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Fig. 1. Immunohistochemical staining of pSTAT3 in HCC. a
pSTAT3 was expressed in the nucleus. In nontumorous tissue, en-
dothelial cells, bile duct epithelial cells and inflammatory cells were
stained by pSTATS3 (left panel). x100. HCC cells were also stained
(82.2%, right panel). x100. b Tumor cells of PVI and IM stained
by pSTAT3. x200. ¢ Comparison of pSTAT3 staining in primary

washed and incubated with horseradish peroxidase-conjugated
secondary antibody (Cell Signaling Technology). Bands were vi-
sualized by the enhanced chemiluminescence system (GE Health-
care, UK).

Cell Growth Assay

PLC/PRF/5 and Huh7 cells were seeded at a density of 5 x 10*
cells/24-well plates and maintained in conditioned medium for 24
h before stimulation. Viable cells were counted by trypan blue stain
48 h after stimulation with IL-6 (25 ng/ml).

Wound-Healing Assay

PLC/PRF/5 and Huh7 cells were seeded at a density of 5 x 10*
cells/6-well plates. Approximately 24 h later, when the cells were
100% confluent, a sterile 100-yl pipette tip was used to longitudi-
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HCC, tumor cells of PVI and IM. pSTATS3 staining was signifi-
cantly prominent in tumor cells of PVI and IM compared with
primary HCC (p < 0.05). d, e pSTAT3 expression correlated with
poor prognosis. OS (d) and DES (e) curves for pSTAT3-positive
and pSTAT3-negative groups in patients with HCC (d, p = 0.0234;
e, p = 0.0003; log-rank test).

nally scratch a constant-diameter strip in the confluent monolayer.
The medium and cell debris were aspirated away and replaced by 2
ml of fresh DMEM containing 1% FBS with or without IL-6 (25 ng/
ml). Photographs were taken at 0 and 48 h after wounding by
phase-contrast microscopy. For statistical analysis, three randomly
selected points along each wound were marked, and the horizontal
distance between the migrating cells and the initial wound was
measured 48 h later.

Inhibition of STAT3

In both cell growth and wound-healing assays, PLC/PRF/5 and
Huh?7 cells were cultured in DMEM containing 1% FBS and IL-6
(25 ng/ml) with or without 100 nm S31-201 (NSC 74859; Santa
Cruz Biotechnology). S31-201 was treated 30 min before IL-6 stim-
ulation. DMSO was used for control.
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Table 1. Comparison of pSTATS3 expression and clinicopatholog-
ical findings

pSTAT3 expression  pSTAT3 negative - pSTATS3 positive - p
(n=65) (n'=36) value

Clinical features
Sex, male/female 55/10 26/10 0.0849
Age, years 63.917.3 63.619.5 0.8726
HBsAg, +/- 14/51 8/28 0.9922
HCV Ab, +/- 42/23 23/13 0.9798
Cirrhosis 22/43 14/22 0.4990
AFP, ng/ml 852.4+308"  20,673.4+11,688" 0.0276*
DCP, mAU/ml 2,798.2+1,179.1"  6,278.4%3,184.71 0.2217
Pathological features
Tumor size, cm 3.7+2.2 5.1%3.2 0.0092*
Differentiation,
poor/well and 19/46 16/20 0.1253
moderate
Capsule formation 41/24 26/10 0.4619
Infiltration to

the capsule 33/32 23/13 0.1681
Portal venous

invasion, +/- 30/35 24/12 0.0687
Hepatic venous

invasion, +/- 15/50 12/24 0.3031
Intrahepatic

metastasis, +/- 18/47 18/18 0.0214*
MIB-1 LI, % 3.5%0.5 10.2+2.2 0.0002*
Bcl-XL, % 13.0£1.5 25.2+2.0 0.0001*

HBsAg = Hepatitis B surface antigen; HCV Ab = hepatitis C
virus antibody; DCP = des-y-carboxy prothorombin. * p < 0.05.

Statistical Analysis

Statistical analysis was carried out using Microsoft Excel soft-
ware and JMP software (SAS Institute, Cary, N.C., USA). Com-
parison between pSTAT3 staining and clinicopathological find-
ings or staining of other antibodies was evaluated by Pearson’s ¥?,
Fisher’s exact tests and the Mann-Whitney U test. Patient survival
analysis including overall survival (OS) and disease-free survival
(DFS) was calculated by the Kaplan-Meier method; differences
were evaluated by the log-rank test. For multivariate analysis, the
Cox proportional hazard model was used. Two-sided Student’s t
test was applied for analysis of in vitro data. Statistical analyses
were considered significant at a p value <0.05.

Results

PSTAT3 Expression in Clinical Samples

pSTAT3 was stained in the nuclei of HCC cells, nor-
mal endothelial cells, some bile duct epithelial cells and
inflammatory cells. pSTAT3 nuclear staining in HCC

TAM and STAT3 Activation in HCC

cells is displayed in figure la. The mean percentage of
nuclear pSTAT3-positive cells in HCCs was 10.7%
(range 0-82.0). The number of pSTAT3-positive and
pSTAT3-negative samples was 36 and 65, respectively.
We also examined pSTATS3 staining at the lesions of 19
portal venous invasions (PVIs) and 12 intrahepatic me-
tastases (IMs) in 101 cases. Fifteen of 19 PVIs (78.9%)
and 9 of 12 (75.0%) IMs were defined as pSTAT3-posi-
tive cases (fig. 1b). Positive rates in both lesions were
significantly higher than those in the primary lesions
(35.6%; p < 0.05; fig. 1c).

Comparison of pSTAT3 Expression and

Clinicopathological Findings

A comparison of clinicopathological findings in
pSTAT3-positive and pSTAT3-negative groups is sum-
marized in table 1. The pSTAT3-positive group showed
higher AFP (p = 0.0276), larger tumor size (p = 0.0092),
more frequent IMs (p = 0.0214), a higher Ki-67 labeling
index (LL; p = 0.0002), and more Bcl-XL-positive cells (p
= 0.0001) than the pSTAT3-negative group, whereas no
significant differences were noted with respect to sex, age,
infection of hepatitis viruses, liver cirrhosis, PIVKA II
(proteins induced by vitamin K absence or antagonist ),
histological differentiation, capsule formation, infiltra-
tion to the capsule, and vessel invasion.

Survival Analysis after Surgery

The median follow-up period was 1,391 days (range
36-3,289). pSTAT3 expression was significantly correlat-
ed with OS and DFS (p = 0.0234 and 0.0003, respectively;
fig. 1d, e). Univariate analyses indicated that high AFP
(>100 ng/ml), large tumor size (>5 cm), PVIs and IMs
were prognostic factors for OS and male sex, hepatitis C
virus infection, high AFP (>100 ng/ml) and IMs for DFS
(table 2). Multivariate proportional hazard models re-
vealed that high AFP and IMs were independent prog-
nostic factors for OS and pSTAT3 expression and high
AFP for DFS (table 2).

Tumor-Associated Macrophage Localization and

PSTAT3 Expression of HCCs

CD163-positive cells were localized around the
pSTAT3-positive HCC cells (fig. 2a). Figure 2b shows the
boxplots of CD163-positive cells (mean + SD: pSTAT3-
negative group, 28.5 + 15.4; pSTAT3-positive group, 42.6
+ 26.6). The pSTAT3-positive group (n = 36) showed
statistically higher CD163-positive cells (p = 0.0013;
fig. 2b) than the pSTAT3-negative group (n = 65). Fur-
thermore, we analyzed the localization of CD163-posi-
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Table 2. Survival analysis after surgery

Variable Univariate analysis of OS Multivariate analysis of OS

p value hazard ratio 95% CI p value
pSTATS3 positive 0.0234* 1.104 0.465-2.683 0.8236
AFP >100 ng/ml 0.0005* 2.968 1.294-7.026 0.0103*
Tumor size >5 cm 0.0246* 1.489 0.610-3.578 0.3755
Portal venous invasion 0.0422* 1.568 0.629-4.1265 0.3367
Intrahepatic metastasis 0.0022* 2.668 1.186-6.194 0.0177*
Variable Univariate analysis of DES Multivariate analysis of DFS

p value hazard ratio 95% CI p value
pSTATS3 positive 0.0003* 1.851 1.066-3.201 0.0288*
Sex, male 0.0267* 0.978 0.515-1.790 0.9431
HCV Ab (+) 0.0158* 1.672 0.948-3.096 0.0767
AFP >100 ng/ml 0.0002* 2.070 1.218-3.476 0.0076*
Intrahepatic metastasis 0.0012* 1.702 0.964-3.012 0.0664

CI = Confidence interval; HCV Ab = hepatitis C virus antibody. * p < 0.05.
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Fig. 3. Tumor-associated macrophages expressed IL-6. a Immunohistochemical staining of IL-6 in HCC. x200.
Not only macrophages (arrows, left panel) but also some hepatocytes (arrowheads, left panel) and some tumor
cells (arrowheads, right panel) showed immunoreactivities for IL-6. b Double staining of IL-6 (red) and CD163
(brown). x400. Double-positive cells (arrowheads) were frequently seen in the tumor. ¢ Correlation between
pSTAT3-positive and IL-6/CD163-positive staining.

tive cells in areas where pSTAT3-positive and pSTAT3-
negative HCC cells existed in the pPSTAT3-positive group
(n = 36), and figure 2c shows the boxplots of the analyses
(mean + SD: pSTAT3-negativearea,27.7 +17.9; pSTAT3-
positive area, 42.6 + 26.6). In the pSTAT3-positive group,
CD163-positive cells in areas where pSTAT3-positive
HCC cells existed were statistically higher than in those
where pSTAT3-negative HCC cells existed (p = 0.0064;
fig. 2¢).

Cytokine Expression of Macrophages _

IL-6 was stained in some macrophages, HCC cells and
normal hepatocytes (fig. 3a). According to the double
staining of CD163 and IL-6, CD163-positive cells (tu-
mor-associated macrophages) expressed IL-6 (fig. 3b).

TAM and STAT3 Activation in HCC

We divided them into two by the median values of posi-
tive macrophages of IL-6 and CD163, and thereby classi-
fied the 101 cases into four groups such as CD163"°¥ and
IL-6°Y, CD163"" and IL-6"¢h, CD163"¢" and IL-6"%,
and CD163"8" and IL-6"8". HCCs containing high infil-
tration of IL-6- and CD163-positive macrophages exhib-
ited a significantly higher rate of positive staining for
pSTATS3 (fig. 3¢).

IL-6 Stimulates Cell Proliferation and Migration of

Human HCC Cell Lines

IL-6 stimulation increased the levels of pSTAT3 in
both PLC/PRF/5 and Huh7 HCC cell lines (fig. 4a). IL-6
stimulation resulted in higher proliferation (fig. 4b) and
greater migration distance (fig. 4c) versus control. S31-
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Fig.4. IL-6 stimulation activated STAT3 signaling and promoted cell proliferation and migration in HCC cell lines.
a PLC/PRF/5 (upper panel) and Huh7 (lower panel) were treated with 25 ng/ml IL-6 for 30 min. b PLC/PRF/5
and Huh7 were cultured with 25 ng/ml IL-6, 100 nM S31-201 and conditioned medium (1% FBS); cell proliferation
was evaluated 48 h after IL-6 stimulation. Control set at 1. ¢ PLC/PRF/5 and Huh7 were cultured with 25 ng/ml
IL-6, 100 nM S31-201 and conditioned medium (1% FBS), and wound-healing assay was evaluated 48 h thereafter.

201, a STATS3 inhibitor, inhibited IL-6-induced STAT3
phosphorylation (fig. 4a) and decreased proliferation and
migration of HCC cell lines (fig. 4b, c).

Discussion

Our results suggest that macrophage infiltration into
HCC tissue stimulates tumor cells via STAT3 signaling.
In the present study, pSTAT3-positive HCCs show ma-
lignant behavior and confer poor prognosis because of
their high abilities of cell proliferation and migration. We
found thathigh pSTAT3 expression was significantly cor-
related with larger tumor size, higher Ki-67 LI, higher
Bcl-XL expression and greater frequency of IMs, and
higher pSTAT3 expression was observed in the lesions of
IMs and PVIs than in the primary lesions. STAT3 activa-
tion upregulates cell cycle-related, antiapoptotic and in-
vasion genes [8-13, 26, 27]. In our results, large tumor
size and high Ki-67 LI indicated cell cycle progression,
high Bcl-XL expression indicated antiapoptotic function,
and frequent IMs indicated invasive capacity. Further-
more, high pSTAT3 expression in the lesions of IMs and
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PVIs suggests that the tumor cells with STAT3 activation
in the primary lesions tended to invade the vessels and
metastasize to the other liver sites. Xie et al. [26, 27] re-
ported that activated STAT3 regulated tumor invasion of
melanoma cells by regulating the gene transcription of
matrix metalloproteinase 2. These results suggest that
PSTAT3 expression plays an important role for cell sur-
vival and migration in HCC, consistent with previous
studiesin HCC [14, 17, 28, 29] and other tumors [5, 8-12,
26,27, 30].

In recent years, it has been recognized that the balance
between tumor immunity and tumor progression is im-
portant [31]. The present study revealed that tumor-asso-
ciated macrophages are important for pSTAT3 expres-
sion of tumor cells. First, CD163-positive cells around
pSTAT3-positive HCC cells were statistically more prev-
alent than around pSTAT3-negative HCC cells. Some of
the CD163-positive cells expressed IL-6 in HCC tissue,
and STAT3 was phosphorylated by IL-6 stimulation in
vitro. These results suggest that tumor-associated macro-
phages can activate HCC cells via STAT3 signaling by
IL-6 expression. However, CD-163-positive cells were de-
tected not only in the pSTAT3-negative tumor area but
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also in the pSTAT3-positive tumor area and in noncan-
cerous liver tissue. IL-6-secreting tumor-associated mac-
rophages may be part of the CD163-positive cells, and the
CD163-positive cells in the pSTAT3-positive tumor area
were more stained by IL-6 than in the pSTAT3-negative
tumor area and normal liver tissue (data not shown). Tu-
mor-associated macrophages express immunosuppres-
sive cytokines including IL-4, IL-6, IL-10, IL-17, and IL-
23 [32, 33]. These cytokines activate immunosuppressive
inflammatory cells such as other tumor-associated mac-
rophages, helper T cells and regulatory T cells and sup-
press antitumor inflammatory cells such as lymphocytes,
natural killer cells and dendritic cells [34-36]. Kuang et
al. [32] showed that tumor-associated macrophages ex-
pressed IL-6 in vitro, whereas Ding et al. [21] reported
that tumor-associated macrophage was correlated with
poor prognosis in HCC. Our results are consistent with
these previous reports.

Both proliferation and migration of PLC/RPF/5 and
Huh7 were increased following IL-6 stimulation and
STAT3 phosphorylation. On the other hand, IL-6 was
expressed in not only macrophages but also in HCC cells.
STAT3 can be activated through autocrine signaling in
HCC cells; moreover, other cytokines and growth factors
might activate STAT3 of tumor cells [22-24]. It is very
difficult to exclude activation of STAT3 by the autocrine
manner. In our data, STAT3 activation of HCC cells was
not correlated with surrounding IL-6-positive normal
hepatocytes and HCC cells but it was correlated with the
infiltration of CD-163-positive cells (fig. 2). Thus, we
thought that the IL-6 secretion of tumor-associated mac-
rophages is more important for STAT3 activation of
HCC cells than the IL-6 secretion of other cells.

References

—

Llovet JM, Burroughs A, Bruix J: Hepatocel-

Recently, STAT3 phosphorylation inhibitors such as
§31-201 have been investigated in vitro and in vivo [28-
30]. Avella et al. [37] reported that STAT3 can be one of
the targets of chemoimmunotherapies. In our study, S31-
201 inhibited IL-6-induced STAT3 phosphorylation in
vitro and decreased cell proliferation and migration. The
inhibition of tumor-associated macrophages as thera-
peutic strategy of malignancy has been investigated, too-
[38-41]. Therefore, it is very important to suppress tu-
mor-associated macrophage activation and STATS3 sig-
naling in the treatment of HCC. Furthermore, tumor-
associated macrophage activation requires STAT3 sig-
naling [22]. We consider that the STAT3 inhibitor may
suppress STAT3 activation in both tumor cells and tu-
mor-associated macrophages, release antitumor im-
mune systems from suppression by tumor-associated
macrophages and thereby control tumor progression of
HCC. Therefore, STAT3 signaling is a feasible therapeu-
tic target for HCC.

In conclusion, STAT3 activation is one of the prognos-
tic factors in HCC. Tumor-associated macrophage ex-
presses IL-6 and can activate STAT3 signaling of HCC
cells, resulting in their cell proliferation, antiapoptosis
and migration. In the future, HCC may be suppressed by
inhibition of STAT?3 signaling of tumor cells and tumor-
associated macrophages.

Disclosure Statement

The authors have no conflicts of interest.

lular carcinoma. Lancet 2003;362:1907-1917.
Shirabe K, Kanematsu T, Matumata T, Ada-
chi E, Akazawa K, Sugimachi K: Factors
linked to early recurrence of small hepatocel-
lular carcioma after hepatectomy: univariate
and multivariate analyses. Hepatology 1991;
14:802-805.

Taura K, Ikai I, Hatano E, Fujii H, Uyama N,
Shimahara Y: Implication of frequent local
ablation therapy for intrahepatic recurrence
in prolonged survival of patients with hepato-
cellular carcinoma undergoing hepatic resec-
tion: an analysis of 610 patients over 16 years
old. Ann Surg 2006;244:265-273.

TAM and STAT3 Activation in HCC

4 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, 5 Bromberg JF, Wrzeszczynska MH, Devgan G,

Gane E, Blanc JF, de Oliveira AC, Santoro A,
Raoul JL, Forner A, Schwartz M, Porta C,
Zeuzem S, Bolondi L, Greten TF, Galle PR,
Seitz JF, Borbath 1, Haussinger D, Giannaris
T, Shan M, Moscovici M, Voliotis D, Bruix J,
SHARP Investigators Study Group: Sorafenib
in advanced hepatocellular carcinoma. N
Engl ] Med 2008;359:378-390.

o

Zhao Y, Pestell RG, Albanese C, Darnell JE Jr:
Stat3 as an oncogene. Cell 1999;98:295-303.
Al Zaid Siddiquee K, Turkson J: STAT3 as a
target for inducing apoptosis in solid and he-
matological tumors. Cell Res 2008;18:254-267.
Murray PJ: The JAK-STAT signaling path-
way: input and output integration. J Immunol
2007;178:2623-2629.

Berishaj M, Gao SP, Ahmed S, Leslie K, Al-
Ahmadie H, Gerald WL, Bornmann W,
Bromberg JF: Stat3 is tyrosine-phosphorylat-
ed through the interleukin-6/glycoprotein
130/Janus kinase pathway in breast cancer.
Breast Cancer Res 2007;9:R32.

Pathobiology

DOI: 10.1159/000346196

153



10

11

12

13

14

15

16

17

18

19

Lin Q, Lai R, Chirieac LR, Li C, Thomazy VA,
Grammatikakis I, Rassidakis GZ, Zhang W,
Fujio Y, Kunisada K, Hamilton SR, Amin
HM: Constitutive activation of JAK3/STAT3
in colon carcinoma tumors and cell lines: in-
hibition of JAK3/STAT3 signaling induces
apoptosis and cell cycle arrest of colon carci-
noma cells. Am ] Pathol 2005;167:969-980.
Song L, Turkson J, Karras JG, Jove R, Haura
EB: Activation of Stat3 by receptor tyrosine
kinases and cytokines regulates survival in
human non-small cell carcinoma cells. Onco-
gene 2003;22:4150-4165.

Greten FR, Weber CK, Greten TF, Schneider
G, Wagner M, Adler G, Schmid RM: Stat3 and
NF-kappaB activation prevents apoptosis in
pancreatic carcinogenesis. Gastroenterology
2002;123:2052-2063.

Ni Z, Lou W, Leman ES, Gao AC: Inhibition
of constitutively activated Stat3 signaling
pathway suppresses growth of prostate cancer
cells. Cancer Res 2000;60:1225-1228.

Kreis S, Munz GA, Haan S, Heinrich PC, Beh-
rmann I: Cell density dependent increase of
constitutive signal transducers and activators
of transcription 3 activity in melanoma cells
is mediated by Janus kinases. Mol Cancer Res
2007;5:1331-1341.

Rajendran P, Ong TH, Chen L, Li F, Shanmu-
gam MK, Vali S, Abbasi T, Kapoor S, Sharma
A, Kumar AP, Hui KM, Sethi G: Suppression
of signal transducer and activator of tran-
scription 3 activation by butein inhibits
growth of human hepatocellular carcinoma in
vivo. Clin Cancer Res 2011;17:1425-1439.
Yang SF, Wang SN, Wu CF, Yeh YT, Chai CY,
Chunag SC, Sheen MC, Lee KT: Altered p-
STATS3 (Tyr705) expression is associated with
histological grading and intratumour mi-
crovessel density in hepatocellular carcino-
ma. ] Clin Pathol 2007;60:642-648.

Ogata H, Kobayashi T, Chinen T, Takaki H,
Sanada T, Minoda Y, Koga K, Takaesu G,
Maehara Y, lida M, Yoshimura A: Deletion of
the SOCS3 gene in liver parenchymal cells
promotes hepatitis-induced hepatocarcino-
genesis. Gastroenterology 2006;131:179-193.
Pollard JW: Tumour-educated macrophages
promote tumour progression and metastasis.
Nat Rev Cancer 2004;4:71-78.

Lewis CE, Pollard JW: Distinct role of macro-
phages in different tumor microenviron-
ments. Cancer Res 2006;66:605-612.

Hasita H, Komohara Y, Okabe H, Masuda T,
Ohnishi K, Lei XF, Beppu T, Baba H, Takeya
M: Significance of alternatively activated
macrophages in patients with intrahepatic
cholangiocarcinoma. Cancer Sci 2010;101:
1913-1919.

20

21

22

23

24

25

26

27

28

29

30

Siveen KS, Kuttan G: Role of macrophages in
tumor progression. Immunol Letter 2009;
123:97-102.

Ding T, Xu ], Wang F, Shi M, Zhang Y, Li SP,
Zheng L: High tumor-infiltrating macro-
phage density predicts poor prognosis in pa-
tients with primary hepatocellular carcinoma
after resection. Hum Pathol 2009;40:381-389.
Fujiwara Y, Komohara Y, Ikeda T, Takeya M:
Corosolic acid inhibits glioblastoma cell pro-
liferation by suppressing the activation of sig-
nal transducer and activator of tramscrip-
tion-3 and nuclear factor-kappa B in tumor
cells and tumor-associated macrophages.
Cancer Sci 2011;102:206-211.

Takaishi K, Komohara Y, Tashiro H, Ohtake
H, Nakagawa T, Katabuchi H, Takeya M: In-
volvement of M2-polarized macrophages in
the ascites from advanced epithelial ovarian
carcinoma in tumor progression via Stat3 ac-
tivation. Cancer Sci 2010;101:2128-2136.
Dominguez-Soto A, Sierra-Filardi E, Puig-
Kroger A, Pérez-Maceda B, Gomez-Aguado
F, Corcuera MT, Sanchez-Mateos P, Corbi
AL: Dendritic cell-specific ICAM-3-grabbing
nonintegrin expression on M2-polarized and
tumor-assocjated macrophages is macro-
phage-CSF dependent and enhanced by tu-
mor-derived IL-6 and IL-10. ] Immunol 2011;
186:2192-2200.

Komohara Y, Ohnishi K, Kuratsu J, Takeya
M: Possible involvement of the M2 anti-in-
flammatory macrophage phenotype in
growth of human gliomas. J Pathol 2008;216:
15-24.

Xie TX, WeiD, LiuM, Gao AC, Ali-Osman F,
Sawaya R, Huang S: Stat3 activation regulates
the expression of matrix metalloproteinase-2
and tumor invasion and metastasis. Onco-
gene 2004;23:3550-3560.

Xie TX, Huang FJ, Aldape KD, Kang SH, Liu
M, Gershenwald JE, Xie K, Sawaya R, Huang
S: Activation of Stat3 in human melanoma
promotes brain metastasis. Cancer Res 2006;
66:3188-3196.

Lin L, Amin R, Gallicano GI, Glasgow E, Jo-
gunoori W, Jessup JM, Zasloff M, Marshall JL,
Shetty K, Johnson L, Mishra L, He AR: The
STATS3 inhibitor NSC 74859 is effective in he-
patocellular cancers with disrupted TGE-beta
signaling. Oncogene 2009;28:961-972.
Choudhari SR, Khan MA, Harris G, Picker D,
Jacob GS, Block T, Shailubhai K: Deactivation
of Akt and STATS3 signalling promotes apop-
tosis, inhibits proliferation, and enhances the
sensitivity of hepatocellular carcinoma cells
to an anticancer agent, Atiprimod. Mol Can-
cer Ther 2007;6:112-121.

Lin L, Hutzen B, Zuo M, Ball S, Deangelis S,
Foust E, Pandit B, Ihnat MA, Shenoy SS, Kulp
S, Li PK, Li C, Fuchs ], Lin J: Novel STAT3
phosphorylation inhibitors exhibit potent
growth-suppressive activity in pancreatic and
breast cancer cells. Cancer Res 2010;70:2445-
2454,

154

Pathobiology
DOI: 10.1159/000346196

31

32

33

34

35

36

37

38

39

40

41

Korangy F, Hochst B, Manns MP, Greten TF:
Immune responses in hepatocellular carcino-
ma. Dig Dis 2010;28:150-154.

Kuang DM, Peng C, Zhao Q, Wu Y, Chen MS,
Zheng L: Activated monocytes in peritumoral
stroma of hepatocellular carcinoma promote
expansion of memory T helper 17 cells. Hepa-
tology 2010;51:154-164.

Kortylewski M, Xin H, Kujawski M, Lee H,
Liu Y, Harris T, Drake C, Pardoll D, Yu H:
Regulation of the IL-23 and IL-23 balance by
Stat3 signaling in the tumor microenviron-
ment. Cancer Cell 2009;15:114-123.

Kuang DM, Zhao Q, Peng C, Xu J, Zhang JP,
Wu C, Zheng L: Activated monocytes in peri-
tumoral stroma of hepatocellular carcinoma
foster immune privilege and disease progres-
sion through PD-L1. J Exp Med 2009;206:
1327-1337.

Wu K, Kryczek 1, Chen L, Zou W, Welling
TH: Kupffer cell suppression of CD8+ T cells
in human hepatocellular carcinoma is medi-
ated by B7-H1/programmed death-1 interac-
tions. Cancer Res 2009;69:8067-8075.
Niemand C, Nimmesgern A, Haan S, Fischer
P, Schaper F, Rossaint R, Heinrich PC, Miiller-
Newen G: Activation of STAT3 by IL-6 and IL-
10 in primary human macrophages is differen-
tially modulated by suppressor of cytokine sig-
naling 3. ] Immunol 2003;170:3263-3272.
Avella DM, Li G, Schell TD, Liu D, Zhang SS,
Lou X, Berg A, Kimchi ET, Tagaram HR,
Yang Q, Shereef S, Garcia LS, Kester M, Isom
HC, Rountree CB, Staveley-O’Carroll KF: Re-
gression of established hepatocellular carci-
noma is induced by chemoimmunotherapy in
an orthotopic murine model. Hepatology
2012;55:141-152.

Zhang W, Zhu XD, Sun HC, Xiong YQ,
Zhuang PY, Xu HX, Kong LQ, Wang L, Wu
WZ, Tang ZY: Depletion of tumor-associated
macrophages enhances the effect of sorafenib
in metastatic liver cancer models by antimeta-
static and antiangiogenic effects. Clin Cancer
Res 2010;16:3420-3430.

Luo Y, Zhou H, Krueger J, Kaplan C, Lee SH,
Dolman C, Markowitz D, Wu W, Liu C, Reis-
feld RA, Xiang R: Targeting tumor-associated
macrophages as a novel strategy against breast
cancer. J Clin Invest 2006;116:2132-2141.
Huang Y, Snuderl M, Jain RK: Polarization of
tumor-associated macrophages: a novel strat-
egy for vascular normalization and antitumor
immunity. Cancer Cell 2011;19:1-2.

Wu WY, Li J, Wu ZS, Zhang CL, Meng XL:
STAT3 activation in monocytes accelerates
liver cancer progression. BMC Cancer 2011;
11:506.

Mano et al.



HEPATOLOGY

Official Journal of the American Association for the Study of Liver Diseases

Identification of Novel Serum Biomarkers of

Hepatocellular Carcinoma Using Glycomic Analysis

Toshiya Kamiyama,' Hideki Yokoo,' Jun-Ichi Furukawa,” Masaki Kurogochi,® Tomoaki Togashi,”
Nobuaki Miura,” Kazuaki Nakanishi,' Hirofumi Kamachi,® Tatsuhiko Kakisaka,' Yosuke Tsuruga,’

Masato Fujiyoshi, Akinobu Taketomi," Shin-Ichiro Nishimura,* and Satoru Todo®

The altered N-glycosylation of glycoproteins has been suggested to play an important role
in the behavior of malignant cells. Using glycomics technology, we attempted to determine
the specific and detailed N-glycan profile for hepatocellular carcinoma (HCC) and investi-
gate the prognostic capabilities. From 1999 to 2011, 369 patients underwent primary cu-
rative hepatectomy in our facility and were followed up for a median of 60.7 months. As
normal controls, 26 living Japanese related liver transplantation donors were selected not
infected by hepatitis B and C virus. Their mean age was 40.0 and 15 (57.7%) were male.
We used a glycoblotting method to purify N-glycans from preoperative blood samples
from this cohort (10 uL serum) which were then identified and quantified using mass spec-
trometry (MS). Correlations between the N-glycan levels and the clinicopathologic charac-
teristics and outcomes for these patients were evaluated. Our analysis of the relative areas
of all the sugar peaks identified by MS, totaling 67 N-glycans, revealed that a proportion
had higher relative areas in the HCC cases compared with the normal controls. Fourteen
of these molecules had an area under the curve of greater than 0.80. Analysis of the corre-
lation between these 14 N-glycans and surgical outcomes by univariate and multivariate
analysis identified G2890 (m/z value, 2890.052) as a significant recurrence factor and
G3560 (m/z value, 3560.295) as a significant prognostic factor. G2890 and G3560
were found to be strongly correlated with tumor number, size, and vascular invasion.
Conclusion: Quantitative glycoblotting based on whole serum N-glycan profiling is an
effective approach to screening for new biomarkers. The G2890 and G3560 N-glycans
determined by tumor glycomics appear to be promising biomarkers for malignant

behavior in HCCs. (HepaTOLOGY 20133;00:000-000)

epatocellular carcinoma (HCC) is a common

and fatal malignancy with a worldwide occur-

rence.' Liver resection has shown the highest
level of control among the local treatments for HCC
and is associated with a good survival rate.”> However,
the recurrence rates for HCC are still high even when
a curative hepatectomy is performed.4 Many factors
associated with the prognosis and recurrence of HCC
have now been reported. Vascular invasion of the por-
tal vein and/or hepatic vein and tumor differentiation
are important factors affecting survival and recurrence

in HCC cases after a hepatectomy.s’(’ However, micro-
vascular invasion and differentiation can only be
detected by pathological examination just after a hepa-
tectomy, and cannot be diagnosed preoperatively, and
thus cannot be identified preoperatively either. Hence,
the serum biomarkers alpha-fetoprotein (AFP) and
protein induced by vitamin K absence-II (PIVKA-II)
are used as prognostic markers”® and also as surrogate
markers for microvascular invasion and tumor differen-
tation.”'? AFP is associated with grade differentia-
tion, ! PIVKA-II is related

whereas to vascular

Abbreviations: AFD alpha-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of alpha-fetoprotein; AUC, area under the curve; DFS, disease-free
survival; HCC, hepatocellular carcinoma; ICGRIS, indocyanin green retention rate at 15 minutes; PIVKA-IL, protein induced by vitamin K absence or
antagonism factor 1I; PS, patient survival; RE risk factor; ROC, receiver operating characteristics.
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invasion.'>'? However, these tumor markers have lim-
ited sensitivity and are less predictive than microvascu-
lar invasion,'*> which is the most potent determinant
of recurrence and survival in HCC patients under-
going a hepatectomy.” Therefore, new biomarkers that
are more strongly associated with prognosis and recur-
rence in HCC than AFP or PIVKA-II are highly
desirable.

Glycosylation is one of the most common posttrans-
lational protein modifications. Alterations in the N-
glycosylation profiles of glycoproteins have been sug-
gested to play important roles in the proliferation, dif-
ferentiation, invasion, and metastasis of malignant
cells. Glycan species can be analyzed and characterized
using mass spectrometry (MS) and the profiling of
these molecules when they are secreted or shed from
cancer cells is also performed. Hence, some glycopro-
teins have been suggested as biomarkers of human car-
cinomas such as ovarian cancer, breast cancer, and
HCC.'*" Of note, changes to the N-linked glycan
modification of glycoproteins occur during the tumori-
genesis and progression of HCC lesions. However, the
correlation between the N-glycan profile and rumor-
associated characteristics such as the degree of malig-
nancy and prognosis has not been previously evaluated
in HCC. Recendy, we developed a novel glycomics
method that facilitates high-throughput and large-scale
glycome analysis using an automated glycan purifica-
tion system, SweetBlot. This approach enables us to
profile serum N-glycans quantitatively. Using this
quantitative /N-glycomics procedure by way of glyco-
blotting technology, which is both highly accurate and
can be conducted on a large scale, we have previously
evaluated the potential of using N-glycans as markers
of the prognosis and recurrence of HCC.*

In our current study we evaluated preoperative
blood samples from an HCC patient cohort from
which we purified serum N-glycans using our glyco-
blotting method.*""** We performed N-glycan profiling
using MS to search for factors related to prognosis and
recurrence by analysis of patient outcomes in 369 con-
secutive HCC cases that had undergone a primary cu-
rative hepatectomy at our medical facility. Through
this screen we sought to correlate N-glycan levels on
glycoproteins with the clinicopathologic characteristics
and the outcomes of HCC.

HEPATOLOGY, Month 2013

Patients and Methods

Patients. Berween April 1999 and March 2011,
369 consecutive adult patients underwent a hepatec-
tomy procedure for HCC at our center and this sam-
ple population was examined in the current study.
Patients with extrahepatic metastases had been
excluded from this cohort because the outcomes of a
hepatectomy in these cases are typically very poor. The
mean age of the patients in the final study group was
62.7 * 10.6 years (range, 33-90), 301/369 (81.6%)
cases were male, 176 (47.7%) were hepatitis B virus
surface antigen-positive, 119 (32.2%) were hepatitis C
virus antibody-positive, and 120 (32.5%) were desig-
nated as F4 based on the New Inuyama Classification
system.”” The preoperative serum AFP and PIVKA-II
levels were simultaneously measured in the patients
using standard methods at least 2 weeks before the
hepatectomy at the time of the imaging studies.
Among the 369 patients in the cohort, 358 (97.0%)
were categorized as Child-Pugh class A. According to
the TNM stage revised by the Liver Study Group of
Japan in 2010,%* 26 (7.0%) patients were in stage I,
172 (46.6%) in stage II, 111 (30.1%) in stage I11, and
60 (16.3%) in stage IVA. The patients were followed
up for a median of 60.7 months (range, 9.8-155.1).
As a normal control group, 26 living related liver
transplantation donors were selected. They were eval-
uated for eligibility as donors by liver function tests,
measurements of the tumor markers AFP and PIVKA-
I, and also by x-ray photographs of chest and abdo-
men and dynamic computed tomography (CT). Their
mean age was 40.0 with a range of 20-48. Of 26 con-
trols, 15 (57.7%) were male and 11 (42.3%) were
female. All controls were Japanese and not infected by
hepatitis B and C virus. This study was approved by
the Institutional Review Board of the Hokkaido Uni-
versity, School of Advanced Medicine. Informed con-
sent was obtained from each patient in accordance
with the Ethics Committees Guidelines for our
institution.

Experimental Procedures: Serum N-Glycomics by
Way of Glycoblotting. N-glycans from serum samples
were purified by glycoblotting using BlotGlycoH. These
are commercially available synthetic polymer beads with
high-density hydrazide groups (Sumitomo Bakelite,
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Tokyo, Japan). All procedures used the SweetBlot auto-
mated glycan purification system containing a 96-well
plate platform (System Instruments, Hachioji, Japan).

Enzymatic Degradation of Serum N-Glycans.
Each 10-uL serum sample aliquot was dissolved in 50
ul of a 106-mM solution of ammonium bicarbonate
containing 12 mM 1,4-dithiothreitol and 0.06%
1-propanesulfonic  acid,  2-hydroxyl-3-myristamido
(Wako Pure Chemical Industries, Osaka, Japan). After
incubation at 60°C for 30 minutes, 123 mM iodoacet-
amide (10 pL) was added to the mixtures followed by
incubation in the dark at room temperature to enable
reductive alkylation. After 60 minutes, the mixture was
treated with 200 U of trypsin (Sigma-Aldrich, St
Louis, MO) at 37°C for 2 hours, followed by heat-
inactivation of the enzyme at 90°C for 10 minutes.
After cooling to room temperature, the N-glycans were
released from the tryptic glycopeptides by incubation
with 325 U of PNGase F (New England BioLabs, Ips-
wich, MA) at 37°C for 6 hours.

N-Glyjcan Purification and Modification by
Glycoblotting. Glycoblotting of sample mixtures con-
taining whole serum N-glycans was performed in ac-
cordance with previously described procedures. Com-
mercially available BlotGlyco H beads (500 uL) (10
mg/ml suspension; Sumitomo Bakelite) were aliquoted
into the wells of a MultiScreen Solvinert hydrophilic
PTFE (polytetrafluoroethlene) 96-well filter plate
(EMD Millipore, Billerica, MA). After removal of the
water using a vacuum pump, 20 ul of PNGase F-
digested samples were applied to the wells, followed by
the addition of 180 uL of 2% acetic acid in acetoni-
trile. The filter plate was then incubated at 80°C for
45 minutes to capture the N-glycans onto the beads
by way of a chemically stable and reversible hydrazone
bond. The beads were then washed using 200 uL of 2
M guanidine-HCI in 10 mM ammonium bicarbonate,
followed by washing with the same volume of water
and of 1% triethyl amine in methanol. Each washing
step was performed twice. The N-glycan linked beads
were next incubated with 10% acetic anhydride in 1%
triethyl amine in methanol for 30 minutes at room
temperature so that unreacted hydrazide groups would
become capped by acetylation. After capping, the reac-
tion solution was removed under a vacuum and the
beads were serially washed with 2 x 200 pL of 10
mM HCl, 1% triethyl amine in methanol, and diox-
ane. This is a pretreatment for sialic acid modification.
On-bead methyl esterification of carboxyl groups
in the sialic acids was carried out with 100 ul of
100 mM 3-methyl-1-P-tolyltriazene (Tokyo Chemical
Industry, Tokyo, Japan) in dioxane at 60°C for 90
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minutes to dryness. After methyl esterification of the
more stable glycans, the beads were serially washed in
200 pL of dioxane, water, 1% triethyl amine in meth-
anol, and water. The captured glycans were then sub-
jected to a trams-iminization reaction with BOA (O-
benzylhydroxylamine) (Tokyo Chemical Industry) rea-
gent for 45 minutes at 80°C. After this reaction, 150
UL of water was added to each well, followed by the
recovery of derivatized glycans under a vacuum.

Matrix-Assisted Laser Desorption lonization,
Time-of-Flight (MALDI-TOF) and TOF/TOF
Analysis. The N-glycans purified by glycoblotting
were directly diluted with o-cyano-4-hydroxycinnamic
acid diethylamine salt (Sigma-Aldrich) as ionic liquid
matrices and spotted onto the MALDI rtarget plate.
The analytes were then subjected to MALDI-TOF MS
analysis using an Ultraflex time-of-flight mass spec-
trometer III (Brucker Daltonics, Billerica, MA) in
reflector, positive ion mode and typically summing
1,000 shots. The N-glycan peaks in the MALDI-TOF
MS spectra were selected using FlexAnalysis v. 3
(Brucker Daltonics). The intensity of the isotopic peak
of each glycan was normalized using 40 uM of internal
standard  (disialyloctasaccharide, Tokyo Chemical
Industry) for each status, and its concentration was cal-
culated from a calibration curve using human serum
standards. The glycan structures were estimated using
the GlycoMod Tool (http://br.expasy.org/tools/glyco-
mod/), so that our system could quantitatively measure
67 N-glycans.

Hepatectomy. Anatomical resection is defined as a
resection in which lesion(s) are completely removed on
the basis of Couinaud’s classification (segmentectomy,
sectionectomy, and hemihepatectomy or more) in
patients with a tolerable functional reserve. Nonana-
tomical partial, but complete resection was achieved in
all of our cases. RO resections were performed while
the resection surface was found to be histologically free
of HCC. The indocyanin green retention rate at 15
minutes was measured in each case to evaluate the liver
function reserve, regardless of the presence or absence
of cirrhosis.

HCC Recurrence. For the first 2 years after the hep-
atectomy procedure, the HCC patients in our cohort
were monitored every 3 months using liver function
tests, measurements of the tumor markers AFP and pro-
tein induced by PIVKA-II, and also by ultrasonography
and dynamic CT. At 2 years postsurgery, routine CT
was performed only once in 4 months. If recurrence
was suspected, both CT and magnetic resonance imag-
ing (MRI) were performed and, if necessary, CT during
angiography and bone scindgraphy were undertaken.
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Table 1. List of the 14 Serum N-Glycans That Were Evaluated to be Specific for Hepatocellular Carcinoma Compared with
Normal Controls by Receiver Operating Characteristic (ROC) Analysis

N-glycans m/z Specificity (%) Sensitivity (%) Cutoff Value AUC
62032 2032.724 3 100 86.45 1.115 0.968
62890 2890.052 ,[z);).x 92.31 82.66 0.844 0.91
61793 1793.672 3,.; 92.31 75.61 1.963 0.9
G1708 1708.619 m:’" 88.46 7751 0.604 0.896
G1870 1870.672 : 88.46 75.88 2.886 0.873
61955 1955.724 0:5,.; 100 59.89 3.913 0.873
63195 3195.163 g?_; 9231 7127 6.109 0.864
G3560 3560.295 * 88.46 71.27 0.091 0.851

*

*

\

G2114 2114.778 ’O}“ 88.46 75.88 2.208 0.839
G1809 1809.666 o:?“ 84.62 72.9 0.679 0.838
G3341 3341.221 @.} 84,62 69.92 0.086 0.821
G1590 1590.592 :,.; 80.77 69.92 10.696 0.817
61362 1362.481 :1 65.38 87.26 1.381 0.813
63865 3865.407 @d 92.31 56.37 0.121 0.812

The area-under-the-curve (AUC) values of these 14 serum N-glycan were greater than 0.80. These glycan structures are represented with the symbol nomencla-
ture explained in http://www.functionalglycomics.org/static/consortium/Nomenclature.shtml.

This enabled a precise diagnosis of the site, number,
size, and invasiveness of any recurrent lesions.

Statistics. The specificity, the sensitivity, cutoff, and
AUC (area under the curve) values of selected N-gly-
cans are shown in Table 1. This ROC (receiver
operating characteristics) analysis was carried out using
R v. 2.12.1. The patient survival (PS) and disease-free

survival rates (DFS) were determined using the
Kaplan-Meier method and compared between groups
by the log-rank test. Univariate analysis of variables
was also performed, and selected wvariables using
Akaike’s Information Criterion (AIC)*® were analyzed
with the Cox proportional hazard model for multivari-
ate analysis. Statistical analyses were performed using
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Fig. 1. Boxplots of the disease-free individuals (NC) and HCC patients for the selected 14 N-glycans. The dotted lines in the graphs represent
the cutoff values determined in this analysis. These graphs were drawn using R v. 2.12.1.
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Table 2. Univariate Analysis of Predictive Values (the Selected 14 N-Glycans) of
Patient Survival (PS) and Disease-Free Survival (DFS)

(n) PS Hazard Ratlo PS P-value DFS Hazard Ratio DFS P-value

62032 Low 206 1 0.9362 1 0.1054
High 163 1.017 1.243

G2890 Low 152 1 <0.0001 1 0.0001
High 217 3.044 1.705

G1793 Low 112 1 0.6829 1 0.2897
High 257 1.095 1.168

G1708 Low 145 1 0.0016 1 0.0043
High 224 2.017 1.485

G1870 Low 151 1 0.5552 1 0.4008
High 218 1.132 1.122

G1955 Low 113 1 0.4213 1 0.795
High 256 1.2 1.038

G3195 Low 206 1 «<0.0001 1 0.0001
High 163 3.238 1.662

G3560 Low 246 1 <0.0001 1 <0.0001
High 123 4209 1.74

G2114 Low 275 1 0.0056 1 0.1627
High 94 1.776 1.232

G1809 Low 238 1 0.0027 1 0.055
High 131 1.824 1.306

G3341 Low 188 1 <0.0001 1 0.0005
High 181 3.185 1.592

G1590 Low 167 1 0.0856 1 0.9102
High 202 1.413 0.985

61362 Low 261 1 0.0399 1 0.0004
High 108 1.526 1.634

3865 Low 192 1 <0.0001 1 0.0014
High 177 3.145 1.532

standard tests (3%,  test) where appropriate using Stat-
View 5.0 for Windows (SAS Institute, Cary, NC). Sig-
nificance was defined as P < 0.05.

Results

Profiling of Human Sevum Glycoforms and ROC
Analysis in HCC Patients and Normal Controls.
N-glycan profiles of blood samples from our HCC
cohort were obtained by MALDI-TOF MS analysis
using the high-throughput features of the instrument.
We thereby identified 67 N-glycans from which we
selected molecules that showed statistical differences by
ROC analysis between HCC and disease-free individu-
als (normal controls, NC) comprising living related
liver transplantation donors. Glycans with an AUC
value greater than 0.80 were selected for analysis
(Table 1) and boxplots for these selected molecules (14
in total) are shown in Fig. 1. Clear differences in the
distribution of these factors are evident between the
NC and HCC patients. The cutoff values were deter-
mined using the maximum values for specificity plus
sensitivity. G2890 was elevated more than a cutoff
value in 305 (82.7%) of HCC patients and G3560 in
261 (70.7%).

Causes of Death. There were 115 deaths in total
among our 369 HCC patent cohort (31.2%). The
causes of death were as follows: HCC recurrence (n =
97; 84.3%), liver failure (n = 6; 5.2%), and other
causes (n = 12; 10.4%).

Univariate Analysis and Multivariate Analysis of
Overall Patient and Disease-Free Survival. The
overall PS rates at 1, 3, and 5 years in our HCC
cohort were 88.8%, 76.4%, and 67.6%, respectively.
The DFES values for this groups at 1, 3, and 5 years
were 64.0%, 35.5%, and 27.4%, respectively. The 14
serum N-glycans that were highly specific for HCC
were evaluated for 3-year recurrence-free survival by
ROC analysis to determine the cutoff values about
these N-glycans. The patients were divided to two
groups by these cutoff values. The PS and DES meas-
urements associated with the selected 14 selected V-
glycans were evaluated by univariate analysis. The P
values for the PS rates associated with G2890, G1708,
G3195, G3560, G2114, G1809, G3341, G1362, and
G3865 were all less than 0.05. The DES P values for
G2890, G1708, G3195, G3560, G3341, G1362, and
G3865 were also less than 0.05 (Table 2). When clini-
cal and tumor-associated factors were evaluated by uni-
variate analysis, albumin, Child-Pugh classification,
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Table 3. Univariate Analysis of Predictive Values (Clinical and Tumor Associated Factors) for Patient Survival (PS) and
Disease-Free Survival (DFS)

(n) PS Hazard Ratio PS P-value DFS Hazard Ratio DFS P-value
Sex Male 301 1 0.7486 1 0.6535
Female 68 0.913 0.943
Age (years) <=62 160 1 0.3272 1 0.6320
62< 209 1.211 1.108
HBY Positive 176 1.259 0.1911 1.007 0.8093
Negative 192 1 1
HCY Positive 119 1.291 0.2433 1.008 0.8183
Negative 250 1 1
Albumin (mg/dL) <=4.05 147 2.128 <0.0001 1.626 0.0001
4.05< 222 1 1
Total bifirubin (mg/dL) <=0.82 235 1 0.5831 1 0.5241
0.82< 134 1.122 1.128
ICGR15 (%) <=16.7 223 1 0.1223 1 0.0106
168.7< 146 1.349 1.375
Child-Pugh A 358 1 <0.0001 1 0.0374
B 11 4292 2.169
Anatomical resection Anatomical 282 1 0.8569 1 0.1435
Nonanatomical 87 0.949 1.225
AFP (ng/mL) <=20 183 1 <0.0001 1 0.0008
20<<=1000 115 2.395 1.449
1000< 71 4.433 1.870
AFP-L3 (%) <=15 255 1 <0.0001 1 0.0567
15« 113 2.366 1.285
PIVKA-l (mAU/mL) <=40 109 1 <0.0001 1 0.0095
40<<=1000 133 1.593 1.240
1000< 123 3.784 1.635
Number Single 235 1 <0.0001 1 <0.0001
2,3 89 3.731 2252
d<= 45 7.299 3.788
Size (cm) <=3 116 1 <0.0001 1 0.0086
3<<=b 96 2.688 1.260
5< 157 4.049 1.570
Differentiation Well 17 1 0.0003 1 0.0002
Moderately 190 2.568 2.990
Poorly 159 5.358 4,361
Vp Positive 94 4.630 <0.0001 2.156 <0.0001
Negative 275 1 1
W Positive 35 5 <0.0001 1.969 0.0004
Negative 334 1 1
Macroscopic vascular invasion Positive 48 6.135 <0.0001 1.961 <0.0001
Negative 321 1 1
Stage 1 26 1 <0.0001 1 <0.0001
2 172 2.844 1.206
3 111 9.901 2,404
4A 60 15.625 3.106
Noncancerous liver Cirthosis 120 1.199 0.3105 1.293 0.0398
Noncirrhosis 249 1 1

AFR, alpha-fetoprotein; PIVKA-I, protein induced by vitamin K absence or antagonism factor Il; AFP-L3, lens culinaris agglutinin-reactive fraction of alpha-fetopro-
tein; vp, microscopic tumor thrombus in the portal vein; w, microscopic tumor thrombus in the hepatic vein; HBV, hepatitis B virus s antigen; HCV, anti-hepatitis C

virus antibody; ICGR15, indocyanin green retention rate at 15 minutes.

AFP, AFP-L3 (lens culinaris agglutinin-reactive fraction
of alpha-fetoprotein), PIVKA-II, tumor number, tu-
mor size, differentiation, microscopic portal vein inva-
sion, microscopic hepatic vein invasion, macroscopic
vascular invasion, and stage were found to be signifi-
cantly associated with the PS rate. When the same
analysis was undertaken for the DFS rate by univariate
analysis, albumin, indocyanin green retention rate at

15 minutes, Child-Pugh classification, AFP, PIVKA-II,
tumor number, tumor size, differentiation, microscopic
portal vein invasion, microscopic hepatic vein invasion,
macroscopic vascular invasion, stage, and noncancerous
liver were found to be significantly associated with this
measure (Table 3).

The variable selection from 19 clinical and tumor-
associated factors in Table 3 and the 14 serum
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Table 4. Muitivariate Analysis of Values That Is Predictive for Overall HCC Patient Survival

P Hazard Ratio 95% Confidence interval
ICGR15 (%) 16.7< 0.000209 2.435 15213 3.898
Child-Pugh B 0.011136 3.007 1.2852 7.037
AFP (ng/ml) 20<«<=1000 0.0003 2.558 1.5372 4.256
1000< 0.000217 2.782 1.6177 4,786
Tumor number 2,3 0.011844 1.937 1.1575 3.241
4<= <0.0001 2.989 1.7693 5.049
Size (cm) 3<<=5 0.278625 1.483 0.7269 3.026
5« 0.016071 2.237 1.1613 4.307
Vp Positive <0.0001 2.982 1.8446 4.822
€3560 >0.158 <0.0001 2.52 1.6191 3.923

ICGR15, indocyanin green retention rate at 15 minutes, AFP, alpha-fetoprotein; vp, microscopic tumor thrombus in the portal vein.

Table 5. Multivariate Analysis of Values That Are Predictive
of Disease-Free Survival in HCC Patients

Hazard 95% Confidence
P Ratio Interval

ICGR15 (%) 16.7< 0.00334 1.519 1.149  2.008
AFP (ng/ml) 20<<=1000 0.04904 1.366 1.001 1.864
1000< 0.01851 1.591 1.081 2342

Tumor number 2,3 0.0072 1.551 1.126 2.135
b= <0.0001 2.649 1.704  4.118

Differentiation Moderately 0.01495  2.838 1225  6.577
Poor 0.00501  3.398 1446  7.984

vp Positive 0.01023 1.544 1,108  2.152
2890 >1.12 0.01125 1.443 1.087 1.915

ICGR15, indocyanin green retention rate at 15 minutes, AFP, alpha-fetopro-
tein; vp, microscopic tumor thrambus in the portal vein.

N-glycans using the AIC was performed and the selected
valuables were analyzed with PS and DFS by multivariace
analysis. G3560 were found to be independent risk fac-
tors for PS (Table 4) and G2890 for DES (Table 5).
The PS rates of HCC cases with low serum G3560
levels at 5 years were 80.5% and of high serum
G3560 at 5 years were 40.4%. The DES outcomes
associated with low and high serum G2890 levels at 5
years were 21.3% and 35.1%, respectively (Fig. 2).

— G3560:high (n=123)
=== 33560ow (n=246)

RANNS JuBlEd

p<0.0001

Relationship Between Clinical and Tumor-Associ-
ated Factors in HCC and Specific Glycans. Among
the low and high G2890 HCC groups, there were sig-
nificant differences found in a number of clinical and
tumor-associated factors including albumin, Child-
Pugh classification, AFP, PIVKA-II, tumor number, tu-
mor size, microscopic portal vein invasion, microscopic
hepatic vein invasion, macroscopic vascular invasion,
and stage (Table 6). In comparing the low and high
G3560 HCC patients, significant differences were
found in albumin, Child-Pugh Classification, operative
procedures, AFP, AFP-L3, PIVKA-II, tumor number,
tumor size, differentiation profiles, microscopic portal
vein invasion, microscopic hepatic vein invasion, mac-
roscopic vascular invasion, and stage (Table 6).

Discussion

The N-glycan profiles of a large cohort of HCC
patients were obtained in our current study by
MALDI-TOF MS analysis and 67 of these molecules
were thereby quantified. Of this group of factors, 14
N-glycans showed higher relative peaks in the HCC

patients compared with normal controls and were

- (32890:high {(n=217)
= 52890 low (n=152)

[PAIANS 90)j-05e88I(]

p=0.0001

Years

Years

Fig. 2. The PS rates of HCC cases with low and high serum G3560 levels at 5 years were 80.5% and 40.4%, respectively. The DFS outcomes
associated with low and high serum G2890 levels at 5 years were 21.3% and 35.1%, respectively.
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Table 6. Correlation Between the G2890 and G3560 N-Glycans and Clinical and Tumor Associated Factors in HCC Cases

G2830 G3560
High (n=217) Low (n=152) P High (n=123) Low (n=246) P

Sex Male 184 117 0.0767 105 196 0.2286
Female 33 35 18 50

Age <62 390 70 0.4433 49 111 0.393
>62 127 82 74 135

HBV Positive 107 69 0.5254 59 117 0.9706
Negative 110 83 64 129

HCV Positive : 83 56 0.1425 32 87 0.0904
Negative 154 96 91 159

Albumin (mg/dL) <4.05 109 38 <0.0001 73 74 <0.0001
>4.05 108 114 50 172

Total bilirubin (mg/dL) £0.82 136 99 0.7088 82 153 0.4671
>0.82 81 53 41 93

ICGR15 (%) <16.7 125 98 0.2224 77 146 0.6246
>16.7 92 54 46 100

Child-Pugh A 206 152 0.0034 115 243 0.008
B 11 0 8 3

Anatomical resection Anatomical 172 110 0.1583 106 176 0.0028
Nananatomical 45 42 17 70

AFP {ng/mL) <20 102 81 0.0461 52 131 <0.0001
20< & <1000 64 51 30 85
>1000 51 20 41 30

AFP-L3 (%) <15 143 112 0.1147 68 187 <0.0001
>15 74 40 55 59

PIVKA 1l (mAU/mL) <40 52 58 0.0001 22 88 <0.0001
40< & £1000 74 60 33 101
>1000 91 34 68 57

Number Single 122 113 0.0009 68 167 <0.0001
2,3 60 29 27 62
24 35 10 28 17

Size (cm) <3 48 68 <0.0001 15 101 <0.0001
3< &5 60 36 21 75
>5 109 48 87 70

Differentiation Well 12 8 0.0881 [ 14 0.0003
Moderately 102 88 46 144
Poorly 103 56 71 88

vp Positive 67 27 0.0065 49 45 <0.0001
Negative 150 125 74 201

w Positive 29 6 0.0043 24 11 <0.0001
Negative 188 146 99 235

Macroscopic vascular invasion Positive 43 5 <0.0001 32 16 <0.0001
Negative 174 147 91 230

Stage 1 7 19 <0.0001 3 23 <0.0001
2 88 84 45 127
3 71 40 35 76
4A 51 9 40 20

Noncancerous liver Cirrhosis 71 49 0.9876 35 85 0.2888
Noncirrhosis 146 103 88 161

AFP alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonism factor ll; AFP-L3, lens culinaris agglutinin-reactive fraction of alpha-fetopro-
tein; vp, microscopic tumor thrombus in the portal vein; v, microscopic tumor thrombus in the hepatic vein; HBV, hepatitis B virus s antigen; HCV, anti-hepatitis C

virus antibody; ICGR15, indocyanin green retention rate at 15 minutes.

chosen for further analysis. These selected molecules
were assessed for any correlation with surgical out-
comes in the HCC cohort (i.e., prognosis and recur-
rence) by univariate and multivariate analysis. G3560
N-glycan was found to be a significant prognostic fac-
tor and G2890 N-glycan was found to be a significant
recurrence factor for this disease. Moreover, G2890
and G3560 were found to strongly correlate with a

number of well-known tumor-related prognostic and
recurrent factors. These results show that quantitative
glycoblotting based on whole serum N-glycan profiling
is a potent screening approach for novel HCC bio-
markers, and that the G3560 and G2890 N-glycans
are promising biomarkers of the PS, DFS, and malig-
nant behavior characteristics of HCC
hepatectomy.

after
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Although glycans, once released from glycoproteins
or glycopeptides, have been subjected to fluorescent
labeling and purification for detection by high-
performance liquid chromarography (HPLC) previ-
ously, this method is time-consuming and therefore
not suited to clinical diagnosis. Our novel analytical
method, which we refer w as glycobloting, is far
more rapid and accurate, as evidenced by the number
of N-glycans detected in our current analysis. This
chemoselective glycan entichment technology known
as glycoblotting was developed in our laboratory to
purify oligosaccharides derived from glycoproteins in
an effective and quantitative manner, thus enabling se-
rum glycan profiling by way of a simpler method.*
Our method is also applicable to the fully automated
analysis of multiple samples simultaneously. It readily
combines the isolation and labeling of oligosaccharides,
which can then be subjected to conventional analytical
methods including MS. We had already achieved high-
speed quantitative and qualitative profiling of glycan
expression patterns in biological materials using this
technology. In our present study, we improved the
method to allow quantitative analysis of high reprodu-
cibility and accuracy using a calibration curve of
human serum standards. The analysis of the obtained
67 glycan profiles was performed using this new
developed technology. The effectiveness of our method
is evidenced by the identification of the G2890 and
G3560 N-glycans as highly promising clinical markers
of HCC associated with the PS, DES, and tumor
malignancy rates of these cancers.

It has been reported that AFP is the most significant
tumor marker and independent predictor of prognosis
for HCC,?® even in patients who have received a hepa-
tectomy.”’ Although high levels of AFP in cases of
fully developed HCC, or in the serum of the host, are
known to be associated with more aggressive behavior,
and increased anaplasis,”® AFP can also cause apoptosis
in tumor cells.*” Moreover, it has been suggested that
AFP regulates the immune response and induces either
stimulatory or inhibitory growth activity.’® On the
other hand, it is well known that AFP may increase in
some patients with acute and chronic hepatitis without
HCC,>"* and that the elevation of AFP correlates
with inflammation of background disease and hepato-
cyte regeneration.”® Hence, because the AFP profile
does not always directly reflect the extent of tumor
malignancy, the AFP levels do not influence patient
survival and recurrence. On the other hand, AFP
and many important tumor matkers, such as carcino-
embryonic antigen, carbohydrate antigen 125, and car-
bohydrate antigen 19-9, are glycoproteins, and this
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means that the glycan profiles in serum are altered by
the onset of cancer. Indeed, the profiling of serum gly-
cans has been performed previously as a screen for dis-
tinct potential glycan biomarkers of ovarian cancer and
breast cancer.'®!” Hence, we surmised that highly spe-
cific glycoprotein markers of HCC should be detected
by monitoring the serum glycosylation profile in these
patients. In glycan structure, both G2890 and G3560
are multiply branched (G2890 is wi-antennary and
G3560 is tetra-antennary) glycans with a core fucose.
In addition, both glycans have one nonsialylated
branch, i.e., G2890 and G3560, are tri-antennary di-
sialylated glycan, and tetra-antennary tri-sialylated gly-
can, respectively. The structure of G2890 and G3560
is quite different from the AFC-L3 (core fucosylated
bi-antennary glycan) and CA19-9 (sialylated Lewis (a)
antigen), which are well-known biomarkers related to
HCC except for the core fucosylation.

There have been several previous studies of glycans
in HCC. Kudo et al.** reported that N-glycan altera-
tions are associated with drug resistance in HCC in
vitro. In other reported clinical studies, only specific
glycans have been assessed in relation to HCC. Van-
hooren et al.'” were the first to analyze the function of
HCC-specific glycans, and reported that a triantennary
glycan (NA-3Fb) correlated with the tumor stage and
AFP levels in HCC patients. However, that study ana-
lyzed 44 patients with HCC but did not evaluate the
relationship between the N-glycans and the clinical
and pathological factors of this disease, the clinical
course after hepatectomy, or prognosis and recurrence.
In our current study, in contrast, we analyzed a far
larger cohort than any other previous report, and eval-
vated a comprehensive panel of clinical and pathologi-
cal parameters in relation to the N-glycan profile in
HCC. Tang et al.>* also described some HCC-specific
glycans in their previous study that we did not find to
be significant in our current analyses. This is likely
due to the fact that the patient number in their study
was smaller than ours, and the fact that the N-glycome
profile in serum is gender- and age-dependent.®® In
this study, the mean age and the distribution of gender
and infection of hepatitis B and C virus were the dif-
ference between NC and HCC patients. However, the
selected 14 serum N-glycans were quantified by our
MALDI-TOF MS analysis and compared with NC by
ROC analysis. These were statistically different
between HCC and NC with respect to the quantity.
Because these 14 serum N-glycans of which the AUC
values were greater than 0.80 were revealed to be spe-
cific for HCC, they had a high discriminating ability
to differentiate HCC from NC. Further analyses are
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required to determine whether G2890 and G3560 are
elevated in patients with hepatitis B, hepatitis C, and/
or cirrhosis without HCC.

The most important adverse prognostic factor for
liver resection and transplantation in HCC has been
found to be microscopic venous invasion.” However,
microscopic portal invasion is not diagnosed preopera-
tively, and is revealed only by pathological examina-
tion. New biomarkers that are more strongly associated
with prognosis and recurrence of HCC than AFD
AFP-L3, or PIVKA-II are therefore highly desirable.
Our current data show that the N-glycans G2890 and
G3560 correlate closely with well-known tumor-related
prognostic and recurrent factors such as tumor num-
ber, size, microscopic portal vein invasion, microscopic
hepatic vein invasion, differentiation, macroscopic
vascular invasion, stage, AFP, AFP-13, and PIVKA-II
(Table 6). Moreover, when G2890 and G3560 were
simultaneously included in multivariate analysis for PS
and DFS with AFP, AFPL3 and PIVKA-II, P-values of
G2890 and G3560 were lower than AFP, and AFPL3,
and PIVKA-II were not selected as valuables by AIC.
We demonstrate that these are novel independent
prognostic factors for HCC that are related to the sur-
vival and recurrence of this disease and that show a
lower P-value than other established tumor factors.
Hence, we predict that G2890 and G3560 will prove
to be markers that can preoperatively predict HCC tu-
mor malignancy including microscopic portal vein
invasion, and the PS and DFS rates more accurately
and with more potency than the more well-known
biomarkers.
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Objective: MicroRNAs have emerged as a new class of non-coding genes involved in regu-
lating cell proliferation, differentiation and viability. Recent studies have identified miR-210 as
one of a set of hypoxia-regulated microRNAs and demonstrated a direct regulatory role of
HIF-1 alpha for its transcription. Here, we assessed miR-210 expression in Japanese triple-
negative breast cancers and determined its clinical significance.

Methods: TagMan MicroRNA assays for miR-210 expression were performed on 161
samples of Japanese breast cancer tissue (58 triple-negative breast cancer and 103 estrogen
receptor positive/HER2 negative). Correlations between miR-210 expression and clinico-
pathological factors were analyzed. The effects of several variables on survival were tested
by a Cox proportional hazards regression analysis.

Results: miR-210 expression in triple-negative breast cancers was significantly higher than in
estrogen receptor-positive/HER2-negative breast cancers (P < 0.001). Patients whose triple-
negative breast cancers showed low miR-210 expression experienced significantly better
disease-free and overall survival than those with high miR-210 expression (P=0.02 and P=
0.05, respectively). Although the prognosis of patients with triple-negative breast cancers
is poor, Cox univariate and multivariate analyses demonstrated that a higher expression of
miR-210 was an independent factor indicating a worse prognosis than for patients with a low
level of miR-210.

Conclusions: The degree of miR-210 expression might be a clinically useful prognostic
factor for decision-making regarding treatment in the adjuvant setting, especially in node-
negative triple-negative breast cancer patients.

Key words: microRNA — miR-210 — breast cancer — triple negative
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