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Fig. 1. Classification of CEIOUS MFI pattems with HCC. Using the MFI data, the HCC were cl d into two ch istic types;

(a) reticular HCC and (b) thunderbolt HCC. While reticular HCC was gradually enhanced to the entire tumor with thin and ramified vessels (B-D),
thunderbolt HCC was enhanced in a part of tumor with thick and linear vessels (F-H). The fi | mode of ultrasc hy is shown (A, E).
(c) Recurrence-free survival and (d) overall survival of patients with HCC according to the MF) patterns. A log-rank test demonstrated statistically
significant differences in recurrence-free and overall survival rates (P = 0.0193 and P = 0.0362, respectively). (e) Recurrence-free survival and
(f) overall survival curves of the patients with HCC <4 om. A log-rank test igni differences in the recurrence-free
survival rates (P = 0.0434).
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Table 2. Clinicopathelogical Findings in Patients with HCC
In Relation to MFI Patterns of CEIOUS

MFi Fattem
Retlcular HCC  Thunderbolt
Clinlcopathological Factor (n = 28) HCC {n = 56) P
Age, years, mean + SD 69.5+ 80 658+93 00868
Sex, no., male:female 206 414 0.8503
Viral infection, no., HBV:HCV:non-B/C 4:12:10 9:34:13 0.3416
Background liver pathology, no. 0.5341
Nomal 3 3
Chronle hepatitis or liver fibrosls 11 22
Liver citrhosls 12 31
Child-Pugh classification, no. 0.7676
A 25 53
8 1 3
Albumin, mg/dL, mean % SD 4.1 %04 40+ 05 0.6408
Total bliirubin, mg/dt, mesn % SD 0.82 £ 0.40 094 + 040 02060
PT%, mean * SD 833 + 62 817 * 8.6 0.3899
AFP, no., 220 ng/mL 0.0003
Yes 5 35
No 21 21
PIVKA-N, no., 240 mAU/mL 0.6779
Yes 16 35
No 1 21
Tumer size, cm, mean = SD 26*08 49 * 39 0.0048
Tumer number, no., solitary:multinle 173 32:24 0.4788
Histalogical differentiation, no. 0.0004
Weli/moderate 22 24
Poor 4 32
Tumer merphology, no. 0.1981
Simple nodular type 13 24
Simple nodular type with ] 13
extranodular growth
Confluent multinodular type 4 19
Tumor growth type, no. 0.0215
Expansive growth 26 46
Infiltrative growth 0 10
Portal vein Invasion, no. <0.0001
Negalive 25 17
Microinvaslon 1 24
Macroinvasion 0 15
Hepatic vein lwaslon, no. 0.1680
Negative 24 45
Positive 2 11
Blle duct Invasion, no. 0.1623
Negative 26 52
Positive ' 0 4
Capsule formallon, no. 0.7087
Negative 8 15
Positive 18 41
Cancerous Infiltration of 0.7632
the capsule, no.
Negative 13 26
Posttive 13 30 .
Formation of fibrous septum 0.3594
within the tumor, no.
Negative 8 12
Positive 18 44
TNM stage, no., I/1kNI/IV 20:6 13:43 <0.0001

Abbreviations: HBY, hepatitis B virus; HCV, hepatitls C virus; PIVKA-II, proteln
Induced by vitamin K absence or antagosists II.

detected preoperatively using other imaging modalities
(Supporting Table 1), In the 82 cases, 26 were classi-
fied as reticular HCC, and the remaining 56 cases
were classified as thunderbolt HCC (Fig. 1la,b).
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The clinicopathological significance of the MFI
patterns was then evaluated. Univariate analysis
revealed that thunderbolt HCC correlated significantly

Table 3. Clinicopathological Findings in Patients with
HCC in Relation to MFI Patterns of CEIOUS
{Tumor Size Limited to <4 cm})

Clinicopathologlcal Factor

MFI Patlem

Roticular HCC  Thunderbolt HCC

(n = 26) (n=32} P
Age, years, mean  SD 696580 675%73 03548
Sex, no., maleifemale 20:6 2210 0.4886
Viral Infection, no., HBV:HCV:nan-B/C 412:10 3:21:8 0.3291
Background liver pathology, no. 0.2808
Normal 3 1
Chronic hepatiis or liver fibrosis 11 12
Liver cirthosls 12 19
Child-Pugh classification, no. 0.4086
A 25 29
B 1 3
Albumin, mg/dL, mean x SO 4.1 =04 4.1 *+05 0.8200
Total bilirebin, mg/dl, mean + SD 0.82 :: 040 097 * 0.42 0.1853
PT%, mean = SD 833 £ 6.2 B1.0 = 84 0.2383
AFR no., 220 ng/mL 0.0008
Yes 5 20
No 21 12
PIVKA-IL, no., 240 mAU/mL 0.5592
Yes 15 16
No 1 16
Tumor size, cm, mean * SD 26 +09 29+ 08 03004
Tumor number, na., solltary:multiple 179 2411 0.9847
Histoleglcal differentiation, no. ' 0.0014
Well/moderate 22 14
Poor 4 18
Tumor morphology, no. 0.5256
Simple nodular type 13 19
Simple nodular type with 9 5
extranodular growth
Confluent multinodular type 4 8
Tumor growth type, no. 0.2217
Expansive growth 26 28
Infiltrative growth 0 4
Portaf vein invaslon, no. <0.0001
Negative 25 12
Migroinvasion 1 13
Macrolnvasion 0 7
Hepatic vein lavasion, no. 0.2245
Negative 24 26
Positive 2 6
Bife duct {nvasion, no. 0.3632
Negative 26 31
Posttive 0 1
Capsule formation, no. 0.6249
Negative 8 8
Positive 18 24
Cancerous infiltration of 0.8128
the capsule, no.
Negative 13 17
Positive 13 15
Formatian of fibraus septum 0.4417
within the tumar, no.
Negative 8 7
Positive ht:] 25
TNM stage, no., ifILII/ IV 20:6 10:22 0.0005

Abbreviations: HBV, hepatitls B virus; HCV, hepatits C virus; PIVKA-II, protein
induced by vitamin K absence or antagosists Ii.
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Fig. 2. Molecular and biological analysis in relation to the MFI pattems of HCC. (a) Gene expression profiling and MFI pattems. The hierarchi-
cal clustenng of the gene expression (FC >2 and P < 0.01) in reticular HCC (blue bars) and thunderbolt HCC (orange bars). Dendrograms show

the ¢l d by the h i ing analysis. The red and green areas indicate relative overexpression and underexpres-
sion, respectively. (b) The diff; ially exp genes m jerbolt HCC by ranking of FC and P value {FC > 2, P < Q. 01) The pmmmg den—
tified geminin as one of the dominant [ d in cancer Ussue of bolt HCC. (c)

analysis of geminin in human HCC cell lines (original magnlfcahon ><200) The p was in the nucleus. DAPI,
4",6-diamidino-2-phenyli (d) The silencing effects of the geminin gene, Western biot analysis confirmed that the geminin expression was

markedly supptessed by the specific SiRNA, compared with control SIRNA (siNegative) in HLF, SK-Hep1, and Hep38 human HCC cells. (e) Growth
curve analysis up after siRNA transfection. The silenced HLF, SK-Hep1 and Hep3B cells showed a significant reduction in cell proliferation. *P <
0.01 versus control. The results are presented as the mean = SD from triplicate experiments. (f) Cell cycle analyses. The percentage of <2N

DNA content cells was increased in all cell lines after transfection of geminin siRNA,

with high levels of alpha-fetoprotein (AFP) (P =
0.0003), tumor size (P = 0.0048), histological dedif-
ferentiation (P = 0.0004), infiltrative growth type
(P = 0.0215), portal vein invasion (P < 0.0001), and
tumor-node-metastasis (TNM) - stage (P < 0.0001)
(Table 2).

The recurrence-free survival and overall survival
rates were then compared between the two groups.
The thunderbolt HCC group demonstrated a signifi-
cantly poorer prognosis than the reticular HCC group
for both recurrence-free survival (P = 0.0193) and
overall survival (P = 0.0362) (Fig. lc,d). In order

to exclude the bias of tumor size, we analyzed the
significance of MFI patterns by limiting the tumor size
t0 <4 cm in diameter. As a result, patients with thun-
derbolt HCC demonstrated a poorer recurrence-free
survival than those with reticular HCC (Fig. le,f). As
shown in Table 3, thunderbolt HCC also correlated
significantly with high levels of AFP, histological dedif-
ferentiation, portal vein invasion, and TNM stage,
even if the tamor size was <4 cm.

Genome-wide Gene Expression Analysis Corre-
lated to the MFI Patterns of Human HCC, Gene
expression was analyzed in 27 samples of HCC,
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Fig. 2.

including 11 reticular HCCs and 16 thunderbolt
HCCs. The gene expression changes in 72 probe sets
were evaluated by microarray analysis in 27 HCGCs
(FC >2, P < 0.01). As shown in Fig. 2a, the hierarch-
ical clustering clearly divided the samples, and 14
genes were up-regulated in thunderbolt HCC, As dis-
played in Fig. 2b, in order of the FC and P values, a
rereplication inhibitor geminin was significantly over-
expressed in thunderbolt HCCs.

Significance of Geminin Expression in Human
HCC Cells. The expression of the geminin protein
was then analyzed in human HCC cell lines. The pro-

{Continued)

tein expression was recognized by western blotting in
all of eight cell lines examined. Among them, we
selected the three cell lines according to the expression
level of geminin (HLF high; SK-Hepl, moderate;
Hep3B, low). Immunocyrochemical analysis in these
cell lines showed the potent expression of geminin
protein, mainly in the nucleus (Fig. 2¢). Next, the
effects of the specific siRNAs against geminin were
assessed in the HCC cell lines (HLE SK-Hepl, and
Hep3B). Western blot analysis certified that the expres-
sion of geminin was markedly silenced by the specific
siRNA, but not by the control siRNA (Fig. 2d).
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Fig. 3. Immunohistochemical analysis of expression of geminin protein in cancer tissues (C) and noncancerous tissues (NC) of human HCC.
Compared with the cancer tissue of reticular HCC (a), the expression of geminin protein was increased in the cancer tissue of thunderbolt HCC
(b). In noncancerous tissue of HCC, the expression of geminin was not detected. (c) Mean percentages of geminin-positive cells in cancer tis-

sues (upper) and the case numbers of each type HCC (lower).

As shown in the cell growth assays of HCC (Fig. 2¢),
geminin siRNA significantly depressed cellular prolifer-
ation 96 hours after transfection, compared with cells
treated with control siRNA (P < 0.01). In addition,
cell cycle analysis demonstrated the accumulation of
<2N DNA content in all of the cell lines after trans-
fection of geminin siRNA (Fig. 2f). These results
suggest that geminin has an essential role in the cell
cycling of human HCC.

MEI Pattern of HCC Tumors and the Expression
of Geminin Protein, Immunohistochemical validation
of geminin protein was then performed using 82 tissue
samples of HCC. As a shown in Fig. 3, the geminin
protein stained mainly in the nucleus was clearly
detected in cancer cells of HCC, but not in noncan-
cerous liver tissue, The frequency of geminin-positive
cancer cells was 9.3% in thunderbolt HCCs, but only
3.1% in reticular HCGCs, indicéting the statistical sig-
nificance between the two types (P < 0.0001). The
statistical significance was also observed even if the
tumor size was limited (Supporting Table 3). The
geminin expression and MFI patterns were not associ-
ated with cholangiocellular differentiation as well as
progenitor cell markers (Supporting Fig. 1). According
to the multivariate analysis for the MFI patterns of

HCC using logistic regression mode, the expression of
geminin protein (P = 0.0180), tumor size (P =
0.0222), and portal vein invasion (P = 0.0174) were
statistically independent factors of MFI thunderbolt
HCC (Table 4).

Postoperative Outcomes of HCC Patients and the
Expression of Geminin Protein. The clinicopathologi-
cal significance of geminin expression was then
evaluated in the 82 patients enrolled in this study
(Table 5). The univariate analysis for overall survival

Table 4. Multivariate Analysis for ind dent Predict

P

of MFI Patterns of HCC

Clinicopathologlcal Factor HR (95% CI) P
AFP, 220 ng/mL 3.276 (0.464-23.145) 0.2342
Tumor size, cm 3.704 (1.206-11.378) 0.0222
Histologica! differentiation

Well/moderate:poor 6.082 (0.669-55.320) 0.1090
Tumor growth type

Egilg NA 0.9813
Portal vein invasion

Negative:Positive 43.968 (1.945-993.935) 0.0174
TNM stage (I/1:01/1V) 4.341 (0.287-65.582) 0.2892
Geminin 1.289 (1.044-1.590) 0.0180

Cl, confidence interval; Eg, expansive growth; HR, hazard ratio; Ig, infiltrative
growth; NA, not applicable.
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Table 5. Univariate and Multivariate Analysis of Overall Survival

Unlvariate Analysls Multivariate Analysls

Clinlcopathological Factor HR (35% ¢1) P HR (95% CI) 4
Age, years 1026 (0.972-1.083) 0.3745
Sex, male versus female 1.333 (0.441-4.034) 0.6107
Viral infection 0.8216

HBY 1.814 (0.408-8.076)

HCY 0.456 (0.168-1.297)

Non-B/C 1.703 (0.556-5.124)
Background liver pathology . 0.5585

Normal 0.635 (0.145-2.780)

Chronic hepatitis or liver fibrosls 0.949 (0.371-2.430)

Liver cihosis ' 1,218 (0.488-3.040)
Child-Pugh classification, A versus B N 2.246 {0.516-9.784) 0.2810
Albumin 0.355 {0.150-0.842) 0.0187 0,619 (0.213-1.804) 03797
PT% 0.969 (0.921-1.019) 0.2205
Total billrubin 0.894 (0.293-2.728) 0.8446
AFP, ng/mL, >20 versus <20 4.562 (1511-13.771) 0.0071 1.780 {0.484-8,656) 0.3856
PIVKA-Il, mAU/mL, >40 versus < 40 1.856 {0.668-5.160) 0.2357
Tumor size, cm 1,035 {0.978-1,157) 0.1510
Tumor number, solitary versus multiple 2.930 {1.151-7.462) 0,0242 2.254 (0.607-8.371) 0.2247
Histological differentiation, well/moderate versus poor 3.327 (1.276-8.677) 0.0140 1.137 (0.303-4.259) 0.8492
Tumor morphology, SN/SNEG versus CM 2.178 (0.895-5.299) 0.0863
Tumor growth type, Eg versts Ig 3,636 (1.374-9.624) 0.0093 2,588 (0.664-10.088) 01706
Portal vein invasion 2.183 {0,869-5.481) 0.0965
Hepatic vein lovaston 4.140 {1.621-10.675) 0.0030 5,039 (1.441-17.627) 0.0113
Bile duct invasion 2,103 {0.273-16.217) 0.4757
Capsule formation 1571 (0.168-3.996) 0.3427
Cancerous infiitration of the capsule 1.455 {0.584-3.624) 0.4205
Formation of fibrous septum within the tumor 1.251 {0.415-3.778) 0.6907
TNM stage, I/1) versus HI/IV 3.392 {1.129-10.186) 0.0295 1,332 {0.255-6.965) 0.7339
Geminin 1,120 {1.053-1,192) 0.0003 1.098 {1.017-1.185) 0.0170

Cl, confidence Interval; CM, confluent multinodular type; Eg, expansive growth; HBV, hopatis B virus; FGV, hepatitis C virus; HR, hazard ratio; Ig, inflllrative
growth; PIVKA-II, proteln induced by vitamin K absence ar antagosists Il; SN, simple nodular type; SNEG, simple nodular type with extranodular growth,

of HCC revealed that the expression of geminin
protein (P = 0.0003), serum level of albumin (P =
0.0187) and AFP (P = 0.0071), tumor number (P =
0.0242), histological dedifferentiation (P = 0.0140),
infiltrative growth type (P = 0.0093), hepatic vein
invasion (P = 0.0030), and TNM stage (P = 0.0074)
were significanty for overall survival of HCC. The
multivariate analysis revealed that the expression of
geminin protein (P = 0.0170) and hepatic vein inva-
sion (P = 0.0113) were statistically independent
factors of overall survival, '

Discussion

Tumor angiogenesis is one of the special features of
HCC progression, and the detection of abnormal vas-
culature in a focal liver lesion aids in the identification
of HCC.*'>182) Previous studies have reported that
contrast-enhanced ultrasonography using microbubble-
based contrast agents is useful for visualizing the
vasculature of HCC.#2® In particular, the difference
in vasculature of HCC and surrounding liver could be
evaluated in detail using MFI with contrast agents.?>3*

Although some studies reported thar CEIOUS was
useful for detection of focal HCC lesions during
hepatic resection, the significance of CEIOUS findings
of MFI has not yet been clarified.>>

In this study, we investigated the MFI with Sona-
zoid CEIQUS in hepatic resection for HCC. The MFI
pattern was classified as reticular HCC and thunder-
bolt HCC, and as shown in Table 2 and Fig. lcd,
thunderbolt HCC was significantly associated with the
advanced progression and poor prognosis. We also
revealed that the thunderbolt partern was useful to
predict the microinvasion into portal veins, which
were undetectable by preoperative imaging modalities
(Table 2). A subgroup analysis limiting the tumor size
to <4 cm also demonstrated advanced progression and
poorer prognosis in thunderboit HCC compared with
reticular HCC (Fig. le,f and Table 3). Additionally,
we found the clinicopathological differences between
each MFI pattern even when the tumor size was
limited to <3 cm or <5 cm (Supporting Table 2).

To clarify the molecular and biological features asso-
ciated with the MEFI patterns, the gene expression
profiling was further evaluated in human HCC
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samples (Fig. 2a). The gene expression analysis identi-
fied geminin as one of the dominant molecules signifi-
cantly overexpressed in thunderbolt HCC tissue
(Fig. 2b). Geminin is known as a DNA rereplication
inhibitor that is expressed in the G2, S, and M phases
but not in the GO and G1 phases.’”*® DNA replica-
tion begins with assembly of prereplication complexes
(preRCs) at multiple sites throughout the genome as
cells exit metaphase.?® preRCs are then assembled into
preinitiation complexes that are subsequently activared
by protein kinases to begin DNA synthesis (S phase).
Once S phase begins, further assembly of preRCs is
prevented by phosphorylation, ubiquitination, and
degradation of preRC proteins ORC1, CDC6, and
CDT1, and by geminin, a specific protein inhibitor of
CDT1 activity unique to metazoan, !

Previous studies have reported that geminin is spe-
cifically expressed in proliferating cells, including
lymphocytes, crypt epithelial cells, and sperm cells,
but not in nonproliferating epithelial cells, including
normal neurocytes, muscle cells, and heparocytes. 24
As for malignant neoplasms, the overexpression of
geminin was reported in advanced human cancers
such as breast, lung, renal, and colorectal carcino-

as. A48 According to our additional analysis,
Ki67 expression was significantly associated with gem-
inin expression (P = 0.0112), supporting the prolifer-
ative role of geminin in HCC (Supporting Fig. 2).
Indeed, in vitro knockdown of geminin significantly
suppressed the cell proliferation of human HCC cell
lines (Fig. 2d-f).

Our- immunohistochemical analysis on clinical sam-
ples clarified that the frequency of geminin-paositive can-
cer cells correlated significantly with thunderbolt HCCs
(Fig. 3 and Supporting Table 3). In addition, the clini-
cal significance of geminin was noted in the overall sur-
vival (Table 5). Quagha et al% reported thar the
expression level of geminin was increased from regener-
ative and dysplastic nodules to HCC nodules, indicat-
ing its potential association with hepatocarcinogenesis.
The molecular and biological role of geminin in HCC
progression should be studied further.

In conclusion, the intraoperative MFI patterns were
independent predictors of HCC progression, resulting
in poor prognosis of the patients. Such vascular pat-
terns were distinctly identified by gene expression
profiling, such as geminin, which might play roles in
HCC cell proliferation. Application of CEIOUS might
be useful in determining the postoperative treatment
of HCC. Additional studies should clarify the clinical
impacts of CEIOUS MFI patterns,
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ABSTRACT

Background, Protein tyrosine phosphatase type IVA
member 3 (PTP4A3/PRL—3), a metastasxs—assocmted
phosphatase plays multxple roles i in cancer metastasis. We

investigated PTP4A3/PRL-3 expression and its correfation’

with the clinicopathological features and prognosis in
hepatocellular carcinoma (HCC).

Methods, Gene expression profiles of PTP4A3/PRL-3
were obtained in poorly differentiated HCC tissues. The
results were validated independently by TagMan gene
expression assays and immunohistochemical analysis.
Results. According to the microarray profiles, PTP4A3/
PRL-3 was upregulated in patients with poorly differenti-

ated disease compared to-patients with well-differentiated

disease with hepatic backgrounds associated with hepatitis
B or C. Validation analysis showed that the PTP4A3/PRL~
" 3 mRNA and protein levels were significantly associated
with poor differentiation (P <0.0001), high serum
a~fetoprotein (P < 0.01), high serum protein induced by
vitamin K absence/antagonist-II (PIVKA-II), and hepatic

vascular invasion (P < 0.05). Tlxe expression of PTP4A3/

PRL-3 protein was also correlated with advanced cancer
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stages (P <001) this resolted ina slcmﬁczmdy poorer
prognosis in both overall (P = 0.0024) and recuirence-free
survival (P = 0. 0227). Accordmg Cox regression univari-
até analysis, the positive expresswn of PTP4A3/PRL-3 was
a poor.risk prognostic factor (OS, P =0 0031, recurrence-
free survival, P = 0.0245). Cox regresswn mumvanate

. analysns mdxcnted that high PTP4A3/PRL—3 cxpxessnon was

an mdependent, unfavorable prognostic factor for overall
survival (hazard ratio 0.542; P = 0.048). ‘
Conclusions. PTP4A3/PRL-3 might be closely associated
with HCC progression, invasion, and metastasis. Its high
expression had a negative impact on the prognosis of HCC
patients, This strongly suggests that PTP4A3/PRL-3 shonld
be considered as a prognostic factor. Further analysis
should be.pursued to evaluate it as a novel prognostic
target. .

Hepatocellular carcinoma (HCC) xs one of the most
common malignant tamors worldwide.’ Although surgical
resection is a potentially curative treatment for HCC, and
despite improved diagnosis and advances in surgical and
nonsurgical therapies, the clinical outcome of HCC
remains poor.>3 It is therefore crucial to understand the
molecular mechanisms of this highly aggressive cancer,
and finding molecular markers that can predict the tumor
prognosis is important for developing new therapies.

Protein tyrosine phosphatase type IVA, member 3
(PTP4A3), is also known as phosphatase. of regenerating
liver-3 (PRL-3). It is a member of the PRL subgroup of
protein tyrosine phosphatases, which are a large family of
regulatory enzymes that function actiyely with protein tyro-
sine kinases in signaling pathways and participate in many
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fundamema] physmloglcal processes. ™ Acoumulaung evi-
dence ‘suggests that PRL phosphatases, especially PRL-3,
have been involved in the proliferation, - growth regulation,
increased cell motility, metastasis, and invasion in different
types of cancers.”? It has been reported that PRL-3 was
specifically overexpressed if liver metastds
colorectal cancer as well as invasive breast cnncer ovarian -
cancer, gastric cancer, esophageal squamous cell carcinoma,
and squamous cell carcirioma’of the cervix.'®?® Further-
more, PRL-3 was demonstrated to be a useful indicator for
tumor recurrence and patjent outcome in several, human -
cancers. "1 In HCC, PRL-3 was found to be overexpres-
sed, and it was closely assomated with tumor Invasior and
angiogenesis.”? However, up to now, the,expression of
PTP4A3/PRL-3 and its clinicopathological and prognostic
significance in HCC have riot been determined. .

DNA microarray techuology has enab]ed us to analyze
the genome-wide profile of gene ‘cxpression specific .to
malignant tumors. Such studies have the potential to lead to -
the development of a novel, molecular -targeted therapy for
HCC? In the present study, P’I‘P4A3/PRL—3 was Obtained
in poorly dxfferenuated HCC tissues by exa.numng the
genome-Wwide ‘expression profile of HCC generated’ by
cDNA tmcroarray 'he résults of uammg :malyses, which -

were validated independently by TagMan' gene’ cxpressmn o

assays and immunohistochemmically, and thexr chmcopath—

ological significance, including the * p:ognosns vand”

recurxence of HCC, weére mvestlgated

MATERIALS AND ME’I'HODS
Patients' and Preparanon of Tissue Sanzples

We enrolled 256 patients uridergoing partial hepatec-
tomy for the first time of primary HCC between 2001 and
2010 at the Tokyo Medical and Dental University FHospital,
The hepatitis virus-status of these patients was as follows:
59 patients were positive for hepatitis B virus (HBV) sur-
face antigen, 144 were positive for hépatitis'C Virug (HCV)
anubody, and '53 were riegative for both, In’ addition, 90
patients ‘were pathologically diaghosed as having -well-
differentiated HCC,91 maderately diffetentiated, and 75
poody differentiated. In this study, ‘we selected patierits

who were virus infécted and whose HCC was either well or™ '

poorly differentiated, according to pathologlcal didgnosis. ,
A total of 142 primdry liver tuinor specimens’(virhs-nieg-
ative patients and moderate-differentiation ‘HCC fissues
‘were excluded). and 10 ‘normal lives' spccxmens «(which

came from metastatic liver cancer ‘patients’ whose origin -

tumor was diagnosed as colorectal cancer) were collected
during surgety, snap frozen in liquid nitroger, ‘and stored at

80 °C. A portion of the tissue sample Was fixed in 10 % -

denved from

" months.

formaldehyde solution and embedded 'inV paraffin for his- '

topathological analysis. Written informied conséfit Was

" obtained from these patients, and, the institutional review

board ‘approved the study, The patients were.followed up
with, assays of their serum level of oc~fetopro[em (AFP) and

proteiin induced by vitdmin K7 “absence or’ antagomsts oo

every, month,'
raphy (CT),

Mtcraa: ray Gene Expresszon i R

[ Vﬁ

Gene cxpressxon analysxs ‘was, performcd on the 42 pri-
mary HCC patients whose samples were used as trammg

_ sets, and samples fwm the remaining 100 pauents were

and. by ultmsonography, computed tomidg- |

used for validation analysxs Total RNA from those tissues )

was prepared with the RNeasy Mini Kit togethcr wnh
RNase free DNase (Qiagen, Hiden, Germany). The mteg-
nty of the RNA obtained was assessed by an ‘Agilent 2100
BioAnalyzer (Agxlem chhnologxes Palo Alto, CA, USA).
All samp]es ‘had a RNA mtcgnty number (RIN) of >5 0.

« Using 2 pg of total RNA specimen tissues, cRNAs were )

prepared with "a’ one-cycle tatget labeling and control

rcagents kit (Affymeirix, Santa Clara, CA, “USA), and'the

microartay hybridization ‘was carried ouf on Human Gén-
.ome i U133 2.0 . chips (Affymetux) .according to the
manufacturer s protocol.

[

Analyszs of Gene Expressmn Data

A total of 42 uammg niicroarray data sets, including 15

HCC cases associated with HBV mfectlon and 27 HCC

cases associated with HCV infection, werc normalized by
the robust multiarray average (RMA) mettiod by R statis-
tical software, - versxon 2.12.1, with the onConductor
package Estimated gené expxessxon lévels Were obtained
in log2-transformed values, and 62 contrdl probe sets were
_removed for further analysxs The fold’ change (FC) values
were calculated by the ratio 6f the' geometuc means of the
gene expressxon levels between the well !differentiated and
poorly dxfferenuated groups. A Wilcoxon fank sum test
was ‘performed 0 estimate the significance levels of the

" differences in gene expression between the two groups. A

hierarchical clustermg thh the sélected gcncs was per-
formed with R software nsmg the Buclidean distance and
complete linkage method..- .

‘Quantitative Real-Time Polymerase Cham Reaction
(RI-PCR) Pt '

A total of 2 pg of tissue RNA was reverse transcribéd to -

: cDNA with a high-capacity ¢cDNA reverse transcription kit

(Applied Biosystems) according to the manufacturer’s.
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instructions. The TagMan MGB probe for PTP4A3/PRL-3
(Hs02341135_m1) was used for gene expression assays,
and each PCR reaction was repeated at least three times.
For ihe quantitative analysis of specific mRNA expression,
CT values were calculated by 7500 SDS software. The data
were analyzed by the AACT method (Applied Biosystems
User Bulletin 2, 1997), and 188 rRNA was used as an
interrial control.

Preparation of Cell Lines and RT-PCR of PTP4A3/
PRL-3 mRNA -

The human hepatoma cell !im:s»S‘K-Hepl, Hep3-B, and
PLC/PRF/5 were kindly provided by the American Type
Culture Collection (Manassas, VA, USA). Huhl, Huhé,
Huh?7, HLE, HLF, HepG2, JHH|, JHH2, JHH4, and JHHS
wete obtained from the Human Science Research Resour-
ces Bank (Osaka, Japan) The conditions of cell culture
were reported previously.* Total RNA was extracted with

the RNeasy Mini Kit and reverse transcribed to cDNA with.
a high-capacity cDNA reverse, transcription kit accordmvv

to the manufacturer’s instructions.
Immwiohistochemical Staining

.To further validate the expression of the candidate gene
by microarray, immunohistochemical studies were per-
formed. The primary‘antibody used was a polycldnal rabbit
anti-human PTP4A3 (ab50276, Abcam, Cambridge, UK),
diluted 1:400'in phosphate-buffered saline containing 1 %
bovine serum albumin. The tissue sections were stained
with .an automated immunostainer (BenchMark XT; Ven-
tana Medlcal Systems, Tucson, AZ, USA) by using heat-

induced epitope retrieval and a standard dxammobcnzxdmc .

detection kit (Ventana). The intensity of the cytoplasmic
and nuclear membrane immunostaining for PTP4A3/PRL-
3 was graded as follows: 0, no immunostaining;, 1,
immunostaining observed in <20 % of tumor cells; 2,
moderate immunostaining observed in 20-49 %; and 3,
strong and diffuse immunostaining observed in >50 % of
tumor cells. A score of 0 or 1 was considered negative,

whereds scores of 2 or 3 were considered posmve The ’

immunohistochemiical staining was evaluated under a hght
microscope by two independent mvesngators

Statistical Analysis

Statistical comparisons of the clinicopathological char-
acteristics wete performed by the ¥” tést or Fisher’s exact
test. Differences in mRNA levels between omups and the
association between chmcopathologlcal factors were, ana-

lyzed by the Student 7 test. The data 'were expressed as’

mean = standard deviation (SD). Fisher’s exact test was

performed to estimate the associated between gene
expression and the clinicopathological variables in each
group. Overall survival (OS) and recurrence-free survival
(RFS) curves were obtained by the Kaplan-Meier method
and were compared with the log-rank test. Univariate and
multivariate analyses were performed by Cox proportional
hazard models.

RESULTS

Strong Expression of PTP4A3/PRL-3 in of Poorly
Differentiated Tumors was Detected by Gene
Expression Profiling

Identification of those genes associated with the differ-

. entiation of the HCCs was petformed by using the gene

expression profiles obtained by the DNA microarray. First,
the ‘gene expression analysis was performed for 15 HCC
casés associated with HBV (Fig. 1a) and 27 HCCs asso-
ciated with HCV (Fig. 1b) aceording to a well or poor

differentiation status of the tumor, respectively. In 54,613 °

probe sets, 32 probes’ (associated with HBYV cases) (Sup-

-plementary Table S2) and 160 probes (associated with
-HCV cases) (Supplementary Table S3) that satisfied Wil-

coxon P <0.005 and FC>3.0 -were identified as
differently expressed genes. As shown in Fig. Ia, b, the
tumors were clearly divided by hierarchical clustering for
well-differentiated (green) versus poorly differentiated
(orange) cases. Next, we selected five probes (four genes)
that had similar expression patterns associated with tumor
differentiation, and the hepatic background was also

associatéd HBV or HCV (P < 0.005, FC > 3. 0), (Supple-'

meitary Table S4). Interestingly, the PTP4A3/PRL- 3 gene
was significantly upregulated in the poorly. differentiated
tumors in both HBV- and HCV:associated ¢ cases, indicating
that PTP4A3/PRL'3 was the dominant molecule in the
poorly dlffexcntmted HCC tumors. We then investigated
the cumulative. OS and tumor RES curves of the 42 training

. cases for PTP4A3/PRL-3 expression after curative surgery.

There were significant differences between the PTP4A3/
PRI#3 high and low expressioh groups in terms of the OS
{P = 0.0021) and RFS (P = 0.0106) rate, respectively
(Fxg 1c, d).

7,

Clinicopathological and Mol r Factors Associated
with HCC Survival and Rectirrence

‘We examined the association between the clinicopath-
ological factors and survivals of the 42 training patients
with primary HCCs. The clinicopathological features of the
42 trdining patients according their differentiation status
were studied by statistical analyses (Supplementary
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FIG. 1 Microarray analysis of human h , ocellular pression of the PTP4A3/PRL-3 gene in cancerous liver tissue. The

a Hictarchical clusteting of the gene expression for well- differenti-
ated (green) and poorly dlifcrcnhalcd (orange) HBV-associated HCC

mean expression level for each gene was used as a cutoff value. Solid
or dotted lines indicate the K'splan—-Mclcr curves for pa(lcnls with

samples. b Hi ing of HCV- iated HCC 1

These genes were identificd by the Wilcoxon signed rank test
(P < 0.005), and a more than three-fold change between the two
groups of well versus poorly differentiated HCCs. Red and blue
represent relative overexpression and underexpression, respectively.
¢, d 08 and RFS of 42 postoperative HCC patients iated with the

Table S1). The univariate Cox regression analysis dem-
onstrated that the prothrombin time, AFP, portal vein
invasion, advanced cancer stages, poor differentiation, and
higher PTP4A3/PRL-3 expression correlated with both

cumulative OS and RFS. The aspartate amino transferase -

(AST) and hepatic vein invasion correlated only with RFS.
The other clinicopathological factors were not statistically
significant (Table 1).

Validation Study by Taghan Gene Expression Assays

According to the training microarray analysis, the
PTP4A3/PRL-3 gene was closely correlated with poor

relative. overexpression and pectively. The log-
rank test was used to assess the ﬁtausucal difference between the two
groups (OS, P = 0.0021; RFS, P = 0.0106). HBV hepntmsB virus,
HCC hepatoceliular carcinoma, HCV hepatitis C vitus, OS overall
survival, RFS recurrence-free survival

differentiation,. poorer OS, and recurrence of HCC. To
confirm the microarray findings, the results were inde-
pendently validated by TagMan gene expression assays.
We also tested the microartay results in training. sets.
There was a significant correlation between the cDNA
microarray and TagMan gene expression assays results in
terms of PTP4A3/PRL-3 expression (Fig. 2a). The
expression of PTP4A3/PRL-3 in poorly differentiated
HCC: tissues was sxgmﬁcantly bigher than in_well-dif-
ferentiated tissues of HCC patients associated with HBV
(P<001) or HCV (P < 0.001) (Fig. 2¢). This result
was validated independently in HCC tumor tissues from
83 patients and in 10 normal liver specimens. The
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TABLE 1 Cox regression analysis of the overall and recurtence-free survival in the 42 training cases
o  Overall survival Recurrence-free survival o
Univariate HR (95 % CI) P Univariate HR 95 % C) P
Clinicopathological factors
Age (years, mean £ SD) 0.978 (0.942-1.015) 0.2392 0.990 (0.951~1.031) 0.6367
Gender (female vs, male) 0.830 (0.331-2.212) 0.7089 0.907 (0.387-2.124) ) , 0.822
Virus infection (HBV vs. HCV) 1.331 (0.606-2.923) 0.4768 0.940 (0.438-2.016) . 0.8738
AST (TU/I, mean & SD) 1.005 (0.994-1.016) 0.3639 L.011 (1.000-1.022) 0.0423
ALT (IU/, mean % SD) 1.003 (0990~1.016) 0.6717 1.006 (0.993-1.019) 0.3804
Plt (x10%/1, mean = SD) 1,026 (0.956~1.100) 04811 1.025 (0.959-1.094) 0468
ICG-R15 (%, mean = 8D) 1.006 (0.976-1.037) 0.6863 1.016 (0.986-1.046) 0.3063 -
PT (%, mean % SD) 0.945 (0.913-0.978) 0.0013 0.967 (0.937-0.998) 0.0396
T. bil (mg/dl, mean £ SD) 1.942 (1.165-3.237) .0.0109 1.144 (0.649-2.018) 0.6411
Alb (g/dt, mean 3 SD) 0.624 (0.280-1.348) 0.2302 0.690 (0.326-1.458) - 03311
AFP (ng/ml, logl0) - 1769 (1.312-2.385) 0.0002 1,767 (1.338-2.332) - <0.0001
PIVKA-IT (mAU/ml, logl0) 1.196 (0.827~1.730) 0.3411 1.282 (0.891-1.846) ' 01813
‘Tumor max size (cm, mean == SD) 1.092l(0.957—1 .246) 0;1900 1.105 (0.982-1.243) 0.0965
Multiple versus solitary 0.936 (0.376-2.332) (;887'0 1.305 (0.577-2.954) ' 0.5227
Capsular formation (—) versus (+) 1.632 (0.761~3.501) 0.2083 . 0902 (0.413-1.974) ' v 0.7968 .
Capsular invasion (~) versus () 1.752 (0.814-3.772) 0.1517 - 1,295 (0.615-2.726) ©L 04967
*Portal vein invasion (pvp) 0.307 (0.138-0.683) 0.6038 0.185 (0.084-0.405) - <0.0001
Hepatic vein invasion. (pvv) . 0.663 (0.244-1.806) 0.4212 0.374 (0.156-0.897) ¢ 0.0276
Vascular invasion (pvp/pvv) 0.331 (0.114-0.777) 00112 0.179 (0.080-0400) %0.0001
Stage (T + IV) versus (I -+ 1) 0.331 (0.114-0.777) 0.0112 0.344 (0.160-0.740) © 0.0063
Degree of differentiation (poor vs. well) 4.146 (1.526-11.263) 0.0053 3.678 (1.596-8.477) 0.0022
Molecule factor .
PTP4A3/PRL~3 expression (high) 3.563 (1.5A09—8.fil 1) 0.0037 2.598 (1.217-5.545) 0.0136

HR hazard ratio, CT confidence interval, HBV hepatitis B virus, HCV hepatitis C virus, AST aspartate amino transferase, ALT alanine amino-
transferase, PLT platelet, /[CG-RI5 indocyanine green retention rate t 15 min, PT piothrombin tirne, T. bil total bilirubin, Alb albumin, AFP
a-fetoprotein, PTVKA-IT protein induced by vitamin K absence or antagonists I

mRNA expression levels of PTP4A3/PRL-3 were' statis-
tically significantly different between FICC and normal
liver  specimens (529 + 143  wvs.  3.86 4 0.76,
P = 0.0035, Fig. 3b, left), PTP4A3/PRL-3 was more
highly expressed in poorly differentiated disease than in
well-differentiated disease (6.21 & 2.25 vs. 4.17 & 1.70,
P < 0.0001, Fig. 3b, right). The clinicopathological sig-
nificance of PTP4A3/PRL-3 mRNA expression was also
analyzed. Depending on the expression level
(means == SD) of , PTP4A3/PRL-3 mRNA, the clinico-
pathological factors were divided into two groups.
PTP4A3/PRL-3 mRNA was significantly correlated with
virus infection (P = 0.0422), serum AFP (P = 0.0047),
PIVKA-II (P = 0.0259), portal vein invasion (P =
0.0156), and vascular invasion (P = 0.0192) (Table 2).
There were mo statistically significant differences
between age, gender, size of tumor, number of tumors,
tumor infiltiation into the capsule, and stages of the
tumor.

Expression of PTP4A3/PRL-3 in HCC Cell Lines

The expression level of PTP4A3/PRL-3 mRNA was
evaluated in 13 hepatoma cell lines. The PTP4A3/PRI~-3
mRNA was highly expressed in HCC cell lines, and there
were different expression patterns (Fig. 3¢). In 2 of 13
cells, the PTP4A3/PRL-3 mRNA levels were lower than in
the known cell lines such as HLE and HLF derived from

‘epithelial and fibroblastic colonies in cultures of the same

undifferentiated hepatomas and did not produce AFP and
albumin. The other cells were derived from differentiated
hepatomas and produced AFP.

I histochemical D,
in HCC Tissues and Association
with Clinicopathological Variables

of PTP4A3/PRL-3

Next, an immunohistochemical analysis was per-
formed for the evaluation of the clinical significance of

A. Mayinuer et al,
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FIG. 2 Training study: a

expression of PTPAA3/PRL-3in  PTP4A3 HBV Oroor  PTP4A3 HCV

HCC. a Correlation of the test (RT-PCR) G wel  (RT-PCR)

samples for PTP4A3/PRL-3 TR T 11

mRNA expression by cDNA o e : sl
microarray and TagMan gene 10 10 o /0’
expression assays (left HBV- B - 5 7
associated patients, right HCV- N @
associated patients). b RT-PCR 8 8 .

products were detected by

agarose gel electrophoreses

stratified by HBV- or HCV-
associated HCC. (v Well-
differentiated, p poorly

differentiated). ¢ The mRNA
expression levels of PTP4A3/
PRL-3 were compared between
pootly differentiated and well-

differentiated disease according
to the presence of HBV (left)
agsociated (P < 0.01) or HCV
(righty associated (P < 0.001) b
HCC, respectively.

d Immunohistochemical
analysis of PTP4A3/PRL-3 in
HCC tissues from the test
samples. Top HE staining.
Middie, bottom PTP4A3/PRL- 18sRNA
3-high (right) or low (left) E
expression (original
magnification, %100, %200)

6 7 8 9. .10
PTP4A3 (microarray)

PTP4A3
By
FERAR 9 -
PIPIA3 )
1ev
185RNA
c
PTP4A3 PTP4A3
cxpression (log?) P<001  expression (log2) <0001

PTP4A3/PRL-3 expression by using tiés{\c‘samplcs from
100 patients with HCC. We also tested the immunore-
activity of PTP4A3/PRL-3 in the same microarray test
samples. The results for PTP4A3/PRL-3 immunostain-
ing are shown in Fig. 2d. PTP4A3/PRL-3 protein was

Poor

mainly localized in the cytoplasm_ and nuclear mem-
brane of‘ithg cancer cells, and_rarely nuélear staining
was- also seen. Consequently, the specific overexpres-
sion of PTPAA3/PRL-3 was recognized in 57 of 100
cases (Fig. 3d).
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FIG. 2 continued fil

The clinicopathological significance of PTP4A3/PRL-3
expression was then evaluated in the PTP4A3/PRL-
3-positive group (n = 57) and compared to the negative
group (n = 43) of HCC patients (Table 2). The protein
expression of PTP4A3/PRL-3 was significantly correlated
with tumor  differentiation (P < 0.0001), serum AFP
(P =0.0118), high serum PIVKA-II (P = 0.0214),
hepatic vein invasion (P = 0.0374), tumor vascular
invasion (P = 0.0198), and advanced cancer stages
(P = 0.0047).

.
PTP4A3 low.expression (x 200)

TP4A3 high expression. (x 200)

Oxlele,rp:‘a&siot; of PTP4A3 Protein in HCC Tissues
Associated with a Poor Prognosis

To examine the prognostic significance of PTP4A3/
PRL-3 expression, we performed a validation study on 100
patients with HCC. According to the immunostaining
analysis of HCC tissues, the OS and RFS survival were
then compared between the two groups. The PTP4A3/PRL-
3-positive group demonstrated a significantly poorer sur-
vival than the PTP4A3/PRL-3-negative group for both OS
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18sRNA

b EEr

PTP4A3 .0 . : PTP4A3.

expression (log2). “P<001 pression (log2) < P'<€0.0001
7 . v : 7 . i

FIG. 3 Validation study: expression -3-in; hum:
HCC.'a RT-PCR producis were detected by agarose gel electroph-
oreses stratified by normal liver and HCC (i well, p poor) tissiies.
b The mRNA expression levels of PTP4A3/PRL-3 were compared
between the HCC and normal liver tissues (NL) (P < 0.01), and
between well-differentiated and poorly differentiated HCC tissues
(P < 0.0001) by TagMan gene expression assay. ¢ The expression of
PTP4A3/PRL-3 in hepatoma cell lines. d Immunohistochemical
analysis of PTP4A3/PRL-3 in HCC tissues from the validation
samples. A ive positive il ining case (top) and a

(P = 0.0024) and RFS (P = 0.0227). We also investigated
the association between the OS and RES rates and clini-
copathological factors, and we performed univariate and
multivariate Cox regression ‘analyses (Table 3). The OS
was statistically significantly correlated with seven factors
such as AST, seram AFP, tamor size, tumor differentiation,

‘negative immunostaining ¢ ottom) are shown. e Kaplan-Meier

estimates for the OS ‘and RFS (imes with respect to PTP4A3/PRL-3
protein cxpression in primary HCCs. The survival rate of patients
with positive or negative PTP4A3/PRL-3 expression are indicated by
solid or dotied lines, respectively. The log-rank test results revealed a
significant difference in OS rales Dbetween the two groups
(P = 0.0024), and also a significant difference was observed for the
RFS rates between the two groups (P = 0.0227). HCC hepatocellular
carcinoma, OS overall survival, RES recurrence-free survival

portal vein invasion, stage of tumor, and PTP4A3/PRL-3
expression. On the multivariate analysis, PTP4A3/PRL-3
expression (hazard ratio [HR} 0.542; P'=0.048), postal
vein invasion (HR 0.470; P = 0.023), and AST (HR 1.006;
P = 0.048) were statistically significant prognostic factors
for OS, but not for the RFS rate (Table 3).
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FIG. 3 continued a
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DISCUSSION

In the present study, the gene expression profiles of
PTP4A3/PRL-3 were obtained in poorly differentiated and
well-differentiated HCC, regardless of the background of
the virus. On the basis of the training analysis, strong
PTP4A3/PRL-3 expression was significantly correlated
with the cumulative survival and recurrence-free rates of
the patients (Fig. lc, d; Table 1). This result was validated
independently by TagMan gene expression assays and
immunostaining. We also studied the significance of
PTP4A3/PRL-3 mRNA and protein expression, from a
clinical viewpoint, for the progression of FICC. The over-
expression of PTP4A3/PRL-3 was significantly correlated
with the serum levels of AFP and PIVKA-II, tumor vas-
cular invasion, and advanced cancer stages in HCC

—
80 100 0 20 40 60 80 100
Months after surgery

patients. Similar results have been reported by Zhao
et al,** suggesting that PRL-3 expression was correlated
with angiogenesis and invasion through an upregulation of
matrix metalloproteinases (MMPs) or a downregulation of
E-cadherin by using limited HCC cases. PRL-3 expression
has also been reported in colon, breast, ovarian, and gastric
cancers, where its presence seems to have an important
tole in the acquisition of metastatic potential.'""*=2! In
our studies, the clinical significance of PTP4A3/PRL-3
expression was noted and correlated significantly with poor
tumor differentiation (P < 0.0001) and the OS and RFS of
HCC patients (Fig. 3e). PTP4A3/PRL-3 exptession also
showed a significant correlation with a poor clinical out-
come (Table 3).

PTP4A3/PRL-3 plays multiple roles in cancer metasta-
sis. By activating a series of intracellular signaling
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TABLE 2 Association . -
betwéen PTP4A3/PRL-3
expression and C
clinicopathological factors in
HCC patients ’ !

HBY hepatitis B virus, HCV
hepatitis C virus, AFP' .
o-fetoprotein, PIVKA-II protein
induced by vitamin X absence

" or antagonists 1T ol

pathways;, PRL-3 induces cell differentiation, proliferation,
invasion, and metastasis.”~ Invasion through the basement
membrane and interstitial extracellular matrix is another -

56

Variable PTP4A3 mRNA . PTP4A3 prdtein
n Mean £SD ' P n Negative Positive P
Age (years) . s
<60 "2 510233 . 09009 : 28 11 17 0.6600
=60 .63 517223 7 3 40
Gender , '
Male, 60 532 %238 0.2895 72 25. 47 0.0126
Female 23 4.74 £ 1.70 28 18 10
Virus infection 0 o
HBV 25" 440 * 246 0.0422 33 18 15 0.1333
HCV ., 58 5.48 £ 2.05 (§7 25° 42
No. of tumors . o . ' .
Solitary ' 53 513 % 2.10 0.8942 71 33 38 0.3736
Multiple © 30 5.20 = 2,47 29 10 19
Tumor size (cm) ' )
<5.0 58 4.86  1.92 0.0706 70 33 37 0.2710
>5.0 ©25 583 £273 30 10 20
AFP (ng/nl) ’
<20 34 422 + 1.85 0.0011 40 26 14 0.0004
>20 49 580+224 60 17 43
<100 55 4.67 & 2.07 0.0047 65 34 31 00118
=100, 28 6.11 =,2.23 35 9 26
PIVKA-IT (inAU/ml) . -
", <100 39 4.58 £ 2.38 0.0259 46 23 23 0.2268
=100 44 5.66'+k 1.96 54 20 34
<1000 59 4.82 :iil2.16 0.0313 74 37 37 0.0214
>1000 24 597 £220 26 T 6 20
Differentiation .
Well 43 417 = 1.70 <0.0001 46 30 | 16 <0.0001
, Poor 40 621 £ 225 54 13 41 ’
Infiltration to capsule (fc-inf) .
Absent 35 530 &+ 2.49 0.6177 48 20 28 0.8416
Present 48 5.05 & 2.02 52 23 29
Portal vein invasion (pvp)
Absent 60 479 £ 221 0.0156 72 35 37 0.0770
Present - 23 610200 28 8 20 :
Hepatic vein invasion (pvv)
Absent 71 500 & 2.28 0.1310 87 41 46 0.0374
Present 12 605 £ 1.65 13 2 S 11
Vascular invasion (pvp/pvv) ' .,
Abseat 53 473 +2.28 0.0192 66 34 32 0.0198
Present 30 591£193 ) 34 9 25 :
“Tumor stages . ' ,
I+, 33 475+£183 0.1795 4 2% 18 0.0047
W+IV" S0 542£243 17 39, -

key event for metastatic progtessior{, which fequires_ the
action of a series of proteolytic enzymes, the MMPs. The
MMP family is closely corrclated with metastatic potential; .
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TABLE 3 Cox regressio_x} analysis of overall and recurrence-free survival in 100.validation cases

Overall survival’

Recunence-free survival

Univariate analysis

) Variaibli:;election ’

Univariate analysis

Varigble selection,

HR (95 % CD P HR (95 % CI) P HR (95 % CI) P HR (95 % CN P
Clinicopathological factors ’ o ' o
Age (years, 0,996 (0.968-1.025)  0.7901 0.993 (0.966-1.021)  0.6375
mean & SD)
Gender {female/ 0, 1712 (0 41'2-1 229) 02226 0.755 (0456-1.250) 02752
male) | -
Virs infection 1,142 (0.673-1.938)  0.6231 - 1187 (0.730-1.931)  0.4892
BV vs. .
HCV) -
AST (U, 1.007 (1.001-1.014)  0.0192 1.006 (1.000-1.013) 0.048 1.005 (0.998-1.012) 0.1327
mean % SD} . . '
ALT (1Un, 1.005 (0.999-1.011)  0,1096 1.004 (0.997-1.010)  0.2977
mean % SD) . : :
Plt (x10%/1, 1.017 (0.987-1.047)  0.2822 0.999 (0.970-1.030)  0.9601
mean '8D) ' N '
ICG-RI5 (%,  0.997 (0.979-1.015) 07119, 0.998 (0.982~1.015) * 0.8202 ~
mean = SD) ) : - ‘ '
PT (%, 0.991-(0.978-1.005) 02113 : 0.596 (5,9844.008) 0.4896
mean £ SD) ) : .
T.bil (mg/dl, 1212 (0.859-1.709)  0.2741 0.964 (0.676-1.369) 0.838
mean d: SD) - ‘
A (gldl 1.062 (0.756-1.491)  0.7287 0.973 (0.732-1.293)  0.8495 |
mean + SD)
AfP,zgglmldo) 0.523 (0.309-0.885)  0.0157 0.939 (0.526-1.676) 0.832 0.505 (0.368—0.827) 00067 0.815 (0.453-1,466) 0.4946
>20 vs. . ' '
PIVKA-T, 0.842 (0.509-1.391)  0,5009 1091 (0.681-1,749) 0.7161
mAU/ml (=40
vs.<40) oo .
Maxxm(um tumor 1,149 (1.055-1.252) 00014 1.064 (0.956-1.185) 0.2544 1111 (1.023-1.207) 0.0127 0.952 (0.847-1.071) 0.4127 .
size (cm, . .
mean & SD)’ o
No. of tumors  0.836 (0.483~1.515)  0.5930 1312 (0.796;21165) 0.2869
(multiple vs. .
solitary)
Differentiation ~ 2.364 (1.412-3.968) 0.0011 1.266 (0.661-2.424) 0477 1.931 (1.206-3.094)  0.0066 1.026 (0.562—1.872) 0.9345
(poor vs. well) - :
Capsular 1.344 (0.822-2.197)  0.2388 - 1.192 (0.750-1.893)  0.4583
invasion (pfe- R
inf) () . . ’
Portal vein 0.304 (0.177-0.523) <0.0001 0.470 {0.245-0.901) 0.023 0.251 (0.150-0.420) <0.0001 0.316 (0.165-0.603) 6.0005
invasion .
Hepatic vein 0.823 (0.403-1.682) 0.5933 0.472 (0.253-0.879)  0.0181 0.654 (0.326-1.312) 0.2321
inyasion
Stage (Il +1V) 0.400 (0.230-0.658) 0.0005 0.661 (0.352-1.239) 0.196 0410 (0.253-0.664) 0.0003 0.489 (0.269-0.890) 0.0191
versus (I -+ I
Molecular factor . C-
P'I‘P4A_3[PRL—3 0.440 (0.255-0.759)  0.0031 0.542 (0.294-0.997) 0.048 0.578 (0.359-0.932) 0.0245 1.000 (0.556-1,798) 0.9994
protein . | . -
expression

HR hazard ratio, CT conﬁdence mterval HBV hepatitis B virus, HCV hepatitis C virus, AST aspartate amino transferase, ALT alanine amino-
transfetase, PLT platelet, PT' prothronibin time, ICG-R15" indgcyanine green retention rate at 15 min, 7. bil total bilirabin, A/b albumin, AFP
a-fetoprotein, PIVKA-II protein induced by vitamin X absence or antagonists 1
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they can degrade denatured collagens and type IV collagen
present in the basement membrane.?® In our (raining
microdrray studies (Supplementary Table SZ), MMPI2 was
also highly cxpressed in poorly differentiated patients with
HCC. In addition, other of the metallopr

family such as MMPl MMP9, and MMP10 (Wllcoxou
P < 0.05; FC > 1.5) were also upregulated in poorly dif-
ferentiated patients (data not shown in Supplementary
"Table 82). We found significantly positive correlations between
PTPAA3/PRL-3 and MMP12(r = 0.721,P < 0.0001), MMP1
(r = 0.514, P = 0.0004), MMP9 {r = 0.501, P = 0.0006),
and MMP10(r = 0.347, P = 0.0236) (Supplementary Fig. S1).
Several studies have suggested that a downregulation of
E-cadberin-mediated intercellular adhesion incredsed tumor
differentiation, invasion, and metastasis and Jed 10 2 poar
prognosis in human cancers, including HCC.25% At present, our

microarray studies also showed that the downregulation of -

E-cadherin in tumor tissues was associated with hepatic vascular
invasion, moderate to poor differentiation, and the recurrence of
patients with HCC (data not shown). However, there was no
staistical correlation between PTP4A3/PRL~3 expression and
E-cadherin expressnon on the basis of the l:rammg sets analysis
(Supplémentary Fig. S1). This result suggested a role for
PTP4A3/PRL-3 .overexpression in HCC, and its ectopic
éxpression in different cell types is correlated with the induction
of metastatic phenotypes, such as invasion and motility capa-
bilities. PTP4A3/PRL-3 expression  was predominantly
correlated with poorly differentiated tumor cells and increased
invasion potential through an upregulation of MMPs.

In the present study, we showed that PTP4A3/PRL-3
was predominantly localized in the cytoplasm and nuclear
membrane by nnmunostmnmg The expression of mem-
brane-associated PRL-3 may induce a dephosphorylauon
of target substrates at the cell membrane, thus modulating
the organization of the plasma membrane in such a way to
promote cell motility and vinvas‘iczm.8 The membrane
structures associated with PRL-3 including ruffles, protru-
sions, and some vacuolar-like membrane extensions could
represent another opportunity for intervéntion.” These
membrane structures have been demonstrated to play arole
in cell movement and invasion.®

Several recent studies have demonstrated the capability
of PRL-3 to regulate multiple signaling cascades, including
the PI3K-Akt, Rhio, and Csk/Src pathways, which are cru-
cial for both cell eycle progression and cell migration, 2>
PRI-3-enhanced cell migration is dependent on the pres-
ervation of its catalytic function, and the consensus
phosphatase motif will potentially be a therapeutic target,
Prenylation-dependent association could effectively block
the function of PRL-3 in cell migration and invasion.?
Aberrant PTP4A3/PRL-3 expression may be closely related
to poor tumor differentiation, tumor invasion, and poorer
survival in HCC patients, and this accelerated

' hcpatocarcmogcncsxs may be positively regulated by he-

patoepithelial cell migration,” fhus ~promoting tumor
progressxon and the establishment of ‘the new vasculature
needed for tumor survival arid cxpansmn However, at this
time, we are not able to analyze any data ‘o support this
hypothesis. Further study is requned ‘to verify “these
possibilities.

In conclusion, PTP4A3/PRL-3 was identified ag one of
the overexpressed molecules in HCC tissues. PTP4A3/
PRL-3 might be closely associated with HCC progression,
invasion, and metastasxs, ‘and its strong expression had.a -
negative’ 1mpact on the prognosis of HCC patients. This
suggests that PRL-3 should be considered as a prognosnc
factor. Further attention should be paid t6 abnormalmes in
phosphatase of PRL-3 in HCC progcssxon as a potentm]
target for therapy.

ACKNOWLEDGMENT The authors thank Hiromi Onari and ™
Ayumi Shioya for clerical and techriical assistance. Tlns work wae
supported by Special Coordination Funds fof Prométing Sciehce and °
Technology (Japan Science and Technology Agency), and a grant-
in-aid from the Ministry of Education, Culture; Sports, Science and

- Technology of Japan.

OPEN ACCESS This article is dxsmhu(cd under the ternis of the
Creative Commons Altribution License which _bermits any use, d|s~
tribution, and reproduction in any medium, provxded the ongnml
author(s) and the source are credned

v

REFERENCES

. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer staustncs,

2002. CA Cancer J Clin. 2005;55:74~108.

Shimada K, Sano T, Sakamoto Y, et al A lonc~tem follow-up

and study of 1 patients

surviving for 10 years or longer after curative hepatectomy.

Cancer. 2005;104:1939-47.

Song TI, Ip BW, Fong Y. Hepatocellular caréinoma. Current

surgical management. Ga:naen!erology 2004 127:248-60.

Cates CA, Michael RL, Stayrook KR. P; ion of

‘human PTP (CAAX) protein tyrosine phosphalascs Cancer Lett.

1996;110:49~55. .

Burridge X, Sastey SK, Sallee JL. Regulation of cell adhesion by

protein-tyrosine ph in cell-matrix adhesion, J B:ol

Cher. 2006;281:15593-6. '

Wemer SR, Lee PA, DcCarnp MW, Crowcll DN, Randall SK,

Crowell PL. dcell cyecle progression and down regula-

tion of p2lC1p1/Wa.f1 by PRL tyrosine phospllatases Cancer

Lett. 2003;202:201-11.

Guo K, LiJ, Tang JP, Koh V, GanBQ Zeng Q. Catalync domain

of PRL-3 plays an essential role in tumor metastasis, formation of

PRL-3 tumors -inside the blood vessel. Cancer Biol Ther.

2004;3:945-51.

8. Zeng Q. Dong J'M Guo K et al. PRL-3 and PRL-1 promote cell
and is. Cancer Res. 2003;63:2716-22.

Maltcr ‘WF, Estridge T, Zhang C, et al Role. of !?RL-EIx a humml

muscle-specific tyrosine pt

Biocherm Biophys Res Commun. 2001 283 1061-8

10. Bardelli'A, Saha S, Sager JA, et al. PRL-3 expression in meta-

static cancers, Clin Cancer Res. 2003;9:5607-15.

.N

ks

v

o

=

o




PTP4A3/PRL-3 as a Prognostic Matker 317
11. Saba S, Bardelli A, Buckhaults P, et al. A phosphatase associated ~ 21. Ma Y, LiB. E of phospt of liver-3 in
with metastasis of colorectal cancer, Science. 2001;294:1343-6. squamous cell carcinoma of lhe cervix. Med Oncol. 2011;28:

12. Zeng Q, Hong W, Tan YH. Mouse PRL-2 and PRL-3, two 775-80.
potentially prenylated protein tyrosine phosphatases homologous 22, Zhao WB, Li Y, Liu X, Zhang LY, Wang X. Evalmmon of PRIr3
to PRL-1. Biochem Biophys Res Commun. 1998;244:421-7. and its lation with angiog and i in

13. Zeng Q, Si X, Horstmann H, Xu Y, Hong W, Pallen CJ. Pre- hepatocellular carcinoma. Int J Mol Med, 2008;22:187~92.
nylation-dependent association of protein-tyrosine phosphatases 23. Thomas MB, Abbruzzese JL. Opportunities for targeted therapies
PRL-1, -2, and -3 with the plasma membrane and the ecarly in hepatocellular carcinoma. J Clin Oncol. 2005;23:8093-108.
endosome. J Biol Chen, 2000;275:21444-52. 24, Yasen M, Mizushima H, Mogusht K, et al. Expressxon of Aurom

14, Wang L, Peng L, Dong B, et al. Overexpression of phosphatage of B and alternative forms in hep and
regenerating liver-3 in breast cancer: association with a poor tissue. Cancer Sci. 2009;100:472-80.
clinical outcome. Ann Oncol. 2006;17:1517-22. 25. Egeblad M, Werb Z. New functions for the matrix metallopro-

15. Polato F, Codegoni A, Fruscio R, et al. PRL-3 phosphatase is teinases in cancer progression. Nat Rev Cancer. 2002;2:161~74.

© implicated in ovarian cancer growth Clin Cancer Res. 2005; 26. Endo K UedaT UeyamaJ Ohm'l‘ "Terada T. Immunoreactive
11:6835-9. in, alpl in, tenin, and in pro-

16. Ren T, Jiang B, Xing X, et al. Prognostic significance of phos- teins in h 1l inoma: relationships with tumor grade,
phatase of regenerating liver-3 expression in ovarian cancer. clinicopathologic parameters, and patients’ survival, Hum Pathol.
Pathol Oucol Res. 2009;15:555-60. 2000;31:558-65.

17. Miskad UA, Semba S, Kato H, et al. High PRL-3 expression in 27. Matsumura T, Makino R, Mitamura K. Frequent downregulation
human gastric cancer is a marker of metastasis and grades of of E-cadhcnn by genem: nnd cplgr.nenc changes in the malignant

. malignancies: an in situ hybridization study. Virchows Arch. of h Clin Cancer Res.
2007;450:303~10. 2001;7:594-9.

8. Dai N, Lu AP, Shou CC Li JY. Expression of phcsphatasc 28. Nobes CD, Hall A. Rho GTPases control polarity, protrusion, and
regenerating liver 3 is an ind for dhesion during cell movement, J Cell Biol. 1999;144:1235-44.
gastric cancer. World J Gastrozureml 2009 28:1499-505. 29, Wang H, Quah SY Dong JM, Manser E, Taug IP, Zeng Q.

19. Xu Y, Zhu M, Zhang S, Liu H, Li T, Qm C. Expression and PRL-3 d PTEN ion .and signals through
prognostic value of PRL-3 in human intrahepatic cholangiocar~ PI3K to promote epithelial-mesenchymal transition. Cancer Res.
cinoma. Pathol Oncol Res. 2010;16:169~75, 2007;67:2922-6.

20. Ooki A, Yamashita K, Kikuchi §, Sakuramoto S, Katada N, 30. Liang F, Liang I, Wang WQ, SunIP Udho E, Zhang ZY PRLS

‘Watanabe M. Phosphatase of regenerating liver-3 as a convergent
therapeutic target for [ymph node metastasis in esopbageal
squamous cell carcinoma. Inf J Cancer. 2010;127:543-54.

promotes cell i and proli m by d of
Csk leading to Src acuvauon J Biol Chem. 2007;282:5413-9,




n
¥
=
17}
=]
7}
Q
"
73
>}
=}
<
<

ghodal cancer cortol

IjC

International Journal of Cancer

Gene expression changes in initiation and progression of oral
squamous cell carcinomas revealed by laser microdissection and
oligonucleotide microarray analysis
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Oral carcinogenesis is a complex process involving multiple genes. However, the genetic changes involved in this process are

" not apparent in identical oral squamous cell carcinomas (0SCCs). According to pathological characteristics, samples of normal

- tissue, oral dyspiastic lesions {(ODLs), and invasive cancers were obtained from identical 0SCCs using laser microdissection
(LMD). Large-scale gene expression profiling was cairied out on 33 samples derived from 11 0SCCs. We analyzed genes
differentially expressed in normal tissues vs, ODLs and in ODLs vs. invasive tumors and identified 15 candidate genes with
continuously increasing or decreasing expression during oral carcinogenesls. One of these genes, /SG15, was chosen for

* further characterlzation. Real-time quantitative reverse transcription-polymerase chain reaction and immunohistochemical
analysis confirmed that /SG15 expression consistently increased during oral i is. An 15G15 high-exp fon level

. was significantly associated with poor prognosis (p = 0.027). In addition, patients with high-expression tumors had a poorer
S-year survival rate than patients with low expression levels (p = 0.019). In conclusion, we Jdentified 15 genes with

. continuously increasing or decreasing expression during oral carcinogenesis. Gne of these, /5G15, is likely to be associated
with both dy 15 and tumorigenesis and may be a potential prognostic marker for oral cancer.

Oral squamous cell carcinoma (OSCC) is the sixth most
common malignant tumor worldwide, with an estimated inci-
dence of 211,000-405,000 deaths annually.’ Considerable
advances in surgical and medical treatments for OSCC over
the past two decades have unfortunately not improved overall
disease outcome. Moreover, OSCC is often associated with
significant morbidity such as eating, swallowing and speech
dysfunction, disfigurement and psychological distress.?

"The majority of OSCCs are preceded by visible changes of
the oral mucosa. Oral dysplastic lesions (ODLs) affecting the
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oral mucosa have malignant potential, Clinically, ODLs most
commonly present as a white patch (leukoplakia) but may
also present as a red (erythroplakia) or a nonhomogenous
lesion (erythroleukoplakia).® Oral leukoplakia (OLP), the
best-known premalignant oral lesion, is defined by the World
Health Organization (WHO) as “a white patch or plaque
that cannot be characterized clinically or pathologically as
any other disease.”” The prevalence of malignant transforma-
tion of OLP varies from 0,13 to 17.5%, with observation peri-
ods ranging from 1 to 30 years.” Many aspects of ODLs con-
tinue to pose a challenge to clinicians. The treatment options
for ODLs are limited. Broadly, there are three strategies avail-
able for treating patients with ODLs: surgical excision, con-
servative or active surveillance and chemoprevention, How-
ever, many patients have been overtreated, with potentially
unnecessary morbidity, because it is difficult to predict accu-
rately which ODLs will progress to cancer. Thus, the most
appropriate treatment can be difficult to determine.® To over-
come this problem, novel genetic and proteomic biomarkers
are required to help improve prediction of which cases are
likely to transform and to assist in decision-making with
regard to treatment strategies. Understanding the molecular
mechanisms of transition from normal epithelium to prema-
lignancy and to oral invasive carcinoma is indispensable for
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What's new?
Oral epithelial dysplasia is a potentially precancerous lesion d| d hi: lly. More markers dicti
progression to invasive cancer are needed to enable better dlagnosw of such lesions and more appropriate selectlon of
aggressive treatment and closer follow-up, This is the first study to d gene expression ch during orat
carcinogenesis using normal epithelial, premalignant, and carcinoma cells from the same oral cancer. The study also
examined 1SG15 expression at both mRNA and protein level in oral pre-malignant lesions and i cancers, d rating

' the association between ISG15 expression status and clinicopathological factors and patients survival,

the development of such molecular markers and of better
treatment modalities and better diagnostic and preventive
approaches.

Several studies have addressed the genetic progression of
oral carcinogenesis using microarray analysis.>” These studies
have demonstrated the presence of transcriptional dysregula-
tion because of accumulation of genetic alterations®’ The
data also suggest that premalignant-lesions possess many of
the alterations found in cancer before the development of a
malignant phenotype and that most genetic alteration occurs
before the phenotypic expression of malignancy.”® However,
there are some problems with the use of such microarray
analyses, the most serious of which is the use of bulk tissue
derived from different patients.’” When using bulk tissue in
microarray analysis, various amounts of stromal tissue are
included. Thus, the gene expression profile of the premalig-
nant and cancer cells is influenced by the difference in the
number of stromal cells in the bulk tissue? It has also been
suggested that the contribution of stromal cell “contamina-
tion” to the genetic expression profiles of cancer cells is an
important consideration for designing DNA microarray stud-
ies.! Therefore, obtaining normal epithelial, premalignant
and carcinoma cells from the same sample seems to be
required to reveal the transcription profile of the progression
of oral carcinogenesis.

Laser microdissection (LMD) is a technique by which spe-
cific regions (eg. tumor cells) within a tissue section are
microscopically isolated from other tissue components (e.g.
stromal cells),’’ This technique enables DNA, mRNA and
protein to be analyzed from cell samples. Although the appli-
cation of LMD to oral cancer has been reported recently, few
studies have performed mRNA analysis using expression
microarray and LMD in this malignancy.'® Moreover, to our
knowledge, the transcriptional- progression in oral carcino-
genesis has not been investigated using these methodologies.

Thus, the aim of the present study was to determine the
transcriptional progression profile in oral carcinogenesis in
the identical oral cancer samples using both LMD and
expression microarray analysis.

Material and Methods

Patients and tissue samples

All clinical samples were obtained from the patients with
OSCC who had undergone surgical excision at the Depart-
ment of Maxillofacial Surgery, Graduate School, Tokyo Medi-

int. ). Cancer: 132, 540-548 (2013) © 2012 HICC

cal and Dental University (Tokyo, Japan) between 1999 and
2010. All study protocols were reviewed and approved by the
Research Ethics Committee of Tokyo Medical and Dental
University. Informed consent was obtained from all patients
in accordance with our Institutional guidelines. Clinical stag-
ing was defined according to the International Union against
Cancer TNM classification system, Tumors were classified
histopathologically as poorly, moderately or well differenti-
ated according to their cellular differentiation as defined by
WHO criteria. The mode of tumor invasion at the tumor-
host border was classified according to modified Jacobson cri-
teria.}*'? Disease-free survival (DFS) was calculated from the
time of initial examination to the time of local, regional or
distant recurrence of the disease or the time of last follow-up.
Overall survival (OS) was calculated from the time of initial
examination to the time of death or last follow-up.

Collection of target cells by LMD from frozen sections
Microarray samples of invasive tumor, adjacent dysplastic
lesions and noncancerous normal tissue were collected from
11 patients with primary OSCCs. None of these patients
received preoperative treatment. Before LMD, an oral pathol-
ogist (N.O.) determined the area of invasive tumor, adjacent
dysplastic lesion and noncancerous normal tissue on all sam-
ples. Cancer tissue for LMD was immediately cut to 3-mm
thick sections, while excluding the center of the tumor for
pathological diagnosis, and embedded in Tissue-Tek OCT
compound medium (Sakura, Tokyo, Japan) after resection.
The sections were then fixed in liquid nitrogen and stored at
—80°C. Frozen sections, 9 pm thick, were cut from the fro-
zen samples and mounted onte a foil-coated glass slide,
membrane slide (Leica Microsystems, Wezlar, Germany).
Frozen sections were fixed in 70% ethanol for 30 sec and
stained with hematoxylin and eosin before dehydration (5 sec
each in 70, 95 and 100% ethanol). After air-drying, the sec-
tions were laser microdissected using AS LMD (Leica)
(Figs. 1a-1-a-3).

RNA extraction and gene expression analysis using
oligonucleotide microarray

Total RNA was extracted from each tissue using RNeasy
Micro kit (Qiagen, Venlo, The Netherlands) according to the
manufacturer’s instructions. The quality of the obtained RNA
was examined by Agilent 2100 Bioanalyzer (Agilent Technol-
opies, Palo Alto, CA). Amplification and labeling of RNA
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Figure 1. (a-1) Cancer tissue for LMD was immediately cut to 3-mm-thick section while excluding the center of cancer. (a-2) An oral
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pathologist (N.0.) determined the area of invasive tumor, dysplastic lesion and noncancerous normal tissue on all samples. (a-3) The
sections were cut in invasive tumor, dysplastic lesion and normal tissue using a LMD system. (b-1) Ten genes that overlapped the 890
genes were upregulated (p < 0.05 and FC > 1.2) by dysplastic tissues (D) compared with normal tissues (N), and 461 genes were
upregulated (p < 0.05 and FC > 1.2) by tumor tissues (T) compared with dysplastic tissues (D). (b-2) Five genes that overlapped the 17
genes were downregulated (p < 0.05 and FC < 0.833) by dysplastic tissues (D) compared with normal tissues (N), and 1,393 genes were
downregulated {(p < 0.05 and FC < 0.833) by tumor tissues (T) compared with dysplastic tissues (D). (¢) Hierarchical clustering analysis
using overlapping upregulated ten genes and overlapping downregulated five genes. (N) is normal tissue, (D) is dysplastic lesion and () is
invasive tumor. Number is case number (i.e. NO8 is normal tissue of case 8).

were performed using TargetAmp 2-Round Aminoallyl-
aRNA  Amplification Kit 1.0 (Epicentre, Madison, WI).
Hybridization and signal detection of Human V4.0 OpArray
(Operon Biotechnologies, Cologne, Germany) were then per-
formed according to the manufacturer’s instruction. The
net intensity level of each spot was calculated by subtracting
the background intensity from the raw intensity. Before
statistical analysis, the net intensity values <1 were set to |
and were log-2 transformed. The microarray data have
been deposited at Gene Expression Omnibus (http:// www.,
ncbi.nlm.nih.gov/geo) under accession number GSE35261.

Profiling analyses using microarray data

For each of the 35,035 probes on the Human V4.0 OpArray,
we analyzed genes differentially expressed in (i) normal vs.
dysplastic tissues and (ii) dysplastic vs. tumor tissues. We

used the Wilcoxon signed-rank test with a significance level
of 0.05. Fold-change (FC) values were calculated using ratios
of geometric means of gene expression levels in each tissue,
and genes showing at least 1.2-fold difference were selected.
We further selected genes that showed consistent upregula-
tion or downregulation during tumorigenesis by examination
of averlapping genes in normal vs. dysplastic tissues and dys-
plastic vs, tumor tissues.

To investigate the molecular characteristics of dysplastic
and tumor tissues during disease progression in OSCC, we
next compared the gene expression profiles of normal, dys-
plastic and cancerous tissues using the selected genes. Hier-
archical cluslering was performed using the Pearson’s correla-
tion coefficient as a similarity index and a complete linkage
method for agglomeration. For visualization, gene expression
levels were normalized by subtracting the mean expression
level for each probe.
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Quantitative real-time reverse transcription-polymerase
chain reaction

Quantitative real-time reverse transcription-polymerase chain
reaction (qRT-PCR) was performed on an additional ten
OSCC samples, ten ODLs and ten normal tissues. Total RNA
was extracted from these formalin-fixed paraffin-embedded
(FFPE) samples with RNeasy FFPE isolation kit (Qiagen),
and the total RNA was reverse transcribed using high-
capacity RNA-to-cDNA Kit (Roche Applied Science, India-
napolis, IN) according to the manufacturer’s protocol. The
following primers were used to amplify the interferon-stimu-
lated gene 15 kDa (ISGI5) gene: sense primer, 5'-GAGAGG
CAGCGAACTCATCT-3'; antisense primer, 5-CTTCAG
CTCTGACACCGACA-3'." The APOCI gene: sense primer,
5'-TGAGGCTCTTCCTGTCGCTC-3; antisense primer, 5'-
CTGGGCCITCCAAGACGA-3,'® the NRIP2 gene: sense
primer,  5-GGAAGACCAGCAGGACAGAG-3';  antisense
primer, 5-TAGCTCCAACTGCTCCACCT-3' and the OMAL
sense primer, 5-TTGGATTGCICITTGTGGTG-3'; antisense
primer, 5'-GGTATCGGGCATCTTTCTCA-3' were used as val-
idations for microarray analyses. The ACBT' gene: sense primer,

 5-GCAAAGACCTGTACGCCAACA-3'; antisense primer, 5'-

TGCATCCTGTCGGCAATG-3' was used as an internal con-
trol.'® Real-time monitoring of PCR was performed with the
ABI 7500 Fast Real Time PCR system (Roche Applied Science)
and Power SYBR Green PCR Master Mix (Roche Applied Sci-
ence). Each assay was performed in triplicate.

Data analysis was performed using the 2742 method
described previously."”

Immunohistochemical analysis

Paraffin-embedded specimens from 70 patients with OSCC
and 34 with ODL were used for Immunohistochemical (IHC)
analysis. JHC staining was performed using the streptavidin-
biotin immunoperoxidase technique with EnVision™-- Dual
Link System-HRP (Dake, Glostrup, Denmark). Paraffin-em-
bedded tissue sections (4 pm thick) were stained with rabbit
polyclonal ISG15 antibody sc-50366 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) at 1:250 dilution according to the man-
ufacturer’s instruction. The intensity and percentage of posi-
tive staining of the target cells were determined by two oral
surgeons blinded to the clinical parameters and used for
quantitative.scoring, Staining intensity was graded using four
scores, with 0 representing no staining and 1, 2 and 3 indi-
cating weak, moderate and strong staining, respectively.
Scores were then multiplied by the percentage of positively
stained cells to obtain the final protein expression score. The
final expression scores were classified into four groups: nega-
tive staining (05 Le. no stain), weak staining (10-70), moder-
ate staining (80-170) and sirong staining (>180)."® Weak
and moderate staining were defined as low expression,
whereas strong staining was defined as high expression,

Statistical analysis
In the microarray studies, analysis of the gene expression
data was performed using R statistical software version 2.12.1
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(http:/fwww.r-project.org). The Mann-Whitney U test was
applied to determine the difference in the relative gene
expression between normal tissues, ODLs and OSCCs. In the
THC assay, two-tailed Fisher’s exact test was applied to deter-
mine the difference in the proportion of high expression
between OSCCs and ODLs, and the results were compared
with the clinicopathological data. DFS and OS were calcu-
lated by the Kaplan-Meier method and significance was

determined by the log-rank test. The level of significance was_

set at p < 0.05. These statistical analyses were performed
using SPSS 15.0] software (SPSS, Chicago, IL).

Results

Identification of differentially expressed genes in oral
carcinogenesis

To identify genes associated with the development of oral
cancer, we examined the gene expression profiles in normal,
dysplastic and invasive cancer tissues obtained by LMD from
11 OSCC patients.

First, we investigated the differentially expressed genes
between normal and dysplastic tissues, as well as between
dysplastic and malignant tissues. We identified 890 genes
that showed significant upregulation (p < 0.05 and FC >
1.2) in dysplasia compared with normal tissue. Likewise, 461
genes were upregulated in tumor compared with dysplastic
tissues. It is interesting that the number of genes differentially
upregulated in normal and dysplastic tissues was almost 2-
fold greater than in dysplastic and tumor tissues. This sug-
gests that the majority of genes upregulated during disease
progression in oral cancer affect the sequence from the nor-
mal to the dysplastic state. Furthermore, consistent upregula-
tion during disease progression toward dysplasia and invasive
cancer was observed for the following ten genes: ACTG2,
APOC1, FCGR3A, ISG15, NRIP2, PZP, RAPGEF6, SLC29A3,
STMN3 and SYT10 (Fig. 1b-1). These genes are likely to be
associated with both dysgenesis and tumorigenesi

Next, we also investigated genes significantly downregu-
lated during oral carcinogenesis (p < 0.05 and FC < 0.833
(1/1.2)). We identified 17 genes differentially downregulated
between normal and dysplastic tissues, as well as 1,388. genes
differentially downregulated between dysplastic and cancer
tissue. Unlike genes upregulated during carcinogenesis, a
high percentage of the differentially downregulated genes
were found between the dysplastic and tumor states rather
than between normal and -dysplastic tissues. Consequently,
the following five genes were differentially downregulated
between both normal and dysplastic tissues and between dys-
plastic and tumor tissues: FMOI, NUCB2, OMA1, TMPRSS1B
and NP_001006656.1 (FAMI49A) (Fig. 1b-2). These genes
showed consistent downregulation throughout the entire pro-
cess of oral carcinogenesis (Table 1),

To investigate the expression patterns of genes consis-
tently upregulated or downregulated during oral carcinogene-
sis, we performed hierarchical clustering analysis (Fig. 1c).
Normal tissues and the majority of ODLs were classified into
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Table 1. Identified 15 candidate genes

. Gene GeneBank
symbol accession 1o, Function
Ten upregulated genes
ACTG2  NM_001199893.1  Nucleotide binding
APOC1 NM_001645.3 Metabolic process
{FQ'GR‘3A ' NM;OOOSGQ ) Immune regponée.‘
15G15 NM_005101 Cell~cell signaling
I NRIP2 NM_031474.2 Cell junction
pzp NM_002864.2 Female pregnancy
RAPGEF6 o NM_O(')1‘_1764'386.'1 ) Signal trqnégiucﬂon
SLC29A3 NM_001174098.1 Transmembrane transport'
- STMN3  NML015894.2  Signal transducon
SYT10 NM_198992.3 Cell junction
" Five qownrggularled'g;:nes - ) !
FMO1 NM_002021.1 Metabolic process
(FAMI149A  NM_001006655.2  Unknown
NUCB2 NM_005013.2 DNA binding
oMAT | NM_145243.3 Proteolysis
TMPRSS11B NM_182502 Proteplysis

the same cluster, whereas the invasive cancer tissues formed
a cluster with a distinct pattern of gene expression. However,
twa dysplastic samples (D6 and D10) clustered with the ma-
lignant group. These samples had the histological appearance
of severe dysplasia and were the most advanced of the pre-
malignant lesions analyzed in the present study. In addition,
these dysplastic tissues (D6 and D10) were assigned to adja-
cent nodes of the corresponding tumor tissue (T6 and T10,
respectively), and gene expression profiling showed a close
resemblance between them (D6 and T6, D10 and T10). This
finding suggested that the gene expression profiles in some
severe dysplastic tissues are similar to that of a malignant
tumor.

Validation of microarray data by quantitative RT-PCR

To confirm these gene expression data identified by microar-
ray analysis, total RNA isolated from different subset of nor-
mal, ODL and OSCC specimens was harvested for gRT-PCR.
Three consistently upregulated genes with in the ten candi-
date genes, ISG15, APCCl, NRIP2 and, one consistently
downregulated gene, OMAL were chosen for confirmation.
Consistently, with the microarray analysis, mRNA expression
level of the ISG15, APOC1 and NRIP2 is significantly
increased between normal tissues and ODLs and ODLs and
QOSCCs. On the contrary, OMAI mRNA expression level was
continuously decreased during the conversion both normal
tissues to ODLs and also from ODLs to invasive OSCCs (Fig.
2). These findings indicate that the data obtained from the
microarray analysis is reliable and that these 15 genes may
be significant candidates, which contribute to the develop-

Gene expression changes during oral carcinogenesis

ment of not only invasive cancer but also dysplastic lesions.
Moreover, we focused on ISG15 among these identified 15
genes, because recent microarray and proteomic studies have
indicaied that the expression of this gene is increased at the
mRNA and protein levels in OSCC.'®®

IHC analyses .

To validate protein expression of ISG15, IHC staining was
performed on 70 OSCC and 34 ODL samples. As shown in
Figures 3a and 3b, ISG15 was not found in adjacent normal
epithelium; however, moderate to strong staining of 18G15
was detected in all tissue sections from OSCCs and 33 of 34
97.1%) sections from ODLs. A strong immunochemical sig-
nal for ISG15 was detected predominantly in the cytoplasm,
partially in the nucleus of the OSCC and ODL cells. Among
the 70 tissue sections from OSCCs, 37 (52.9%) exhibited high
expression and 33 (47.1%) showed low expression levels. By
contrast, among 34 sections from ODLs, seven (20.6%)
showed high expression, 26 (76.5%) exhibited low expression
and one (2.9%) showed no staining. ISG15 high expression
in OSCCs was significantly more common than in ODLs (p
= 0.003) (Fig. 3c). IHC analysis clearly demonstrated that
ISG15 protein expression was specifically detected in ODLs
and OSCCs, indicating that ISG15 is likely to be associated
with both dysgenesis and tumori; i

B

Clinicopathological significance of 15615 protein

expression in 0SCC

The correlation between ISG15 protein expression and clini-
copathological features of the 70 OSCCs are summarized in
Table 2. There were no significant associations between
18G15 protein expression level and age, gender, disease stage,
cellular differentiation, mode of invasion, nodal status or re-
currence. By contrast, the incidence of mortality was signifi-
cantly higher (p = 0.027) in the high-expression group (10 of
38; 26.3%) than in the low expression group (2 of 33; 6.1%).

Relationship between ISG15 protein

expression and survival

There was no recurrence in 23 of 37 patients (62.2%) with
18G15 high expression and in 24 of 33 patients {72.7%) with
ISGI5 low expression. In patients with ISG15 high expres-
sion, the DFS curve was lower than that of the patients with
ISGI5 low expression, although this failed to reach statistical
significance (p = 0.281) (Fig. 4a). Conversely, 27 of 37
patients (73.0%) with ISG15 high expression and 31 of 33
patients (93.99%) with ISG15 low expression remained alive.
Kaplan-Meier survival curves clearly demonstrated -the
adverse impact of ISG15 high expression on OS (p = 0.019)
(Fig. 4).

Discussion

In the present study, we selected 890 and 461 genes that
showed significant increase in expression in ODLs compared
with the corresponding normal tissues and in invasive
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cancers compared the corresponding ODLs, respectively. In
addition, we also identified 17 significantly differentially
downregulated genes between normal tissue and ODLs, as

Table 2. Clinicopathological parameters of 70 0SCCs and correlation
with 15G15 protein expression

Gene expression changes during oral carcinogenesis

well as 1,388 genes differentially downregulated betiween dys-
plastic and cancer tissues. These findings suggest that the ma-
jority of genes upregulated during disease progression in oral
cancer affect the sequence from the normal to the dysplastic
state. On the other hand, a high percentage of genes were

ISG15 protein expression

Total Low High

number  expression  expression  p!

Age (years)

<60 35 18 Car

260 35 15 20 NS
‘G-e:ndér . ‘ P A S
Male om 24 28

) ‘Feméle ' 18 ) 9 9 NS
Disease stage

e @ oz
n, v 22 12 10 NS
: Cellular differentiation 7 a ) o
Wéll }o mov‘ierat‘eu 57 ) 2? ’ 30

tpoor 136 A
Mode of invasion ‘

=3 40 n v
4C-4D 2 9 17 NS
Modal stas? o S
No metastasis 51 22 ’ 29

 Metastasis 18 10 8 T ws
Recurrence

 Negative Ca % 3 _
Positive 23 14 NS
; ‘Sqﬁli\.’alw . ‘. i : - . T L0
Alive 58 31 27

Dead 12 2 10 0.027

*By two-talled Fisher exact test. *Histopathlogic diagnosls.
Abbreviation: NS, not significant.

downregulated during the prog from ODLs to invasive
cancer. However, Ha et al. have invesligated gene expression
profile in seven cases of HNSCC compared with eight prema-
lignant lesions and 11 normal matched and unmatched con-
trols using expression microarray analysis. In contrast to the
present results, they demonstrated that a greater proportion
of transcriptional changes including both upregulation and
downregulation occur during the transition from notmal to
premalignant mucosa than in the transition from premalig-
nant to malignant lesions, Based on these observations, they
concluded that premalignant lesions may possess many of
the alterations found in cancer before the development of a
malignant phenotype.” A direct comparison between the
study of Ha ef al. and the present study is difficult because
(#) they used bulk samples, whereas we used microdissected
samples from identical OSCCs (to remove stromal cells); (if)
they assayed samples with gene expression arrays containing
>12,000 genes, whereas we examined 35,035 probes on the
Human V4.0 OpArray and (iif) the sample sites were differ-
ent (general HNSCCs vs. SCCs specifically of the oral cavity).
Therefore, this issue is still a matter of controversy and fur-
ther investigations are required.

In this study, we identified 15 overexpressed or underex-

- pressed genes that may play an important role in the oral

carcinogenic pathway. Then, we focused on one of these
genes, ISGI5. Several microarray analyses of human tumors
have revealed enhanced expression of ISGI5 in pancreatic ad-
enocarcinoma, endometrial cancer and bladder cancer, com-
pared with respective normal tissues?*?! In addition, recent
microarray and proteomics studies have demonstrated that
mRNA and protein overexpression of this gene is frequently
detected in OSCCs, suggesting that /SG15 may contribute to
the development of this malignancy.”®"? These findings sup-
port the need for further investigation. Thus, in the present
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study, we investigate for the first time I1SG15 expression at
both mRNA and protein levels in ODLs and invasive OSCCs
to confirm the contribution of this gene to oral carcinogene-
sis and also to examine the association between ISG15
expression status and both clinicopathological parameters
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appropriate selection of aggressive treatment and closer fol-
low-up.?® Such biomarkers should be proteins or genes that
can be differentially expressed in cancer, precancer and nor-
mal tissue. Thus, we aimed to identify those genes with pro-
gressively increased or decreased expression during oral carci-

and patient survival, As a result, we clearly d rated the
ISG15 mRNA and protein expression level continuously
increase during the conversion both from normal tissues to
ODLs and also from ODLs to invasive OSCCs. This finding
indicates that 18G15 may contribute to the development of
not only ODLs but also OSCCs. Furthermore, we found a
significant correlation between high expression of ISG15 and
unfavorable prognosis {p = 0.027). In addition, Kaplan-
Meier analysis showed that the OS period in patients whose
tumors exhibited high ISG15 expression was significantly
shorter than in patients with low-expression tumors {p =
0.019), suggesting a critical role of ISG15 in the acquisition
of the malignant phenotype of OSCC. The question arises as
to why tamors with high expression of ISG15 have an
aggressive phenotype. ISG15 expression was stimulated by
type I intexferon pathway (i.e. IEN-B), and IFN-P treatment
significantly enhanced the expression of ISG15 as well as the
migration ability of the OSCC cell line.'® Moreover, very
recently, the ISG15 pathway could disrupt cytoskeletal archi-
tecture and promotes motility in human breast cancer cells
and cc quently enhanced metastatic ability of cancer cells.
In addition, this protein inhibits targeted degradation of pro-
teins involved in cell motility, invasion and metastasis.?*
Thus, one possible answer is that tumors with abundant
ISGIS expression may have a high migration and invasion
ability. A second possibility is an insufficient response to
chemotherapy in this subgroup of patients with high-expres-
sion tumors.!® It is clear that deregulated ISG15 expression
has been observed in response to various chemotherapeutic
agents, such as paclitaxel in the treatment of ovarian carcino-
mas and 5-fluorouracil therapy for esophageal cancers?**!
However, the putative function of, ISGI5 in oral tumorigene-
sis and in chemotherapeutic response requires further analy-
sis in prospective studies.

Oral epithelial dysplasia is a potentially precancerous

nogenesis by means of LMD and microarray analyses. We
determined 15 genes and focused on one of these, ISGIS5.
Subsequently, we confirmed that the mRNA. expression level
of this gene is significantly different in normal tissue and
precancerous lesion, as well as in precancerous lesions and
invasive cancer. Moreover, IHC analyses clearly demonstrated
that although ISG15 protein expression was not found in
normal epithelium, moderate to strong staining of this
gene was detected in almost all ODLs and OSCCs, and high
expression of ISG15 in invasive cancers was significantly
more common than in precancerous lesions (p = 0.003),
suggesting that the protein expression level of this gene is
enhanced according to the degree of malignant trans-
formation. These observations indicated that ISGIS may
discriminate between ODLs with and without malignant
potential and may be a potential molecular marker that
can predict disease progression to invasive OSCC. However,
to determine the sensitivity, predictability and reproducibility
of ISGIS to predict the progression to invasive cancer,
a larger multicenter study with longitudinal design is
required.

In conclusion, this microarray study identified 15 overex-
pressed or underexpressed genes that may contribute to the
development of OSCC. mRNA expression of one of the
extracted genes, ISG15, was significanily different between
both normal tissues and ODLs and ODLs and OSCCs. In
addition, the pratein expression level was enhanced according
to the degree of malignant transformation, and high expres-
sion of this gene was significantly correlated with poor prog-
nosis of patients with OSCC. These findings indicate that
ISG15 plays an important role in the initiation and progres-
sion of oral tumorigenesis and may be a potential prognostic
marker with the ability to predict disease progression to inva-
sive OSCC. Further stadies are needed to evaluate the prog-
nostic and diagnostic potential of ZSG15 and to address the

lesion diagnosed histopathologically. While histological grade
is currently the best predictor of progression, it is impossible

P ial role of this gene in oral carcinogenesis.
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We |dent|ﬁed a nove! prognostic blomarker for the dlstant metastasts of colorectal cancer (CRC) using comprehenslve

combined copy number and gene exp|

of mRNA in CRC tissue was profiled in 115 patients using

©oan Affymetrlx Gene Chip, and copy number profiles were generated for 122 patlents using an Affymetrix 250K Sty array.

Genes sh g both up '

and copy number galns in cases Involving distant CRC metastasis were extracted

p
as candidate b!omarkers. Expression of the candidate gene mRNA was validated in 86 patients using quantitative reverse

transcription polymerase chain reaction assays. Expression of the protein
* immunchistochemical staining of tissue from 269 patients, The

toad Follawi: hi

'features was also F g C

ded by the candidate gene was d using

Tatianchin b

p protein exp and clinicopathologi

i copy number and gene expression analyses, three genes linked to dustant

metastasis of CRC were extracted as candidate biomarkers, The expression of NUCKS1, reportedly averexpressed in several*
cancers other than CRC, was significantly higher in CRC tissue than In normal tissue, Overexpression of the NUCKS1 protein in
CRC cells was found to be associated with significantly worse overall survival and relapse-free survival, indicating that
NUCKS1 is an independent risk factor for CRC recurrence. The overexpression of NUCKS1 in cancer cells could be used as a
CRC prognostic marker and might also be a target for treatment of this disease,

Colorectal cancer (CRC) is now the third most prevalent can-
cer and the second leading cause of cancer-related mortality
worldwide." In Japan, the incidence of CRC has doubled over
the past 20 years such that CRC is now the second most
deadly neoplastic disease.>?

Surgery is still the most effective treatment for CRC.
Among those patients that undergo curative surgery, some
develop local recurrence or distant melastases that lead to
shorter survival times.” Distant metastasis has a critical influ-
ence on the prognosis of CRC, Clinicopathologic indicators
such as the tumor node metastasis (TNM) classification sys-
tem of the International Union Against Cancer (UICC)
remain the standard for prognosis and provide the basis for
therapeutic decision making. However, clinicopathologic indi-
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cators alone do not enable clinicians to make precise progno-
ses for individual CRC patients.® In order to develop person-
alized therapy regimens, it is therefore critical that
researchers identify novel genes involved in distant metastasis
that can serve as predictive biomarkers® A particularly
powerful tool for identifying potential biomarker genes for
use in cancer prognosis is the microarray.” It is now possi-
ble with microarray analysis to investigate several thousand
cancer-related or cancer-specific genes at once,

Chromosomal structural alterations play an important role
in cancer development. In CRC, copy number aberrations
(CNAs), including gains on chromosomes 7, 8, 13 and 20,
and losses on chromosomes 1p, 8p, 17p and 18, are also fre-
quently observed.'®'® Some of the CNAs are related to the
metastasis of CRC and can thus be used in prognosis,
Recently, single nucleotide polymorphism microarray (SNP
array) analysis has become a useful tool for examining
CNAs, permitting highly accurate exploration of thousands
of genetic markers in a single study.'*

Studies of the relationship between chromosomal aberra-
tions and gene expression in cancers, including CRC, have
shown that CNAs directly influence gene expression.'*~'?
Several groups have thus suggested that integrating gene
expression analysis with genomic profiling represents an effi-
cient approach to discover cancer-related genes?*** Genes
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Overexpression of NUCKS1 in colorectal cancer

" related genes. Here, through a combi of gene

profiling rep an efficient app
and copy number analysis, NUCKS1 was identified as a

h to the discovery of cancer-

candidate gene involved in the distant metastasis of colorectal cancer. The association of NUCKS1 protein overexpression
with poor overall survival in colorectat cancer suggests that NUCKS1 may be a prognostic marker for the disease,

which show a strong positive correlation between expression and
copy number may play an important role in cancer progression.
Thus, in this study, we integrated gene expression and copy num-
ber analyses to identify novel genes associated with the distant
metastasis of CRC. We focused on those genes that are overex-
pressed and have an amplified copy number in cases of distant
metastasis because this indicates that they have a potential to
serve as useful therapeatic targets or clinical biomarkers.

Using the aforementioned comprehensive analysis, we
identified NUCKSI (nuclear, casein kinase and cyclin-de-
pendent kinase substrate 1) as a gene involved in the distant
metastasis of CRC. It has been suggested that NUCKS1 plays
an Important role in cell cycle progression,” and overexpres-
sion of NUCKS! has been reported in several cancers,
although not in CRC**® Ours is the first study to demon-
strate the clinicopathologic significance of NUCKS) expres-
sion in CRC, using integrated copy number and gene expres-
sion analyses of clinical tissue samples.

Material and Methods

Patients

Primary tumors from 392 patients who underwent curative sur-
gery for CRC between 2002 and 2007 at the Tokyo Medical and
Dental University Hospital (Tokyo, Japan) were used in this
study. Written informed consent was obtained from all patients,
and the study was approved by the Institutional Review Board.
Clinical data were obtained from the medical records of each
patient, and histopathological evaluations were assessed by refer-

- ence to the criteria of the TNM-system of the UICC, 6th edition.

A total of 123 patients were assigned to the comprehensive anal-
yses for extraction of candidate genes. Of these patients, 114
were assigned to both the gene expression and the CNA studies,
8 patients were assigned only to the CNA study, and 1 patient
was assigned only to the gene expression study. Thus, a total of
122 patients were assigned to the CNA study, including 18
patients with Stage I, 42 patients with Stage II, 37 patients with
Stage 11l and 25 patients with Stage 1V disease. The median fol-
low-up time for these patients was 24 months (range = 1-40
months), A total of 115 patients were assigned to the gene
expression study, including 16 patients with Stage I, 41 patients

. with Stage IL, 35 patients with Stage III and 23 patients with

Stage 1V disease. The median follow-up time for these patients
was 28 months (range = 1-40 months),

Quantitative reverse transcription polymerase chain reac-
tion (RT-PCR) assays were performed for validation using
samples from 86 patients with CRC, including 9 patients
with Stage I, 26 patients with Stage II, 33 patients with Stage

IHI and 18 patients with Stage 1V disease. The median follow-
up time for these patients was 48 months (range = 1-61
months). Moreover, 269 patients, including patients subjected
to RT-PCR validation, were assigned to an immunohisto-
chemical study, The immunohistochemical study included 48
patients with Stage I, 84 patients with Stage 1I, 87 patients
with Stage I1I and 50 patients with Stage IV disease. The me-
dian follow-up time for these patients was 46 months (range
= 1-95 months). It should be noted that the 269 patients
assigned to these validation studies were not the same
patients enrolled in the comprehensive analyses. ’

DNA extraction .

After resection, cancer tissues were immediately embedded in
Tissue-Tek OCT compound medium (Sakura Finetek Japan,
Tokyo, Japan). Serial frozen sections of 9-pm in thickness were
mounted onto a 90 FOIL-SL25 foil-coated glass slide (Leica
Microsystems, Wetzlar, Germany). Laser capture microdissec-
tion (LCM) was performed using an Application Solutions LCM
System (Leica Microsystems)., Tumor DNA was extracted and
purified using a QlAamp DNA micro kit (Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions. Non-neo-
plastic tissues were homogenized in microtubes, and DNA was
extracted and purified from these tissues using a QlAamp DNA
mini kit (Qiagen) according to the manufacturer’s instructions.

CNA analysis

Copy number analysis was performed using a GeneChip®
Human Mapping 250K Sty array (Affymetrix, Santa Clara, CA)
in strict adherence to the assay manual. Genomic DNA was
digested using the enzyme Sty I, and adaptor Sty 1 was used
prior to the PCR reaction. Amplicons were fragmented after pu-
rification and then labeled. After hybndlzanon, the microarrays
were transferred fo a totally automated GeneChip® Fluidics Sta-
tion 450 (Affymetrix) for the washing and staining steps. After
fluorescence staining, microarray images were scanned using a
GeneChip® Scanner 3000 7G (Affymetrix). The microarray data
from the scanner were used for copy number analysis with the
Chromosome Copy Number Analysis Tool (Affymetrix). Copy
number data sets were submitted to Gene Expression Omnibus
{(hutp//wwwincbinlm.nih.gov/geo/, accession number
GSE27910). Data were analyzed using R statistical software (ver-
sion 2.12.1; http://www.r-project.org/).

-RNA extraction

Cancer cells were microdissected using LCM. Total RNA was

“extracted from cancer cells and purified using an RNeasy
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micro kit (Qiagen) with on-column DNase digestion, accord-
ing to the manufacturer’s instructions. Total RNA collected
from bulk samples of cancer tissues and adjacent non-neoplas-
tic tissues was extracted and purified using an RNeasy mini kit
(Qiagen) with on-column DNase digestion, according to the
manufacturer’s instructions. The integrity of the total RNA
was assessed using an Agilent 2100 BioAnalyzer (Agilent Tech-
nologies, Palo Alto, CA). Samples with an RNA integrity num-
ber greater than 5.0 were used for the rest of the experiments,

Gene expression analysis

Complementary RNA was prepared from total RNA
extracted from laser capture microdissected cancer cells col-
lected from 115 patients using two-cycle target labeling and a
control reagents kit (Affymetrix). The experiment was per-
formed using the GeneChip® Human Genome U133 Plus 2.0
Array (Affymetrix), according to the manufacturer’s instruc-
tions. The gene expression data sets were submitted to Gene
Expression  Omnibus  (http://www/ncbi.nlm.nih.gov/geo/,
accession number GSE27854). Statistical analyses of microar-
ray data were normalized using the robust multi-array aver-
age method with R statistical software (version 2.12.1; http://
www.r-project.org/) together with the BioConductor package
(http://www.bioconductor.org/).

Extraction of candidate genes

We defined patients with synchronous or metachronous dis-
tant metastases as the melastatic group, and patients without
any distant met; as the no ic group. The me-
tastasis which was recognized at the surgical operation of the
primary tumor was synchronous metastasis. The metastasis
which appeared after surgery was metachronous metastasis.
The CNA data and the gene exp 1 data were analyzed
and compared between the two groups to identify genes
involved in the distant metastasis of CRC.

Data regarding genes which showed a copy number gain
in the metastatic group were extracted using Fisher’s exact
test (p < 0.01). Data regarding genes that were significantly
upregulated in the metastatic group were extracted using the
Wilcoxon exact rank sum test (p < 0.01). Among the genes
that were common to both groups, those that were overex-
pressed (fold change > 1.3) in the metastatic group were
selected as candidates for further analysis.

Quantitative RT-PCR

Total RNA collected from bulk samples of cancer tissues and
adjacent non-neoplastic tissues was reverse-transcribed into
<DNA using a High Capacity cDNA Reverse Transcription Kit
(Applied Biosytems, Foster City, CA) according to the manu-
facturer’s instructions, A TaqMan® gene expression assay
(Applied Biosystems; NUCKS1; Hs00224144_ml, P-actin;
Hs99999903_m1) was used to investigate the expression of
NUCKSI, and B-actin was used as an internal control. The
PCR reaction was carried out using TagMan® Universal PCR
Master Mix (Applied Biosystems). The thermal cycling condi-

Int. ). Cancer: 132, 2295-2302 (2013) © 2012 UICC
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tions were as follows: 50°C for 2 min, 95°C for 10 min and 40
cycles of denaturation at 95°C for 15 sec and annealing at 60°C
for 1 min. All calculated concentrations of target genes were
normalized by the amount of the endogenous reference using
the comparative Ct method for relative quantification with Rel-
ative Quantification Study Software (7300 Sequence Detection
System version 1.2.1, Applied Biosystems).

Immunohistochemistry

A streptavidin-biotin method was used for immunostaining
NUCKS1. Tissue sections were obtained from formalin-fixed
paraffin-embedded tissue blocks from each patient. After
deparaffinization in xylene and rehydration through a series
of incubations in decreasing concentrations of ethanol, anti-
gen was retrieved from the tissues by autoclaving them at
121°C for 15 min in pH 6.0 citrate buffer. The slides were
then incubated in a solution of 3% hydrogen peroxide in
100% methanol for 15 min at room temperature in order to
quench endogenous peroxidase activity. Nonspecific binding
was blocked by treating the tissues with 10% normal goat
serum {Nichirei Bioscience, Tokyo, Japan) for 10 min. There-
after, the slides were incubated with a rabbit polyclonal anti-
body against NUCKSI at a 1:900 dilution (ab84710, Abcam,
Cambridge, UK) for 90 min at room temperature. Next, the
slides were incubated with biotinylated anti-rabbit IgG
(Nichirei Bioscience) for 10 min at room temperature, fol-
lowed by peroxidase conjugated streptavidin (Nichirei Bio-
science) for 5 min at room temperature. Color development
was carried out with 0.02% 3,3'-diaminobenzidine tetrahydro-
chloride {Nichirei Bioscience). The slides were counterstained
with 1% Mayer’s hematoxylin, after which they were dehy-
drated using an increasing alcohol concentration series,
immersed in xylene, and finally coverslipped.

All sections were scored by two investigators. The staining
intensity was scored as 0 (negative), 1 {weak), 2 (moderate) or
3 (strong). The extent of staining was scored as 1 (1-10% of
the tumor cells stained), 2 (11-40%), 3 (41-70%) or 4 (71%-
100%). The sum of the intensity and extent scores, potentially
ranging from 1 to 7, was used as the final staining score.

Statistical analysis of NUCKS1 expression

Statistical analyses of NUCKS! expression were carried out
using SPSS (version 17.0, SPSS Inc, Chicago, IL) software for
Windows. To estimate the significance of differences between
groups, Wilcoxon signed-rank, Mann~Whitney U and »*
tests were used where appropriate. Survival curves were esti-
mated using the Kaplan-Meier method, and curves were
compared using the log-rank test, Survival times were deter-
mined from the date of surgery. Prognostic factors were
examined with univariate and multivariate analyses using the
Cox proportional hazards model. A p value < 0.05 was con-
sidered statistically significant,
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Figure 1. (a) A total of 331 genes were extracted from the gene expression analysfs, and 1,487 genes were extracted from the CNA
analysis. Among the 51 genes extracted from both analyses, three genes with a fold change in expression > 1.3 were selected as !
candidates for further analysis. (b) RT-PCR analysis showed that NUCKS1 mRNA expression Is higher in cancer tissue than in adjacent

non-neoplastic tissue (p < 0.001).

Results

Gene expression and copy number analyses

The copy number of 1,487 genes and the expression of 331
genes were elevated in tissues of patients with CRC with dis-
tant metastasis. Among the 51 genes with both elevated copy
number and expression, the expression of NUCKSI, SYNPR
and TMEMG63A was upregulated with a fold change > 1.3
(Fig. 1a). Of these three genes, only NUCKS1 has been shown
to be associated with cancer. Overexpression of NUCKS! has
been reported to occur in several cancers, although it has not
been reported in CRC.22® Thus, we focused on NUCKSI in
the subsequent analyses.

NUCKS1 mRNA expression

Quantitative RT-PCR analysis of CRC tissue from 86 patients
showed that expression of NUCKS! mRNA is significantly
higher in cancerous tissue than in neighboring non-neoplastic
tissue (p < 0.001; Fig. 1b). There was no significant differ-
ence in the level of NUCKS! mRNA expression between the
metastatic group {# = 31) and the non-metastatic group
(1 = 55) (p = 0.676; data not shown).

Expression of NUCKS1 protein

The localization of the NUCKSL protein was investigated
using cancer tissue from the same 86 patients with CRC that
were used for RT-PCR analysis. Immunohistochemical stain-
ing indicated that NUCKS! is localized in the nucleus of
CRC cells. Staining for NUCKSI in normal epithelial cells
adjacent to the cancer cells was negative or weak; and was
also weak in the marginal tissue of the tumor. Strong staining
tended to be located at the invasive tumor front (Fig. 2a).
Thus, we concluded that the staining level at the invasive
tumor front is important and examined NUCKS1 expression
in this area in CRC tissue samples from 269 patients. As

shown in Figure 2b, strong NUCKS] staining was observed
in lymphocytes and macrophages in the stroma. :

DRatatinnehin h

p expression of NUCKS1 and
clinicopathologic features
For statistical evaluation purposes, the 269 samples that
underwent immunohistochemical analysis were divided into
two groups: a high-expression group (final staining score of
> 6, n = 107) and a low-expression group (final staining
score of < 5, n = 162). The scoring cutoff point was deter-
mined uang receiver operating characteristic (ROC) curve
analysis. The ROC curve was generated to show the relation-
ship between the sensitivity and false-positive rate at different
NUCKS!1 distant metastasis staining score cutoff points.

The correlation between NUCKS! expression and various
clinicopathologic factors is shown in Table 1. Tumor depth
(T3/T4; p = 0.038), lymphatic invasion {p < 0.001), venous
invasion (p = 0.027), lymph node metastasis (p < 0.001),
carcinoembryonic antigen (CEA) level (5.0 ng/ml or higher;
p < 0.001) and TNM stage (Stage IV p = 0.001) are signifi-
cantly associated with overexpression of NUCKS1. The overall
survival (OS) rate was significantly lower (p < 0.001) in the
high-expression group than in the low-expression group (Fig.
3a). Univariate analysis indicated that histology {p < 0.001),
tumor depth (p < 0.001), lymphatic invasion (p < 0.001), ve-
nous invasion (p = 0.017), lymph node metastasis (p < 0.001),
CEA level (p < 0.001), stage (p < 0,001) and NUCKSI1 expres-
sion (p < 0.001) are significantly associated with OS (data not
shown). Multivariate analysis indicated that overexpression of
NUCKS! is a significant prognostic factor of OS for patients
with CRC (p = 0.024; relative risk (RR) = 0.604; 95% confi-
dence interval = 0.389-0.937) (data not shown).

The correlation between NUCKS1 expression and various
clinicopathologic factors in 218 patients with Stages 1, I and

fnt. . Cancer: 132, 2295-2302 (2013) © 2012 UICC
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Figure 2. Representative images showing immunostaining of colorectal carcinoma tissue for NUCKS1. (@) NUCKS1-positive staining tended
to be stronger along the invasive tumor front (white arrow) than in normal epithelial tissue and the marginal tissue of the tumor (black

arrows) ification 40x). (b) Rep
(magnification 400x),

[l CRC is shown in Table 2. Lymphatic invasion (p =

ative images of the invasive tumor front showing negative, weak, moderate and strong staining

invasion (p < 0.001), venous invasion (p = 0.015), lymph

0.001), venous invasion (p = 0.013), lymph node 1 t

(p = 0.001) and CEA level (5.0 ng/ml or higher; p = 0.003)
are significantly associated with overexpression of NUCKS1.
The relapse-free survival (RES) rate was significantly lower (p
< 0.001) in the high-expression group than in the low-
expression group (Fig. 3b). Univariate analysis indicated that
histology (p = 0.007), tumor depth (p < 0.001), lymphatic

Int. ). Cancer: 132, 2295-2302 (2013) © 2012 UICC

node is (p < 0.001), CEA level (p < 0.001) and
NUCKS? expression (p < 0.001) are significantly associated
with RFS (Table 3). Multivariate analysis indicated that
NUCKS! overexpression is an independent and significant
prognostic factor of RFS for patients with Stages I, I1 and 111
CRC (p < 0.001; RR = 0.286; 95% confidence interval =
0.158-0.516) (Table 3). Moreover, multivariate analysis
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Table 1. Relationship between clinicor ic variables and

NUCKS1 expression in patients with stage -1V colarectal cancer

'

NUCKS1 expression

: Low High
Variables (=162 {n=107) p
Age (Median}, years 20-92 (66) 41-90 (72) 0.567
Gender : )
Male 103 ) 68 0.996
' Female ‘ 59 39 ’
Histology )
well ‘ 70 7 0.175
Moderate, poor and others 92 69 ‘
" Depth - . '
T1/12 45 18 0.038
RV 17 89 ’
Lymphatic Tnvasion v
Negative 53 13 | <0.001
Positive 108 94
Venou_s' invasion . ’ ‘
Negative 27 8 0.027
Positive IRV R
.l.ymph nude‘métastasis -
Negative 9 4w <0.001
Positive 63 67
éarclhoernbryonlc antigen (ng/ml) B )
<5 109 48 <0.001
>5 4 s6 '
Slagé
Stage Ml _ w7 0.001
Stage IV 20 30

Overexpression of NUCKS1 in colorectal cancer

indicated that NUCKS1 overexpression is an independent
and significant prognostic factor of RFS in Stage II patients
(p = 0.002; RR = 0.165; 95% confidence interval = 0.053~
0.520) (data not shown). Overexpression of NUCKS1 was
also found to be an independent and significant prognostic
factor 'of RFS in Stage III patients (p = 0.032; RR = 0.459;
95% confidence interval = 0.226-0.934) (data not shown).

Discussion

The purpose of our comprehensive combined CNA and gene
expression analysis was to identify significant genes involved
in distant metastasis of CRC. Comparing integrated CNA
and gene expression data for patients with and without syn-
chronous or metachronous distant metastasis, we found that
the NUCKSI gene s significantly upregulated in patients with
CRC with distant metastasis. Multivariate analysis of the
results of immunochistochemical studies indicated that overex-
pression of the NUCKSI protein is an independent and sig-
nificant prognostic factor of CRC recurrence after curative
surgery. This is the first study to demonstrate the clinical sig-
nificance of the protein expression of a cancer-related gene
identified using an integrated analysis.

‘The NUCKS! gene is located on chromosome 1q32.1. In a
comprehensive meta-analysis comprising a total of 859 patients
with CRC, Diep et al. found that the frequency of copy number
gains at chromosome 1q significantly increased with Duke’s
stages, and that copy number gains at 1q are associated with
established liver metastasis.”® ‘Their data are consistent with the
present study with respect to the relationship between copy
number gains and distant r is. Through integrated analy-
sis of the high-resolution genome-wide copy number and
matching expression data, we identified NUCKS! as an overex-
pressed gene with an amplified copy number on chromosome
1q. It has been reported that genes amplified in copy number
are rarely overexpressed in colon cancers®® These rare copy

b '
HD\';:—\M Low-expression group (n = 142)
o Y.
“L\ ""m‘

8 T, -] ey,
E o “"’«m“’k _g o ‘N“‘W%,,,.N
g T s‘ wm].w..w
A "4 At * High- fon group {n = 76)
v High-expression group {n = 107} gh-expressiongroup {n )

> ) o2

P <0.001 £<0.001
" o]
[) E) @ L) ) 1% [ » % © % o
Time after surgery {months)}. Time after surgery (months)

Figure 3. (1) Kaplan-Meier curves showing 05 of 269 Stages |-V CRC patieats by NUCKS1 expression. (b) Kaplan-Meier curves showing

RFS of 218 Stages |-]Il CRC patients by NUCKS1 expression.
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Table 2, Relationship between clinicopathologic variables and
NUCKS1 expression in patients with.stage I-lIi colorectal cancer

NUCKS1 expression

Varlables Low (7= 142) High(n=76) p

Age (Median), years 20-92 (74) 48-85 (65)  0.230
| Gender

Male 90 51 0.584

Female 52 25

Histology ’

well 65 28 0.233

Moderate, poor and otﬁers 77 47

Deplp ‘ )

/12 45 ' 18 S 0.215
T3IT4 o7 58 ‘

Lymphatk mvasion o

Negative S 0.001

Positive 88 64 I
Venous Invé;ion v

Negative 27 5 0.0i3

"Positive 114 o h

Lymph node mekastasis o

Negatwe 97 35 ) " 0.001
Positive 1;5 41 h
. Carci’nuembryonic antigen {(ng/ml) .

<5 103 42 OAOOVB
»5 ) 32 32

number-amplified and overexpressed genes may play crucial
roles in tumor progression. In this study, we found that ele-
vated expression of NUCKS1 is related to distant metastasis
and poor prognosis in patients with CRC, suggesting that the
integration of expression and genomic profiling could be a use-
ful approach for the discovery of cancer-related genes.
NUCKS! has been characterized as a cell cycle-related pro-
tein ! and data suggest that it plays an important role in
cell pmhferation and cell progression by serving as a substrate
for casein kinase 2 (CK-2) and the cyclin-dependent kinases
(CDK) 1, CDK2, CDK4 and CDK62"*'~3! Although several
reports have indicated that NUCKS! is overexpressed in vari-
ous cancer tissues and therefore may contribute to oncogene-
sis?®® its precise role in cancer development remains
unknown, This is the first study to demonstrate both the local-
ization of NUCKS1 in CRC tissue and the relationship
between NUCKS1 expression and prognosis in patients with
CRC. We found that NUCKSI staining tends to be stronger at
the invasive tumor front than at the marginal site in CRC tis-
sue. This result supports the hypothesis that overexpression of
NUCKS]1 at the invasive tumor front plays a critical role in
the initiation of progression and metastasis of CRC. Further
investigation is needed to confirm this hypothesis.
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Table 3. Univariate and multivariate analysis of clinicopathologic
factors affecting relapse-free survival in patients with stage I-lil
colorectal cancer

Multivariate
analysis
Relative
. risk (95%

: No. Univariate  confidence
Variables patlents -analysis p Interval) P
Age, years
<65 105 "0.953
>65 112 . ' ‘
Gender ) ’
Male 141 0.159
" Female 77 )
Histology
Cwell 93 0.007 " o.97
Moderate, poor 1ia )
and others
" Depth T
T1/12 63 <0.001 0.275 0.006

0.109-0.696)
T34 155
Lymphatlc ’mvasxon
i Negative 65 <0.001 © o33
Posiuve 152
}Ienous ir)\(asion '
Negative 32 .0.615 '04517
v‘Pos'I'tive ) 185 ’
Lymph node metastasis
Negative ’ 132 <0.001 0350 0,001,
i (0.192-0.638)
Posmve 86
Car:lnoembryonl: antigen (ng/ml)
<5 45 <0001 0.085
>S . o .
NUCKSi expression
‘ High 76 <0001 0.286 <0.001
o . (0.‘158—0’5‘16)
Low 142

Surgery is still the most effective treatment for CRC.
However, 40-50% of patients who undergo curative surgery
ultimately suffer relapse.®® Recently, various adjuvant chemo-
therapies have been shown to be associated with improved
cure rates in patients with CRC who have undergone sur-
gery.**” It has also been shown that a 5-FU-based regimeri
with the addition of oxaliplatin, irinotecan or monoclonal
antibodies can improve the outcome of cases of post-surgical
recurrence.”® However, even though these chemotherapies are
effective, they are costly and carry the risk of severe adverse
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effects®® It is important therefore to identify patients who
are at high risk of recurrence for indication of adjuvant ther-
apy or more aggressive treatment, as doing so will lead to
improved prognosis and reduce both the cost of treatment
and the risk of adverse effects, For this purpose reliable pre-
dictive biomarkers must be identified. Our study suggests
that NUCKS1 might be a valuable biomarker of post-opera-
tive recurrence of CRC for use in deciding whether to use
adjuvant chemotherapy or more intensive approaches in
patients with CRC after surgery. It will be important to
investigate the predictive value of NUCKS! expression in
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