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Abstract

AIM: To investigate the intratumoral expression of
metastasis-associated in colon cancer 1 (MACC1) and
c-Met and determine their clinical values associated
with hepatitis B virus (HBV)-related hepatocellular car-
cinoma (HCC).

METHODS: A retrospective study admitted three
hundred fifty-four patients with HBV-related HCC. The
expression and distribution of MACC1 and c-Met were
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assessed by quantitative real-time polymerase chain re-
action and immunohistochemistry staining. Prognostic
factors influencing survival, metastasis and recurrence
were assessed.

RESULTS: Intratumoral MACC1 level was found to be
associated with HCC disease progression. Both median
tumor-free survival (TFS) and overall survival (OS) were
significantly shorter in the postoperative HCC patients
with high intratumoral MACC1 expression, as compared
to those with low intratumoral MACC1 levels (TFS: 34 mo
vs 48.0 mo, P < 0.001; OS: 40 mo vs 48 mo, P < 0.01).
Multivariable analysis indicated that high MACC1 ex-
pression or co-expression with c-Met were independent
predictors for HCC clinic outcome (P < 0.001).

CONCLUSION: High intratumoral MACC1 expression
can be associated with enhanced tumor progression
and poor outcome of HBV-related HCC. MACC1 may
serve as a prognostic biomarker for postoperative HCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third cause of death from cancers
worldwide!. The incidence of HCC in China is high, and
most cases are associated with chronic hepatitis B virus
(HBV) infection”. Hepatocarcinogenesis is a complex
process associated with the accumulation of multiple
genetic and epigenetic changes during the initiation,
progression and maturation of this fatal disease™. As
such, intensive research efforts have been carried out
to determine the physiological, cellular and molecular
mechanisms of HCC, in the hope of developing effective
preventative measures and improved treatment strategies.

The metastasis-associated in colon cancer 1 (MACC1)
gene was identified by a genome-wide screen of human
colon cancer samples, and its expression was closely re-
lated to the metastasis of colon cancers”. Subsequent
clinical studies have suggested that MACC1 might be an
important predictor for metastasis and recurrence of co-
lon cancers. Further studies have revealed that MACC1-
induced tumorigenesis is correlated with enhanced hepa-
tocyte growth factor (HGF)/c-Met signaling®”. MACC1
functions as a transcription factor, and one of its target
promoters is that of the receptor tyrosine kinase c-Met
gene. Binding of MACCI1 to the promoter has been
demonstrated to stimulate c-Met transcription, ultimately
inducing activation of the HGF/c-Met signaling pathway
and enhancing cell proliferation, motility, and metasta-
sis™. MACC1 is normally expressed in healthy liver tis-
sues, but marked overexpression is frequently observed
in HCC clinical samples[m]. To date, however, the clinical
significance of MACC1 overexpression in HCC and of
the correlation between MACC1 and the c-Met signaling
in the disease state remain unknown. It is intriguing to
speculate that MACC1 may contribute to HCC onset and
progtession, and therefore may represent a readily-detect-
able biomarker for tumor recurrence and/or metastasis
in postoperative HCC patients.

In this study, we sought to determine the expres-
sion levels of MACC1 in HBV-related HCC at different
disease stages and analyze its correlation with clinical
outcome. In addition, we evaluated the related levels of
its transcriptional target, c-Met. Our data indicated that
MACC1 expression levels represent an effective prognos-
tic factor for HBV-related HCC patients who undergo
hepatectomy.

MATERIALS AND METHODS

Patients, clinical characteristics, and tissue sampling

Tumor samples were obtained from 412 consecutive pa-
tients admitted to The 302nd Hospital (Beijing, China)
with HBV-related HCC from December 2004 to June
2006. The diagnosis of HCC was based on the criteria of
the European Association for the Study of the Liver'".
By using the Barcelona Clinic Liver Cancer (BCLC) stag-
ing classification system''”, 148 patients were classified as
stage A, 144 as stage B, and 120 as stage C. All patients,

(49

Boishidongs  WIG | www.wjgnet.com

Clinical features Stage A Stage B Stage C
Cases (1) 138 96 120
Median age (yr, range) 55 (24-68) 53 (29-70) 52 (21-72)
Male/female 118/20 82/14 106/14
Median tumor diameter 25(15-3) 4.0(3-5) 4.5(2-6)
(cm, range)

AFP (ug/L, > 400/ < 400) 45/93 40/56 85/35
HBV DNA (+/-) 78/60 57/39 76/44
HBeAg (+/-) 50/88 32/64 54/66
ECOG PS (0/1/2) 92/30/16  60/25/11 25/55/40
Child-Pugh (A/B) 92/46 67/29 58/62

Tumor number 123/15 56/40 67/53
(single/ multinodular)

Invasion of portal vein (+/-) 0/138 0/96 120/0
Tumor differentiation 45/66/27  27/38/31 20/50/50

(high/intermediate/low)

HBV: Hepatitis B virus; ECOG PS: Eastern Cooperative Oncology Group
Performance Status Scale; AFP: a- fetoprotein; HBeAg: HBV e antigen.

except for those at stage C, had undergone surgical resec-
tion. Among all patients, 36 had an incomplete resection,
12 died from other causes without recurrence, and 10
were lost to follow-up for non-medical reasons. Thus,
the total study population was composed of 354 patients
(Table 1). Matched non-tumor tissue samples were ob-
tained from all surgical resected participants and were
generally taken from a distance of more than 2 cm from
the tumor tissue. Tumor samples from the stage C indi-
viduals were obtained by using the Single Action Biopsy
Device (Promex Technologies, United States) and target
tissues were identified by the following criteria: solitary
lesions, or up to three nodules < 6 cm in size; partial
portal vein thrombosis or vena cana invasion; absence
of extrahepatic metastasis; and preserved liver function
(Child-Pugh A or < B8 with serum bilirubin levels under
51.3 umol/L). In addition, ten normal liver tissues were
obtained from four cases of hepatic hemangioma and six
patients with hepatic cyst, none of which had a history
of viral hepatitis or liver cirrhosis.

Each of the samples were divided and either prepared
for histochemical staining or snap-frozen in liquid nitro-
gen for RNA extraction for use in subsequent reverse
transcription (RT)-polymerase chain reaction (PCR). For
hematoxylin and eosin (HE) and immunohistochemi-
cal staining, the tissues were fixed in 10% formalin and
paraffin-embedded.

The study protocol was approved by The 302nd Hos-
pital Research Ethics Committee, and written informed
consent was obtained from all participants or their legal
guardian. None of the patients had received prior treat-
ment for HCC, including radiation or chemotherapy.
Patients were followed up every 2 mo within the first
postoperative year and at approximately 3-4 mo intervals
thereafter. Routine evaluation included physical examina-
tion, chest roentgenography, blood chemistry analysis,
HBV-DNA test, and measurement of tumor markers
(carcinoembryonic antigen and o-fetoprotein). Chest
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and abdominal computed tomography, brain magnetic
resonance imaging and a bone scintiscan wete petformed
every 6 mo for three years after surgery. Additional ex-
aminations were performed if any symptoms or signs of
recurrence were detected.

Determination of the mRNA levels of MACC1 and c-Met
The levels of the mRNA transcripts of MACC1 and c-Met
were determined by quantitative real-time PCR, as described
previouslyml. B-actin mRNA expression was used as an
internal control and the relative gene expression values
were calculated by the 2°“ method using Sequence De-
tection System 2.1 software. Total RNA was isolated from
the tissues by using an RNA isolation kit (Qiagene, Ger-
many) and following the manufacturer’s instructions. The
concentration of RNA was determined by spectrophoto-
metric measurement at Az, and the purity was verified
by the A4260/.4280 ratio (> 1.8 was sufficiently pure).
A total of 2 ug RNA was used for the preparation of
cDNA by reverse transcriptase-PCR (SYBR PrimeScript
RT-PCR Kit with SYBR Premix Ex Tag; Takara, Japan).
The following PCR primers were used: MACC1 ¢cDNA
(136 bp), 5-TTCTTTTGATTCCTCCGGTGA-3’ (F)
and 5-ACTCTGATGGGCATGTGCTG-3’ (R); c-Met
cDNA (173 bp), 5>-GCAGGTTGTGGTTTCTCG-3’ (F)
and 5-TGCAGCCCAAGCCATTCA-3" (R); and B-actin
cDNA (125 bp), 5-CGGGAAATCGTGCGTGAC-3’
(F) and 5>~AGGCAGCTCGTAGCTCTTCT-3’ (R). The
cDNA equivalent of 50 ng of the original RNA was
used in the PCR. The 50 pl reactions for MACC1 or
c-Met were run for 40 cycles as follows: predenaturation
at 95 C for 30 s, denaturation at 95 ‘C for 5 s, annealing
and extension at 60 ‘C for 30 s. The target mRNA was
normalized to the corresponding -actin signal. Measure-
ments were performed in triplicate.

Assessment of MACC1 and c-Met in HCC by
immunohistochemistry

Paraffin-embedded tissues from tresected tumor and non-
tumor tissues or biopsied tumor samples were cut for
serial microtome sections with 4 pum thickness. After he-
matoxylin and eosin staining, the samples were assessed
by two independent pathologists using Edmondson
criteria”. Samples were classified as: well differentiated,
corresponding to Edmondson’s Grade I or I -1I; mod-
erately differentiated, corresponding to Edmondson’s
Grade II or II-II; or pootly differentiated, correspond-
ing to Edmondson’s Grade 1l or II-1IV.

Two additional serial sections from each individual
were prepared for MACC1 and c-Met immunohisto-
chemical staining. Monoclonal rabbit anti-human anti-
body against MACC1 (1:50; Sigma, United States) and
rabbit anti-human antibody against c-Met (1:250; Abcam,
Hong Kong) wete used. Detection of MACC1 and c-Met
was carried out with 3-amino-9-ethylcarbozole (AEC;
Zhongshan Bio, China) and diaminobenzidine (DAB; R
and D Systems, United States), respectively. Positive stain-
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ing was indicated by a prominent brownish or red pig-
mentation. In each case, a negative control was prepared
using phosphate buffered saline as the first antibody to
ensure the specificity of immunostaining,

The extent of positive staining for MACC1 was scored
as follows"™: 0, < 10%; 1, > 10%-25%; 2, > 25%-50%;
3, > 50%-75%; and 4, > 75%. The intensity of the special
staining was scored as follows: 0, negative; 1+, weak; 2+,
moderate; and 3+, strong. The final score was obtained by
multiplying the extent scores and intensity scores, which
produced values in a range from 0 to 12. Scores from 9-12
were defined as a strong staining pattern (++), scores
from 0-4 were defined as negative expression (-), and
scores from 6-8 were defined as an intermediate staining
pattern (+). All the staining was evaluated and character-
ized by two independent pathologists.

Serological assays

Hepatitis B surface antigen (HBsAg), anti-HBs, HBeAg,
anti-HBe and anti-HBc were detected using a commer-
cially-available kit (Roche Diagnostics, United States) and
electrochemiluminescence immunoassay analyzers (E170;
Modular Analytics, Roche Diagnostics). HBV DNA was
extracted from 200 pl. of plasma sample from each study
participant using a High Pure Viral Nucleic Acid Kit
(Roche Diagnostics Applied Science, Germany) and fol-
lowing the manufacturer’s instructions. The viral titer and
genotype of HBV were determined by a real-time PCR-
based method that used fluorescent hybridization probes
and a LightCycler PCR machine (Roche Diagnostics).
This method consisted of two steps that were carried
out in a single tube: the first step used real-time PCR to
quantify the viral DNA and the second step used melting
curve analysis of the final PCR product to genotype the
virus. Details of the design and experimental conditions
of this assay are available from the manufacturer. This as-
say showed a broad linear distribution for HBV titers that
ranged from 10” to 10" copies/mlL, with a lower detec-
tion limit of 1-5 x 10° copies/mlL..

Statistical analysis

The primary endpoint of the study was tumor-free sur-
vival (TFS) and the secondary endpoint included overall
survival (OS) and follow-up for over 48 mo. TEFS was
calculated from the date of resection to the date when
tumor recurrence was diagnosed. OS was calculated from
the date of commencement of resection to the date of
death or last follow—upm. All statistical analyses were
performed with SPSS version 16.0 software. Continuous
data were expressed as median and range. A comparison
between the groups was performed using the y” test. Sur-
vival rates were estimated by the Kaplan-Meier method
and compared by the log rank test. The Cox proportional
hazards model was used to determine the independent
factors on sutrvival and recurrence, based on the variables
selected in univariate analysis. P < 0.05 was considered
statistically significant.

June 21, 2012 | Volume 18 | Issue 23 |



Qu JH et a/. MACCL1 in hepatocellular carcinoma

RESULTS

Increased intratumoral MACC1 mRNA is related to HCC
progression

We analyzed the MACC1 mRNA levels in surgically-
resected samples from 234 patients at BCLC stage A or
stage B and in biopsied tumor tissues from 120 patients
at BCLC stage C. MACC1 mRNA in tumor tissues
was found to be increased gradually with the stage of
HCC progtression (Figure 1A and B). The intratumoral
MACC1 mRNA levels detected in samples from HCC
stage A (0.002281 = 0.001972), B (0.003031 £ 0.003451)
and C (0.009015 £ 0.004972) were about 3-, 4- and
14-fold higher than that in normal liver tissues (0.000592
+ 0.0000451), respectively. We next performed a paired
comparison of gene expression for the 234 patients at
stage A and stage B, for which we had matched tumor
tissues and adjacent non-tumor liver tissues. The ratio of
MACC1 mRNA in cancerous tissue relative to that of the
matched paratumors (the T:N ratio) was about 5.4-fold
higher in the stage B group than in the stage A group (1.25
+ 0.3 »5 0.23 £ 0.05, P = 0.009; Figure 1C). Thus, these
data indicated that the MACC1 mRNA level in HCC tu-
mors was associated with tumor progression.

We next determined the protein levels of MACCI in
tumor and paratumor tissues by analyzing immunohisto-
chemistry scores. MACC1 protein levels were found to be
significantly higher in malignant tissues than in paratumor
tissues or normal liver tissues (both, P < 0.001). Com-
patred with the corresponding petitumor tissue or normal
liver tissues, tumors from 30 of 138 (22%) patients at
stage A, 40 of 96 (41.6%) at stage B, and 80 of 120 (67%)
at stage C displayed increased MACC1 expression (Figure
1D). Tumor cells demonstrated mild to strong positive
MACCT cytoplasmic staining (++) and apparent nuclear
signals in some cases (Figure 1E).

Intratumoral MACC1 mRNA level correlates with clinical
parameters in HCC patients

Patients with HCC (» = 354) were divided into two groups
according to the median intratumoral MACC1 mRNA
levels. The first group was composed of low intratumoral
MACCT mRNA (< 0.006732; range: 0.000050-0.036147)
and the second of high intratumoral MACC1 mRNA (=
0.006732; range: 0.000050-0.036147). Following compara-
tive analysis of these two groups, intratumoral MACC1
mRNA level was found to be associated with HCC clinical
staging, age, portal vein invasion and tumor differentiation.
However, no significant correlation was found between
the intratumoral MACC1 mRINA level and gender, lesion
number, o-fetoprotein level or Child-Pugh class (Table 2).

Intratumoral MACC1 expression is correlated with
¢c-MET mRNA levels in HCC patients

c-Met is a well-known proto-oncogene and transcrip-
tional target of MACCI1. We next investigated whether
overexpression of MACC1 corresponded to increased
transcription of c-Met in HCC tissues. We found that
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intratumoral c-Met mRNA levels were consistent with
the extent of MACCI expression and wetre up-regulated
in conjunction with tumor progression of HCC (P < 0.01;
Figure 1A and B). In the 234 HCC patients with stage A
and stage B, the expression of c-Met was increased in the
105 patients with high MACCI1 expression, but decreased
in the 129 patients with low MACC1 expression (0.058561
T 0.017539 vs5 0.024734 £ 0.018754, P = 0.041; Figure 2A).
Among these 234 patients, 67 (28.6%) displayed elevated
expressions of both MACC1 and c-Met, 93 (39.7%)
had low expressions of both MACC1 and c-Met, and
38 (16.2%) had a high expression of MACCI but a low
expression of c-Met, while 36 (15.4%) had a high expres-
sion of c-Met but low expression of MACC1. MACC1
mRNA level was closely correlated with the correspond-
ing intratumoral c-Met mRINA expression (» = 0.360, P <
0.001) (Figure 2B).

Further analysis of the 234 patients found that HCC
patients with both MACC1 and c-Met high intratumoral
co-expression had a median OS of 32 mo [95% confidence
interval (CI): 25-41]. In contrast, those with both MACC1
and c-Met low intratumoral expression had a median OS
of 48 mo (log-rank, P < 0.001; Figure 2D). Likewise, the
patients with both MACC1 and c-Met high intratumoral ex-
pression had significantly shorter median TFS (28 mo, 95%
CI: 22-33 mo) than those with both MACC1 and c-Met low
expression (48 mo, log-rank P < 0.001; Figure 2C).

Increased intratumoral MACC1 expression is predictive
of high risk of recurrence and poor survival in
postoperative HCC patients

We followed up the 234 patients (stage A and stage B)
after resection for a median of 30 mo (range: 6-48 mo).
Seventy-nine of the 105 HCC patients (75.2%) with high
intratumoral MACC1 mRNA levels experienced recur-
rent tumors, and 34 cases had extrahepatic metastasis.
The 1-, 2- and 3-year recurrence-free survival rates were
81%, 67% and 39%, respectively. In contrast, only 41 of
the 129 (31.8%) patients with low intratumoral MACC1
expression experienced recurrence, and 12 of those had
extrahepatic metastasis. The 1-, 2- and 3-year TFS was
92%, 88% and 82%, respectively. Compared to those
with low intratumoral MACC1 expression, patients with
high intratumoral MACC1 had signicantly high rate of
recurrence and extrahepatic metastasis (both, P < 0.001).
Generally, the HCC patients with high intratumoral
MACCT mRNA levels had a significantly shorter median
TES (34 mo, 95% CI: 30-37 mo) than those with low in-
tratumoral MACC1 mRNA levels (48.0 mo, log-rank P <
0.001; Figure 3A). In addition, post-resected patients with
low intratumoral MACC1 expression had a median OS
of 48 mo, while those with high intratumoral MACC1
expression had 40 mo (95% CI: 34-45 and log-rank P <
0.01; Figure 3B). A total of 152 patients with a ratio of T:
N MACC1 expression < 1 had a median TFS of 48 mo,
compared to 36 mo (95% CI: 25-47) for the 82 patients
who had a ratio = 1 (log-rank, P < 0.001; Figure 3C).
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Figure 1 Analysis of metastasis-associated in colon cancer 1 and c-Met expression in liver tissues. A: Representative metastasis-associated in colon cancer 1
(MACC1) and c-Met mRNA in intratumoral [T: T1 as hepatocellular carcinoma (HCC) stage A, T2, T3 as HCC stage B] and matching paratumor tissues (N: N1, N2 and
N3) and normal liver tissues (C) by reverse-transcription polymerase chain reaction (RT-PCR); B: Comparison of MACC1 and c-Met expression levels in 10 normal
liver tissue, and HCC with stage A (n = 138), stage B (n = 96), stage C (n = 120) by real-time quantitative-PCR; C: The ratio for MACC1 mRNA levels in HCC stage A
and stage B tumor tissues relative to matching paratumor tissues; D: Comparison of the intratumoral and peritumoral MACC1 expression in HCC stage A and stage
B, as determined by immunohistochemistry; E: Inmunohistochemical staining of MACC1 expression in HCC. a-c: MACC1 and c-Met expression in tumor and match-
ing paratumor tissues in one same HCC patient (x 200). a: HE showed the tumor and paratumor cells; b: MACC1 expression was higher in tumor cytoplasm than in
paratumor cells; c: c-Met was expressed on the tumor cell membrane, but no staining on nontumor liver cell membrane; d-f: Representative expression of MACC1 in
HCC tumor tissues (x 400). d: MACC1 positive staining occurred mainly in the cytoplasm; e: Nuclear staining of MACC1 in cancer cells; f: Relatively weak staining of
MACC1 in an early stage HCC cancer cells, as compared to paratumor cells.

Patients with a ratio of T:N MACCI expression < 1 had Univariate statistical analysis showed that the TEFS
a median OS of 48.0 mo, compared to 41 mo (95% CI: was associated with intratumoral MACC1 expression,
36-45) for those with a ratio of T:N MACC1 expression and recurrence-free survival was related to tumor num-
= 1 (log-rank, P < 0.001; Figure 3D). ber, tumor differentiation, MACC1 expression, and co-
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Variable Cases MACC1 MACC1 P
(n = 354) mRNA high mRNA low
expression expression
group group

Gender 0.214
Male 306 157 (88.7) 149 (84.2)

Female 48 20 (11.3) 28 (15.8)

Age (yr) <0.001
=55 185 70 (39.5) 115 (65.0)
<55 169 107 (60.5) 62 (35.0)

Tumor size (cm) 0.087
=3 196 90 (50.8) 106 (59.9)
<3 158 87 (49.2) 71 (40.1)

Tumor thrombus 0.007
Yes 120 72 (40.7) 48 (27.1)

No 234 105 (59.3) 129 (72.9)

Tumor number 0.356
Single 246 119 (67.2) 127 (71.8)
Multinodular 108 58 (32.8) 50 (28.2)

Stage 0.007
Early-middle 234 105 (59.3) 129 (72.9)
Advanced 120 72 (40.7) 48 (27.1)

Differentiation <0.001
High 92 21 (11.9) 71 (40.1)

Moderate 154 92 (52.0) 62 (35.0)
Low 108 64 (36.1) 44 (24.9)

AFP 0.056
< 400 184 83 (46.9) 101 (57.1)
> 400 170 94 (53.1) 76 (42.9)

HBeAg 0.190
Positive 136 62 (35.0) 74 (41.8)

Negative 218 115 (65.0) 103 (58.2)

HBV DNA 0.159
Positive 211 99 (55.9) 112 (63.3)

Negative 143 78 (44.1) 65 (36.7)

Child-Pugh 0.326
A 217 104 (58.8) 113 (63.8)

B 137 73 (41.2) 64 (36.2)

HBV: Hepatitis B virus; MACC1: Metastasis-associated in colon cancer 1;
AFP: a-fetoprotein; HBeAg: HBV e antigen.

expression of MACC1 and c-Met. The median OS was
associated with Child-Pugh class, score from Eastern
Cooperative Oncology Group performance status scale
(ECOG PS), tumor differentiation, MACC1 mRNA lev-
els, co-expression of MACC1 and c-Met, tumor number,
and tumor size. Further multivariate analysis using the
Cox hazards model revealed that a high MACC1 expres-
sion or co-expression with c-Met was an independent
poor prognostic factor for TFS and OS. The combined
expression of both MACC1 and c-Met increased these
prognostic values, as compared to MACC1 overexpres-
sion alone (Table 3).

DISCUSSION

Consistent with the multifactorial aetiology of HCC and
the long latent period of tumor formation, a large variety
of cancer genes are involved in the multistep process of
human hepatocarcinogenesismj. In order to identify suit-
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able prognostic markers and therapeutic targets, it is es-
sential to analyze gene expression and proteomic changes
by evaluating a large series of HCC patients and samples
at different disease stages. Moreover, since metastasis or
recurrence is the major cause of death of postoperative
HCC patients, early identification of subjects at high-risk
for either of these processes is necessary to improve OS
rates. The clinical factors related to tumor invasiveness,
such as tumor size, number, histological type and vessel
invasion, are considered the most related to risk for re-
currence and the most useful for prediction of HCC pa-
tient outcome! . Molecular biology studies have iden-
tified many biological factors that may act as potential
tumor prognostic markers. The fact that HCC metastasis
is a multistep process involving many factors” > has led
to attempts to develop a panel of multiple biomarkers
that will facilitate tumor diagnosis and prediction of tu-
mor metastasis and recurrence.

MACCT was recently identified as being involved in
metastasis of colon cancers, presumably by up-regulating
c-Met transcription. Thus, to elucidate the MACCI1-
related mechanism of HCC and identify potential targets
for molecular-based therapies we investigated the expres-
sion of MACC1 and c-Met in HBV-induced HCC.

We determined that intratumoral MACC1 expression
was significantly up-regulated in most of the late stage
HCC tissues examined. We further found that MACC1
overexpression was associated with higher c-Met expres-
sion in HCC and the intratumoral MACC1 mRNA level
alone or in combination with that of c-Met can serve as
an independent predictive factor for recurrence and sut-
vival of postoperative HCC patients.

We statistically analyzed the correlation of intratu-
moral MACC1 mRNA levels and clinical parameters of
HCC patients. High intratumoral MACC1 mRNA levels
were significantly associated with clinical stage, age, vessel
invasion, and tumor differentiation. MACC1 mRNA lev-
els were found to gradually increase with the progression
of HCC, especially at the advanced HCC stage, and this
process was accompanied by invasion of the portal vein.
Shirahata e7 a/*" also showed that MACC1 expression was
significantly correlated with vascular invasion, as it was
in our study. Furthermore, intratumoral MACC1 protein
was localized mainly in the cell cytoplasm, where the lev-
els increased from low to robust in conjunction with tu-
mor progression, indicating that MACC1 may represent
an effective biomarker of tumor progression. Previous
studies in colon cancers had also found that intratumoral
MACC1 was up-regulated, as compared to levels de-
tected in matched peritumoral or normal colon mucosa,
regardless of tumor stage classification™. In our study
of hepatic cancer, we found that the paratumor livers in
some HCC patients had a relatively strong expression of
MACCIT; this was especially the case for those patients
with TFS shorter than 6 mo after resection, implying
that the pathogenesis of HCC and colon cancers is likely
distinct. However, considering that all of the patients ex-
amined in our study had a background of chronic HBV
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Variables TFS oS
Univariate P Multivariate Univariate P Multivariate
Hazard ratios 95% CI P Hazard ratios 95% CI P

Child-Pugh (A/B) 0.184 NA NA NA 0.034 1.342 1.016-1.747 0.041
Tumor differentiation 0.037 1.213 0.743-1.980 0.441 0.038 1.133 0.683-1.679 0.624
(high/intermediate/low)

Tumor number (= 2/1) 0.021 1.012 0.675-1.517 0.354 0.040 1.107 0.732-1.575 0.630
ECOGPS (0/1/2) 0.078 NA NA NA 0.045 1.079 0.893-1.530 0.679
MACC1 (low/high) <0.001 1.489 1.071-1.801 0.013 <0.001 1.508 1.079-1.835 0.012
MACCI1 and c-Met expression <0.001 1.929 1.207-3.083 0.006 <0.001 1.539 1.172-2.208 0.010

(both/one)

TFS: Tumor-free survival; OS: Overall survival; ECOG PS: Eastern Cooperative Oncology Group Performance Status Scale; MACC1: Metastasis-associated

in colon cancer 1; NA: Not applicable.
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Figure 2 c-Met expression and correlation with metastasis-associated in colon cancer 1 in 234 hepatocellular carcinoma patients received resection. A:
Comparison of c-Met expression level in hepatocellular carcinoma (HCC) patients with high or low intratumoral metastasis-associated in colon cancer 1 (MACC1)
mRNA expression; B: c-Met level from 234 HCC patients receiving resection specimens were plottered against MACC1 levels from the same patients. Linear regres-
sion analysis showed a significant positive correlation between c-Met and MACC1 (r = 0.360, P < 0.001); C: Kaplan-Meier analysis of MACC1 and c-Met co-expres-
sion effects on tumor-free survival; D: Kaplan-Meier analysis of MACC1 and c-Met co-expression effects on overall survival.

infection and liver cirrhosis, it is possible that the above-
mentioned difference is due to the chronic hepatitis B
infection.

Based on our immunohistochemistry data, the over-
expression rates of MACC1 in HCC ranged from 22%
to 67% in patients at different stages. MACCI staining
occurred mainly in the cytoplasm of non-cancerous or
cancerous cells, but some cancerous cells showed signifi-
cantly strong MACCI staining in the nucleus. Studies in
colon cancer have also identified MACCT in the nuclear
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3001

compartment of cancerous cells. It has been theorized
that nuclear localization of MACCI in conjunction with
high c-Met levels contribute to the later development of
distant metastases'. The actual clinical significance of the
nuclear translocation of MACC1 in HCC requires further
investigation.

It has been well documented that MACC1 binds to
the c-Met promoter, and this transcription regulation
event is crucial for tumor metastasis as induced by HGF/
c-Met signahng[()]. A regulatory feedback mechanism ex-
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Figure 3 Metastasis-associated in colon cancer 1 expression level associated with outcomes of hepatocellular carcinoma patients receiving resection. A,
B: Kaplan-Meier estimates of metastasis-associated in colon cancer 1 (MACC1) expression effects on tumor-free survival (TFS) (A) and overall survival (OS) (B); C, D:
Kaplan-Meier estimates of ratio of T.N MACC1 expression effects on TFS (C) and OS (D).

ists in that HGF is able to promote the translocation
of MACCI1 to the nucleus, where MACC1 controls the
promoter activity and hence expression of c-Met, thereby
regulating c-Met-mediated signah'ng[(’]. Our data showed
that c-Met mRNA in intratumoral tissues was significant-
ly higher than that in peritumoral tissues. Co-expression
analysis showed a high consistency of MACC1 and c-Met
mRNA in HCC tumors. Further investigation is requited,
however, to confirm whether MACC1 directly drives
c-Met expression in HCC.

Previous studies on primary colon cancers indicated
that the negative and positive predictions of MACC1
mRNA levels for distant metastases were 80% and 74%,
respectivelyls’w. MACCIT can induce migration, invasion
and proliferation of cultured cells” and can promote
metastasis of tumor cells into liver and lung in various
xenograft models. A current study in lung adenocarci-
noma demonstrated that MACC1 overexpression was
associated with postoperative recurrence™. In the pres-
ent study, follow-up of 234 stage A and stage B HCC pa-
tients who received curative therapy revealed that a high
intratumoral MACC1 expression level is correlated with
a high rate of recurrence and extrahepatic metastasis.
The median TFS and OS were much shorter in patients
with high expression of both MACC1 and c-Met. High
expression of intratumoral MACC1 was predictive of a
poor outcome of HBV-related HCC, but when combined
with high c-Met expression the predictive value for recur-
rence and metastasis increased.
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Collectively, our data showed that intratumoral
MACC1 expression is closely associated with tumot pro-
gression in HBV-induced HCC. Furthermore, elevated
expression of MACC1 was statistically associated with
poor outcome of these patients, suggesting that MACC1
is a novel predictor for recurrence and metastasis of post-
operative HCC patients.
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Background

Due to metastasis or recurrence is the major cause of death of postoperative
hepatocellular carcinoma (HCC) patients, early identification of subjects at high-
risk for either of these processes is necessary to improve overall survival rates.
It has been known that hepatocarcinogenesis is a complex process associated
with the accumulation of multiple genetic and epigenetic changes during the
initiation, progression and maturation, and molecular biology studies have iden-
tified many biological factors that may act as potential tumor prognostic mark-
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ers, in the hope of developing effective preventative measures and improved
treatment strategies.

Research frontiers

The metastasis-associated in colon cancer 1 (MACC1) gene was identified by
a genome-wide screen of human colon cancer samples, and its expression
was closely related to the metastasis of colon cancers. Further studies have
revealed that MACC1-induced tumorigenesis is correlated with enhanced hepa-
tocyte growth factor/c-Met signaling.

Innovations and breakthroughs

The clinical significance of MACC1 overexpression in HCC and of the correla-
tion between MACC1 and the c-Met signaling remain unknown. In the present
study, authors sought to determine the expression levels of MACC1 in HBV-
related HCC at different disease stages and analyze its correlation with clinical
outcome. In addition, the authors evaluated the related levels of its transcrip-
tional target, c-Met. The research indicated that MACC1 expression levels rep-
resent an effective prognostic factor for HBV-related HCC patients who undergo
hepatectomy. The data showed that intratumoral MACC1 expression is closely
associated with tumor progression in HBV-induced HCC. Furthermore, elevated
expression of MACC1 was statistically associated with poor outcome of these
patients.

Applications

The study results implied that the MACC1 is a novel predictor for recurrence
and metastasis of postoperative HCC patients.

Terminology

The MACC1 was recently identified as being involved in metastasis of colon
cancers, presumably by up-regulating c-Met transcription.

Peer review

The research is very important and the result is exciting and there is some clini-
cal value, that is, intratumoral MACC1 expression may serve as a biomarker to
predict recurrence or metastasis of postoperative HCC. The manuscript has a
certain readability.
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