The »* test with Yates' correc-
tion, Fisher's exact probability test, and the unpaired #-test were used
for statistical analyses where appropriate. Linear regression lines for
the relationship between expression of MRF3 mRNA and MRFP:
cific mmmune responses were calculated using Pearson’s correlation
coefficient. A level of P <0.05 was considered significant.

3. Results
3.1. Patient profile
The clinical profiles of the patients are shown in

Tuble 1. In 52 patients, HCC was histologically classi-
fied as well-, moderately, and poorly differentiated

HCC in 17, 31, and 4, respectively. In the other patients,
HCC was diagnosed based on typical CT findings and
AFP elevation. On tumor classification based on the size
and number, the tumor was large (>2 cm) in 79, small
(<2 cm) in 24, multiple in 73, and solitary in 30. Vascu-
lar invasion was noted in 30 patients. On tumor classifi-
cation using the TNM staging of the Union
Internationale Contre Le Cancer (UICC) classification
system (6th version), 24, 51, 16, 1, 3, and 8 patients were
staged I, IL, IITA, IIIB, IIIC, and IV, respectively.

3.2. Expression of MRP3 in hepatoma cell lines and HCC
tissues

To investigate the MRP3 expression level in HCC, we
measured MRP3 mRNA in 8 hepatoma cell lines by
real-time PCR. The expression ratio of MRP3 to B-
actin, measured as an internal control, is shown in
Fig. 1A. All hepatoma cell lines except HLF expressed
MRP3, but the expression level varied among the cell
lines. HepG2, Hep3B and Huh7 showed high expression
levels, but Alex, HLE, SKHepl and Huh6 showed low
expression levels.

The MRP3 expression level in HCC tissues was com-
pared with non-cancerous tissues in specimens obtained
from 20 HCC patients by US-guided needle tumor
biopsy or surgical resection. The MRP3 expression level
was significantly higher in HCC tissue than in the non-
cancerous tissue (P <0.05) (Fig. 1B). In the analysis of
the individual MRP3 expression levels, 11 of 20 (55%)
HCC tissues showed higher expression level than that
of Huh 7 whose average of expression level is 1.0
(Fig. 1C).

3.3. Cytotoxic activity of MRP3 peptide-specific CTL
against hepatoma cell lines

Whether the MRP3-derived peptides used were capa-
ble of inducing peptide-specific CTL from PBMCs was
investigated in at least 10 HCC patients, The CTLs spe-
cific for MRP3s53, MRP3g,, and MRP3;45 were
induced in 3, 3 and 2 patients, respectively. As shown
in Fig. 2A, all CTL induced with MRP3sq3, MRP34s,,
and MRP3.¢s showed high-level cytotoxicity against
CIRA24 cells pulsed with the corresponding peptides.

These CTLs exhibited cytotoxicity against hepatoma
cell lines with the HLA-A24 molecule and high expres-
sion of MRP3, HepG2 and HLE, but not against
MRP3-hypoexpressing Huh6 and MRP3-overexpress-
ing Huh? without HLA-A24 molecule (Fig. ZB).

3.4. T Cell responses to M RP3-derived peptides assessed
by IFN- 3 ELISPOT analysis

To determine a significant number of T cells that spe-
Clﬁﬂ]ly reacted with MRP35¢_|3| MR P3691 and MRP}MS
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Fig. 1. Expression levels of MRP3 mRNA. (A) Expression of MRP3 mRNA was measured by real-time PCR in hepatoma cell lines. (B) Comparison of
MRP3 mRNA expression levels between non-tumor (white bar) and tumor (solid bar) tissues. The data are expressed as means + SD, The unpaired r-test

was used for o statistical lysis. (C) Compari:
individual HCC patients. * denotes 6.15 + 4.21.

peptides in HCC patients, ELISPOT assays were per-
formed using PBMCs from 11 healthy donors. The
number of specific spots was 0.2+0.5 1.5+2.1,
09410, 13420, and 13.3+ 157 cells/3 x 10°
PBMCs, respectively (Fig. 3). Similarly, cells that specif-
ically reacted with the peptides were counted in HCC
patient-derived PBMCs. Regarding a number of T cells
that specifically reacted with the peptide of larger than
the mean + 3SD of that in healthy donor-derived
PBMCs as a significant response, 20.0, 14.1, and
21.4% of the patients showed significant responses to
MRP353, MRP3gos, and MRP3¢s, respectively (Fig. 4A).
A significant response specific for CMVppb653,5 was
detected in 51.0% and 36.4% of the HCC patients and
healthy donors, respectively, showing no significant dif-
ference between the 2 groups. On the other hand, no sig-
nificant response for HIVenvses was observed in both
groups.

On similar analysis of TIL, 75.0, 75.0, and 37.5% of the
patients showed significant responses to MRP3s;,
MRP3,9,, and MRP3;4s, respectively, revealing that the
frequencies were higher than those in PBMCs (Fig. 4B).

3.5. Detection of MRP3 745 tetramer” and CD8* T
lymphocytes in PBMCs

The frequency of MRP3-specific T cells was also
investigated using MRP3,4¢ tetramer in 20 HCC
patients. To confirm the specificity of MRP3,5 tetra-

of MRP3 mRNA expression levels between non-tumor (white bar) and tumor (solid bar) tissues in

mer, we tried to detect the tetramer” cells in a CTL line
induced by stimulation with MRP3,¢s peptide. The fre-
quency of MRP3,s tetramer™ cells in CD8" cells was
increased from 0.03% before to 9.15% after stimulation
(Fig. 5SA). When PBMC was stimulated with irrelevant
peptide (AFP4gs), the frequency of MRP34s tetramer
cells was only 0.08%.

To count the frequency of tetramer™ cells in periphe-
ral blood, we used freshly isolated non-stimulated
PBMCs for the assay. The tetramer* and CD8" T cells
accounted for 0.00-0.23% in PBMCs of HCC patients
(Fig. 5B). Next, the results were compared with those
of ELISPOT assay. In patients | to 7, both MRP 3,4 tet-
ramer” and IFN-y producing cells responding to the
peptide in ELISPOT assay were detected. In contrast,
in patients 8 to 13, the frequency of tetramer® cells
was high, but no significant increase in the MRP345
peptide-specific T cell count was detected by the ELI-
SPOT assay.

3.6. MRP3-specific T cell responses and clinical features
of HCC patients

To clarify the clinical characteristics of MRP3-spe-
cific T cell responses in HCC patients, the clinical back-
ground was compared between patients who showed
positive responses to MRP3-derived peptides on ELI-
SPOT assay and those who did not. No significant dif-
ferences were noted between the 2 groups (Table 3),
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does not have HLA-A"2402. Cytotoxicity was determined by a standard 6-h cytotoxic assay (E/T ratio of 50:1).

In 20 HCC patients in whom the MRP3 expression
level in HCC tissue could be measured, the relationship
between the expression level and frequency of MRP3-
specific T cells was investigated. A significant negative
correlation was present between the MRP3 expression

w
=

2

W

I B
MRP3, MRF3,, HIV envy, CMVpp6iSy,
Peptides

Fig. 3. Direct ex-vivo analysis (IFN-y ELISPOT assay) of peripheral
blood T cell responses to MRP3-derived peptides (peptides MRP3sq;,
MRP3g;, and MRP3,c: solid bars) or control peptides (peptides
HIVenveyy and CMVpp6Sygs: open and grey bars, respectively) in
healthy normal donors. The data are expressed as means + SD.

Specific spots/3X10° PBMCs
=

MRP3y;,

level in HCC tissue and MRP3-specific T cell frequency
(r=—0.54, P <0.05) (Fig. 6A). When the relationship
between the MRP3 expression level in HCC tissue and
CMVpp65-specific T-cell frequency was similarly ana-
lyzed, no significant correlation was present. Further-
more, when the patients were divided into groups with
high and low HCC tissue MRP3 expression levels, set-
ting the border to the mean MRP3 expression level in
the normal liver tissues, 0.743, the peripheral blood
MRP3-specific T cell frequency was significantly higher
in the low- than in the high-level group (p <0.05)
(Fig. 6B). The CMVpp635-specific T cell frequency was
not significantly different between the 2 groups.

3.7. Enhancement of MRP3-specific T cell responses after
anti-cancer treatment

Several studies including our report have clarified
that HCC treatment enhanced HCC-specific immune
responses [9.26,27] We investigated whether MRP3-
specific T cell responses observed in HCC patients were
enhanced by HCC treatment. In 12 patients who under-
went TAE or radiofrequency ablation (RFA) or both

= 331:-
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Fig. 4. Direct ex-vivo analysis (IFN-y ELISPOT assay) of PEBMCs (A) and TILs (B) respouse to MRP3-derived peptides (peptides MRP g5, MRP34s,,
and MRP3,45) or control peptides (peptides HIVenvay, and CMVpp6Syy,) in HCC patients. Only significant IFN-y responses are included. Responses to
peptides MRP3.y,, MRP3,,, and MRP3,. were considered positive if more than the mean + 3SD specific spots in healthy normal donors were detected

and if the number of spots in the presence of antigen was at Jeast twofold greater than that in its ab R to peptides HIVenvey and

MM;MWMM&NRMMIOQMMM“ ted and if the
are deseribed in Table 2. * denotes 770 specific spots. ** denotes 210 specific spots.

least twofold greater than that in its al The peptide seq;
*** denotes T2 specific spots.

without MRP3-specific T-cell responses before treat-
ment, changes in the MRP3-specific T cell frequency
were investigated by measuring the frequency by ELI-
SPOT assay before and after treatment. The MRP3s03,
MRP3g0z, or MRP345 peptide-specific T cell frequency
was increased after treatment in 8 of the 12 patients
(Table 4). In contrast, the immune response to
HIVenvsys peptide was not enhanced in any patient,
and that to CMVpp655,5 peptide was enhanced in one
patient,

4. Discussion

The expression of MRP3 has been reported in sev-
eral normal tissues and cancer cells [14,15.28.29],
Although MRP3 expression in HCC tissue was con-
firmed by immunohistochemical staining [16], the
expression level varied among patients, and a conclu-
sion has not been reached as to whether the expression
is increased compared to that in normal liver tissue
[16,171 In this study, MRP3 expression in HCC tissue
was detected in all 20 HCC patients, and the expres-
sion level was significantly higher than that in non-can-
cerous tissue.

dqnhhlﬂuprumd‘lnﬂammu

The presence of MRP3-recognizing CTL has been
reported in lung, colon, bladder, and renal cancer
patients [13.30). However, to our knowledge, there is
no report showing the presence of MRP3-specific
CTL in HCC patients. In this study, we showed that
MRP3-specific CTL could be induced by stimulating
PBMCs with MRP3-derived peptides, and the induced
CTL showed cylotoxicity against hepatoma cell lines
overexpressing MRP3. Based on these findings, we
confirmed that MRP3-specific CTLs exist in HCC
patients and MRP3 serves as an immunogenic antigen
in HCC.

The frequency of peripheral blood CTL specific to
each MRP3 epitope was similar to the reported frequen-
cies of CTL against other tumor antigen epitopes
[9.10.31-331 The CTLs were induced even in an early
stage of HCC and regardless of HCV infection. In TILs,
MRP3-specific CTL were more frequently detected,
compared to that in peripheral blood, suggesting that
MRP3-specific CTL are not only present in peripheral
blood but also infiltrate into the tumor.

The presence and frequency of MRP3-specific CTL
were also confirmed using MRP35 tetramer. However,
MR P3-specific CTL could not be detected by ELISPOT
assay in 6 patients despite a high frequency being
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Fig. 5. Detection of MRP3-specific, HLA-A"2402-tetramer ™ and CD8" T lymphocytes in the peripheral blood. (A) Specificity of the MRP3,, tetramer

was confirmed by staining

and non-specific in vitro-expanded T-cell lines. (B) Analysis of the association between the frequency of

tetramer”® cells and IFN-y-producing cells detected on ELISPOT assay was performed in 20 patients.

detected by the tetramer. These findings were similar to
those of hTER T-specific CTL in our previous study [10],
suggesting the presence of MRP3-specific non-func-
tional T cells in HCC patients.

In the analysis of association between the HCC
tissue MRP3 expression level and MRP3-specific T-

Table 3
Usiivariate analysis of the effect of variahles on the T cell response aguinst MEPY

Pancnts wath posstive  Panents withowt posnve  povatoe”

T ccll responsc T eell response
No. of paticnts 3 63
Age (years)” fl 44100 43497 NS
Sex [M/F) Jofs 4916 NS
AFP level (520/>20) 17721 2144 NS
Diff. degree of HOC shigf1e 12/21/32 NS
well/moderate or poor/NDY
Tumar multpbery o'e v N5
{multrple/solitary)
Vascular mvanon (/-] 12/26 18/47 NS
TNM fucior
(T1/T24) 632 147 NS
NENT) w2 a4 NS
(MO/M1) W2 Li)] NS
TNM smage (UTI-1V) 632 i1aja7 NS
Histology of non-umor liver 30K ss/10 NS
{LC/ehronic hepatia)
Liver funcnion [Child A/B/C) 231471 3252 NS
Etclogy (HCV/HBV jorbers)  26/7/5 49/12/4 NS

* NS, not sgnificant.
* Data arc cyprescd as means  SD.
* ND, not detormmed.

cell frequency in peripheral blood, a negative correla-
tion was detected, suggesting that MRP3-specific
immune responses exerl an immune pressure on
MRP3-expressing HCC cells. Recent studies have
shown the involvement of MRP3 in the resistance
to anti-tumor drugs and poor prognosis in several
cancer patients [14,15.28.29.34.35], Taken together
with these reports, our results suggest the possibility
that MRP3-targeting immunotherapy not only simply
eliminates cancers but also improves drug resistance
and the prognosis by inhibiting MRP3 expression in
cancer cells.

Further to evaluate the usefulness of MRP3 in
HCC immunotherapy, we also investigated the associ-
ation between HCC treatment and the MRP3-specific
CTL frequency. As we and other groups previously
reported [9.26,27], the MRP3-specific CTL frequency
was increased after treatment in 8 of the 12 patients
in whom no immune response to MRP3 was detected
before treatment, whereas the HIV envs,- and
CMVpp653ag-specific CTL  frequencies were not
increased, excluding one patient, suggesting that this
phenomenon represents the enhancement of MRP3-
specific immune responses. These findings also con-
firmed that MRP3 is an antigen expressed in HCC tis-
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high expression levels of MRP3 mRNA in HCC tissues.

sue, and has strong immunogenicity that readily Acknowledgements
induces CTL in vivo.

In conclusion, our study demonstrates that MRP3 is The authors thank Maki Kawamura, Kazumi Fush-
a potential candidate for tumor antigen with strong imi, Nami Nishiyama and Mikiko Nakamura for techni-
immunogenicity in HCC immunotherapy. cal assistance.
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Abstract
Hepatocellular carci (HCC) is frequently iated with
infiltrating mononuclear inflammatory cells. We performed
laser capture microdissection of HCC-infiltrating and non-
cancerous liver-infiltrating mononuclear inflammatory cells
in patients with chronic hepatitis C (CH-C) and examined gene
expression profiles. HCC-infiltrating clear infl
tory cells had an expression profile distinct from noncan-
cerous liver-infiltrating mononuclear inflammatory cells;
they differed with regard to genes involved in biological
ptoeuoel. nu:ll as antigen preunl-ll-ion. ubiquitin-proteaso-
ysis, and resy 'ln b ia and oxidative stress.
I histochemical ysi pu aprudoa data-
bases suggested that the up-regulated genes involved macro-
phages and Thl and Th2 CD4 cells, We next examined the
gene expression profile of peripheral blood mononuclear
cells (PBMC) obtained from CH-C patients with or without
HCC. The expression profiles of PBMCs from patients
with HCC differed significantly from those of patients without
HCC (P < 0.0005). Mmynflheup-rn;ullldgmulnﬂw
infiltrating inil tory cells were also differ-
entially expressed by PBMCs of HCC patients. Analysis of
themmmmlyup—rqﬂuudordmmhudmtnl{cc-
infiltrating y cells and PBMCs of
HCC patients showed ks of leoph in, SMAD3S,
and proliferating cell nuclear antigen that are Involved
with redox status, the cell cycle, and the proleasome system,
along with immunologic genes, suggesting regulation of anti-
cancer immunity, Thus, exploring the gene expression pnl!.l.
of PBMCs may be a surrogate apy h for the
of local HCC-infiltrating mononuclear inflammatory cells.
[Cancer Res 2008,68(24):10267-79]

Introduction
ellular

11 L R ) B

(HCC) is one of the most frequent
(1). 1t ly develops from chronic
liver diseases, such as viral hepatitis (2) and chronic hepatitis,
resulting from hepatitis C virus (HCV) infection, is a major risk
factor. Indeed, 7% of patients with liver cirrhosis (LC) caused by
persistent HCV (LC-C) infection develop HCC annually (3).

Cunmﬂimumaﬁmulochudwhhinﬂlknﬂnginﬂammr
tory cells, such as tumor crophages (4), T lympl

ote: Supplementary data for this articls are svallable at Cancer Research Online
(I-.Itpﬂummrjounﬂut'n.
Requests for reprints Shuichl Kaneko, 13-1 Takara-machl, Kanazawa, Ishikawa 920-
Wl.m thnl: ﬂl T 265-225% Fax 8]+ fbmg maik: skanekog@m-kanazawa jp.
ion for Cancer R
dnLlﬁ 1158 /0008-54T2.CAN-08-0911

Japan

cytes (5), a.nd antigen-presenting cells (6). These tumor-infiltrating
infl tory cells are thought to be important

modulators of HCC (7). However, their actual role remains con-
ial. Increased bers in HCC have been correlated with a

{mr prognosis (8), but tumor-infiltrating mononuclear inflam-
matory cells in HCC tissues have also been found to involve more
FOXP3® regulatory T cells (9) and ptcmde a cancer-favorable

environment that leads to resi to py. Ch riza-
tion of tumor-infiltrating lear infl y cells may be
valuable in understanding tumor i logy and, possibl

in predicting the prognosis of HCC patients (7).

Peripheral blood mononuclear cells (PBMCs) consist of immune
cells, such as monocytes and lymphocytes, and are essential players
in the host immune defense system, which responds to various
abnormal conditions in the host (10). PBMCs and tumor-
infiltrating mononuclear inflammatory cells contain CTLs, specif-
ically cytocidal to cancer tissues (11) and regulatory T cells that
can suppress the host immune response against cancer (9). Thus,

PBMCs may potentially reflect host i status. Hi , there
mﬂmhdmpfwmenhgm:mmofmt‘g
such as a proliferation assay, ts of cytokine produc-

tion, and the assessment of cytocidal potential

The advent of cDNA microarray technology for the analysis of
gene expression profiles has been useful in comprehensively
disclosing underlying molecular features and has provided
considerable information for basic science and clinical medicine.
We have analyzed gene expression in liver diseases (12, 13) and
believe it may become a useful diagnostic tool using liver tissue
biopsy samples (14). We have also reported that gene expression
profiling of PBMCs predicted the effect of IFN for the eradication of
HCV (15) and can provide biomarkers not only for the control of
blood sugar but also possibly for predisposing diabetic factors (16).
Gene expression profiling of PBMCs from patients with renal cell
carcinoma can be used to predict their response to systemic
chemotherapy (17). Thus, gene expression information from the
cellular components of peripheral blood may be useful in
interpreting the internal condition of the patient.

In this study, we used DNA microarray technology to examine
differences in gene expression profiles betwun HDC-lnﬂilmting
and noncancerous liver-infiltrating
cells, which were selectively microdi “(li].nndlhcgnnn
expression profiles of PBMC- from LC-C patients with or with-
out HCC. We observed distinct transcriptional features of HCC-
infiltrating mononuclear inflammatory cells, reflecting the immune
status of the local environment. Intriguingly, the transcriptional
features of the HCC-infiltrating mononuclear inflammatory cells
were shared with PBMCs from HCC patients. Thus, we suggest
the possibility that the gene expression profile of PBMCs may be
useful as a clinical surrogate bi ker for the of

www.aacrjournals.org

10267

Cancer Aes 2008; 68: (24). December 15, 2008

- 326 -



Cancer Research

the internal environment of HCC patients with chronic hepatitis C
(CH-C) infection.

T900HT. Relative expression level of each gene was calculated com-
pared with that of internal control in each sample. Results are expressed as

Flow cytometry Flow y analysis was performed as
wmtisywm;mmmuumwmym

d with 2% bovine serum albumin (Sigma-Aldrich JAPAN KK.)

with antihuman CCR1 and CCR2 antibodies labeled with Alexa Fluor 647
(necumnkhmnn?hnmﬂngen).mﬂmmiqumeedhw

means + SE.
Materials and Methods
Study subj All patients g in this study had ad |
hronic liver di irrhosis, or p HCV infection. Twelve pati
who developed HCC as a q of ady d ch liver di
related to hepatitis C and who underwent surgical were lled

1 using & FACSort (Becton Dickinson).

(Supplementary Table S1) HCC and noncancerous liver tissues were
obtained and frozen. For analysis of gene expression profiles in PBMCs,
32 LC patients without HCC and 30 LC patients with HCC (Supplementary
Mm}mmmmdﬂmmWWnnmpm

lmmm,mawuccwnﬂmm
liver tissues were fixed with neutml buffered fi bedded In
paraffin, cut into 4-um sections, and mounted on microscope slides. The
ﬂ!uilhthlmmdvp.nﬁnﬂndmdnbjeﬂadhhﬂlhﬂuﬁdnpﬂnp«
1 98°C for 40 min. After blocki xidase activity in

(cr)m gneti Imaging with st
and abd giography with CT | _,inuﬂuhlundpwulﬂnw
phm(lslmwumrnnammmm
of the Liver Cancer Study Group of Japan was used for the staging of HCC.
LC was disgnosed by pathologic findings in biopsy specimens where
available; otherwise, radiological imaging, platelet counts, serum hyaluronic
ﬂdmwwmmmmmwmwm
dhgnmdchrhmﬂnmdyhnhmmwdhyunmmﬂond

: ]

the tissue specimen using 3% hydrogen peroxide, the dides were incubated

human CD14 mouse lonal antibodies (Visionk N )
mrunhnwuvbulhedbyﬂumnhmmmnm
(DAKO) foll ‘hy g with |

Statistical hi ‘dmhngmdpdndmlwmml
umofmwmmmmm Fisher's

review bosrd, and i d t was obtained from all p exnct test was used to examine the significance of hierarchical clustering in
in the study. the dendrogn A class predi was perfi d by three nearest
Isolation of PBMCs. PBMCs were isolated from heparinized blood ighbors, mcorporating genes that were differentially expressed at the
samples by Ficoll-Hipaque density gradient centrifugation, as reported P = 0002 significance level, as 1 by the rand i t test
previously (15). (mm:y‘faohlhmwmﬂynm:phwq.mmnannheot
Mrwmmwnummlwm“ <005 with 2000 § d g the p
nhnimddmlngmlgﬂwnruhom\n i cutting & tr of ingful signali th ,l!m.wnm dinately lated or
jpound (Sakura Finetech leilﬂ}.nllmﬂ.mmmmdukrmd ﬁwwmmmtls)mmmmm
clearly separated by tissues ,"'C-lh]nﬁ]l:r» dﬂcmnnnhwwnwhd.undlthlﬂmmﬂommn
ing HCC tissues were visualized under a mi pe and p cised i i for » valid permutation P value. The univariate ¢ values for
by laser up!.un micmd!l-nuﬁm (LCM] using a cm-sm (Cell nnhouu, mmp-ﬂngdn classes were used as weights. Student's ¢-test was performed
Inc.), as p ly p d (Suj y Fig. S14; rel 12). Cells for RTD-PCR data, and P values of <0.05 were deemed to be statistically

Mmmmdﬁlﬂﬂmumwﬁm
excised
mmnmwuhuIMAwmumnm

significant. The population of CCRl-positive or CCR2-positive cells in
PBMCs by flow cytometry analysis was tested for differences (with P < 0,05)
by the Mann-Whitney U-test, using SPSS software (SPSS Japan, Inc.).

aor tissne samples using a microRNA isolation kit (Stratagene) in

with the supplied protocol with slight modifications. 1solated RNA was then
amplified twice using antisense RNA and an Amino Allyl MessageAmp
aRNA kit (Ambion), as described p Iy (13). The ref RNA sample
was isolated from the PBMCs of a 29-yr-old healthy male volunteer and was

Analysis of expression data for biological processes and networks.
M!urpnudgmllcmﬁy.,,,_'ot" gulated in HCC-
infiltrating y cells compared with

Mhﬂwingmmmdmmﬂmmﬂoqodhwmminw
without HCC compared with LC with HCC at P < 0.05, we have performed
’olﬂw""‘ using the MetaCore software suite

amplified in the same manner. Amplified RNAs from the PBMCs of §

and the healthy volunteer were labeled with Cy5 and Cy3 (A ham),
respectively. Equal amounts of amplified RNAs were hybridized to an oligo-
DNA chip (AceGene Human Oligo Chip 30K, Hitachi Software Engineering
Cmud]om@nmdwnﬂmmdndhtlmgcmm

(GeneGo), as described previously (13). Possible networks were created
according to the list of the differentially expressed genes nsing the
hhuComMamiqucmﬂeddnuhuolhmnmmwmpmtﬂn
and DNA § iption factors, and signaling, meta-

DNA ray image analysis. The i y of each bolic, and blosctive molecules. The 7 value was calculated s described
spot on the oligo-DNA chip was determined using a DNA Mi y Scan  previously (13).

Amay G (PerkinElmer). The images obtained were quantified using a Gene expression data of major leukocyte types and analysis of DNA
DNASIS armay (v6, Hitachi Software Engineering Co.. Ltd). For normali- mm-mywminwwmdmdﬂ-fwhﬂnmnm"
zation, the Intensity of each spot without aligo-DNA was sub d from h publich bases? The gene set database

that with oligo-DNA in the same block. A validated spot was determined
when the intensity of the spot was within the intensity +2 5Ds for each
hlo:k.ayummlhqlhnmadhnmhnqmuly.dwhmmluunhlspm

were adjusted for b Cy5 and Cy3.
WMMMnnmwmmm{m
PCR) was performed as previously described (15). Brielly, template cDNA

was synthesized from 1 jig of total RNA using SuperScript II KT (Invi
mmpnnkrdmukhu(ccmuﬂﬂmllmllhhmmw

GDS1775, whh’:h Indll‘lu gene expression data for major leukocyte types,
was obtained and subjected to one-way clustering analysis using BRB-Army
Tools with genes that were up-regulated in HCC-infiltrating mononuclear
inflammatory cells for the enrolled cases above,

Results

Gene expression in mononuclear inflammatory cells infil-
trating into HCC tissue. HCC is frequently associated with infil-
trating mononuclear inflammatory cells (20), and various attempts
have been made to understand their biological significance

fernse 1 (Hatl), mitog d protein kinase kinase 1 interacting
protein 1 (Map2klipl), phosphatidylinositol glycan anchor biosynthesis,
class B (Pigh), tolllike receptor 2 (T1r2), e cide d 2 (Sod2),
cytokeratin 8 {ma} Krtl8, Krt19, and glyceraldehydes-3-phaspt
| | of expression, were purchased from
ﬂaTthmuuyrupnutﬂmry(Appuadm ¥ ). Synthesized cDNA
was mixed with the TagM. d Master Mix (Af "‘81.

umﬂnead:prh«pakmdmcﬁunwpﬂmndmhgﬂlmm

! hittpr/ Msusncinih gov/BRB-ArrayTools html
* hittye/ fwww.ncbinlenihgov/ geo/
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(8, 9, 21). We selectively obtained HCC-infiltrating mononuclear
inflammatory cells by LCM and compared their gene expression
profiles with those of noncancerous liver-infiltrating mononuclear
inflammatory cells obtained in the same way (Supplementary
Fig. S14; Supplmwtn.ry"l‘ablc Sl) The gene expression proﬁlu of
HCC-infiltrating y cells sh d that 115,
206, and 773 genes were up-regulated and 52, 114, and 750 genes
were down-regulated compared with those of noncancerous liver-
infiltrating mononuclear inflammatory cells at P levels of <0.005,
<0.01, and <0.05, respectively (Geo accession no' GSE 10461;
Supplementary Fig. S1B).

Genes at the P < 0.05 level were analyzed with regard to their
role in biological processes in HCC-infiltrating mononuclear
inﬂammal;ory ce.ll.s compared with noncancerous liver-infiltrating

lear tory cells using the MetaCore pathway
analysis software, 'I'hedgmﬁmmpmenes.inmchtheq:-

in noncancerous liver-infiltrating mononuclear inflammatory cells
(Fig. 14). CD4-positive helper T cells were observed in both HCC
tissues and noncancerous liver tissues, although in noncancerous
liver tissues, these cells tended to accumulate within the aggregates
of lear infl tory cells, whereas they seemed to be
scattered in HCC-infiltrating Jenr infl tory cells
(Fig 14).
Next, we examined the gemes that were significantly up-
regulated in HCC-infiltrating mononuclear inflammatory cells
pared with liver-infiltrating mononuclear
inflammatory cells, relative to subpopulstions of leukocytes, and
explored how they may be relevant to leukocyte subpopulations,
using the datsbase of the human immune cell transcriptome in
the Gene Expression Omnibus® (Geo accession no. GDS1775),
which covers 26 immune regulatory cells, such as T cells, B cells,
natural killer cells, macrophages, dendritic cells, basophils, and

: L

regulated genes in HCC-infiltrating lear

cells were involved, included a.nl.tgsn pcmtal.hn. an Immunnlog
ically important p in antig) cells, such as
monocytdmnmphagu and dendritic oell.u ['Dlhie 1; ref. 22). The
genes involved in this process were the genes for the CDId
molecule and C-type lectin domain l‘amny 4 l'or gycoupid antipen

Among the 206 extracted, up-regulated genes in
HCC-InﬂJmungmomuelmlnﬂnmuuyeﬂb(utheP<am
level), 97 annotated genes were used for one-way hierarchical
clusters (Fig. 1B). Most genes nmong?’?anmmad up-regulated
genes in HCC-infiltrating tory cells were
lhomwbeuptmedmmhiﬂwrmpimdslnupopﬂyuom
ide-stimulated or lipopot harid B

recognition (23, 24) and CD86, an
for provoking an immune response (25). nuggeﬂmganacummd
immune reaction in these cells,. The up-regulated genes in HCC-
infiltrating mononuclear inflammatory cells were also involved in
the ubiquitin-proteasomal proteolysis process, with significant
genes, such as those encoding ubiquitin-conjugating enzymes and

than in other types of major leukocytes, The next subpopulations,
including the second most number of genes for relatively high
magnitude of expression, were Thl and Th2 CD4 cells under
conditions supplemented with interleukin-12 (IL-12) and IL4,
respectively (Geo accession no. GSM90858), secreting Thl and

profiles, respectively, suggesting that featured genes
d in HCC-infiltrating mononuclear inflammatory cells

prot bunits. This p is required to_ cradi Th? cytoki
unnecessary proteins, which are ubiquiti d, and then degraded
in p (26). Pr "’tut}usltepunfgene

expression, such as transcription by RNA polymerase II, mRNA
processing, and the process of the cell cycle were ulso represented
in the genes up-regulated in HCC-infiltrating mononuclear
inflammatory cells, indicating enhanced cellular activity. Genes
involved in the p of double-strand breaks, such as top-
oisomerase 11 a4 (27), and proliferating cell nuclear antigen (PCNA;
ref. 28) genes mvnlwdinrenponmwhypo:daandmdmwam
such as thioredoxi and idant protein, were
also up-regulated, mggeoting that HCC-infiltrating mononuclear
inflammatory cells were in an activated inflammatory status and
under hypoxic or oxidative stress, presumably caused by the HCC.
Thus, the profile of up-regulated genes in HCC-infiltrating
mononuclear inflammatory cells suggested an inflammatory status,
possibly triggered by antigenic stimulation of HCC tssues.

Fewer processes were identified for the down-regulated genes.
One intriguing process identified was that of integrin-mediated cell
matrix adhesion, suggesting that HCC-infiltrating mononuclear
inflammatory cells mauy be less adhesive in the local tissues where
they were found (Supplementary Table S3).

w;mhdk:nﬁw of CD4 helper T cells, secreting a variety of
cytokines,

Thus, this expressi lysis st 1 that, in HCC lesions with
tumor mﬂgam.&wmwmummﬂﬂhn of antigen-presenting
cells, monocyte/macrophages, and CD4 helper T cells, which were
macywkhw—omm;condkion.\ﬂthmhmmdedlulubhlog-
ical activities, including ubiquitin-p 1 lysis, pre-
m&ym&dﬂnhypwemdmuwsuwmamt
caused by the HCC. The overall infl tory status rej
by HCC-infiltrating mononuclear inflammatory cells was not
determined in terms of an anti effect, t no obvi
shift of CD4 helper T cells to the Thl or Th2 condition was
indicated.

Distinel gene expression profile of PBMCs obtained from
patients with cirrhotie liver disease complicated with HCC,
The HCC-infiltrating m lear infl L ,ulbwmdhﬂmt
in terms of expressed genes. The putati
mmmwammumwmmmw
clear inflammatory cells suggested a general influence of the HCC
on the local environment of the host, represented by stress-

P genes. We, thus, examined whether PBMCs in the

Subpopulation analysis of HCC-infiltrating !

inflammatory cells using I histoch y and tran-
scriptional analysis. Tumor-infiltrating mononuclear inflamma-
tory cells consist of a mixed cell population, including macrophages,
d’feceraalls‘andreglhlurchaﬂ:.wimhhwebem sidered

systemic circulation of the patient might also be influenced by
the development of HCC. PBMCs were obtained from 30 patient
with LC associated with HCC and from 32 patients with LC not

jated with HCC, and the gene expression profiles were

to be both favorable (8, 21). HCC-
infiltrating and noncmcemlu uvMAinﬂlmung mononmlm
inflammatory cells were i i d to
examine the characteristics of the wbpopv.ﬁaumn CD14-positive
h were pr t in HCC—lnﬂIlnung
monmuden.r m.ﬂmmnatorycd.ll. whereas they were rarely observed

cvtes/

pared (Geo ion no.* GSE10459).

Unsupervised hierarchical clustering analysis using 17,903
filtered genes, the expression values of which were not missing
in >50% of the cases, identified two major clusters of patients,
with and without HCC (data not shown) To examine the
reproducibility and the reliability of the clustering, we excluded
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Table 1. Biological procasses for genss up-regulated in HCC-infiltrating mononuclear inflammatory cells

Biological process ~log(P) Gene D teT'NT) P Ceilular
components
Antigen presentation 8526 CD163 NM_004244 396 0,001 M
CD86 antigen NM_006889 328 0.006 M
IFN, a-inducible protein & NM_022672 299 0.031 M
IFN, y-inducible protein 30 NM_006332 289 001 M
Fe fragment of 1gG, high affinity la. NM_000566 285 0013 M
receptor (CD64)
C-type lectin domain family 4, NM_014257 273 0.020
member M
CD63 NM_001780 251 0.024 M
CDI1D antigen NM_001766 9 0.049
Ubiqutin-g ] protealysi 6555  Nucleoporin 107 kDa NM_020401 432 0.001
Protessome subunit, {3 type, 5 NM_002797 350 0.002 M
Ubi E2R 2 NM_017811 367 0.004
Protousiion tnl]mﬂ. o I:ype. 5 NM_002790 364 0.003
Pmmghndn E lymhue 3 NM_006601 353 0.003
¥ NM_005744 294 0011
Hndm. pmtd.m 1
Ub E2E3  NM_006357 275 0m7
Dm) [ikpm) hurnnln;u-. subfamily A, NM_001539 247 0028
Syn.ln‘.ln 5 BC012137 219 0.046
ER and cytoplasm 5704 Chaperonin containing TCP1, NM_006585 m 0.002 ™M
subunit & (8)
Peptidylprolyl isomerase A NM_021130 369 0.002
ERO1-like NM_014584 303 0.009 M
Peptidylprolyl isomerase C BODO2678 268 0m7 M
SECE3 homologue AF119883 259 0.020
Peptidylprolyl isomerse B NM_000942 154 0.023
Chaperonin containing TCP1, NM_006430 253 0.023
subunit 4 (5)
FK506 binding protein 3, 25 kDa NM_002013 246 0.026 ™™
Heat shock 70 kDa protein 5 AF188611 145 0.027
mRNA processing 5143 Small nuclear ribonucleoprotein NM_003092 4.65 0.000
polypeptide B
Small nuclear ribonncleoprotein BCOM2505 328 0.005 T
F
DEAD (Asp-Glu-Ala-Asp) box NM_007204 322 0.006
polypeptide 20
Cleavage and polyadenylation NM_007007 316 0010
specific factor &
Cleavage stimulation factor subunit 2 NM_001325 10 0.008 T
Heterogeneous nuclear NM_031243 194 0010
ribonucleoprotein A2/B1
PRP4 pre-mRNA processing factor 4 NM_003913 2190 0.020
homologue B
Gem-associated protein 4 NM_015721 164 a9 T
LSM6 homaologne NM_007080 163 0019
Exportin 1 NM_003400 242 0,029
RNA-binding motif protein 8A AF127761 4 0.030
Splicing factor, arginine/serine-rich 1 M72709 239 0.036
T iption by RNA paly n 4298 TAF9 RNA polymerase I NM_016283 50 0001
General transeription factor 1TH, NM_001516 474 0.001
polypeptide 3, 34 kDa
TAF6-like RNA polymerase 11 NM_006473 391 0.002
Nucl pt P 1 AF044209 364 0.007
TATA box binding protein NM_003194 289 0.018
(Continued on the following page)

Cancer Res 2008; 68: (24). December 15, 2008 10270 www.aacrjournals,org

- 329 -



Locosystemic Inflammatory Cells Transcriptional Feature

Table 1. Biological processes for genes up-regulated in HCC-infiltrating mononuclear inflammatory cells (Cont'd)
Biological process —log(P) Gene D trT'NT) P Celluiar
components
Cafactar required for Spl NM_004270 242 0.014 ™M
transcriplional activation
SUBI homologue NM_006713 259 0,021
General transcription (actor 11, 1 NM_033001 155 ooz ™™
GCNG-like 2 NM_021078 134 0.048
TBP-like 1 NM_004865 224 0.043
Double-strand breaks repair 3289  RADS1 homalogue C NM_058216 524 0.000 T
‘Wernar syndrome AF091214 499 0.000 T
NIMA-related kinase 1 AKOZ7580 a7 .07
Protein phosphatase 2 AF086924 34 0.023
Protein phosphatase 6 NM_002721 113 0.007
Proliferating cell nuclear antigen NM_002592 280 0ol4 T
Topolsomerase 1l a-4 AF285159 257 0.033 T
ESRI-nuclear pathway 2886  Nuel P ¥ 1 AFU44209 364 0.007
Nuclear receptor coactivator 4 X77548 119 0.007
Dopachrome tautomermse NM_001922 304 0019
COP9, subunit 5 NM_006837 7 0014
Tissue specific extinguisher 1 NM_002734 270 0.018 M
SCAN domain containing 1 NM_(33630 250 0.026
Kinase insert domaln receptor NM_002253 235 0.047
Cell cycle 2241 Cyclin-dependent kinase inhibitor 3 NM_005192 460 0,000
Erythrocyt ! protek NM_004437 347 0014
band 4.1
RAN, member RAS oncogene family  NM_006325 338 0004 T
Cyelin C NM_005190 314 0,008
Cell division cycle 42 NM_044472 314 0007
Cyclin-dependent kinase-like 1 NM_004196 277 0.033
Cell division cycle 73 NM_024529 amn 0.043 M
Cell division cycle 27 NM_001256 257 0.043
Microtubule-actin cross-linking AK(Z3285 257 0025
factor 1
Histone cluster 1 NM_005329 230 0047
Cyclin-dependent kinase 7 NM_001799 213 0050
Cyclin Gy NM_004354 248 0.038
Hespanse Lo hypoxia and oxidative stress L401 Thioredoxin NM_003329 264 o019 M
Glutaredoxin 2 NM_016066 263 0024 T.M
Peroxiredoxin 3 NM_006793 281 0016 TM
Peroxiredoxin 2 NM_005809 7 0039
Antioxidant protein 2 NM_004905 2 0042
Peroxiredoxin 1 NM_002574 221 0043 M
Microsomal glutathione NM_002413 41 0031 M
S-transferase 2
*T represents tumor-infiltrating mononoclear inflammatory cells.
INT represents non-tumaor-infiltrating monanoclear inflammatory cells.
1Cellular ¥ ts pred ly exy d cellular ts among 26 im gulatory cells (T, Th cells; M, macrophage].

unchanged genes in all samples (genes with less than a 18-fold
difference in >85% of samples) to remove noise, This hierarchical
clustering analysis using 1,917 filtered genes confirmed two clear
clusters in patients with or without HCC (Fig. 24). In one major
cluster, including the most LC cases, there was a subcluster, LC/
HCC, which induded more of the HCC patients located next to
the custer of patients with HCC (LC/HCC; Fig 24). The
reproducibility of the clustering (proportion, averaged over
replications and over all pairs of samples in the same cluster,
BRB-ArrayTools) was 93%. Sensitivity and specificity to HCC in

this cluster analysis is 88% and 76%, respectively. These cirrhotic
patients without HCC were followed for at least a further
12 months to detect HCC; none of those in the LC group
developed HCC over this time. The principal component analysis
was performed with the filtered 1,917 genes and the two major
groups; classifying LC and HCC were similarly observed
(Fig. 28B).

To further confirm that gene expression in the PBMCs of
patients with HCC was distinct from that in patients without
HCC, analysis of PBMC gene expression was performed by a
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supervised learning method using categories of LC-C or HCC, age,
gender, serum alanine aminotransferase (ALT), and a-fetoprotein
(AFP). It showed that patients with or without HCC were
significant classifiers (P < 0.0005), assigned with 1,430 predictor
genes (P < 0.00% Table 2). Of 32 patients with LC, eight (25%)
were misclassified as having HCC, and 2 of 30 patients with HCC
(6.7%) were misclassified as not having HCC, indicating that the
overall accuracy of the prediction of a patient with or without
HCC was 84% (Table 2). Other clinical variables supposed to be
related to HCC occurrence, such as age (ref 29; >68 or < 68 years
old), gender (30), and ALT(ref. 31; >50 or <50 IU/L), could not
differentiate gene expression in PBMCs. AFP (>20 or <20 ng/mL)
was actually significant but was a much less powerful classifier
(P < 002, assigned with 301 classifier genes). The prediction
accuracy for categories of LC-C versus HCC and the AFP value >20
versus =20 ng/mL is not significantly affected whenever the number
of predictor genes is reduced to below 62 (Supplementary Fig. 52).
Taken together, these results by unsupervised and supervised
analysis methods indicate that HCC development in LC-C patients
algniﬂcnnﬂynﬂucuuaegmemmalw profile in PBMCs.

F of biok p for which gene expression
was significantly altered in PBMCs in HCC patients. We next
examined the biological processes possibly affected by HCC
development, given the expression profiles in PBMCs from
patients with HCC. Statistical analysis showed that 867 genes
were up-regulated and 989 genes were down-regulated in PBMCs
from patients with HCC, compared with those without HCC
(P < 0.005). Six representative genes, Cerl, Hat, Map2klipl, Pigh,
Tr2, and Sod2, were randomly selected from genes which were
biologically important and differentially exp d bets Lc
and HCC groups, and their expression was confirmed by RTD-
PCR (Supplementary Fig. S34). To exclude the possibility of
circulating cancer cells, we have also examined the expression of
Afp, Krt8 Krtl8, and Krtl9. No expression was detected for
Afp (data not shown), and no statistically significant difference
was found for expression of Krt8, Krtl8, and Krel9 between
patients with HCC and without HCC (Supplementary Fig. S34).
The expression data were also confirmed by flow cytometric
analysis. We evaluated how many cells in blood expressed CCR1
and CCR2 and confirmed that populations expressing CCR1 and
CCR2 were significantly higher in PBMCs from patients with HCC
than those without (Supplementary Fig. S3B). To understand
the biological processes in PBMCs for which up-regulated or

macrophage marker, GDMhouﬂnﬁlwc‘mmunmmn
mwnmmwmmm
!mm!.om-umr“ hical clustering ol gene expression ol
cells with genes whose wmdcn up-reguiated in
mwmmwa&mhumwn
g cells ware p ib
l&omﬁnmmtmjaywmmnmmmm
of the immune-medialing cells, 206 genes up-regulated in HCC-infiitrating
maononuciear inflammatory celis were filered, and the remaining 87 genes
mummMTnmmmlmMﬂwmhwd
immune-mediating cell and gens sy P ly. Color | relative
P o of 87 up slated genes HCC-infiltrating mononuclear
Inflammatory cells among retrieved expression data of major leukocyte types

low magnitude of expression among 26 retrieved jon data of leukocyl
mmnmaplmmmwfmmmmmamm
macrophages included mors blocks with the red color.
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on 3!! ."pq!| L

clustering of expression in PBMCs of patients. A, genes
whose expression was within 1,8-lold difference and not evaluable in >85% of cases were

(3]
= ﬁ,——ﬁ .
:‘:E; ‘h ﬂ'u:%'m =

.

7ol O
The

was p
muadwnwmmmmmuuocwwmm
two major groups, classitying LC and HCC, are obsarved.

down-regulated genes were observed, we used MetaCore. The up-
regulated genes in PBMCs from patients with HCC were involved
in processes such as ubiquitin-proteasomal proteolysis (e.g, heat
shodc?ﬂk!)npmtdnd ubdqulﬁuuunjugalingm:ym).mm
processing (e.g. h geneous ins, RNA
methylu-umfm). antigen pmentutinu fe.g. MHC d.lu 1
polypeptide-related sequence A, B), cell cycle (e, HAT1, PCNA),

and the resp to hypoxia and oxidative stress (eg, ghuta-
redoxin 2, S0D2, thioredoxin; Table 3). These differentially up-
regulated biological processes were also up-regulated processes in
HCC-infiltrating inflammatory cells (Table 1). Thus, PBMCs from
HCC patients present antigens in conditions of hypoxia and
oxidative stress. Additionally, genes involved in other processes,
such as apoptosis (eg. apoplotic peptidase activating factor 1,

Table 2. Supervised leaming methods for gene expression of PBMCs

Classifier category Clinical groups Total no. cases MNo. cases misclassified Classifier P values No. genes in the classifiers (P < 0.002)

LC-C versus HCC Lc-C 32 8
HCC 30 2

Age (y) 68 31 12
=68 31 16

Gender Male 25 15
Female 37 9

ALT (1U/L) >50 26 0
=50 36 14

AFP (ngfml) »20 29 10
Sa0 3 10

(L0005 1,430
0317 2
0178 20
0.82 3
0.02 301
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Table 3. Biological processes for genes up-regulated in PBMCs of HCC patients
Biological process -log(P) Gene D 1 (T/NT) P Cellular
components
Ubiq prot l g lysis and ER 22237  Ubiquitin specific peptidase 8 D29956 554 0.0000
Protein phosphatase 3 (formerly 2B), NM_000945  4.90 0.0000
Heat shock transcription factor 2 NM_004506 452 0.0000
Heat shock 90 kDa protein 1 NM_005348 445 0.0000 ™
Ubiquitin protein ligase E3A NM_000462 427 0.0001
Ubig jugating enzyme EZD]  NM_003338 362 0.0006 M
Phosphatidylinositol glycan, class B~ NM_004855 357 0.0007
Ublquitin-conjugating enzyme E2D2  NM_003339 349 0.0009
Ubiquiti jugating enzyme EZD3  NM_003340 318 0.0023
RAN binding protein 2 NM_006267 311 0.0029
Ubiquitin-conjugating enzyme E24 NM_003336 3.09 0.0030
Activating transcription factor 6 NM_007348 303 0.0037 M
Ubiquitin specific protease 7 NM_003470 292 0.0050
Heat shock 70 kDa protein 9B NM_001746 291 0.0050
T-complex 1 NM_080752 276 0.0077
Glutaredoxin 2 NM_016066 2.70 0.0093
Ubiquitin-conjugating enzyme EIN NM_003348 268 0.0096
Ubiquitin-conjugating enzyme E2 AF049140 266 00110
variant 2
Ubiquitin specific protease 14 NM_005151 220 0.0822
Progs d NM_003932 216 0.0353
P48 protein
Heat shock 70 kDa protein 4 ABO23420 .16 0.0346
Ubiquitin-conjugating enzyme E2L 3 NM_003347 214 0.0363
Tenascin XB NM_004381 213 00377
Ubiquitin specific peptidase 33 AB029020 212 0.0885 M
mANA processing 20,087  Heterogeneous nuclear NM_005826 390 0.0003 by
ribonucleoprotein R
RNA (guanine-7-) methyltransferase NM_003799 329 0,0024
Helerogeneous nuclear NM_031372 323 0.0020
rbonucleoprotein D-like
§ ] motor d i NM_D05871 312 0.0031
eantaining 1
Ribonueclease, mase a family, 4 NM_002937 293 0.0052
Heterogeneaus nuclear NM_002136 268 0,0094
rbonucleoprotein A1
Heterogeneous nuclear NM_002140 246 0170
ribonucleoprotein K
Heterogeneous nuclear NM_031844 136 0.0216
ribonucleoprotein U
UPF3, yeast, homologue of, A NM_023011 235 0.0228
Alternative splicing factor M72709 03 0.0471
Antigen presentation 10.124  januns kinase 1 NM_002227 338 0.0013
MHC, class 1, DO a NM_002119 309 0.0031
MHC, class II, DR « NM_019111 267 0.0098
MHC class 1 polypeptide-related NM_005931 260 n.0122
sequence B
MHC class 1 polypeptide-related NM_000247 226 0.0276
sequence A
Tumor necrosis factor receptor- NM_004620 205 00456
associated factor 6
Cell Cycle 6.185  Karyopherin (importin) £ 2 NM_002270 432 0.0001
Histone acetyltransferase 1 NM_003642 4.15 0,0001 ™™
V-myc myelocytomatosis viral NM_002467 357 0.0008
oncogene homaologue
Transforming, acidic colled-coll NM_006283 338 00014
containing protein 1
(Continued on the following page)
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Table 3. Biological processes for genes up-regulated in PBMCs of HCC patients (Cont'd)
Biological process —log{P) Gena D 1 (T/NT) P Cellular
componants
Centromere protein B, 80 kDa X05299 337 0,0014
Conductin AFOTR165 307 0.0032
Amyloid B protei NM_003905 299  0.0040 T
binding protein 1
Centromere protein C 1 NM_D01812 190 0.0054
Heterochromatin-like protein 1 BC000954 an 0.0085
Mature T-cell proliferation 1 BCOO2600 249 0.0154
Proliferating cell nuclear antigen NM_002592 246 0.0166
CSEl chromosome segregation 1ke  NM_001316 242  0.0186 M
Karyopherin a4 (importin a3) NM_002268 237 00209
Signal transducers and activaton of BCO10854 236 0.0214
transcription-like protein
M-phase phosphoprotein 6 NM_005792 234 0.0228
Extra spindle pole bodies homologoe 1  NM_012291 220  0.0816
Apoptosis 4811  Cathepsin § NM_004079 559  0.0000 M
YME]-like 1 NM_014263 549 0.0000 M
Cullin 5 NM_003478 465 0.0000 M
poptotic p g factor 1 NM_001160 353  0.0008
Cullin 2 NM_003591 343 0.0012 M
Amyloid [ p protein-binding ~ NM_003905 299  0.0040 T
protein 1
9 NM_032996 296 0.0044
F-bax only protein 5 NM_012177 288  0.0085
Cullin 1 NM_003592 252 0.0146
Caspase 4 NM_001225 223 0.0298
Caspase 1 NM_033293 202 00475
TCR signaling and immune related 5462  Protein tymsine phosphatase, NM_002838 572 0.0000
receptor type, C
Phospholnositide-3-kinase, catalytic, NM_006218 538 0.0000
a palypeptide
transcription factor 2 NM_001880 398 0.0002
Chemokine (c-c motif) 1 NM_001205 390 00003
NCK adaptor protein 1 NM_006153 118 0.0024
Ch kine (c-c motif) T 2 NM_000647 278 0.0076
Toll-like receptor2 NM_003264 275 0.0078
Inositol 14,5-triphosph T NM_002222 2124 0.0290
type 1
T-cell receplor a-chain X01403 05 0.0452
Hesponse to hypoxia and oxidative stress 2655 MAPZK1IP1 NM_021970 651 0.0000
Glutsthione s-trunsferase 8 2 NM_000854 343 0.0011
Hypoxia-inducible factor 1, a subunit ~ NM_001530 299  0.0040
MAP/ERK kinase kinase 5 NM_005923 73 0.0086
Glutaredoxin 2 NM_016066 70 0.0093
Peroxiredoxin 3 NM_006793 268 0.0157
Catalase NM_001752 150 0.0151
Plasma glutathione peroxidase 3 NM_002084 219 00329
precursor
Superoxide dismulase 2 NM_000636 10 0.0400
‘Thioredoxin NM_003529 205 0.0186

caspase 9) and T-cell pl

(TCR) signaling (e, CCRI, CCR2,

genesis, leptin signaling, and 1L-12, IL-15, and IL-18 signaling

TCR a-chain), were also up-regulated in PBMCs from patients
with HCC, suggesting vulnerabilities of PBMCs and activated
T-cell signaling, respectively, in HCC development.

Biological processes involving the down-regulated genes in
PBMCs from patients with HCC included skeletal muscle
development, the estrogen receptor 1 (ESR1) nuclear pathway,
NOTCH signaling, feeding, and neurchormones signaling, neuro-

(Supplementary Table S54), showing no obvious connection
compared with the down-regulated genes in HCC-infiltrating
mononuclear inflammatory cells (Supplementary Table S$3).
These resulls indicate that HCC development in cirrhotic liver
can influence PBMCs, providing distinct transcriptional features
of up-regulated genes even during the operable stage of
HCCs.
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Networks of genes ly up-regulated or down-
regulated in both PBMCs and HCC-infiltrating mononuclear
inflammatory cells. Analysis of the gene expression profiles of
HCC-infiltrating mononuclear inflammatory cells and PBMCs from
HCC patients showed that the development of HCC altelsﬂ the

immunity. We also investigated gene expression in systemically
circulating PBMCs from LC-C patients with or without HCC and
found that PBMC gene expression profiles from patients with or
without HCC were aipﬂﬁmntly different. Intriguingly, many bio-
iogicalpmoesw" ng the up-regulated genes were shared

gene expression of local infiltrating mi lear Infl

cells and systemically circulating PBMCs; interestingly, the :ﬂ'zd.ed
biological processes were largely the same. To further explore
these presumed local and systemic influences resulting from HCC
development, we d how individual genes were affected by
constructing a network.

We found 773 up-regulated and 750 down-regulated significant
genes in HCC-infiltrating mononuclear inflammatory cells com-
pared with noncancerous liver-infiltrating mononuclear inflamma-
tory cells at the P < 0.05 level. In PBMC gene expression,
we observed 2,111 up-regulated and 2,027 down-regulated genes in
the PBMCs of HCC patients, compared with LC patients at the
PcO.tEthMmg:bmgenu.S?&msignihntinboth
HCC-infiltrating lea y cells and PBMCs from
patients with HCC (Fig, 34). Forr I.huemgenummmudy altered
gemn?ﬂ%o[ﬁmmmtq:—mgﬂd&dordmmpﬂated in both

HCCrln.ﬁ!tmthﬁg tory ndll I.n.d PBMCs from
HCC patients, pression of the g 30% of them
was d.iaoordanl-

We used MetaCore software to perform network construction for
172 up-regulated and 93 dawnregulued genes in both HCC-
infiltrating y cells and PBMCs from HCC
patients. The signal pathway network revealed three central genes,
PCNA (32), SMADS (33), and nucleophosmin (34), which were all
up-regulated in HCC-infiltrating mononuclear inflammatory cells
and PBMCs from HCC patients (Fig. 38). PCNA had interactions
with proteasome subunit genes, PSMC2, PSMC6, PSMD12, and
hioredoxin and DNA paoly jota genes, SMAD3 was linked
with cyclin-dependent kinase 7 and cyclin G, with various genes
related to the cell cycle. Nucleophosmin was connected to
ubiquitin-conjugating enzyme e2e3 and glutaredoxins. Notably,
FOXP3, a marker of regulatory T cells, and Janus-activated kinase 3
(jm}. rel.nl.ed T.o lnl.erlsuldn signaling (35), were up-regulated
and down ively, in HCC-infiltrating mononuclear
lnﬂammnl.ory cells and PBMCs frnm HCC patients in the cons-
tructed gene network.

The network constructed for individual genes whose expression
was commonly altered in HCC-infiltrating mononuclear inflam-
matory cells and PBMCs from HCC patients also supported a
condition of HCC-related stress. The network also indicated that
immune reactions in patients with HCC m complex, because
down-regulated JAK3, an interleukin si lecule, and up-
regulated FOXP3 and SMADS3, known molecules of anticancer
immunity, are involved in this network. Biological processes in
HCC-infiltrating mononuclear inflammatory cells and PBMCs from
HCC patients also included the antigen-presentation process.

Discussion

In this study, we explored gene expression in local infiltrating
mononuclear inflammatory cells in HCC and noncancerous
liver tissues and in PBMCs obtained from patients with hepatitis
C-related LC, with or without HCC. Gene expression profiles
of HCC-infiltrating m lear infla y cells were quite
distinct from those of noncancerous liver-infiltrating mononuclear
inflammatory cells, showing their differing roles in anticancer

HCC-infiltrating mononuclear inflammatory cells and
PBMCs from HCC patients, suggesting that the local inflammatory
effect evoked by HCC development is systemically projected in
the host.

Tumor-infiltrating mononuclear inflammatory cells have been
investigated to examine their roles in local cancer tissues. We have
selectively obtained aggregates of infiltrating mononuclear inflam-
matory cells in HCC and noncancerous liver tissues by LCM
without contamination of carcinoma or parenchymal cells, We
have shown that the p of antigen-p tation (36) is a
distinguishing feature for up-regulated genes in HCC-infiltrating
mononuclear Inflammatory cells compared with noncancerous
liwinﬁ]tuﬂng mononuclear inflammatory cells. Consistently,

histochemical of HCC and noncancerous liver
tissues revealed that the HC("finﬁltrating mononuclear inflamma-
tory cells are primarily monocytes/macrophages, a lineage of pha-
gocytes and antigen-presenting cells (37). Helper CD4 T cells were
also found but seemed to be scattered in the HCC-infiltrating
mononuclear infl ory cells, pared with their intensive
accumulation in infiltrating mononuclear inflammatory cells in
ous liver ti C dingly, analysis using a
publicly available gene expression dauhase of major leukocytes
showed that up-regulated genes in HCC-infiltrating mononuclear
inflammatory cells were primarily featured for macrophages and
Thl and Th2 CD4 cells, preconditioned with 11-12 and IL-4,
respectively, These findings could be interpreted in that HCC
expresses tumor-antigens (38) different from the surrounding
noncancerous liver tissues; consequently, phagocytes gather in
HCC tissues, take up antigens expressed by HCC tissues, and
interact with CD4 cells (39). The scattered distribution and
transcriptional features of both the Thl and Th2 predisposed
status of CD4 helper T cells in HCC-infiltrating mononuclear
inflammatory cells suggests their versatile inflammatory status in
cancer immunity, although there was no obvious shift of the Th1/
Th2 balance, which is considered to be important in cancer
immunity (40).

Other characteristic biological processes involving the up-
regulated genes in HCC-infiltrating mononuclear inflammatory
cells included the resp to hypoxia and oxidative stress (41), the
ubiquitin-proteasome system, cell cycle, rnRNA processing, ER, and
cytoplasm. The ubiquitin-p is unique to eukary-

otic cells and impummt in ma.inl.ainlng the normal biological
u:ﬁvlty of cells, with pleiotropic effects in higher animals (42).
The cell cycle requires precise regulation of cyclin-dependent
kinase under strict control by ubiquitination and subsequent
protein degradation (32). Taken together, these processes involving
the up-regulated genes may reflect a protective local resp of
the host, corresponding to the stress environment of HCC. In this
sense, the double-strand break repair gene up-regulation may be
interpreted as the cells ding to maintai 1 cellular
activities although they are exposed to a harmful environment
by the HCC (43).

The biological processes involving the up-regulated genes in
PBMCs from HCC patients, compared with those from LC-C
patients without HCC, were, to a substantial degree, the same,
involving the up-regulated genes in HCC-infiltrating mononuclear

saknt
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Figure 3. F of ly affected
genes In PEBMCs of HCC patients
HCC-Infitrating mononuciear inflammatory
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mononuciear inflammalory cells and
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and cytoplasm, mRNA processing, antigen presentation, ‘the cell

relatively small. In addition to exploring these biological processes,
we also constructed networks of individual genes, the expression

cycle, and the response to hypoxia and oxidative stress. The reflec-
tion of these transcriptional features of HCC-infiltrating mono-
nuclear inflammatory cells by PBMCs from HCC patients suggests
a systemically projected influence of local HCC development,
which is presumably the result of the stress environment caused
by HCC and the host's reaction even when the size of the tumor is

of which was similarly up-regulated or down-regulated, to depict
commonly affected biological processes in tumor-infiltrating

lear infl tory cells and PBMCs under HCC develop-
ment in more detail The networks highlighted three central
genes, nucelophosmin, PCNA, and SMADS, as up-regulated genes.
They are ted to individual genes involved in ubiquitin,
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proteasomes, the cell cycle, and oxidative stress (Fig. 3B).
Interestingly, the mmol.om.lly lmpm‘tam molaculas. chpz
and JAK3, are in the k as up-reg
genes, . FOXP3 is a transcriptional marlmr for reg-
uhmryToells{“].andSMADShdlobdwwdmbememtmtin
maintaining regulatory T cells (45). JAK3, which is associated with
the interleukin receptor common < chain (35) and is important in
lymphoid development (46), was also involved in the network,
suggesting that HCC influences the host immune system, which
can be observed not only in HCC-infiltrating mononuclear
inflammatory cells but also in the PBMCs of HCC patients. Thus,
the network features of individual genes, commonly affected in
HCC-infiltrating mononuclear inflammatory cells and PBMCs
from HCC patients, further imply that the anticancer immunity
of the host in response to HCC development involves the antigen
presentation process to initiate the immune reaction.

The mechanism by which PBMCs from HCC paﬂmu raﬂu:t the
transcriptional features of HCC-infiltrating

spreading and circulating HCC cells because mRNA for AFP was
detected in circulation (50). Because two-thirds of HCC patients
enrolled for gene expression analysis of PBMCs showed serum AFP
value <100, the presence of circulating HCC cells would not be

| ‘b,th.“ 4 or}ww__' o1 alone. Tt fore,
we have examined expression of Krt8, Krt18, and Krt19, as well as
Afp. Despite of the possibility of circulating cancer cells, we neither
detected expression of Afp nor found significantly different
expression of Krt8 Krt18, and Krt]9 between HCC and LC-C
patients without HCC, Furthermore, genes up-regulated in HCC
tissues { with liver tissues® did not lat
tnup-regtllatzdgenuinPﬂMCuofHCC patients, indicating that
different signature of gene expression in PBMCs between HCC and
LC-C patients is not the reflection of the possible migrating cells
from HCC tissues. In addition, all HCC cases, except for a case in
gene expression analysis of PBMCs, were radiologically free of
mmanhmmbu:inﬂuvmeLwhidlmlndxuﬂwofmkzwcuplc

jon free or concomitant with invasion in the periphery of

matory cells requires further study. We observed that the popu-
lation of CCRl-expressing and CCR2-expressing cells in PBMCs
from HCC patients was higher than in those from LC-C patients.
However, HCC-infiltrating mononuclear inflammatory cells did not
show up-regulation of these genes. The meaning of the up-
regulated CCRI and CCR2 should be further investigated because
chemokines are key molecules for the recruitment of inflammatory
cells, regulating cellular adk and {othelial migration,
and the activation of inflammatory cells (47). The biological
process of integrin-mediated cell matrix adhesion, genes involved

third or lower branch of vessels, suggesting that contribution of
circulating cancer cells were presumed to be sufficiently small for
the distinct difference of gene expression signature of PBMCs.
Although the number of enrolled HCC patients for malyals
with local inflammatory cells was relatively small pared with
um number of patients for analysis of PBMC:. our study has shown
d fi nl' gene exp profiles of HCC-infiltrating
nor lear i y cells and PBMCs from HCC patients,
showhgammplﬂhnmmsmofunhmtmmuum

ity. This finding suggests the possibility that readily

ible PBMCs can be used as a surrogate tissue to assess the

in which were down-regulated in HCC-infiltrating m: 1
inflammatory cells, may suggest that these cells were able to
remigrate into the microcirculation with the enriched blood flow

in HCC ti The of integri diated cell matrix
adhesion in HC(‘finﬂllnﬂn; inﬂumntorycells may imply weaker
adhesion of infiltrating ] y cells to

tissues compared with us liver ti (48). PBMCs

are also presumed to be affected by humoral factors from HCC
tissues (49). Another possibility is the pr of hematogenous
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