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Abstract: This study aims to evaluate the methylation of a disintegrin and metallo-proteinase with thrombospondin
type 1 motif, 9 (ADAMTS9) promoter and its effect on the protein expression in hepatocellular carcinoma (HCC). The
methylation of the ADAMTS9 promoter in HCC cell lines Hep-G2 and SMMC-7721 and in tissues from 132 cases of
HCC, the corresponding adjacent tissues, and 15 normal hepatic tissues was detected by methylation specific poly-
merase chain reaction (MSP). Expression of ADAMTS9 in the tissues from 78 cases of HCC and the corresponding
pericarcinous tissues was tested by immunohistochemistry. Methylation or semi-methylation of the ADAMTS9 pro-
moter was found in the Hep-G2 and SMMC-7721 cell lines. The positive rate of methylation in HCC tissues (66.67%)
was significantly higher than in the adjacent tissues (29.55%) and normal tissues (0%, P=0.000). The positive rate
of ADAMTS9 methylation was associated with partial tumor thrombus (PTT) (P=0.029) and the clinical stage of
disease (P=0.008). However, the positive rate of ADATMS9 expression in cancer tissues (32.89%) was significantly
lower than that in adjacent liver cirrhotic tissues (71.05%) and normal liver tissues (90%, P=0.000). The rate of
ADAMTS9 methylation was inversely related to that of its gene expression. Patients with positive ADAMTS9 meth-
ylation had worse survival outcomes than the negative group (P=0.002). COX multivariate analysis indicated that
ADAMTS9 methylation was an independent prognostic factor in predicting postoperative survival of HCC patients
(P=0.013). Aberrant methylation is an important mechanism for ADAMTS9 inactivation in HCC. ADAMTS9 methyla-
tion may be a promising biomarker for HCC prognosis.
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Introduction oncogene promoter is an early event in the
occurrence of HCC, and it is associated with

Hepatocellular carcinoma (HCC) is a common the prognosis [5].

malignancy that seriously endangers human

health and is the second leading cause of can-
cer death in China [1, 2]. Although the main
cause of HCC has been identified, the molecu-
lar mechanism of the pathogenesis of HCC
has not been elucidated. It is generally be-
lieved that a number of genetic changes are
involved in the occurrence and development
of HCC, such as chromosomal abnormalities,
gene amplification and mutation, and epigene-
tic changes [3]. Previous studies showed that
the recurrence of epigenetic changes in HCC,
for example, the hypermethylation of CpG, was
also an important mechanism of anti-oncogene
inactivation [4]. Methylation of CpG in the anti-

A disintegrin and metallo-proteinase with th-
rombospondin motifs (ADAMTS) family com-
prise new types of metalloproteinase that are
dependent on Zn?" and widely exist in mam-
mals. Nineteen members of the ADAMTS fa-
mily were found in humans. The known func-
tions of ADAMTS family include dissolution of
the extracellular matrix, regulating hemostasis
and adjustment of angiogenesis [6], and it also
plays an important role in the occurrence and
development of tumors [7]. A disintegrin and
metallo-proteinase with thrombospondin type
1 motif, 9 (ADAMTS9) is a new member of the
ADAMTS family, and has been shown to be a
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new tumor-inhibiting factor in the growth of
esophageal squamous cell carcinoma [8, 9].
Hypermethylation of the ADAMTS9 gene pro-
moter region occurs in the tissues of nasopha-
ryngeal carcinoma, gastric cancer, colon can-
cer, esophageal squamous cell carcinoma, and
pancreatic cancer, and it is related to the occur-
rence and development of these cancers [10,
11]. However, the effect of methylation of
ADAMTS9 on HCC has not yet been defined.

In this study, the methylation status of the DNA
promoter region of the ADAMTS9 gene and its
role in the expression of ADAMTS9 protein in
HCC cell lines and fresh liver tissues were eval-
uated. In addition, an analysis was performed
to examine the influence of the ADAMTS9 gene
on the occurrence and development of HCC,
and to explore the importance of ADAMTS9
gene methylation in predicting the progression
and prognosis of HCC.

Materials and methods

Cell culture and 5-Aza-2’-deoxycytidine treat-
ment

SMMC-7721 and Hep-G2 cell lines were ob-
tained from the Cancer Research Institute of
Beijing (Beijing, China). The Hep-G2 cell line
was cultured in RPMI-1640 medium (Gibco
BRL, Rockville, MD, USA) supplemented with
10% fetal bovine serum and 100 U/mL each of
penicillin and streptomycin. The SMMC-7721
cell line was cultured in Dulbecco’s modified
Eagle’s medium (DMEM) (Gibco BRL, Rockville,
MD, USA) supplemented with 10% fetal bo-
vine serum and 100 U/mL each of penicillin
and streptomycin. The two cell lines were in-
cubated in 5% CO, at 37°C. When the cell
number reached 10° cells/ml, the cells were
digested with 0.25% trypsin-EDTA. Cells were
cultured for 24 h after digestion and then the
medium was replaced by medium containing
10 yM/mL 5-Aza-2’-deoxycytidine (5-Aza-CdR)
(Aza; Sigma-Aldrich, St. Louis, MO, USA). Twenty-
four hours later, medium with serum and with-
out 5-Aza-CdR was used to culture the cells
for another 72 h. Cells were collected after
reaching the logarithmic growth phase.

Patients and clinical specimens
One hundred thirty two patients who under-

went surgical resection for HCC in the Fourth
Hospital of Hebei Medical University (Shijia-
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zhuang, China) between April 2009 and January
2011 were enrolled in this study. There were
113 males and 19 females, ages 23-78 years
old (54.2949.78). The range of the diameter of
tumors studied was 0.5~25 cm, with 123
tumors of grade A, and 9 of grade B and C.
According to American Joint Committee on
Cancer (AJCC) standard [12], among the 132
patients, there were 40 cases of stage |, 76
cases of stage Il, 15 cases of stage lll, and 1
case of stage IV disease. Patients in the study
were not treated with other adjuvant therapies.
This study was conducted in accordance with
the declaration of Helsinki. This study was con-
ducted with approval from the Ethics Committee
of Fourth Hospital of Hebei Medical University.
Written informed consent was obtained from all
participants.

Medical history, laboratory findings, and patho-
logical data of patients were collected, and
then the patient status was confirmed in a fol-
low-up telephone call or letter during the follow-
up period. Survival time was calculated from
the first day after operation to death or the end
of follow-up period, setting months as the unit
of measure. The deadline of the follow-up peri-
od was February 2013.

A total of 279 specimens including 132 HCC
tissues with corresponding adjacent cirrho-
tic tissues, and 15 normal liver tissues were
obtained. Adjacent liver cirrhotic tissue was
taken 2 cm from cancerous tissue, immediate-
ly frozen in liquid nitrogen and then transferr-
ed to a -80°C freezer for storage. Specimens
were embedded with paraffin and stained with
hematoxylin-eosin (HE). Two doctors of pathol-
ogy who provided a histodiagnosis examined
the stained tissues. Among the tissues exam-
ined, there were 25 tissues that exhibited high
differentiation, 21 that exhibited mild differen-
tiation, and 86 cases that exhibited poor differ-
entiation or were undifferentiated.

DNA extraction and sulfite treatment

The genomic DNA was extracted from the cell
lines or tissue samples using a DNA extraction
kit (Promega, Madison, USA). Pre-cooling nucle-
ar lysate (600 ul) was added to 10-20 mg tis-
sue samples, the samples were homogenated
for 10 s with the grinder, lysates was trans-
ferred into a 1.5 ml Eppendorf (EP) tube and
then incubated for 15-30 min at 65°C. Protein
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Figure 1. ADAMTS9 CpG island methylation analysis in hepatocarcinomar
cell line. A: The methylation status of tumor suppressor genes ADAMTSO.
Case 1: Methylated; Case 2: Hemi-Methylated; Case 3: Unmethylated. MA:
Marker; PC: Positive control; BC: Blank control; M: Methylated; U: Unmeth-
ylated. B: The methylation status of tumor suppressor genes ADAMTSO of
Hep-G2 and SMMC-7721 lines before treated with 5-Aza-cdR. PC: Positive
control; BC: Blank control; MA: Marker; M: Methylated; U: Unmethylated.
C: The methylation status of tumor suppressor genes ADAMTS9 of Hep-G2
and SMMC-7721 lines after treated with 5-Aza-cdR. PC: Positive control; BC:

Blank control; MA: Marker; M: Methylated; U: Unmethylated.

precipitation liquid (200 ul) was added, and the
tube was put it on ice for 5 min after mixing on
a vortex mixer. The samples were centrifuged
for 4 min at 13000-16000x%g, the supernatants
were transferred into microfuge tubes contain-
ing 600 pl isopropanol, and the samples were
mixed gently. The samples were centrifuged at
room temperature for 1 min until white precipi-
tates of DNA were visible, and then the super-
natants were carefully discarded. Seventy per-
cent ethanol (600 ul) was added to each sam-
ple and samples were centrifuged (13000-
16000xg) at room temperature for 1 min. The
supernatant liquid was discarded, samples
were dried on the filter paper, 100 ul DNA rehy-
dration solution was added, and DNA samples
were incubated at 4°C overnight. DNA samples
were stored at -2°C.
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20 min. Three hundred eighty
microliters of DNA process-
ing liquid containing bisulfite
and hydroquinone was add-
ed into the EP tube, 200 ul
of mineral oil was added to
the top, and the samples
were placed in a waterbath
at 50°C in the dark for 16 h.
The liquid under mineral oil
was removed, and 1 ml of
the DNA purified liquid was
processed using a DNA Puri-
fication Kit (Promega, Madi-
son, step USA) as previous
described [13]. Eleven microli-
ters of 3 M NaOH was add-
ed into the tube, and the
tube was incubated in a
water bath at 37°C for 15
min. Ammonium acetate (83
pl) and 485 pl ethanol was
added to the EP tube, and the
tube was frozen at -80°C for
30 min. The DNA pellet was
obtained by centrifugation at
12,000xg for 20 min, and the supernatant was
discarded. The pellet was washed with 200 pl
70% ethanol, centrifuged at 14000xg for 20
min and the supernatant was discarded. After
drying on filter paper, the DNA precipitation was
dissolved by adding 30 pl TE (1 M Tris-HCI
Buffer and 0.5 M EDTA) buffer and placed at
4°C overnight. The genomic DNA was stored at
-20°C for further experimentation within seven
days or at -80°C for use within one year.

Detection of ADAMTS9 methylation

Methylation-specific PCR (MSP) was carried
out for 38 cycles in a thermocycler (Master-
cycler5333) with annealing temperatures of
59.2°C for the methylated reaction and 57.1°C
for the unmethylated reaction. Methylation-spe-
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Figure 2. Morphological changes of Hep-G2 and SMMC-7721 cells before and after treated with 5-Aza-cdR. Before
treated with 5-Aza-CdR, Hep-G2 (A) and SMMC-7721 (B) cells were round or spindle type and the nuclei were round
or oval, the nucleolus was clear and patina was rich. It was easy to see the mitotic cells. After treated with 5-Aza-
CdR, the number of Hep-G2 (C) and SMMC-7721 (D) cells was less than that of the control, shrinkage was visible
and the lucency decreased. Nucleolus was not clear, and cell lysis fragments can be seen in the medium.

cific primers were: FBP1-MF-5-TTCGGTTAGTA-
TAGGGCGTTTGGCG-3" and FBP1-MRR-5-AAAA-
TCTCGCTACGAAAATCCCGTC-3'. Unmethylation-
specific primers were: FBP1-UF-5-TGTTTGTTT-
GTTGGGTATTATGTGG-3' and FBP1-UR-5-CCA-
ACTTTTAACTTTAAAAATCACT-3'. Human methyl-
ated and unmethylated DNAs were used as
controls to verify the specificity of the primers.

Immunohistochemistry

The specimens were fixed in 10% formalin and
embedded in paraffin. Five serial 4 ym sections
were cut from the tissue blocks. The deparaf-
finized sections were stained with the anti-
ADAMTS9 antibody (Sigma-Aldrich, St Lou-
is, MO, USA) at a dilution of 1:250 overnight at
4°C followed by incubation with a biotinylated
secondary anti-mouse IgG antibody for 1 h at
room temperature. The sections were subse-
quently incubated with horseradish peroxidase
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(HRP)-conjugated streptavidin and were devel-
oped using 3,3-diaminobenzidine (DAB). The
evaluation of ADAMTSO staining was performed
by two pathologists with no background on the
clinical data of patients as previously described
[14]. The percentage of positive tumor cells
was graded as follows: 0=0%, 1=1-25%, 2=26-
50%, 3=more than 50%. Immunostaining inten-
sity was rated as follows: O=none, 1=weak,
2=moderate, 3=intense. The specimen was
considered immunopositive if the score when
multiplying the percentage of positive cells with
the intensity score is equal to or greater than 1.

Statistical analysis

Using SPSS13.0 statistical software package
(SPSS Inc., IL, USA, Chicago) the following anal-
yses were performed: measurement data using
t test or non-parametric test, count data using
x2 test or Fisher exact probability method, sur-
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Table 1. Relationship between the ADAMTS9 DNA promoter methyla-
tion and the clinical characteristics in patients with hepatocellular

carcinoma

and completely non-methyl-
ated (Figure 1A).

ADMATS9

Clinical information methylation status

+

The growth status of HCC

Gender

Male 73 40

Female 15 4
Age (year)

<565 45 17

>55 43 27
Child classification

A 81 42

B+C 7 2
AFP (ug/L)

<200 62 34

>200 26 10
Tumor size (cm)

<5 17 11

>5 71 33
Portal vein tumor embolus

Yes 37 10

No 51 34
Tumor number

Single 73 37

Multiple 15 7
HBsAg

Positive 71 37

Negative 17 7
Tumor metastasis

Yes 27 11

No 61 33
Pathology differentiation level

Well differentiation 17 8

Moderate-poor differentiation 71 36
Clinical stage

I~ 82 34

I~V 6 10

Positive , cells and the methylation
rate X P status of ADAMTS9
(%)
1.506 0.220 Before treatment with 5-
64.60 Aza-CdR, Hep-G2 and SM-
78.95 MC-7721 cells were mor-
1.840 0.175 phologically round or spin-
72.58 dle type, the nuclei were
61.43 round or oval, the nucleo-
0.717 lus wgs clear and patina
65.85 was rich. .It yvas easy to
see the mitotic cells. After
s treatment with 5-Aza-CdR,
0.627 0.428 the number of cells was
64.58 less than that of the con-
72.22 trol, shrinkage was visible
0.567 0.452 and the lucency was de-
60.71 creased. The nucleolus was
68.27 not clear, and cell lysis frag-
4.774 0.029 ments could be seen in
78.72 the medium (Figure 2).
60.00 Before adding 5-Aza-CdR,
0.027 0.869 the DNA of HCC cell lines
66.36 Hep-G2 and SMMC-7721
68.18 was detected by MSP, whi-
0.229 0.632 ch showed the methylation
65.74 band of ADAMTSO. Hep-G2
70.83 cell DNA had a fully me-
0.462 0497 thylated band, and SMMC-
71.05 7721 cell DNA had a se-
64.89 mi-methylated band (Figure
' 1B). After adding 5-Aza-
0.025 0.875  (cyR, ADAMTS9 DNA meth-
68.00 ylation was not detected
66.36 and a non-methylated band
6.970 0.008 could be seen in two cell
70.69 lines (Figure 1C).
37.50

vival analysis using Kaplan-Meier method, sin-
gle factor analysis using Log-rank test, and mul-
tivariate analysis using COX model. P<0.05 was
considered as statistically significant.

Results
DNA methylation of ADAMTS9

The DNA methylation of ADAMTS9 gene had
three forms: fully methylated, semi methylated

9650

Comparison of methylation
status of ADAMTS9 pro-
moter region in different liver tissues

Positive rates of ADAMTS9 methylation in 132
HCC tissues and adjacent liver cirrhotic tissue
was 66.67% (88/132) and 29.55% (39/132),
respectively. The methylation of the DNA pro-
moter region was not found in normal liver tis-
sues. Comparison of positive rates in these
three groups was considered as statistical-
ly significant (P=0.000). The positive rate of

Int J Clin Exp Pathol 2016;9(9):9646-9656
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Figure 3. ADAMTSO9 expression by immunohistochemical detection in paraffin embedded HCC and adjacent tissues.
A: Cytoplasmic expression of ADAMTS9 in more than 50% cells with intense stain in carcinoma (original magnifica-
tion x400); B: Cytoplasmic expression of ADAMTS9 in more than 50% cells with moderate stain in adjacent tissue

of HCC (original magnification x400).

ADAMTS9 methylation in HCC was significantly
higher than that in adjacent liver cirrhotic tis-
sue (P=0.000).

Comparison of ADAMTS9 gene methylation
status and clinical pathological characteristics
of patients with HCC

The positive rate of ADAMTS9 methylation in
patients with portal vein tumor thrombus was
higher than that of patients without portal vein
tumor thrombus; the difference between them
was statistically significant (78.72% vs 60.00%,
P=0.029). The positive rate of DNA methylation
in patients with stage I-Il was higher than that
in patients with stage lll-IV (70.69% vs 37.50%,
P=0.008).

The positive rates of ADAMTS9 methylation
were not statistically significant (P>0.05, Table
1) in patients with different groups of clinical
and pathological characteristics such as gen-
der, age, Child-Pugh grade, a-fetoprotein (AFP)
level, tumor size, tumor number, HBsAg (hepati-
tis B virus surface antigen), with or without
metastasis and pathological differentiation.

Expression of ADAMTS9 protein in HCC tissues

Seventy-six HCC tissues and corresponding
adjacent cirrhotic tissues were examined for
expression of ADAMTS9 protein by immuno-
histochemistry. ADAMTS9 gene protein expres-
sion was determined by the appearance of
a brown yellow flake or granular stain in the
cytoplasm (Figure 3). In 76 cases of HCC, the
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positive expression rates of the protein was
32.89%. In the 76 samples of adjacent tis-
sue, 54 tissues showed ADATMS9 gene pro-
tein expression, and the expression rate was
71.05%. In normal liver tissues, 9 tissues exhib-
ited ADATMS9 gene protein expression, and
the expression rate was 90%. The difference
between these three groups was considered
as statistically significant (P=0.000), and the
positive rate of normal tissues and tumor ad-
jacent tissues were higher compared to can-
cerous tissues.

Comparison of ADAMTSO protein expression in
different clinical pathological characteristics

The difference of ADAMTS9 protein expression
between patients’ gender, age, Child-Pugh clas-
sification, AFP, tumor size, number of tumors
and the presence of HBsAg was not statistically
significant (P>0.05). However, the difference
between patients with or without metastasis,
patients with high differentiation and low differ-
entiation, and patients with stage I~Il and stage
I~V were statistically significant (P=0.041,
P=0.003, P=0.046, respectively) (Table 2).

Relationship between methylation of
ADAMTS9 and expression

In tissues with positive methylation of the AD-
AMTS9 gene promoter region, protein expres-
sion in 7 tissues was observed, (17.07%). In tis-
sues with negative methylation of ADAMTS9
gene promoter region, protein expression was
positive in 18 tissues (48.64%.) The difference

Int J Clin Exp Pathol 2016;9(9):9646-9656
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Table 2. Relationship between the ADAMTS9 protein expression
and the clinical characteristics in hepatocellular carcinoma

10 months and mean sur-
vival time was 12.50+0.93

ADMATSO protein Positive

months. The two-year surviv-
al rate of patients with nega-

Clinical information expression rate X2 P ) )
+ i (%) tive methylation was 50.0%,
median survival time was
Gender 0110 0.740 23 months and mean sur-
Male 21 44 3231 vival time was 19.61+1.19
Female 3 8 21.21 months. The difference was
Age (year) 3.498 0.061 statistically significant (P=
<55 16 21 43.24 0.002, Figure 4A).
>55 9 30 23.08 )
Child classification 0.777 0.378 Z?epai‘_’g::’sear_tﬁui"m'r rnie
i with tu -
gm 214 456 ig'é? tastas'is was 23.8% and was
) 42% in patients without tu-
AFP (ug/L) 1125 0.289 mor metastasis. The differ-
<200 10 2r 2703 ence between the rates was
>200 15 24 38.46 statistically significant (P=
Tumor size (cm) 0.497 0.481 0.036, Figure 4B). Gender,
<5 5 14 26.32 age, Child-Pugh grade, AFP
>5 20 37 35.09 value, tumor size, number of
Portal vein tumor embolus 0.356 0.551 tumors, presence of HBsAg
Yes 8 13 38.10 ?ndglmTl(;al stageli werﬁ anad—
yzed. e results showe
No o 38 30.90 that there was no statisti-
Tumor number 1.082 0.298 cal significance between the
Single 18 42 30.00 two-year survival rates when
Multiple 7 9 43.75 these parameters were com-
HBsAg 0.328 0.567 pared.
Positive 21 40 34.43
Negative 4 11 26.67 In order to analyze the inde-
Tumor metastasis 4.185 0.041 p(—:;nSednttprognostliIC fact.orsl
related to overall surviva
ves 4 20 16.67 of patients with HCC, gender,
No 21 31 4038 age, Child-Pugh grade, AFP
Pathology differentiation level 9.119 0.003 value, tumor size, number
Well differentiation 9 5 64.29 of tumors, presence of HB-
Miderate-poor differentiation 16 46 25.81 sAg, metastasis, differentia-
Clinical stage 3.987 0.046 tion degree, clinical stage
I~Il 16 43 27.12 and methylation of ADAMT-
N~V 9 8 52.94 S9 gene, an analysis using

between the two groups was statistically signifi-
cant (P=0.036). The rate of ADAMTS9 methyla-
tion was inversely related to that of gene

expression.

Relationship between the methylation status
of ADAMTS9 gene promoter region and the

prognosis of survival time

The two-year survival rate of patients with posi-
tive methylation of the ADAMTS9 gene promot-
er region was 29.5%, median survival time was

9652

COX was performed. Results
showed that the methylation
status of tumor suppressor gene ADAMTS9
was an independent factor for predicting the
survival time of patients with HCC (P=0.013)
(Table 3).

Discussion

Previous studies have indicated that ADAMTS9
inhibited tumor growth by inhibiting the forma-
tion of blood vessels [13, 15], and the methyla-
tion of the ADAMTS9 promoter was associated
with the occurrence of cancer [10, 11]. However,

Int J Clin Exp Pathol 2016;9(9):9646-9656
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Figure 4. Survival curves for OS of various subgroups HCC patients. A: A significant correlation pattern was detected
in patients when categorized into subgroups of positive and negative mathylation status of ADAMTS9 (P=0.002);
B: The OS was significantly different in subgroup of patients with metastasis and without metastasis (P=0.036).

Table 3. Multivariate analysis of prognostic factors associ-
ated with post-operational survival in HCC patients with the

Cox proportional hazard model

The methylation of ADAMTSS was
detected in 6 gastric cancer cell lines
(BGC823, MGC803, AGS, SNUT719,

Relative

YCCEL1 and Kato lll) [17] and myelo-

Factors risk 95%Cl  P-value ma cell line KM3 [18]. Being consis-
Gender 1210 06142385 0583 tent with the above results, our
Age 0.970 0.936-1.005 0.089 results revealed that the methylation
Child classification 0.987 0.3982.445 0.977 band of ADAMTS9 appeared both in
AFP 1334 0.803-2.218 0.266 SMMC-7721 and Hep-G2 cell lines,
) and the methylation bands disap-
Tumor size 1.150 0.640-2.066 0.641 peared after using 5-Aza-CdR which
Portal vein tumor embolus 1.091 0.665-1.788 0.730 also inhibited the growth of the cells.
Tumor number 1.077 0.588-1.972 0.809
HBsAg 1172  0.623-2.204 0.623 Based on the results in the HCC
Tumor metastasis 1401 0.855-2.297 0.181 cells, the methylation of ADAMTS9
Pathology differentiation level ~ 0.959  0.530-1.733 0.889 promoter region in other tissues was
Clinical stage 1.431 0.708-2.891 0.319 further examined. In this study, high
Methylation 0497 0.287-0.862 0.013 methylation rates were observed in

angiogenesis plays an important role in the
occurrence of HCC and is related to the ability
of HCC to invade and metastasize [16]. Thus, it
is predicted that methylation of ADAMTS9 may
have a certain effect on the occurrence, devel-
opment and prognosis of HCC. The methylation
status of HCC cell lines, SMMC-7721, Hep-G2,
and fresh HCC tissues with corresponding adja-
cent tissues was analyzed in this study first.
The findings demonstrated that high methyla-
tion of ADAMTS9 promoter region might be
involved in hepatocarcinogenesis, affect the
expression of ADAMTS9 gene, and be related to
the prognosis of HCC.
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88 cases among 132 cases of HCC
(66.67%) while abnormal methyla-
tion was found in tissues adjacent to the tu-
mor in only 39 of the 132 cases (29.55%), and
the incidence of CpG gene methylation in nor-
mal liver tissue was not detected. The inci-
dence of abnormal methylation of ADAMTS9
gene in normal liver tissue, liver cirrhosis, and
HCC tissues were gradually increased, suggest-
ing that methylation of ADAMTS9 promoter may
play a role in the progression from normal liver
tissue to cirrhosis to HCC. Zhang et al. [11]
studied tissues and corresponding adjacent
tissues from 100 cases of gastric cancer, and
70 cases of pancreatic cancer and found that
the positive methylation rate in gastric cancer

Int J Clin Exp Pathol 2016;9(9):9646-9656
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was 36% while only 2% in normal gastric tissue
and the rate was 57% colon cancer tissues and
1% in normal colonic tissues. Among 70 cases
of pancreatic cancer, the positive rate of
ADAMTS9 methylation was 47.14%, and 1.43%
in the corresponding normal tissues; the posi-
tive rate of ADAMTS9 methylation in the three
cancer tissues was significantly higher than
that in tissues adjacent to the tumor. Du et al.
[17] studied the methylation of ADAMTS9 in 72
gastric cancer tissues and 20 normal tissues.
The results showed that the positive rate of
ADAMTS9 methylation was 29.2%, and methyl-
ation of ADAMTSO did not occur in the normal
tissues. Results of this study indicated that the
positive rate of ADAMTS9 methylation in HCC
was significantly higher than that found in gas-
tric cancer and pancreatic cancer, which dem-
onstrated that the methylation of ADAMTS9
was more specific in HCC. These results sug-
gest that detection of ADAMTS9 methylation
can be used as a new indicator of diagnosis
and differential diagnosis of HCC.

The relationship between the methylation of
the ADAMTS9 gene and expression of protein
has not been reported in previous studies.
Most researchers were still focused on study-
ing the level of MRNA and studying the relation-
ship between the gene methylation and mRNA
expression [19, 20]. Peng et al. [18] found that
methylation of ADAMTS9 gene affected the
transcription, resulting in the decrease of
ADAMTS9 mRNA expression. In the previous
studies on other tumor suppressor genes such
as APC [21], P16 [22] and RIZ1 [23], it was
found that the methylation of the anti-onco-
gene promoter region could lead to the
decrease of gene protein expression. Detection
of ADAMTSO protein expression in liver tissues
showed that the positive rate of protein expres-
sion was 32.89% in HCC tissues and 71.05% in
tissues adjacent to the tumor; the protein
expression of ADAMTS9 was down-regulated in
HCC tissues. In addition, analysis of the rela-
tionship between the methylation and protein
expression of ADAMTS9 revealed that in HCC
tissues, the positive rate of ADAMTS9 methyla-
tion was higher, and the positive rate of protein
expression was lower. In tissues adjacent to the
tumor, the positive rate of ADAMTS9 methyla-
tion was lower, and the positive rate of protein
expression was higher. This reverse relation-
ship allows us to speculate that gene silencing
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caused by the methylation of ADAMTS9 pro-
moter is the reason for the down-regulation of
ADAMTS9 expression in HCC tissues. This
hypothesis was confirmed in gastric cancer,
multiple myeloma, and nasopharyngeal carci-
nomas. The silencing of ADAMTS9 gene was
caused by the methylation of promoter region
in cases of gastric cancer, multiple myeloma,
and nasopharyngeal carcinomas, which further
led to the formation of tumors [10, 17, 18]. In
HCC, the epigenetic regulation mechanism of
other tumor suppressor genes such as APC
[21], P16 [22], RIZ1 [23] were consistent with
the results of this study. All these finding
showed that the methylation of ADAMTS9 pro-
moter resulted in the occurrence of HCC.

Further analysis of the methylation status of
promoter region, ADAMTS9 expression and
parameters of clinical pathological parameters
showed that the positive rate of ADAMTS9 pro-
moter region methylation were different at dif-
ferent clinical stages and with or without partial
tumor thrombus. The positive rate of methyla-
tion in patients with partial tumor thrombus
was significantly higher than that of patients
without partial tumor thrombus; the partial
tumor thrombus was one of important factors
reflecting the invasion and metastasis of HCC
[24], which represented the severity of HCC.
The positive rate of methylation of patients at
stage I~Il was higher than that of patients at
stage llI~1V, indicating that the methylation of
ADAMTS9 promoter region was an early event
in the formation of HCC. The difference of
ADAMTS9 expression in HCC metastasis, dif-
ferentiation, and clinical stage was statistically
significant and consistent with the results in
nasopharyngeal carcinomas where it was found
that the expression of ADAMTS9 in the lymph
node metastasis group was absent or down-
regulated [10]. It was suggested that the meth-
ylation of ADAMTS9 promoter region might be
involved in the progression of HCC. Our study
also revealed that the methylation of ADAMTS9
promoter region was related to the survival rate
of HCC patients, which was consistent with the
conclusion of gastric cancer studies [17]. COX
analysis demonstrated that the methylation of
ADAMTSO promoter region was an independent
risk factor of poor prognosis in patients with
HCC, suggesting that the methylation of
ADAMTSO could be used as a prognostic indica-
tor in patients with HCC.

Int J Clin Exp Pathol 2016;9(9):9646-9656
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In summary, we determined that ADAMTSO is a
new tumor suppressor factor in HCC, and its
inactivation was associated with the methyla-
tion of promoter region. The methylation of
ADAMTS9 gene is related to the biological indi-
cators used in the prognosis of the patients
with HCC. The detection of ADAMTS9 gene
methylation is expected to be a new target for
the diagnosis and prognosis of HCC.

Acknowledgements

This study was supported by the Financial
Special Fund in Hebei Province (2012).

Disclosure of conflict of interest
None.

Address correspondence to: Sheng-Mian Li, Depart-
ment of Gastroenterology and Hepatology, Fourth
Hospital of Hebei Medical University, Shijiazhuang
050011, China. Tel: +86 311 86095342; Fax: +86
311 86077634; E-mail: shengmianli@126.com

References

[1] Bellissimo F, Pinzone MR, Cacopardo B and
Nunnari G. Diagnostic and therapeutic man-
agement of hepatocellular carcinoma. World J
Gastroenterol 2015; 21: 12003-12021.

[2] Chen M, Zhang J, Li N, Qian Z, Zhu M, Li Q,
Zheng J, Wang X and Shi G. Promoter hyper-
methylation mediated downregulation of FBP1
in human hepatocellular carcinoma and colon-
cancer. PLoS One 2011; 6: e25564.

[3] Nishida N and Goel A. Genetic and epigenetic
signatures in human hepatocellular carcino-
ma: a systematic review. Curr Genomics 2011;
12: 130-137.

[4] Nishida N, Nishimura T, Nagasaka T, lkai I,
Goel A and Boland CR. Extensive methylation
is associated with beta-catenin mutations in
hepatocellular carcinoma: evidence for twodis-
tinct pathways of human hepatocarcinogene-
sis. Cancer Res 2007; 67: 4586-4594.

[5] Nishida N, Kudo M, Nagasaka T, Ikai | and Goel
A. Characteristic patterns of altered DNA meth-
ylation predict emergence of human hepato-
cellular carcinoma. Hepatology 2012; 56: 994-
1003.

[6] Apte SS. Adisintegrin-like and metalloprotease
(reprolysin type) with thrombospondin type 1
motifs: the ADAMTS family. Int J Biochem Cell
Biol 2004; 36: 981-985.

[71 Rocks N, Paulissen G, ElI Hour M, Quesada
F, Crahay C, Gueders M, Foidart JM, Noel A
and Cataldo D. Emerging roles of ADAM and

9655

(8]

)

(10]

(11]

[12]

(13]

(16]

(17]

ADAMTS metalloproteinases in cancer. Biochi-
mie 2008; 90: 369-379.

Clark ME, Kelner GS, Turbeville LA, Boyer A,
Arden KC and Maki RA. ADAMTS9, a novel
member of the ADAM-TS/metallospondin gene
family. Genomics 2000; 67: 343-350.

Lo PH, Leung AC, Kwok CY, Cheung WS, Ko
JM, Yang LC, Law S, Wang LD, Li J, Stanbridge
EJ, Srivastava G, Tang JC, Tsao SW and Lung
ML. Identification of a tumor suppressive criti-
cal region mapping to 3p14.2 in esophageal
squamous cell carcinomaand studies of a
candidate tumor suppressor gene, ADAMTSO.
Oncogene 2007; 26: 148-157.

Lung HL, Lo PH, Xie D, Apte SS, Cheung AK,
Cheng Y, Law EW, Chua D, Zeng YX, Tsao SW,
Stanbridge EJ and Lung ML. Characterization
of a novel epigenetically-silenced, growth-sup-
pressive gene, ADAMTS9, and its association
with lymph node metastases in nasopharyn-
geal carcinoma. Int J Cancer 2008; 123: 401-
408.

Zhang C, Shao Y, Zhang W, Wu Q, Yang H,
Zhong Q, Zhang J, Guan M, Yu B and Wan J.
High-resolution melting analysis of ADAMTS9
methylation levels in gastric, colorectal, and
pancreatic cancers. Cancer Genet Cytogenet
2010; 196: 38-44.

Greene FL, Page DL, Fleming ID, Fritz A, Balch
CM, Haller DG and Morrow M, editors. AJCC
cancer staging manual. 6th edition. Chicago:
Springer; 2002. pp. 435p.

Lo PH, Lung HL, Cheung AK, Apte SS, Chan
KW, Kwong FM, Ko JM, Cheng Y, Law S,
Srivastava G, Zabarovsky ER, Tsao SW, Tang
JC, Stanbridge EJ and Lung ML. Extracellular
protease ADAMTS9 suppresses esophageal
and nasopharyngeal carcinoma tumor forma-
tion by inhibiting angiogenesis. Cancer Res
2010; 70: 5567-5576.

Li SM, Yao SK, Yamamura N and Nakamura T.
Expression of Bcl-2 and Bax in extrahepatic
biliary tract carcinoma and dysplasia. World J
Gastroenterol 2003; 9: 2579-2582.

Koo BH, Coe DM, Dixon LJ, Somerville RP,
Nelson CM, Wang LW, Young ME, Lindner DJ
and Apte SS. ADAMTSO is a cell-autonomously
acting, anti-angiogenic metalloprotease ex-
pressed by micro vascular endothelial cells.
Am J Pathol 2010; 176: 1494-1504.

Qi X and Guo X. Sorafenib for the treatment of
hepatocellular carcinoma with portal vein tu-
mour thrombosis: a systematic review of com-
parative studies. Prz Gastroenterol 2015; 10:
142-147.

Du W, Wang S, Zhou Q, Li X, Chu J, Chang Z,
Tao Q, Ng EK, Fang J, Sung JJ and Yu J.
ADAMTS9 is a functional tumor suppressor
through inhibiting AKT/mTOR pathway and as-

Int J Clin Exp Pathol 2016;9(9):9646-9656


mailto:shengmianli@126.com

(18]

[19]

[20]

[21]

Methylation of ADAMTS9 promoter in HCC

sociated with poor survival in gastric cancer.
Oncogene 2013; 32: 3319-3328.

Peng L, Yang Z, Tan C, Ren G and Chen J.
Epigenetic inactivation of ADAMTS9 via pro-
moter methylation in multiple myeloma. Mol
Med Rep 2013; 7: 1055-1061.

Bevitt DJ, Mohamed J, Catterall JB, Li Z, Arris
CE, Hiscott P, Sheridan C, Langton KP, Barker
MD, Clarke MP and McKie N. Expression of
ADAMTS metalloproteinases in the retinal pig-
ment epithelium derived cell line ARPE-19:
transcriptional regulation by TNFalpha. Bio-
chim Biophys Acta 2003; 1626: 83-91.

Zhou Y, Zhang E, Berggreen C, Jing X, Osmark
P, Lang S, Cilio CM, Goransson O, Groop
L, Renstrom E and Hansson O. Survival of
pancreatic beta cells is partly controlled by
a TCF7L2-p53-p53INP1-dependent pathway.
Hum Mol Genet 2012; 21: 196-207.

Csepregi A, Rocken C, Hoffmann J, Gu P, Sa-
liger S, Miller O, Schneider-Stock R, Kutzner N,
Roessner A, Malfertheiner P and Ebert MP.
APC promoter methylation and protein expres-
sion in hepatocellular carcinoma. J Cancer Res
Clin Oncol 2008; 134: 579-589.

9656

[22]

[23]

[24]

Huang J, Shen W, Li B, Luo Y, Liao S, Zhang W
and Cheng N. Molecular and immunohisto-
chemical study of the inactivation of the p16
gene in primary hepatocellularcarcinoma. Chin
Med J (Engl) 2000; 113: 889-893.

Zhang C, Li H, Wang Y, Liu W, Zhang Q, Zhang
T, Zhang X, Han B and Zhou G. Epigenetic
inactivation of the tumor suppressor gene
RIZ1 in hepatocellular carcinoma involves both
DNAmethylation and histone modifications. J
Hepatol 2010; 53: 889-895.

Zhang M, Wen JM, Xu JM, Wang WS, Hu L, Xie
D and Guan XY. Establishment and cytogenetic
characterization of a human hepatocellular
carcinoma cell strain from the embolus in por-
tal vein. Ai Zheng 2002; 21: 1203-1207.

Int J Clin Exp Pathol 2016;9(9):9646-9656



