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Background: New biomarkers are needed to detect hepatocellular carcinoma at an
earlier stage and to individualize treatment strategies. IL-6 has been proven to be
associated with liver cancer in numerous studies.

Aim: To evaluate the value of the IL-6 promoter methylation level as a noninvasive
biomarker for the diagnosis of liver cancer.

Methods: A retrospective analysis of 165 patients with HBV-associated hepatocellular
carcinoma (HCC), 198 patients with chronic hepatitis B (CHB) and 31 healthy controls
were involved. The methylight was detected the methylation level of the IL-6 promoter
in peripheral blood mononuclear cells (PBMCs), clinical and laboratory parameters
were obtained.

Results: IL-6 promoter methylation levels were significantly lower in patients with HCC
(median 53.59%, interquartile range 52.01–54.75%) than in those with CHB (median
56.05%, interquartile range 54.65–57.67%; P<0.001). The level of IL-6 mRNA in patients
with HCC (median 0.371, interquartile range 0.173-0.671) was significantly higher than
that in patients with CHB (median 0.203, interquartile range 0.108-0.354; P<0.001) and
HCs (median 0.189, interquartile range 0.140-0.262; P=0.001). Meanwhile, the PMR
value of IL-6 was notably negatively correlated with the mRNA expression level
(Spearman’s R=-0.201, P<0.001). The IL-6 PMR value of HCC patients in age
(Spearman’s R=0.193, P=0.026) and TBIL (Spearman’s R=0.186, P=0.032) were very
weak correlated. At the same time, the level of IL-6 promoter methylation was also an
independent factor in the development of liver cancer. When the IL-6 promoter
methylation level was used to diagnose HCC, its detective value was superior to AFP
[area under the receiver operating characteristic curve (AUC) 0.773 vs. 0.686, P=0.027],
And the combined use of AFP and IL-6 methylation level can improve the area under the
receiver operating characteristic curve (p=0.011).
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Conclusion: IL-6 promoter hypomethylation is present in hepatocellular carcinoma, and it
may be used as a noninvasive biomarker to detect early liver cancer.
Keywords: hepatocellular carcinoma, methylight, biomarkers, promoter methylation, IL-6
INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for approximately
90% of liver cancer, with an incidence rate of 4.7% of all tumors,
the sixth most common tumor in the world, and a fatality rate of
8.3% of all tumors, becoming the leading cause of cancer-related
deaths. Meanwhile, it is the third leading cause, the most
common form of liver cancer, and the leading cause of liver
cancer diagnosis and death (1, 2). In Western countries,
metabolic syndrome or diabetes-related nonalcoholic
steatohepatitis are more common risk factors, but in China,
hepatitis B virus (HBV) and hepatitis C virus infection are the
main risk factors for the development of HCC (3, 4). Currently,
the diagnosis methods of HCC mostly include alpha-fetoprotein
(AFP), ultrasound, computed tomography scan and magnetic
resonance imaging (5, 6). However, the sensitivity of AFP is
limited and the efficiency of imaging diagnosis is related to the
level of imaging doctors (7). Because of the difficulty of early
diagnosis, a large number of liver cancer patients are easily
missed diagnosis and diagnosed at an advanced stage,
especially in China (8). In addition, advanced liver cancer is
characterized by a high degree of malignancy, invasion and low
sensitivity to chemotherapeutic drugs which leads to difficulty in
treatment and poor prognosis (9, 10). Therefore, there is an
urgent need for a better noninvasive and sensitive biomarker
for detection.

The occurrence of tumors is related to many factors.
Abnormal DNA methylation of CpG islands has been widely
observed in the occurrence of various tumors, such as colorectal
cancer (11, 12), thyroid cancer, lung, breast, and prostate cancers
(13). Recent studies have found that abnormal DNAmethylation
is associated with many human diseases, and the DNA
methylation status of free cells is similar to that of primary
tumor tissues (12, 14–16), and can be used as a biomarker for
disease detection and prognosis prediction. Methylight, a
sensitive real-time PCR technology, is highly specific and
sensitive in methylation detection compared to other methods
for detecting methylation levels and is suitable for detecting low-
frequency DNA methylation biomarkers (15, 17).

Interleukin-6 (IL-6) is a four-helix cytokine composed of 184
amino acids (18). Its synthesis and secretion are influenced by
inflammatory conditions (18). In a variety of cancers, IL-6/JAK/
STAT3 is overactivated, which promotes tumor cell proliferation,
survival, invasiveness and metastasis and inhibits the antitumor
immune response, which is related to the poor prognosis of
tumors (19). Relevant studies have now shown that the IL-6
promoter inhibits DNA methylation in prehypertensive
youngsters (20) and that CpG methylation of the IL-6 gene
can be used as a surrogate biomarker for the diagnosis of IBD in
children (21). At the same time, IL-6 is involved in the
2

occurrence of HBV-associated HCC by activating the STAT3
pathway (22). It is possible that the hypomethylation of the IL-6
promoter also occurs in HCC patients, which can be used as a
noninvasive candidate biomarker with potential clinical value.

In this study, we used MethyLight to detect the methylation
status of the IL-6 promoter in patients with HBV-associated
HCC, chronic hepatitis B (CHB) and healthy controls (HCs) as
well as analyze the correlation between the IL-6 promoter
methylation level and other clinicopathological characteristics.
We then attempted to evaluate the potential clinical value of the
IL-6 methylation level as a noninvasive biomarker for the
diagnosis of HCC.
MATERIALS AND METHODS

Patients and Controls
In our study, 165 patients with HCC, 198 patients with chronic
hepatitis B (CHB) and 31 healthy controls (HCs) were
retrospectively enrolled from July 2017 to January 2020 at the
Department of Hepatology, Qilu Hospital of Shandong
University. All patients with HCC were infected with the
hepatitis B virus. The HCC patients were enrolled according to
the diagnostic criteria delineated in the 2018 updated American
Association for the Study of Liver Diseases (AASLD) Practice
Guidelines for the Management of HCC (6). The diagnosis of
CHB was made according to the guidelines for the 2018 updated
American Association for the Study of Liver Diseases (AASLD)
(23). Subjects with the following situations were excluded:
coinfection with hepatitis A virus, hepatitis C virus, hepatitis D
virus, or hepatitis E virus; pregnancy; coexistence with other liver
diseases, such as autoimmune hepatitis, alcoholic hepatitis, or
drug hepatitis; metabolic disorders; and human immune
deficiency virus (HIV) infection; HBsAg negative; coexistence
with other tumors; incomplete data; and withdrawal.

Prior to sample collection, informed consent was obtained
from every participant and the study was approved by the local
Ethical Committee of Qilu Hospital of Shandong University,
with the guidelines of the 1975 Declaration of Helsinki.

Plasma Collection and Peripheral Blood
Mononuclear Cells (PBMCs) Isolation
Venous peripheral blood of five milliliters was drawn from
participants on the first day of diagnosis, using EDTA as an
anticoagulant agent. PBMCs were isolated by gradient
centrifugation from the blood via Ficoll-Plaque Plus (GE
Healthcare, Uppsala, Sweden). Then, PBMCs from the
interface were collected and washed three times with
phosphate-buffered saline and stored at –20°C until use.
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Sodium Bisulfite Modification
DNA bisulpfate modification was performed by an EZ DNA
Methylation-Gold Kit (Zymo Research, Orange, CA, USA)
according to the manufacturer’s instructions. A final volume of
20mlmodifiedDNAwas obtained andwas either used immediately
as a template for MethyLight or stored at -20°C until use.

TaqMan Probe-Based Quantitative
Methylation Specific Polymerase Chain
Reaction (MethyLight)
The methylation level of the IL-6 promoter was detected using
MethyLight analysis, as used in previous research (17). Briefly, two
sets of primers and probes designed specifically for bisulfite-
converted DNA were used: a methylated set for the IL-6 gene and
a reference set for the ACTB gene to normalize for input DNA.
ACTBgene specificprimers andprobesweredesigned aspreviously
described (24). The gene sequence of the IL-6 promoter was
obtained from the website http://genome.ucsc.edu/. The 6 CpG
motifs of the IL-6 gene promoter fromThe region –1083 bp to -952
bp(25).The forwardandreverseprimers, andprobesweredesigned
using the oligo7 software tool (OLIGO 1267 Vondelpark Colorado
Springs, CO 80907, USA). The sequences are listed in Table 1.

The total volume of the MethyLight assays was 10 mL,
containing 2 mL nuclease-free water, 5 mL MethyLight Master
Mix consisting of HotStarTaq Plus DNA Polymerase, EpiTect
Probe PCR Buffer and dNTP mix (dATP, dCTP, dGTP, dTTP),
0.4 mL forward and reverse primers, 0.2 mL Taqman probe and 2
mL of bisulfite conversion DNA composition. MethyLight was
performed on Agilent Technologies Stratagene Mx3005P
instrument (Stratagene, La Jolla, CA) under the following
conditions. 95°C for 15 min, followed by 50 cycles of 95°C for
15 s and 60°C for 1 min. Human control DNA (QIAGEN,
Hilden, Germany) transformed with SSSI methylase and bisulfite
in vitro was used as a reference for methylation. The methylight
data are expressed as a percentage of the methylation reference
value (PMR). Each sample was carried out in triplicate. Each
plate included at least three control wells without the template, as
well as negative and positive controls.

PMR = 100% × 2 exp−[Delta Ct (target gene in sample
−control gene in sample) −(Delta Ct 100% methylated target in
reference sample−control gene in reference sample)] (26)

Quantitative Real-Time Polymerase Chain
Reaction (RT–PCR)
Total RNA of PBMCs was extracted by TRIzol (Invitrogen,
Carlsbad, CA, USA). The RNA concentration was determined
Frontiers in Oncology | www.frontiersin.org 3
by an Eppendorf Biophotometer (Brinkmann Instruments,
Westbury, NY). RNA was then converted into cDNA via a
first-strand cDNA synthesis kit (Fermentas, Vilnius,
Lithuania). The expression of IL-6 mRNA was detected by
real-time PCR, which was performed on a Lightcycler 480
(Roche Diagnostic, Mannheim, Germany) with SYBR Green
(Toyobo, Osaka, Japan). b-Actin was used as the endogenous
control. Amplification was performed in a total volume of 20 mL,
which contained 0.5 mM of cDNA, 0.5 mM of each primer and
10×SYBR Green. The primers were described in Table 1. The
reaction of PCR was performed as follows: the initial step was 95°
C for 30 s, followed by 50 cycles of 95°C for 5 s, 55°C for 30 s, and
a final step of 72°C for 30 s. Comparative real-time RT–PCR
assays were performed for each sample in triplicate. The IL-6
mRNA levels were calculated using the comparative2
(–DDCt) method.

Clinical Data Collection
The following markers were measured by standard methods in
the Laboratory of Shandong University Qilu Hospital. Serum
biochemical markers (COBAS Integra 800; Roche Diagnostics)
included aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin (TBIL), serum alpha-
fetoprotein (AFP), albumin (ALB), HBV-DNA load and HBeAg.
Hemostatic markers (ACL TOP 700; Instrument Laboratory,
Lexington, MA, USA) included the prothrombin time-
international normalized ratio (PT-INR) and prothrombin
time activity (PTA). The Child–Pugh classification was used to
evaluate liver function from the original indicators at the time of
admission. All imaging results, including computed tomography
and magnetic resonance imaging data, were evaluated by a
radiologist who did not know the characteristics of the patient.
All tissue specimens were evaluated by a pathologist who did not
know the characteristics of the patient. Histopathological data,
including tumor size and vascular infiltration, were collected
from patient records. In addition, HCC patients were divided
into two subgroups according to Barcelona (BCLC) staging.
Stages 0, A and B are the early stages, and stages C and D are
the advanced stages (6, 27).

Statistical Analysis
All statistical analyses of the data were performed using the IBM
SPSS version 26.0 (SPSS Inc., Chicago, IL, USA). The
Kolmogorov–Smirnov test was performed to determine
whether the data were from a normal distribution population.
Quantitative variables are expressed as the median (centile 25;
TABLE 1 | Sequences of the primers and probes used.

Gene Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’) Probe oligo sequence

Methylight
IL-6 TTATATTATATAGACGGATTATAGTGTACGG TTTTAATACTCTCCTATCTTAAACAACGTA AAAACGAAACCACTACTCCCAACTCCGCAA
ACTB TGGTGATGGAGGAGGTTTAGTAAGT AACCAATAAAACCTACTCCTCCCTTAAA ACCACCACCCAACACACAATAACAAACACA
RT–qPCR
IL-6 ATGCAATAACCACCCCTGAC GAGGTGCCCATGCTACATTT
b-actin ATGGGTCAGAAGGATTCCTATGTG CTTCATGAGGTAGTCAGTCAGGTC
March 2022 | Volume 12 | Article 746643
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centile 75). Categorical variables were expressed as numbers (%).
Quantitative variables were compared using the Mann–Whitney
U test and the Kruskal–Wallis H test. Spearman’s test was
applied to determine the relationship between the IL-6
methylation level and quantitative clinical data. The diagnostic
value of the IL-6 methylation level and AFP score in the
diagnosis of HCC patients was assessed by the area under the
receiver operating characteristic curve (AUC). At the same time,
a model based on binary logistic regression was established to
evaluate the value of the combined diagnosis of IL-6 methylation
level and AFP. From the receiver operating characteristic (ROC)
curve coordinates, the optimal cutoff point associated with the
maximum Youden index was determined. Sensitivity, specificity,
positive predictive value (PPV) and negative predictive value
(NPV) were used to assess the diagnostic accuracy. Multiple
logistic regression analysis was used to determine independent
risk factors for liver cancer. All statistical analyses were two-sided
and P-value < 0.05 was considered statistically significant.
RESULTS

General Characteristics of Subjects
The selection process for the enrolled subjects is shown in
Figure 1. A total of 395 subjects were initially screened and
323 subjects were admitted to this study, including 133 patients
with HCC, 164 patients with chronic hepatitis B (CHB) and 26
healthy controls (HCs). The baseline characteristics of the
enrolled subjects are shown in Table 2.

Methylation Status of the IL-6 Promoter in
Different Groups
The methylation level of the IL-6 promoter using the PMR values
of participants in different groups is shown in Figure 2. The IL-6
promoter methylation level was significantly lower in patients
with HBV-associated HCC (median 53.59%, interquartile range
52.01–54.75%) than those with CHB (median 56.05%,
interquartile range 54.65–57.67%; P<0.001) but higher than
that in HCs (median 52.51%, interquartile range 50.21–53.56%;
Frontiers in Oncology | www.frontiersin.org 4
P=0.026). Meanwhile, the methylation level of the IL-6 promoter
was notably higher in CHB patients than in healthy
controls (P<0.001).

IL-6 mRNA Levels in Different Groups
The expression level of IL-6 mRNA in PBMCs was detected by
RT–PCR. The results are shown in Figure 3. An increasing trend
of IL-6 expression corresponding to disease progression was
observed. The level of IL-6 mRNA in patients with HCC (median
0.371, interquartile range 0.173-0.671) was remarkably higher
than that in patients with CHB (median 0.203, interquartile
range 0.108-0.354; P<0.001) and HCs (median 0.189,
interquartile range 0.140-0.262; P=0.001). There was no
significant difference between the CHB and HC groups. This is
consistent with our previous study (28, 29). To further analyze
the relationship between the IL-6 methylation level and mRNA
expression level, we used Spearman rank correlation analysis and
found that the PMR value of IL-6 was weakly negatively
correlated with mRNA expression levels (Spearman’s R=-0.201,
P<0.001) Figure 4.

Associations Between IL-6 Promoter
Methylation Levels and Clinicopathological
Features in HCC
In HBV-associated HCC patients, the correlation between IL-6
promoter methylation levels and clinical parameters was
analyzed. As shown in Table 3, the level of IL-6 promoter
methylation was significantly higher in males (median 53.70%,
interquartile range 52.03-55.00%) than in females (median
52.07-54.16%, P=0.028), in HBV-DNA positive patients
(median 53.96%, interquartile range 52.33-55.41%) than in
HBV-DNA negative patients (53.18% of median, interquartile
range 51.74-54.61%, P=0.044), and in patients more than 50
years old (median 53.73%, interquartile range 52.33-54.82%,
P=0.040) than in patients less than 50 years old (median
52.54%, interquartile range 51.23-54.57%). Meanwhile, the IL-6
PMR value in the tumors whose diameter was more than the 3
cm (median 53.81%, interquartile range 51.85-55.97%) was
significantly higher than that in tumors whose diameter was
FIGURE 1 | Patient selection process.
March 2022 | Volume 12 | Article 746643
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less than or equal to 3 cm (53.42%, interquartile range 52.01-
54.43%, P=0.032). The IL-6 promoter methylation level showed
no significant difference in HBeAg (P=0.314), AFP (Ng/mL)
(p=0.532), primary tumor number (P=0.801), vascular invasion
(P=0.658), CTP staging (P=0.308), BCLC staging (P=0.389),
ascites (P=0.212), encephalopathy (P=0.082). Continue to test
the relationship using Spearman rank correlation test between
IL-6 promoter methylation and age, AFP, AST, ALT, TBIL, PTA
%. The IL-6 PMR value of HCC patients in age (Spearman’s
R=0.193, P=0.026) and TBIL (Spearman’s R=0.186, P=0.032)
Frontiers in Oncology | www.frontiersin.org 5
were very weak correlation. However, the IL-6 promoter
methylation level and AFP (Spearman’s R=0.041, P=0.613),
AST (Spearman’s R=0.043, P=0.619), ALT (Spearman’s R=-
0.052, P=0.555), PTA% (Spearman’s R=0.017, P=0.850), PT-
INR (Spearman’s R=-0.014, P=0.873), PTA% (Spearman’s
R=0.017, P=0.850), and ALB (Spearman’s R=-0.032, P=0.713)
were not correlated. (Figure 5)
Diagnostic Value of the IL-6 Promoter
Methylation Level
A receiver operating characteristic (ROC) curve was used to
detect the diagnostic value of the IL-6 promoter methylation
level, AFP and the combined determination. As shown in
Table 4, the AUC of the IL-6 promoter PMR value was
(AUC=0.773, 95% CI 0.721-0.819) significantly higher than
that of AFP (AUC=0.686, 95% CI 0.630-0.738, P=0.027). The
selected threshold was 54.91%, the sensitivity was 78.2%, and the
specificity was 72.1%. The model based on binary logistic
regression was then constructed to evaluate the diagnostic
value of IL-6 promoter methylation level combined with AFP.
The combined detection AUC was 0.784(95% CI 0.732-0.829,
P=0.011), and the sensitivity was 78.2%, the specificity was
73.3%, which was notably increased compared to AFP
detection alone (P=0.011) (Figure 6).
Independent Risk Factors for HBV-
Associated HCC Development
Multivariate logistic regression analysis was used to assess the
risk factors for HBV-associated HCC. The IL-6 promoter
methylation level was divided into two subgroups by 54.91%
which was the best cutoff point in the above article, and AFP was
divided by 20 ng/ml as the cutoff point. As shown in Table 5,
PMR value of IL-6 promoter<54.91% (OR=10.243, 95% CI
5.455-19.233, P <0.001), AFP> 20 ng/ml (OR=4.689, 95% CI
2.568-8.563, P <0.001) and HBV-DNA positive (OR=3.754, 95%
CI 1.956-7.208, P<0.001) were independent risk factors affecting
the occurrence of HBV-associated HCC.
FIGURE 2 | IL-6 promoter methylation level in patients with HBV-associated
HCC, CHB and HCs. The IL-6 methylation level was significantly lower in
patients with HBV-associated HCC than in those with CHB (p < 0.001) but
higher than that in HCs (p = 0.026). Meanwhile, methylation levels of the IL-6
promoter were significantly higher in CHB patients than in healthy controls
(P < 0.001) ***p < 0.001, *p < 0.05.
TABLE 2 | Baseline characteristics of the enrolled participants.

Variable HCC group (n = 133) CHB group (n = 164) HC group (n = 26)

Age (years) 56 (51-62) 49 (40-56) 48.5 (35.75-55)
Male, n (%) 106 (79.7) 119 (72.6) 11 (42.3)
ALT (U/L) 38 (22.00-72.50) 36.85 (25.00-90.75) 24.50 (15.00-32.00)
AST (U/L) 44 (31.00-107.00) 47.00 (32.00-87.00) 31.50 (22.50-38.25)
TBIL (mmol/L) 22.10 (14.30-39.75) 25.40 (14.55-57.45) 9.00 (8.00-15.00)
ALB (g/L) 39.00 (34.05-43.70) 36.10 (31.40-41.38) 49.50 (46.75-52.25)
PT-INR 1.19 (1.11-1.29) 1.28 (1.14-1.58) NA
PTA (%) 77 (67-84) 68.5 (53-82.5) NA
AFP (ng/ml) 74.70 (4.62-800.00) 6.94 (2.68-33.52) NA
HBV-DNA (+), n (%) 72 (54.1) 122 (74.4) NA
HBeAg (+), n (%) 72 (54.1) 102 (62.2) NA
Encephalopathy (%) 10 (7.5) 17 (10.3) NA
Ascites (%) 47 (35.3) 21 (12.8) NA
March 2022 | Volume
Quantitative variables are expressed as the median (centile 25; centile 75). Categorical variables are expressed as numbers (%). HCC, hepatocellular carcinoma; CHB, chronic hepatitis B;
HC, healthy control; HBV, hepatitis B virus; AFP, alpha-fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; TBIL, total bilirubin; INR, international
normalized ratio; PTA, prothrombin time activity; HBeAg, hepatitis B e surface antigen; NA, not available.
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DISCUSSION

Although existing studies have shown somewhat correlation
between the occurrence of liver cancer and the level of IL-6,
Frontiers in Oncology | www.frontiersin.org 6
the clinical relationship between the level of IL-6 promoter
methylation and HBV-associated HCC has not yet been tested
(29). This is the first study to prove that the IL-6 promoter
methylation level in PBMCs of HBV-associated HCC patients is
reduced compared with that in PBMCs of CHB patients. The
level of IL-6 mRNA in PBMCs of HBV-associated HCC patients
is markedly higher than that of CHB patients and normal
controls. The PMR value of the IL-6 promoter was negatively
correlated with the IL-6 mRNA level. In HBV-associated HCC,
the level of IL-6 promoter methylation in males was higher than
that in females, in those >50 years old than in those <50 years
old, in HBV-DNA positive than in HBV-DNA negative, in
tumor size>3 cm than in those<=3 cms. And IL-6 promoter
methylation was positively correlated with age and TBIL.
Hypomethylation of the IL-6 promoter is also an independent
risk factor that affects the development of liver cancer. At the
FIGURE 3 | IL-6 mRNA levels in patients with HBV-associated HCC, CHB
and HCs. IL-6 mRNA level was significantly higher in the HCC group than in
the CHB (p < 0.001) and HCs (P = 0.001). ***p < 0.001, **p < 0.01.
FIGURE 4 | Relationships between IL-6 promoter methylation levels and
mRNA levels in PBMCs. A significant correlation was observed between the
PMR value of the IL-6 promoter and the mRNA level in PBMCs (Spearman’s
r=-0.201, P < 0.001).
TABLE 3 | Associations between IL-6 promoter methylation levels and
clinicopathological features in HCC.

Parameters Total number PMR (%) P value

Gender 0.028a*
Male 106 53.70 (52.03-55.00)
Female 27 52.72 (51.07-54.16)
Age (year) 0.040a*
<=50 28 52.54 (51.23-54.57)
>50 105 53.73 (52.33-54.82)
HBeAg 0.314a

Negative 70 53.18 (51.74-54.61)
Positive 63 53.96 (52.33-55.41)
HBV-DNA 0. 044a*
Negative 63 53.67 (52.40-55.85)
Positive 70 53.24 (51.53-54.58)
AFP (ng/ml) 0.532a

<=20 53 53.41 (52.03-54.60)
>20 80 53.68 (51.82-55.25)
Primary tumor number 0.801a

single 94 53.58 (52.02-54.75)
multiple 39 53.62 (51.34-54.91)
Tumor size 0.032a*
<=3 cm 73 53.42 (52.01-54.43)
>3 cm 60 53.81 (51.85-55.97)
Vascular invasion 0.658a

Negative 73 53.83 (52.15-54.70)
Positive 60 53.13 (51.97-54.84)
CTP staging 0.308b

A 61 53.72 (51.87-55.06)
B 36 53.52 (52.48-54.75)
C 36 54.40 (52.00-54.67)
BCLC staging 0.389a

0/1/2 83 53.63 (52.02-54.76)
3/4 50 53.50 (51.72-54.77)
Ascites 0.212a

No 86 8.12 (4.50-20.97)
Yes 47 6.95 (1.88-22.31)
Encephalopathy 0.082a

No 124 7.58 (2.72-18.92)
Yes 9 4.77 (2.99-9.41)
March 20
22 | Volume 12 | Article
CTP, Child–Turcotte–Pugh; BCLC, Barcelona-Clinical-Liver-Cancer.
*p<0.05.
**p<0.01.
***p<0.001.
aann–Whitney U test.
bKruskal–Wallis H test.
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FIGURE 5 | Relationships between the IL-6 promoter methylation level and quantitative clinical data in the HCC group. (A) The PMR value of the IL-6 promoter was
not significantly correlated with ALT in patients with HCC (Spearman’s R = -0.052, P = 0.555). (B) The PMR value of the IL-6 promoter was significantly correlated
with TBIL in patients with HCC (Spearman’s R = 0.186, P = 0.032). (C) The PMR value of the IL-6 promoter was significantly correlated with age in patients with
HCC (Spearman’s R = 0.193, P = 0.026). (D) The PMR value of the IL-6 promoter was not significantly correlated with PT-INR in patients with HCC (Spearman’s
R = -0.014, P = 0.873). (E) The PMR value of the IL-6 promoter was not significantly correlated with AST in patients with HCC (Spearman’s R = 0.043, P = 0.619).
(F) The PMR value of the IL-6 promoter was not significantly correlated with PTA in patients with HCC (Spearman’s R = 0.017, P = 0.850). (G) The PMR value of the
IL-6 promoter was not significantly correlated with AFP in patients with HCC (Spearman’s R = 0.041, P = 0.613). (H) The PMR value of the IL-6 promoter was not
significantly correlated with ALB in patients with HCC (Spearman’s R =-0.032, P = 0.713).
TABLE 4 | Diagnostic values of the IL-6 methylation level and the combined determination with AFP for distinguishing HBV-associated HCC from CHB.

Parameter sensitivity Specificity Youden index AUC 95%CI

IL-6 78.2 72.1 0.503 0.773 0.721-0.819
AFP 55.6 80.6 0.362 0.686 0.630-0.738
IL-6+AFP 78.2 73.3 0.515 0.784 0.732-0.829
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same time, based on logistic regression analysis, combined
detection of IL-6 promoter methylation level and AFP can
improve the diagnostic ability of AFP for HBV-associated HCC.

Hypermethylation of genes in animals will silence genes,
resul t ing in lower gene express ion (30–32) , whi le
hypomethylation will reduce gene silencing and increase gene
expression (33, 34). So we guessed that the hypomethylation of
IL-6 increased the expression of IL-6. In many cancers, excessive
activation of IL-6/JAK/STAT3 is associated with tumor cell
proliferation, migration, invasion and inhibition of antitumor
immune responses, and is associated with poor tumor prognosis
(19). The increased expression of the IL-6 may affect the
occurrence of liver cancer through some ways, but its specific
process needs further experiments to verify.

Hepatocellular carcinoma (HCC), as themost common form of
liver cancer, is themain causeof liver cancerdiagnosis anddeath (1).
Indifferent areasof theworld,HCCisquite infrequent. Basedon the
GLOBOCAN 2020, the age-standardized rate (ASR) incidence in
males is highest in China, Mongolia and some South Asian
countries (>13.3/100,000) and then followed by United States and
some African countries (8.9-13.3/100,000), Canada, Mexico and
Oceania (6.9-8.9/100,000) and lowest in the Southeast Asia (<2.5/
100,000) as represented in Figure 7 (35). The commonly used
Frontiers in Oncology | www.frontiersin.org
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treatment methods for liver cancer are Barcelona Clinic Liver
Cancer approach (36) and the new EASL Clinical Practice
Guidelines (37), and the late effect will not be effective, so early
detection and early treatment are necessary. InChina, themain risk
factor forHCC isHBV (1, 3, 4). Because early diagnosis is difficult, a
variety of patients are diagnosedwithHCCat an advanced stage (8).
Recent studies have found that abnormal DNA methylation is
related to a great number of humandiseases. TheDNAmethylation
status offree cells is similar to that of primary tumor tissues (26, 38).
IL-6 synthesis and secretion are affected by inflammatory
conditions (18). Meanwhile, it is related to breast cancer staging
and prognosis (39), esophageal squamous cell carcinoma (40, 41),
oral squamous cell carcinoma (42), epithelial ovarian cancer (43)
and other tumors. Interleukin-6 (IL-6) has been confirmed to
participate in the occurrence of HBV-related liver cancer by
activating the STAT3 pathway (19). Studies have shown that the
level of serum IL-6 after treatment can be used as a powerful
predictor of the prognosis of HCC (29). In youth prehypertension,
the IL-6 promoter is inhibited by DNAmethylation, and IL-6 gene
CpG methylation can be used as a surrogate biomarker for the
diagnosis of childhood IBD (20, 21). Increased serum IL-6
downregulated PTPRO expression in HCC monocytes (44). In
order to evaluate the diagnostic value of the IL-6 promoter
methylation level as a noninvasive biomarker, we selected PBMCs
fromHCC patients as the research specimens, using a quantitative
high fluxmethylationdetectionmethod–methylight test, which has
higher sensitivity and specificity than traditional MSP technology
(15, 45). In this study,we found for the first time that IL-6 promoter
hypomethylation occurred in the PBMCs of patients with HCC.
The IL-6 promoter methylation level of HBV-associated HCC was
clearly lower than that of CHB patients. The level of IL-6 mRNA in
PBMCs and CHB patients was evidently higher than that of the
normal control group. The PMR values of IL-6 promoter and IL-6
FIGURE 6 | The diagnostic value of IL-6 promoter methylation levels in HBV-associated HCC. The ROC of IL-6 promoter methylation level, AFP, and the
combination of both tests in discriminating HBV-associated HCC from CHB.
TABLE 5 | Independent risk factors for development of HCC.

Variable OR 95%CI P value

Gender (Male) 1.840 0.914-3.704 =0.088
Age (>50yr) 0.631 0.346-1.149 =0.132
IL-6 (<54.91%) 10.243 5.455-19.233 <0.001
AFP (>20 ng/ml) 4.689 2.568-8.563 <0.001
HBV-DNA (+) 3.754 1.956-7.208 <0.001
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mRNA levels were obviously negatively correlated. Among them,
the IL-6 promotermethylation value ofHBV-relatedHCCpatients
with a tumor size >3 cm was sharply higher than that of patients
with <3 cm Multivariate logistic regression analysis showed that
hypomethylation of the IL-6 promoter is an independent risk factor
ofHCC. These results indicate that themethylation level of the IL-6
promoter may be a potential biomarker for monitoring and
predicting the prognosis of HBV-related liver cancer. It is worth
noting that the methylation level of the IL-6 promoter is lower in
normal people, and the level ofmRNA is also lower. One possibility
to explain the inconsistent trends is that in addition to promoter
methylation, there are many other factors that can affect the
transcription process, such as microRNA, long noncoding RNAs,
enhancer of noncoding RNA transcription unit, histone
modifications, and transcription factors, transcription factors and
the nucleosome (46–50).

Early detection and diagnosis of liver cancer can help improve
survival (8). At present, AFP is still themost widely accepted serum
biomarker in liver cancer in monitoring and diagnosis (51). Its
sensitivity (40-60%) and specificity (65-81%) are not high using the
traditional boundary of 20 ng/ml, and it has limitations as a
Frontiers in Oncology | www.frontiersin.org 9
diagnostic marker for liver cancer (7, 52, 53). In this study, the
methylation level of the IL-6promoterwasquantitatively evaluated,
and a ROC curvewas drawn to further evaluate its diagnostic value.
Experimental results exhibit that the diagnosis of the IL-6 promoter
methylation level is sharply better than that of AFP. The
combination of serum AFP and the PMR value of the IL-6
promoter in PBMCs can further improve the diagnostic ability of
AFP. With 54.91% as the cutoff point, the sensitivity of the
methylation level of the IL-6 promoter alone to distinguish HCC
and CHB was 78.2%, and the specificity was 72.1%. If the currently
recommended clinical cut-off point (20 ng/ml) is used, the
sensitivity of AFP is 55.6% and the specificity is 80.6%. In
comparison, the sensitivity of the combined detection of IL-6
promoter PMR and AFP was 78.2% and the specificity was
73.3%. The combined detection of IL-6 methylation level in
PBMCs and serum AFP can sharply improve the diagnostic
ability of AFP. At the same time, no correlation between IL-6
promoter methylation level and AFP was observed. The above
results demonstrate that the methylation level of the IL-6 promoter
may become a noninvasive diagnostic marker for liver cancer
independent of AFP.
A

B

FIGURE 7 | Global age-adjusted incidence rates of liver cancer, estimated for 2020. Data source: GLOBOCAN 2020. Graph production: IARC (http://gco.iarc.fr/
today), World Health Organization (35). This article is protected by copyright. All rights reserved. the age-standardized rate (ASR) incidence of malein males is highest
in China, Mongolia and some South Asian countries (>13.3/100,000) and then, followed by the United States and some African countries (8.9-13.3/100,000),
Canada, Mexico and Oceania (6.9-8.9/100,000) and lowest in the Southeast Asia (<2.5/100,000).
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This experiment has several limitations. First, long-term follow-
up data before and after the development ofHCCwere not enrolled.
Further analysis of the prognostic value of the level of IL-6 promoter
methylation in HCC is not conducted, and there was no way to
conduct survival analysis. Second, the sample size was relatively
small, especially since all patients were selected from a single-center,
which may lead to selection bias. Third, there are some technical
difficulties in thedetectionofDNAmethylation levels bymethylight,
such as DNA extraction and sodium bisulfite treatment. Fourth, the
methylation level of the IL-6 promoter in serum was not compared
with that in liver tissue. However, studies have displayed that the
methylation status of cell free DNA is similar to the methylation
status of the primary tumor tissue [13,14]. Finally, the super minor
changesbetweenHCCandCHBgroups inPMRpercentagedoesnot
meananything to the review. Itmaybebecauseof thePBMCmixture
cells were used as the target sample, but not a specific immune cell
subtype was used. Meanwhile, although there is a statistical
difference, the chance of representing a biological difference by 3
percent changeonpromotermethylation level is super low.Weneed
further experiments to confirm. In the future, a prospective cohort
follow-up study of multicenter and larger-scale patients is needed to
confirm our point of view.
CONCLUSION

In conclusion, we discovered that the IL-6 promoter methylation
level in HBV-associated HCC was significantly lower than that in
CHB patients, and the IL-6 mRNA level in HBV-associated HCC
was significantly higher than that of CHB patients and normal
people. The level of IL-6 promoter methylation, an independent
factor in the development of liver cancer, is negatively correlated
with the IL-6 mRNA level. At the same time, the methylation
level of the IL-6 promoter as a noninvasive biomarker is more
sensitive and specific than AFP in the diagnosis of HCC.
Therefore, methylation of the IL-6 promoter may become a
potential biomarker to detect HCC.
Frontiers in Oncology | www.frontiersin.org 10
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