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Background: Alpha-fetoprotein (AFP) is widely used to screen for hepatocellular carcinoma (HCC). However, the use of this
biomarker has been challenged due to its low sensitivity and high rate of false negatives. In this study, we eval-
uated the diagnostic capability of cyclin D2 (CCND2) promoter methylation in patients with HCC related to hep-
atitis B virus (HBV).

Material/Methods: Using methylation-specific PCR and quantitative real-time PCR, we measured methylation status and mRNA lev-
els of CCND2 in plasma and peripheral blood mononuclear cells (PBMCs) from 275 subjects: 75 patients with
chronic hepatitis B (CHB), 47 with liver cirrhosis (LC), 118 with HCC, and 35 healthy controls (HCs).

Results: The methylation rate of the CCND2 promoter was significantly higher in HCC patients than in patients without
HCC (P<0.001). Furthermore, advanced HCC (TNM I1I/1V) was associated with a significantly higher frequency
of CCND2 methylation and lower CCND2 mRNA levels than early-stage disease (TNM I/11; P<0.05). Combined
measurement of CCND2 methylation and AFP yielded significantly higher sensitivity and area under the curve
(AUC) than AFP alone in distinguishing patients with HCC from subjects with LC and CHB (P<0.001).

Conclusions: CCND2 methylation may be useful for predicting HCC progression. In addition, combined measurement of CCND2
methylation and AFP could serve as a non-invasive diagnostic marker for patients with HBV-related HCC.
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Background

Hepatocellular carcinoma (HCC), which constitutes the ma-
jority of liver cancers, is the second most common cause of
death from cancer around the world [1,2]. In China, HCC is
mainly caused by chronic hepatitis B virus (HBV) infection [3].
Although a multitude of diagnostic and therapeutic modali-
ties have been developed for HCC, the long-term prognosis
remains poor, and 5 year survival rates are low [4]. A combi-
nation of imaging technologies such as ultrasonography (US)
and determination of alpha-fetoprotein (AFP) levels is the
most widely used method for detecting HCC. However, sever-
al studies have shown that low sensitivity and high rates of
both false negatives and false positives limit the wide appli-
cation of serum AFP levels as a marker [5,6]. Farinati et al. re-
ported that only 54% of patients with HCC had abnormal se-
rum AFP levels in a large multicentric survey [7]. AFP has also
been questioned for its low specificity, because elevated AFP
levels are also found in pregnant women and in patients with
active hepatitis and embryonic carcinomas [8]. US-based de-
tection is affected by several factors, including the profes-
sional expertise of operators, the physical status of the pa-
tient, the presence or absence of cirrhosis, and tumor size [9].
A previous study demonstrated that US alone has a sensitiv-
ity of 32% for the diagnosis of early-stage HCC [10]. In addi-
tion, US cannot be used to visualize adequately the liver in
patients with a nodular liver and does not have the accura-
cy to distinguish HCC from other lesions [11,12]. Collectively,
these parameters determine whether US can effectively de-
tect HCC at the early stage. Potential alternative imaging mo-
dalities are unsuitable, as computed tomography (CT) scans
and magnetic resonance imaging (MRI) cannot detect small
HCC lesions [13]. Hence, effective and non-invasive biomark-
ers for diagnosis of HCC are urgently required.
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DNA methylation plays crucial roles in the progression of sev-
eral types of human cancer [14,15]. Moreover, changes in DNA
methylation patterns are frequently observed in the early stag-
es of disease; for example, Zhang et al. reported that altered
DNA methylation could be detected 1-9 years before HCC it-
self [16]. Several genes have been implicated in the disease
stage and clinical outcome of HCG, including APC [17], P15[18],
IGFBP7 [19], and GSTP1 [17,20]. Together, these findings sug-
gest that assessment of DNA methylation represents a feasible
approach for early diagnosis and prognostic evaluation of HCC.

Cyclin D2 (CCND2) regulates cell-cycle progression [21] and
inhibits cell growth. Accordingly, CCND2 levels are elevated in
normal human cells under growth arrest. Aberrant expression
of CCND2 affects cell-cycle progression, suggesting that CCND2
has an additional function that maintains the non-prolifera-
tive state [22-24]. This effect can be relieved by the inhibition
of CCND2 transcription by hypermethylation of the promoter,
which frequently occurs in HCC [25]. Based on these observa-
tions, we used methylation-specific PCR (MSP) to detect the
methylation status of the CCND2 promoter in both plasma and
peripheral blood mononuclear cells (PBMCs). We then assessed
the value of CCND2 promoter methylation as a non-invasive
method for diagnosing patients with HBV-associated HCC.

Material and Methods

Patients and controls

A total of 118 patients with HCC, 47 with liver cirrhosis (LC), 75
with chronic hepatitis B (CHB), and 35 healthy controls (HCs)
were recruited in the Department of Hepatology, Qilu Hospital
of Shandong University, from March 2018 to December 2019.
All patients were HBsAg-positive. Figure 1 depicts the selection

44 patients excluded:
1. Existance with other tumors (7)
2. Severe systemicillness (10)

162 HCC patients

| 345 participants screened

3. Co-existance with other liver diseases (17)

4 Without pathological confirmation (10) | 118 HCC patients | | 61LC patients | | 87 HCB patients | | 35HCs
14 patients excluded: 12 patients excluded:
1. Existance with 1. History of the tumors (2)
other tumors (5) 2. Co-existance with
2. Co-existance with other liver diseases (7)
other liver diseases (9) 3. Co-infection with
47 LC patients | | 75 H(B patients hepatitis C virus (3)

Figure 1. Flowchart describing the participant selection process. HCC — hepatocellular carcinoma; LC - liver cirrhosis; CHB — chronic

hepatitis B; HCs — healthy controls.
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process. The Ethics Committee of Qilu Hospital of Shandong
University approved the study protocol, and informed consent
was obtained from all participants prior to the study.

DNA extraction from plasma and PBMCs

Citrate-anticoagulated peripheral blood (5 mL) was collected
from all subjects. DNA was extracted from 400 pL plasma us-
ing the QIAamp DNA Blood Mini Kit (Qiagen, Mainz, Germany)
and stored at —20°C until use. After centrifugation on a Ficoll-
Paque Plus density gradient (GE Healthcare, Uppsala, Sweden),
PBMCs were collected from the interface and washed 3 times
with phosphate-buffered saline. Genomic DNA was extracted
from PBMCs using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). Extracted DNA was eluted in 200 pL sterile water and
stored at =20°C until use.

Sodium bisulfite modification and MSP

Extracted DNA was modified using the EZ DNA Methylation-
Gold Kit (Zymo Research, Irvine, CA, USA). Treatment with bi-
sulfite converts unmethylated cytosine residues to uracil but
does not affect methylated cytosine residues. Modified DNA
was dissolved at a final volume of 20 uL and stored at -20°C
until use. Bisulfite-modified DNA was amplified using meth-
ylated and unmethylated primers specific for the CCND2 pro-
moter. The primer pairs used for MSP analysis of CCND2 were
described previously [26].

Methylated sequence (276 bp PCR product):

forward, 5’-TACGTGTTAGGGTCGATCG-3’;

reverse, 5’-CGAAATATCTACGCTAAACG-3'.

Unmethylated sequence (222 bp PCR product):

forward, 5’-GTTATGTTATGTTTGTTGTATG-3’;

reverse, 5’-TAAAATCCACCAACACAATCA-3.

The MSP reaction mixture had a volume of 25 pL as follows:
10.5 pL nuclease-free water, 12.5 pL PreMix Taq (Zymo Research,
Irvine, CA, USA), 0.5 L of each primer (10 umol/L), and 1 pL
bisulfite-treated DNA. Touchdown PCR conditions were as fol-
lows: 95°C for 5 min; ten cycles of 95°C for 30 s, 55°C for 30 s,
and 72°C for 45 s; 30 cycles of 95°C for 30 s, 45°C for 30 s,
and 72°C for 45 s; and a final extension step at 72°C for 5
min. Water without DNA was used as a negative control. PCR
products (7 pL) were electrophoresed on 2% agarose gels and
visualized under UV illumination after staining with Gel Red
(Biotium, Fremont, CA, USA).

RNA extraction from PBMCs and quantitative real-time
PCR (qRT-PCR)

RNA was extracted from PBMCs by the phenol-chloroform-iso-
propanol method. Total RNA was resuspended in 20 pL RNase-
free water. Subsequently, RNA was converted into cDNA using
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Expression of CCND2 mRNA was detected by qRT-PCR on an
Agilent Technologies Stratagene Mx3005P (Stratagene, La Jolla,
CA, USA) using SYBR Green PCR Mix (Takara, Shiga, Japan).
ACTB (encoding B-actin) was used as an endogenous control.
The primer pairs used for gRT-PCR analysis of CCND2 [25] and
ACTB [19] were described previously. gqRT-PCR was performed
as follows: initial denaturation at 95°C for 30 s, followed by
40 cycles of 95°C for 5 s, 60°C for 30 s, 72°C for 30 s, 65°C for
15 s, and 40°C for 30 s. mRNA levels were calculated using
the comparative (222%) method.

Statistical analysis

All data were analyzed using SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA). The Mann-Whitney U-test was used to com-
pare CCND2 mRNA levels between the HCC group and other
groups, and Spearman’s rank correlation was used to assess
correlations with clinical features. Differences in CCND2 meth-
ylation frequency between different groups were compared
using the Chi-square test. The association between CCND2
promoter methylation status in HCC patients and clinicopath-
ological parameters was analyzed using the Chi-square test.
The diagnostic value of using CCND2 promoter methylation
for distinguishing HCC from LC and CHB was assessed based
on the area under the receiver operating characteristic curve
(AUC). P<0.05 was considered to be statistically significant.

Results

General characteristics

Clinicopathological characteristics of the participants are pro-
vided in Table 1.

CCND2 mRNA Levels in PBMCs of HCC

CCND2 mRNA levels were significantly lower in HCC patients
than in LC patients (P<0.001), CHB patients (P<0.001), and HCs
(P<0.001; Figure 2A). However, there were no significant dif-
ferences in CCND2 mRNA levels between LC patients, CHB pa-
tients, and HCs (P>0.05, respectively).

Moreover, HCC patients with advanced disease (TNM stage
1I/1V) had significantly lower CCND2 mRNA levels than pa-
tients with early-stage disease (TNM I/11; P=0.030; Figure 2B).
CCND2 mRNA levels in the HCC group exhibited no significant
relationship with age, HBeAg, gender, smoking status, alcohol
use, AFP, tumor number, tumor size, vascular invasion, or CTP
staging (Figure 2C-2L).
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Table 1. Characterization of the study participants.

Variable HCC group (n=118) LC group (n=47) CHB group (n=75) HC group (n=35)
Age (years) 54 (49-62) 52 (42-60) 50 (40-57) 47 (39-55)
Malegender,n (%) o7 373 35 (7447) 5 (6933) 23 (6571)
HBeAghn (%) 3 (Geas) 2 (468) n caen) NA
Swtomy 3750 (24.00-69.50) 5100 (30.00-98.00) 10100 (57.00-227.00) A
CASTUA) 4600 (30.75-99.25) 6200 (36.00-12100) 6100 (4200-12100) A
CTBILGmol) 1835 (1393-37.93) 2250 (1540-4640) 2000 (1180-49.90) A
By 3090 (33.98-43.13) 4080 (34.90-44.60) 4160 (37.50-4490) A
CPTINR 110 (L02-120) 112 (Los-121) 111 (Los-121) A
AP (gm) 3641 (498-317.78) 1290 (0.18-11520) 1591 (621-77.98) N

Methylation in

PBMCs/plasma, n (%) 55 (46.61)/52 (44.07)

8 (17.02)/5 (10.64) 8 (10.67)/7 (9.33) 4 (11.43)/2 (5.71)

HCC - hepatocellular carcinoma; LC — liver cirrhosis; CHB — chronic hepatitis B; HCs — healthy controls; ALT — alanine aminotransferase;
AST — aspartate aminotransferase; TBIL — total bilirubin; ALB — albumin; PT-INR — prothrombin time-international normalized ratio; AFP

- alpha-fetoprotein; PBMCs — peripheral blood mononuclear cells; NA — not available.

Methylation frequency of CCND2 and its correlation with
gene transcription

The frequency of CCND2 promoter methylation was signif-
icantly higher in HCC patients (55/118, 46.61% in PBMCs;
52/118, 44.07% in plasma) than in LC patients (8/47, 17.02%
in PBMCs; 5/47, 10.64% in plasma; P<0.001), CHB patients
(8/75, 10.67% in PBMCs; 7/75, 9.33% in plasma; P<0.001), and
HCs (4/35, 11.43% in PBMCs; 2/35, 5.71% in plasma; P<0.001;
Figure 3A, 3B). However, CCND2 methylation frequencies did
not differ significantly between LC patients, CHB patients, and
HCs (P>0.05, respectively).

To determine whether altered promoter methylation could af-
fect CCND2 transcription, we compared CCND2 mRNA levels in
subjects with and without promoter methylation. In the HCC
group, the level of CCND2 mRNA was significantly lower in
methylated subjects than in unmethylated subjects (P=0.041;
Figure 3C). These data support our hypothesis. Figure 3D shows
a representative result of agarose gel electrophoresis.

Association between CCND2 promoter methylation and
HCC progression

Table 2 shows that the methylation frequency of the CCND2
promoter in HCC patients was significantly higher in HCC pa-
tients with vascular invasion than in those without vascular
invasion (P=0.012 in PBMCs; P=0.008 in plasma). In addition,
CCND2 promoter hypermethylation was more common in HCC
patients with advanced disease (TNM I1I/IV) than in those with

early-stage disease (TNM I/1I; P=0.004 in PBMCs; P=0.001 in
plasma). The CCND2 methylation rate increased gradually with
TNM stage (Table 3). Together, these results reveal that CCND2
methylation is more frequent in advanced-stage HCC patients.
We found no significant correlations between CCND2 methyl-
ation status and other parameters.

Diagnostic utility of CCND2 promoter methylation and AFP
level

For discrimination of HCC from LC, CCND2 promoter methylation
had a sensitivity of 46.61% in PBMCs and 44.07% in plasma,
and a specificity of 82.98% in PBMCs and 89.36% in plasma.
For discrimination of HCC from CHB, CCND2 promoter meth-
ylation had a sensitivity of 46.61% in PBMCs and 44.07% in
plasma, and a specificity of 89.33% in PBMCs and 90.67% in
plasma (Table 4). Figure 4A and 4B show that the AUC of com-
bined measurement of CCND2 promoter methylation and AFP
level was significantly higher than that of AFP alone (0.698 vs.
0.540 in PBMCs, P<0.001; 0.694 vs. 0.540 in plasma, P<0.001)
in discriminating HCC from LC. The AUC of combined mea-
surement was also significantly higher than that of AFP alone
(0.724 vs. 0.571 in PBMCs, P<0.001; 0.720 vs. 0.571 in plas-
ma, P<0.001) in discriminating HCC from CHB (Figure 4C, 4D).

Next, we compared the diagnostic value of combined measure-
ment of CCND2 methylation and AFP with that of AFP alone
for discriminating HCC from LC. As shown in Figure 5, the HCC
detection rate in the CCND2-methylated group was signifi-
cantly higher than that in the CCND2-unmethylated group,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

£927444-4




Qian Y. et al.:
Combined detection of CCND2 and AFP in HCC
© Med Sci Monit, 2020; 26: €927444

CLINICAL RESEARCH

A B C i=0007 D
0257 P<0.001 0251 05+ P=0.397 0257
~ o~ *P=0.030 o ~ P=0.595
S 020 P<0.001 S 020 S 044 S 0201
2015 P00, 2 0151 2 031 2 0151
S 010+ S 010 s S 010+
0.00 - 0.00 - 0.00 -
HC  IC CHB  HGs N v 0 0 40 60 80 (+) -
TNM staging Age (years) HBeAg
E F G H
r=-0.040
0.25 0.25 0.25 0.5 P=0.669
o P=0.059 o P=0.085 o P=0.533 o
S 020 S 020 S 020 S 044
b= b= =4 2
o o o o
5 0157 5 0.15 4 5 0.15 4 § 0.3
010 £ 0.0 0.0 § (P B
= = = = AT ——
0.00 - 0.00 - R e e s
Male Female (+) ) (+) (=) 0 1 2 34 5
Gender Smoking Alcohol logAFP
| J K L
0.25 0.25 0.25 0.25
o~ P=0.959 o~ P=0.100 o~ P=0.055 o~ P=0.811
% 0.20 % 0.20 g 0.20 % 0.20 o
% 0154 % 054 = 5o
£ 0.15 g 0.15 g 0.15 £ 0.15 b_0.602
S 0101 S 0.0 S 0.0 S 010
£ 0051 £ 005 £ 005 £ 0051
2 2 2 2
0.00 - 0.00 - 0.00 - 0.00 -
Single Mulitiple <5em >5em (+) (=) A B C
Tumor number Tumor size Vascular invasion (TP staging

Figure 2. CCND2 mRNA level in the indicated groups and its correlations with clinical characteristics of HCC. (A) CCND2 mRNA levels

differed significantly among the 4 groups (HCC vs. LC, P<0.001; HCC vs. CHB, P<0.001; HCC vs. HCs, P<0.001). (B) mRNA levels
in HCC patients differed significantly between advanced tumor node metastasis (TNM) stage (I11/1V) and early TNM stage (I/11;
P=0.030). (C) mRNA level was not correlated with age in 118 HCC patients (P=0.297). (D-G) mRNA levels in HCC patients did
not significantly differ between HBeAg-positive and HBeAg-negative patients (P=0.595), male and female patients (P=0.059),
smokers and non-smokers (P=0.085), or drinkers and non-drinkers (P=0.533). (H) mRNA levels and serum AFP levels were not
significantly correlated in HCC patients (P=0.669). (I-K) mRNA levels did not significantly differ between HCC patients with a
single tumor and those with multiple tumors (P=0.959), those with tumors <5 cm and those with tumors >5 cm (P=0.100), or
HCC patients with and without vascular invasion (P=0.055). (L) mRNA levels did not differ among CTP stages within the HCC
group (A vs. B, P=0.796; A vs. C, P=0.811; B vs. C, P=0.602).

regardless of whether the AFP level was <20 ng/mL or >20 ng/
mL (x?=14.246, P<0.001, AFP <20 ng/mL; %?=5.499, P=0.018,
AFP >20 ng/mL). We defined AFP >20 ng/mL or the presence of
CCND2 methylation as positive. Table 4 revealed that for dis-
crimination of HCC from LC, measurement of CCND2 methyl-
ation plus AFP had a sensitivity of 82.20% (97/118) in PBMCs
and 81.36% (96/118) in plasma; a specificity of 57.45% (27/47)
in both PBMCs and plasma; a PPV of 82.91% (97/117) in PBMCs
and 82.76% (96/116) in plasma; and a negative predictive val-
ue (NPV) of 56.25% (27/48) in PBMCs and 55.10% (27/49) in
plasma. Notably, the sensitivity of combined measurement was
significantly higher than that of AFP alone (P<0.001). Similarly,
for discriminating HCC from CHB, combined measurement

had higher sensitivity (82.20% vs. 57.63% in PBMCs, P<0.001;
81.36% vs. 57.63% in plasma, P<0.001) and NPV (69.12% vs.
48.98% in PBMCs, P=0.010; 68.12% vs. 48.98% in plasma,
P=0.014) than AFP alone (Table 4).

Discussion

CCND2 promoter methylation occurs in multiple types of can-
cer, including breast, gastric, and prostate cancers [26-28]. In
this study, we evaluated the potential utility of CCND2 pro-
moter methylation in PBMCs and plasma as a non-invasive
biomarker for diagnosis of HBV-associated HCC. Our results
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Figure 3. Methylation status of CCND2 promoter and correlation with expression of CCND2 mRNA. (A) In total, 55/118 (46.61%)
hepatocellular carcinoma (HCC) patients, 8/47 (17.02%) liver cirrhosis (LC) patients, 8/75 (10.67%) chronic hepatitis B (CHB)
patients, and 4/35 (11.43%) healthy controls (HCs) exhibited aberrant CCND2 promoter methylation in PBMCs. (B) 52/118
(44.07%) HCC patients, 5/47 (10.64%) LC patients, 7/75 (9.33%) CHB patients, and 2/35 (5.71%) HCs exhibited aberrant
CCND2 promoter methylation in plasma. (C) CCND2 mRNA levels differed significantly between the methylation group and
non-methylation groups (P<0.05). (D) Representative measurements of CCND2 promoter by methylation-specific polymerase
chain reaction (MSP). PC — positive control; WB — water blank; M — methylated sequence; U — unmethylated sequence.

revealed that expression of CCND2 mRNA was significantly
lower in patients with HCC than in patients with LC, CHB, and
HCs; moreover, CCND2 methylation frequency was significantly
higher in HCC patients than in other groups. In patients with
HBV-related HCC, CCND2 promoter methylation was signifi-
cantly associated with vascular invasion and negatively cor-
related with TNM stage. Furthermore, we showed that com-
bined measurement of CCND2 methylation status and serum
AFP increased the ability to distinguish HBV-associated HCC
from LC and CHB. Therefore, our findings indicate that CCND2
promoter methylation represents a potentially useful non-in-
vasive biomarker for diagnosis of HBV-related HCC.

CCND2 is involved in cell-cycle regulation, in which its critical
function involves the formation of a complex with subunits
of CDK6 and CDK4, resulting in phosphorylation of retinoblas-
toma protein (RB) [21,26]. Overexpression of CCND2 is corre-
lated with progression and poor prognosis of several cancers,
indicating that CCND2 should be considered as a proto-on-
cogene [29,30]. However, silencing of CCND2 expression by
promoter methylation is associated with cancer progression,
indicating that CCND2 expression is inhibited by aberrant pro-
moter methylation; thus it would be reasonable to consider

CCND2 as a tumor suppressor gene [31,32]. In prostate can-
cer, elevated methylation of the CCND2 promoter corresponds
with reduced expression of CCND2 mRNA [33]. When we mea-
sured mRNA expression and methylation status of CCND2 in
HCC patients, and analyzed its correlation with other clinico-
pathological factors, we found that CCND2 mRNA levels were
significantly lower in patients with HCC than in other groups
(Figure 2A), whereas the CCND2 methylation rate was high-
er in HCC patients (Figure 3A, 3B). Thus, downregulation of
CCND2 might be due to promoter methylation, and CCND2 is
more frequently methylated in HCC than in LC, CHB, and HCs;
these data are consistent with those of a previous study [25].

More importantly, CCND2 methylation is closely related to tu-
mor stage in several kinds of human cancer. A recent study of
breast cancers found that postmenopausal patients with vascu-
lar/lymph invasion exhibit elevated methylation of CCND2 [34].
Another study showed that increased methylation of the
CCND?2 gene is significantly associated with a higher van Nuys
grade and is common in early breast cancer development [35].
Consistent with the results of these studies, we observed that
advanced-stage (TNM [1I/1V) HCC patients had a higher frequen-
cy of CCND2 methylation and lower CCND2 mRNA levels than
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Table 2. Association between CCND2 methylation status and clinical characteristics of HCC patients.

CCND2 methylation in PBMCs CCND2 methylation in plasma
Parameter Methylation, No methylation, P-value Methylation, No methylation, P-value
n (%) n (%) n (%) n (%)

Age (years) 0.802 0.524
"""" 0 37 4744 41 (25 36 (4615) 42 (5385)
"""" 60 18 (4500) 22 (5500) 16 (4000) 24 (60.00)
CGender os.e 0573
"""" Male 39 (4483) 48 (5517) 37 @253 50 (57.47)
"""" Female 16 (5161) 15 (@4839) 15 @839 16 (5161)
CHBeAR o3 0984
"""" Negave 34 (4533) 41 (s467) 33 (4400 42 (5600)
"""" Positive 21 (4884) 22 (511§ 19 (@419 24 (5581)
Csmoking o703 0563
"""" No 26 (4483 32 (5517) 24 @138 34 (586)
"""" Yes 29 (4833) 31 (5167 28 (4667) 32 (5333)
Mool o795 07
"""" No 31 (4559) 37 (441) 29 @265 39 (57.35)
"""" Yes 24 4800) 26 (5200 23 (4600) 27 (400)
AP (gm) oo 0062
"""" <0 28 (5600) 22 (44000 27 (5400) 23 (4600)
"""" 20 27 (971) 41 (029) 25 (3676) 43 (6329
umor number ogst 0573
”””” single 41 4713) 46 (287) 37 (4253) 50 (5747
"""" Mutiple 14 @4s16) 17 (5484) 15 (@839 16 (511
Vascularimvason ooz  ooog
"""" Negatve 24 (3636) 42 (6364) 22 (3333) 44 (667)
"""" Positive 31 (5962 21 (4038) 30 (5769 22 (4231
Cfumorsize 092 0751
"""" ssem 21 (@4een) 24 (5333 19 (4222 26 (57.78)
"""" ssem 34 (4658) 39 (5342) 33 @521) 40 (5479)
Histological grading ose6 0411
"""" Poor 16 (4444) 20 (5556) 15 (4167 21 (833
"""" Moderate 27 (4426) 34 (5574 25 (40.98) 36 (5902
"""" well 12 (5714) 9 @286 12 (57.14) 9 (4286)
TNMstaging oo  ooorr
"""" w26 (3611) 46 (6389) 23 (194 49 (808)
"""" w29 (6304) 17 (3696) 29 (6304) 17 (3696)
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Table 2 continued. Association between CCND2 methylation status and clinical characteristics of HCC patients.

CCND2 methylation in PBMCs CCND2 methylation in plasma

Parameter Methylation, No methylation, P-value Methylation, No methylation, P-value
n (%) n (%) n (%) n (%)

CTP staging 0.291 0.561
"""" A 29 @43 41 (857 28 (4000) 42 (6000)
"""" B 23 (227 21 @73) 22 (5000) 22 (50000
”””” c 3500 1 (@500 2 (5000 2 (5000

HBeAg — hepatitis B antigen; AFP — alpha-fetoprotein; TNM — tumor node metastasis; CTP — Child-Turcotte-Pugh; * significant
difference (P<0.05).

Table 3. CCND2 methylation levels in PBMCs and TNM stage from HCC patients.

Clinicopathological feature Variable Number of cases Methylation No methylation  Detection rate (%)

TNM stage I 48 16 32 33.33
T % o 15 3750
e 6 3 1 6389
- v 10 7 3 7000
fotal 1 ss. & a661

TNM — tumor node metastasis; PBMCs — peripheral blood mononuclear cells.

Table 4. Diagnostic utility of AFP, CCND2 promoter methylation, and combined measurement for discrimination of HCC from LC and
CHB.

AFP+CCND2 methylation P-value

NPV (%)

67/130 (51.54

=

68/134 (50.74) 48/98 (48.98)

Se — sensitivity; Sp — specificity; PPV — positive predictive value; NPV — negative predictive value; * significant difference (P<0.05);
P-value refers to differences between AFP only and a combination of AFP and CCND2 methylation.

patients with early-stage disease (TNM I/Il; P<0.05), and that
the frequency of CCND2 methylation increased with TNM stage
progression (Table 3). The mechanism linking CCND2 promot-
er methylation to HCC progression is unclear. On possibility
is that methylation reduces the inhibitory effect of CCND2 on
cell proliferation. CCND2 has been reported to maintain cells

in a non-proliferative state [31,32]. Hypermethylation of the
CCND2 promoter might reduce the expression of CCND2 and
thereby weaken its growth-inhibitory effect. Padar et al. found
that prostate cancer patients with a high Gleason score have
significantly greater methylation of CCND2, those in the high-
er CCND2 methylation group had higher mean PSA values, and
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Figure 4. Receiver operating characteristic curves (ROC) of AFP, CCND2 promoter methylation, and combined measurement for
distinguishing HCC from LC and CHB in both PBMCs and plasma. (A) The area under the ROC curves (AUC) of combined
measurement in PBMCs was significantly higher than that of AFP levels for discriminating HCC from LC patients (AUC 0.698
vs. 0.540, P<0.001). (B) The AUC of combined measurement in plasma was significantly higher than that of AFP levels for
discriminating HCC from LC patients (AUC 0.694 vs. 0.540, P<0.001). (C) The AUC of combined measurement in PBMCs was
significantly higher than that of AFP levels for discriminating HCC from CHB patients (AUC 0.724 vs. 0.571, P<0.001). (D) The
AUC of combined measurement in plasma was significantly higher than that of AFP levels for discriminating HCC from CHB

patients (AUC 0.720 vs. 0.571, P<0.001).

CCND2 methylation is associated with clinicopathological fea-
tures of poor prognosis [36]. Our results, along with the obser-
vations cited above, reveal that elevated CCND2 methylation
rate is correlated with the progression of HCC, suggesting that
altered methylation of the CCND2 promoter might be useful
for predicting HCC progression.

Currently, AFP is the biomarker used most widely for HCC
screening and diagnosis. However, the sensitivity of serum AFP
is only 22-60%, depending on the cut-off point [7,37,38]; con-
sequently, its clinical value is limited. As shown in Figure 5, the
rate of HCC detection was significantly higher in the CCND2-
methylated group than in the unmethylated group, regardless

of whether the AFP concentration was greater than or less than
20 ng/mL. This indicates that CCND2 methylation can compen-
sate for deficiencies of AFP and increase the detection rate of
HCC. Relative to AFP alone, combined measurement of both
markers significantly increased the sensitivity (P<0.001) and
NPV (P<0.05). Although the specificity of combined measure-
ment of CCND2 promoter methylation and AFP levels is low,
it could be used as an initial screening tool for HCC due to its
high sensitivity in distinguishing HCC from LC and CHB pa-
tients, thereby decreasing the number of missed diagnoses; if
screening is positive, follow-up tests (such as ultrasound, CT,
or MRI) may be needed to assist diagnosis, or follow-up ap-
pointments should be more frequent.
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P<0.001

Figure 5. Classification of 118 HCC and 47 LC patients according to AFP concentrations and CCND2 methylation status in plasma.
AFP - alpha-fetoprotein; HCC — hepatocellular carcinoma; LC — liver cirrhosis.

Several studies showed that PBMCs and plasma cell-free DNA
are useful for identifying gene mutation and abnormal DNA
methylation, and can therefore be used for diagnosis of human
cancers [39-41]. In this study, we measured CCND2 methyla-
tion status both in PBMCs and plasma, and obtained consis-
tent results from both types of samples. A previous molecu-
lar profiling study [42] revealed that HBV and hepatitis C virus
(HCV) cause HCC through different carcinogenetic pathways.
Hence, to decrease bias caused by different viruses, we inves-
tigated the methylation status of CCND2 in a cohort compris-
ing only HBV-infected patients.

One weakness of this study is that the MSP method is a qual-
itative approach for detecting gene methylation. Other meth-
ods, such as direct sequencing, may provide more accurate in-
formation about methylation. However, MSP can be performed
rapidly and easily, enabling most clinical laboratories to carry
it out. Although the results of MSP do not provide complete
information, the method can still be used to select methylat-
ed subjects that may require further examination by sequenc-
ing. PIVKA-II, a prothrombin induced by vitamin K deficiency,
is increased in malignant hepatocytes [43], suggesting that
it may have potential as a biomarker for HCC. A number of
studies have revealed that combined determination of PIVKA-
Il and AFP can improve the diagnostic accuracy of HCC detec-
tion compared with either of these biomarkers alone [44,45].
In the present study, we did not assess the diagnostic value
of PIVKA-II alone or in combination with CCND2 methylation
in patients with HCC. A future study will be required to ad-
dress this point.

Conclusions

Methylation of the CCND2 promoter is common in patients
with HCC. Combined measurement of CCND2 methylation plus
serum AFP levels increased the diagnostic value of AFP for
discrimination of HCC from LC and CHB, indicating that com-
bined detection of CCND2 methylation and AFP has potential
as a robust and non-invasive biomarker for diagnosis of HCC.
Furthermore, CCND2 promoter methylation was observed more
frequently in HCC patients with advanced TNM stage and vas-
cular invasion, suggesting that this marker might be used to
predict the progression of HBV-associated HCC.
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