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ABSTRACT

Objective: This study aimed at confirming the alteration of circulating
anti-p16 immunoglobulin G (IgG) levels in hepatocellular carcinoma
(HCC).

Methods: An in-house-developed enzyme-linked immunosorbent assay
was used for determining plasma IgG antibodies against p16-derived
antigens in 122 HCC patients and 134 healthy controls.

Results: Plasma anti-p16 IgG levels were significantly higher in

HCC patients than in the controls (Z = 3.51, P = 0.0004), with no
difference between males and females. A trend of increasing plasma
anti-p16 IgG levels was associated with increasing HCC stage, with

Hepatocellular carcinoma (HCC) is a common malignant
disorder associated with a very unfavorable prognosis and
a high incidence and fatality rate." Despite the significance
of early HCC diagnosis in its treatment, robust biomarkers
for early clinical HCC diagnosis remain unavailable. To date,
alpha-fetoprotein (AFP) levels in circulation and abdom-
inal ultrasound examination are recommended for routine
HCC surveillance and diagnosis. However, due to their low
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group 3 patients having the highest anti-p16 IgG levels (Z = 3.38,
P = 0.0008). Group 3 exhibited the best sensitivity (19.6%) and
specificity (95%) for plasma anti-p16 IgG detection, with an area
under the receiver operating characteristic curve of 0.659 (95%
confidence interval, 0.564-0.754).

Conclusion: Circulating IgG antibody to p16 protein might be a
useful biomarker for HCC prognosis assessment rather than for early
malignancy diagnosis.

Keywords: autoantibody, biomarker, hepatocellular carcinoma, p16
protein, tumor-associated antigens, receiver operating characteristic

specificity and sensitivity and limited prognostic value, their
clinical usefulness is debatable.? ® Therefore, the need for
more sensitive and specific early HCC diagnosis methods
remains urgent. Numerous studies have suggested using
the overexpression of tumor-associated antigens (TAAs)

in many cancers, which triggers the secretion of corres-
ponding autoantibodies, potentially in cancer diagnosis.*®
Although several circulating anti-TAA antibodies have
served as serological biomarkers for early HCC diagnosis
and HCC prognosis prediction in the last 2 decades,””"" the
identification of robust antibody markers with optimal speci-
ficity and sensitivity for early HCC diagnosis remains vital.

The malfunction of the cyclin-dependent kinase (CDK)
inhibitor called cyclin-dependent kinase inhibitor 2A
(CDKN2A), also called p16, considered to be an important
tumor suppressor, may result in uncontrolled cell prolifer-
ation.">'® Promoter hypermethylation of p16 is reportedly a
characteristic of HCC patients.'* Several studies have dem-
onstrated that hypermethylation-induced p16 expression in-
hibition plays crucial roles in HCC progression and is closely
related to a poor prognosis in recurrent early-stage HCC.'*'®
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Similarly, a meta-analysis revealed that hypermethylation-
induced p16 gene loss is related to the risk of increased liver
cirrhosis and HCC development.'” Notably, p16 is reportedly
overexpressed in many cancers, including cervical, breast,
and non-small cell lung (NSCL) cancers,'®?° and compared
with controls, patients with such cancers highly express
circulating antibodies against p16 protein, suggesting the
clinical diagnostic value of anti-p16 immunoglobulin G (IgG)
levels. Previous studies have proved the reliability and sen-
sitivity of an in-house enzyme-linked immunoassay (ELISA)
(using linear peptides as antigens) in detecting circulating
autoantibodies against some TAAs, including circulating
anti-p16 19G.2"?? Therefore, the in-house ELISA was applied
for confirming the associations between plasma anti-p16
IgG levels and HCC in this study in order to further elucidate
the clinical applicability of plasma anti-p16 IgG levels in HCC
diagnosis.

Materials and Methods

Subjects

A total of 122 patients were recruited for this study by the
First and Second Hospitals of Jilin University, Changchun,
China, ranging from March 2010 to November 2015. Their
HCC diagnosis was performed via CT scans and circu-
lating AFP levels, and their median age was 54.8 years

+ 9.7 years. HCC staging was confirmed as per the
Barcelona Clinic Liver Cancer staging system.?® Table 1
contains the patient demographics and clinical characteris-
tics. To explore the correlation between clinical stages and
plasma anti-p16 IgG levels, all 122 patients were classified
into 3 subgroups, as follows: group 1 (stages 0 + A), group
2 (stage B), and group 3 (stages C + D). Plasma speci-
mens were collected prior to anticancer therapy. Also, 134
healthy control subjects (107 males and 27 females) aged
55.2 years + 9.2 years were recruited from local commu-
nities for this study. The controls, with no malignancy or
severe autoimmune disease history, were included based
on a clinical interview and image examination.

The recruited patients and controls were all of Chinese
Han origin, and all provided informed written consent.
This work was approved by the ethics committee of the
Second Hospital of Jilin University, Changchun, China,
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Table 1. Demographics and Clinical Characteri-
stics of HCC Patients
Patient Characteristics Patients (n) % of Patients
Age (y) >60 40 32.79
<60 82 67.21
Sex Male 103 84.73
Female 19 15.57
AFP (ng/mL) <20 51 41.80
>20 66 54.10
Not available 5 410
HCC stage 0 6 4.92
A 19 15.57
B 45 36.89
C 47 28.52
D 5 410
Groups 1 (stages 0 + A) 25 20.49
2 (stages B) 45 36.89
3 (stages C + D) 52 42.62
HCC, hepatocellular carcinoma, AFF, alpha-fetoprotein.

and conformed to the requirements of the Declaration of
Helsinki.

Plasma Anti-p16 IgG Level Detection

According to B-cell and human leukocyte antigen-II re-
stricted epitopes, we designed a human p16-derived pep-
tide antigen (CGFLDTLVVLHRAGARLDVRDAWGRLPVD)
via computational prediction (http://www.iedb.org) and
synthesized this peptide antigen using solid-phase chem-
istry to ensure >95% purity. It was then applied to the
development of an in-house ELISA assay based on the
plasma anti-p16 1gG, as the method described in pre-
vious study.?* Briefly, the peptide antigen was dissolved in
67% acetic acid to obtain a 5 mg/mL stock solution, and
a 20 pg/mL working solution was then obtained by diluting
with coating buffer (0.1 M phosphate buffer containing
0.15 M NaCl and 10 mM ethylenediaminetetraacetic acid,
pH 7.2). Next, antigen coating of the maleimide-activated
plates (Thermo Scientific) was completed as per the cor-
responding specifications and then washed twice using
200 pL wash buffer (phosphate-buffered saline [PBS] con-
taining 0.05% Tween 20). Fifty microliters of specimens and
50 pL of assay buffer (PBS containing 0.5% bovine serum
albumin) were added to each specimen well (positive
control [PC]) and negative control (NC) well incubating for
1.5 h at room temperature, respectively, in which plasma
specimens were diluted (1:200) in assay buffer in advance.
After washing the plates thrice, 50 pL of peroxidase-
conjugated goat anti-human IgG antibody (1:50,000,
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ab98567; Abcam) was added and incubated for an hour at
room temperature, followed by color development using
50 pL of stabilized chromogen (SB02; Life Technologies,
Beijing, China). Twenty minutes later, 25 pL of stop solution
(SS04; Life Technologies) was added to terminate the reac-
tion. A microplate reader was used to determine the optical
density (OD) within 10 min at 450 nm, and 620 nm was
selected as the reference wavelength.

Two repeats were set up for all specimens. The relative
levels of plasma IgG antibodies were displayed with specific
binding ratio (SBR), calculated as (OD specimen — OD NC)/
(OD PC - OD NC). Additionally, to minimize intra-assay de-
viation, the accuracy of the in-house ELISA antibody detec-
tion method was evaluated using the ratio of the repeated
OD value of each specimen to its sum. Specimens with
ratios of >10% were excluded from the analysis. Unrelated
healthy subjects (>100) were randomly selected as quality
control (QC) specimens for calculating interassay deviation,
and ELISA repeatability was represented by the coefficient
of variation.

Data Analyses

Data are expressed as the mean + standard deviation (SD)
in SBR. The Mann-Whitney U test (2-tailed; IBM SPSS
Statistics 21.0) was used to compare the difference in
plasma anti-p16 IgG levels between patients and controls.
Receiver operating characteristic (ROC) curve analysis was
performed to obtain the area under the ROC curve (AUC)
with the 95% confidence interval (Cl), as well as the sensi-
tivity of the anti-p16 IgG assay against a specificity of 95%.

Results

The in-house ELISA used in this study had a better repeat-
ability (the comparison among the repeats), with a coeffi-
cient of variation of 15.2%, calculated based on the SBR
(1.84 + 0.28) from QC specimens tested independently in 13
plates. Anti-p16 IgG levels of HCC patients were obviously
elevated compared with those of the controls (Z = 3.51,

P =0.0004). Anti-p16 IgG levels were significantly higher
in both male (Z =2.86, P = 0.004) and female (£ = 2.36,

P =0.018) patients than in the healthy controls, implying
that plasma anti-p16 IgG levels were elevated in all HCC
patients, regardless of sex (Table 2).
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Table 2. Comparison of the Circulating Antibodies
to p16-Derived Peptide Antigen of HCC Patients
and Control Subjects

Patient Group  Antibody Level SBR (mean =SD [n]) Z P?
Patients Controls

Male 1.92 £0.93(103) 1.60 = 0.67 (107) 2.86 0.004

Female 1.86 =0.46 (18) 1.53+0.49(27) 2.36 0.018

Combined 1.91 £ 0.87 (121) 1.59 + 0.64 (134) 3.51 0.0004

HCC, hepatocellular carcinoma, SBR, specific binding ratio; SD, standard deviation.
aMann-Whitney test (2-tailea).

Table 3. Relationship between HCC Stages
and Circulating 1gG Antibodies to p16-Derived
Peptide Antigen Levels

Stage(s) Antibody Level SBR (mean = SD [n]) 4 P?
Patients Controls

0+A 1.66 +0.58 (25) 1.59+0.64(134) 097 0.331

B 1.86 £0.79 (45) 1.59=+0.64 (134 251 0.012

C+D 2.08+1.03(51) 1.59+0.64(134) 3.36 0.0008

HCC, hepatocellular carcinoma; lgG, immunoglobulin G; SBR, specific binding ratio; SD,
standard deviation.
“Mann-Whitney test (2-tailed).

Table 4. ROC Curve Analysis of Circulating Anti-
IgG Levels in HCC Patients

Stage(s) AUC 95% ClI SE Sensitivity®
0+A 0.562 0.442-0.680 0.061 0

B 0.623 0.531-0.717 0.048 8.9

C+D 0.659 0.564-0.754 0.049 19.6
Overall 0.622 0.554-0.690 0.035 11.4

ROC, receiver operating characteristic, IgG, immunoglobulin G; HCC, hepatocellular
carcinoma; AUC, area under the ROC curve; Cl, confidence interval; SE, standard error.
Against 95% specificity.

Further analysis of the association between plasma anti-p16
IgG levels and clinical stages revealed that plasma anti-p16
IgG levels displayed an increasing trend with HCC stages
(Table 3), with group 3 (stages C + D) patients having the
highest anti-p16 IgG levels (Z = 3.38, P = 0.0008). However,
there was no obvious correlation (Z =0.97, P = 0.331) be-
tween anti-p16 1gG levels and clinical stages in group 1
(stages 0 + A) patients.

An AUC of 0.622 (95% Cl, 0.554-0.690) was obtained for all
HCC patients, based on the ROC curve analysis, with a sen-
sitivity of 11.4% and a specificity of 95% (Table 3). As shown
in Table 4, of the 3 groups of HCC patients, group 3 (stages
C + D) showed the best sensitivity for plasma anti-p16 IgG
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level detection, with an AUC of 0.659 (95% Cl, 0.564-0.754),
followed by group 2 (stage B), with an AUC of 0.623 (95% Cl,
0.531-0.717). The AUC for group 1 (stages 0 + A) patients was
0.562 (95% Cl, 0.442-0.680), with a sensitivity of 0, suggesting
the potential use of plasma anti-p16 IgG as a more biomarker
for HCC prognosis, compared to early HCC diagnosis.

Discussion

The CDK inhibitor p16 protein plays a crucial role in cell
proliferation regulation via G1-phase cell arrest; thus, its
malfunction may result in uncontrolled cell proliferation.?>
It is reportedly overexpressed in several cancers.?’®* In

the present study, HCC patients were found to have sig-
nificantly higher circulating anti-p16 IgG levels than did
control subjects. This finding was consistent with those
from previous studies where higher circulating anti-p16 IgG
levels were observed in cervical,® breast,’® NSCLC,?>*" and
esophageal®’ cancer patients than that of control subjects.
Additionally, 2 other studies which applied an ELISA method
utilizing recombinant p16 protein for measuring circulating
anti-p16 IgG levels found that HCC patients displayed
markedly higher anti-p16 IgG levels than did controls.?*?®
The specific mechanism responsible for higher anti-p16 IgG
levels in cancer remains unknown; however, this might be
owed to higher p16 protein expression in cancer tissues.?**°
However, hypermethylation-induced p16 expression inhib-
ition is suggested to be a characteristic of HCC patients
and is associated with an increased risk of HCC.

Further, plasma anti-p16a IgG levels showed an increasing
trend with increasing HCC stage, and advanced- and
terminal-stage HCC patients had the highest anti-p16a
IgG levels, suggesting that plasma anti-p16 IgG might be
a more promising biomarker for HCC prognosis evaluation
than early HCC diagnosis. A similar phenomenon was ob-
served in non-small cell lung cancer in a study by Zhang
et al,?® contrary to those in esophageal cancer reported by
Jin et al,?" where circulating anti-p16 IgG levels showed

a decreasing trend with increasing tumor stage. Anti-p16
antibody levels are suggestively altered in diverse patterns
among cancer types. Nevertheless, there remain several
limitations to our work. First, the antibody testing sample
size was small, and a large sample size was needed to
permit a firm conclusion. Additionally, the control was a
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poor representative, as the subjects were only recruited
from local communities, and reportedly, healthy relatives of
HCC patients might be more reliable for identifying a sero-
logical biomarker for familial HCC risk.

Conclusion

The results of this study, which was designed to explore
the clinical applicability of circulating anti-p16 IgG levels in
HCC diagnosis, suggest that circulating IgG antibodies to
p16 protein might be a useful biomarker for HCC prognosis
assessment compared to early HCC diagnosis. LM
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