Am J Transl Res 2023;15(8):5331-5338
www.ajtr.org /ISSN:1943-8141/AJTR0O150873

Original Article

Serum alpha-fetoprotein level is correlated with the level
of inflammatory markers in the immune-clearance
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Abstract: Purpose: To clarify the association of serum alpha-fetoprotein (AFP) with inflammatory markers interleukin
(IL)-6 and tumor necrosis factor (TNF)-a in patients with chronic hepatitis B (CHB) during the immune-clearance
phase in Eastern China. Methods: This research selected 60 CHB patients during the immune clearance phase
who tested positive for AFP, including 32 cases treated by non-antiviral therapy (experimental group) and 28 cases
treated by antiviral therapy (positive control group). Another 30 cases tested negative for AFP were set as a nega-
tive control group. The correlations of serum AFP with IL-6 and TNF-a in patients were analyzed. Results: HBV DNA
clearance in patients receiving antiviral therapy, in both the positive or negative control groups, was not significantly
related to other clinical data. In the experimental group, a positive correlation of HBV DNA clearance with serum
AFP level (r=0.5126, P=0.0027), alanine aminotransferase (r=0.3924, P=0.0263), and total bilirubin (r=0.5126,
P=0.0027) was found. The experimental and positive control groups exhibited elevated serum IL-6 and TNF-a con-
tents versus the negative control group (P<0.05). A positive association of AFP with IL-6 and TNF-a was also identi-
fied. Conclusion: Serum AFP level is positively related to IL-6 and TNF-« levels in CHB patients during the immune-
clearance phase.
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Introduction gen (HBeAg)-positive chronic HBV infection
(previously known as immune tolerance, chron-
ic HBV carrier status), HBeAg-positive CHB
(previously known as immune-clearance [IC],
immune activity), HBeAg-negative chronic HBV
infection (previously known as immune control,

inactive hepatitis B surface antigen [HBsAg]

Hepatitis B refers to a liver infection induced
by hepatitis B virus (HBV) - a double-stranded
DNA virus of the family Hepeviridae [1]. Based
on World Health Organization (WHO) statistics,
there are over 2 billion HBV-infected cases

globally, 350 million of which were chronic,
and an estimated 65 million of the chronically
infected die from chronic hepatitis B (CHB)-
induced liver disease [2]. According to the
“Guidelines for the Prevention and Treatment
of Chronic Hepatitis B (2022 edition)” [3] revis-
ed by the Hepatology and Infectious Diseases
Branch of the Chinese Medical Association,
CHB can be divided into four phases based on
the integration of virological, biochemical and
histological features, namely hepatitis B e anti-

carrier status), and HBeAg-negative CHB (also
known as reactivation). The IC phase begins
with the host’s immune response to the infect-
ed hepatocytes (HCs). At this time, elevated
serum alanine aminotransferase (ALT: higher
levels indicate more intense responses and
more severe HC injury) and chronic active hepa-
titis visible on liver ultrasound scan (USS) or
biopsy can be observed, while the immune sys-
tem can gradually clear HBV DNA along with
increased levels of liver inflammation [4, 5].
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Once they are CHB-infected, patients will devel-
op chronic inflammation that is linked to certain
liver complications [6]. The immune system
consists of various molecules and cells involved
in the induction of inflammation [7], among
which interleukin (IL)-6 [8] and tumor necrosis
factor (TNF)-a [9] are the major innate immuno-
cytokines that trigger liver inflammation and
immunoreactions. Inflammation in the liver
leads to extracellular matrix accumulation,
causing fibrosis. Therefore, it is crucial to iden-
tify inflammation in time for early antiviral ther-
apy [10]. As an embryo-specific glycoprotein
comprising nearly 580 amino acids and 3-5%
carbohydrates, alpha-fetoprotein (AFP) is the
most extensively used serum biomarker for cir-
rhosis, which is synthesized by the yolk sac and
liver (1-2 months) and then predominates in the
human liver [11]. AFP is the most extensively
applied serum biomarker for hepatocellular
carcinoma (HCC) surveillance in China [12, 13],
with its elevated serum levels associated with
acute HCC. Antiviral drugs are known to be
effective in inhibiting not only HBV replication
but also hepatitis activity, which may reduce
the false-positive rate of AFP testing. However,
some patients still develop HCC during antiviral
therapy [14-16]. Therefore, it is clinically impor-
tant to distinguish between the high AFP level
associated with HBV infection and that which
occurs with early-stage HCC, especially in those
on antiviral therapy for elevated AFP.

Moreover, studies have demonstrated incre-
ased serum AFP levels with the worsening of
pathologic inflammation and fibrosis in CHB
[17]. However, a relationship between serum
levels of AFP and inflammation-related factors
in different phases of CHB, especially the IC
phase, has not been reported. Therefore, in
this study, IC-phase CHB patients were enrolled
to clarify the correlation of AFP with inflamma-
tory indicators.

Materials and methods
Participants

In this retrospective study, the clinical files of
initially infected IC-phase CHB inpatients at the
Taizhou People’s Hospital or Taizhou Hospital of
Traditional Chinese Medicine between January,
2019 and January, 2021 were analyzed. Inclu-
sion criteria: (1) All cases met the diagnostic
standards for IC phase CHB [18]; (2) All cases
were serum HBsAg positive and HBeAg positive
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for more than 6 months; (3) All cases had a
serum HBV DNA level of >2000 IU/mL for more
than 6 months; (4) All cases with ALT >5x ULN
or persistently elevated (>2x ULN for more than
3 months); (5) All cases with complete clinical
files and follow-up data. Exclusion criteria: (1)
Patients with other viral hepatitis, fatty/alco-
holic/drug-induced hepatitis, or autoimmune
hepatitis; (2) Patients with primary hepatic car-
cinoma; (3) Patients receiving nucleotides,
interferon or thymidine; (4) Patients with in-
complete clinical files and follow-up data. The
patients were classified as either AFP negative
(£20 ng/mL) or positive (AFP >20 ng/mL) with
the acknowledged upper limit of normal AFP
level of 20 ng/mL as the threshold [19]. A total
of 60 AFP positive cases were included with 32
cases treated by non-antiviral therapy (experi-
mental group) and 28 cases treated with antivi-
ral therapy (positive control group). Besides,
another 30 AFP negative CHB cases were used
as a negative control group. No statistical
differences were identified in sex, age, height,
or weight among the groups. This study was
approved by the ethics committee of Taizhou
Hospital of Traditional Chinese Medicine.

Data collection

After hospitalization, patients were examined
once every two weeks for ALT, total bilirubin
(TBIl), HBsAg, HBeAg titer, HBV DNA, AFP quota,
IL-6 and TNF-a. The positive and negative con-
trol groups received antiviral therapy with nu-
cleotides analogues (Entecavir, Tenofovir diso-
proxil fumarate, telbivudina, adefovir dipiboxil,
and Lamivudine), while the experimental group
received none. Patients were closely observed
for their treatment and conditions throughout
their hospitalization and underwent a >2-year
follow-up after hospital discharge.

Outcome measures

The primary outcome measure was the AFP
level. The secondary outcomes measures were
the differences in the AFP level and other indi-
cators (ALT, total bilirubin [TBil], HBsAg, HBeAg
titer, HBV DNA, HBV DNA AFP quota, IL-6 and
TNF-).

Statistical analyses
SPSS 20.0 software was used for statistical

analyses. Measured data were expressed by
mean * standard deviation (SD); Inter-group
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Table 1. Baseline information

Experimental group Positive control group Negative control group

Group (n=32) (n=28) (n=30) F/xt P

Age (year) 41.6+13.2 40.3+18.3 43.14175 0.2126  0.8089
Gender, male (%) 18 (56.3) 16 (57.1) 17 (56.7) 0.0048  0.9976
BMI (kg/m?) 22.6+2.4 23.1+2.8 22.943.0 0.2553  0.7753
TBIl (umol/L) 172.6+71.3 179.3+68.3 176.1477.5 0.0640  0.9381
ALT (U/L) 573.24249.1 527.6+310.9 601.9+191.2 0.6300  0.5350
AFP (ng/mL) 369.1+184.1 348.6+176.6 24,1428 51.8600 <0.0001
HBV DNA (log) 5.72+2.87 5.96+2.13 5.94+2.76 0.0794  0.9237
HBsAg (ng/mL) 3437.1+1964.1 3988.6+2276.2 3816.5+2862.0 0.4236  0.6560
HBeAg (IU/mL) 756.7+591.8 693.5+669.1 782.1+610.4 0.1546  0.8570

Notes: BMI, body mass index; TBil, total bilirubin; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; HBV, hepatitis B virus;
HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; “P<0.05 vs experimental group; *P<0.05 vs positive control

group.

Table 2. Comparison of average length of day and hospital-

ization costs

talization costs of each group are
listed in Table 2, which showed no

Group Average

Average
length of day hospitalization costs

significant difference among the
groups.

Experimental group (n=32) 45.3+14.2
Positive control group (n=28) 46.7+13.1

22178.4+3670.9
21712.3+4460.1

The association of HBV DNA clear-
ance with clinical data

Negative control group (n=30) 44.1+14.8 22809.8+3955.9

F 0.2472
P 0.7815

0.5453 The correlation of HBV DNA concen-
0.5817 tration with all the concerned clini-

and multi-group comparisons were conducted
using the Student’s t-test and the variance
analysis (ANOVA) following with Bonferroni
post-hoc test, respectively. Counted data were
described as number (percentage) and ana-
lyzed using the Chi-square test. Pearson
correlation analysis was used for two-factor
correlation analysis. P<0.05 was considered
significant.

Results
Baseline information and prognosis

There were 32, 28, and 30 cases in the experi-
mental, positive control, and negative control
group, respectively (Table 1). The enrolled
patients were all discharged from hospital after
their condition improved without death. There
was no proof for liver tumors in patients with
increased AFP. Three patients from the control
group were excluded due to no apparent drop in
virus after four weeks of liver protection treat-
ment. The auto clearance ratio reached 90.32%
(28/31). The average length of stay and hospi-
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cal data are presented in Tables 3,
4 and Figure 1, which only identified
a correlation of HBV DNA clearance with
TBil (r=0.5126, P=0.0027) and ALT (r=0.3924,
P=0.0263).

Association of AFP with inflammatory indica-
tors

Markedly elevated serum IL-6 and TNF-« levels
were determined in the experimental and posi-
tive control groups compared to the negative
control group (P<0.05; Table 5). AFP was statis-
tically correlated with IL-6, TNF-ac and HBV DNA
(Figure 2).

Discussion

The IC phase is the second phase of HBV infec-
tion [4]. It is characterized by high serum
HBV DNA concentration, persistent or indirect
increase of ALT/AST, and necro-inflammatory
changes of the liver [20]. Due to the multiple
replications of HBV in the body, the immune
system is activated and launches an immune
attack against HBV, resulting in an active
immune response of the organism. When the
immune system attacks HBsAg on the liver cell
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Table 3. HBV DNA, AFP, TBil, ALT, HBsAg and HBeAg of experimental group

HBV DNA (log) AFP (ng/mL) TBil (umol/L) ALT (U/L) HBsAg (ng/mL)  HBeAg (IU/mL)
Oow 5.72+2.87 369.1+184.1 172.6+71.2 573.2£249.0 3437.8+1964.3 756.71591.2
2w 5.861£2.40 1083.1+£591.2° 203.1+87.7 221.7+165.6° 3675.4+2016.0 741.6+513.5
4w 4.45+3.02° 689.6+100.9**  143.7+91.5° 40.3+5.82° 3859.9+2103.5 801.2+555.4
6w 3.57+1.58*"  355.2+173.4°¢ 50.6+45.4%P¢  27.7+3.92°¢ 3457.1+2045.8 792.84590.0
8w 3.24+1.66*° 108.3+65.5°P¢¢ 30.1+17.3*°c¢  26.5+4.8**¢  3760.5+1962.0 789.6+603.3.
16w  3.01+0.64%>  31.1+10.32Pc%e  16.1+9.82Pcde  28.1+6.22°¢  3578.1+1960.7  748.7+619.2
20w 2.97+0.712° 6.5+2.02Pcdel 14 6+5.920cde 21 5+3.0°bcdel  3428.9+1994.1  785.5+590.3
24w 2.59+0.42@bedfe 3 242 1abcdefe 8 1+6.02Pc0efe 21 .6+3.220cdel  3635.6+1987.6  761.9+568.2

Notes: HBV, hepatitis B virus; AFP, alpha-fetoprotein; TBil, total bilirubin; ALT, alanine aminotransferase; HBsAg, hepatitis B
surface antigen; HBeAg, hepatitis B e antigen. 2P<0.05 vs O w in the same group; °P<0.05 vs 2 w in the same group; °P<0.05
vs 4 w in the same group; P<0.05 vs 6 w in the same group; ¢P<0.05 vs 8 w in the same group; P<0.05 vs 16 w in the same

group; eP<0.05 vs 20 w in the same group.

Table 4. Significant changes in HBV DNA, AFP, TBil, ALT, HBsAg, and HBeAg over time

Source Type Il Sum of Square Mean Square F P value

HBV DNA 3947.61 3947.61 1156.52 <0.001

Error 105.81 3.413

AFP 28016365.07 28016365.07 723.827 <0.001

Error 1199882.15 38705.88

TBil 1639508.99 1639508.99 550.539 <0.001

Error 92318.230 2978.01

ALT 3688368.26 3688368.26 317.399 <0.001

Error 360239.22 11620.62

HBsAg 3338269767.82 3338269767.82 1935.409 <0.001

Error 53387267.76 1722169.93

HBeAg 153036893.67 153036893.67 647.823 <0.001

Error 7323208.62 236232.536

gm L B0 - interplay betvyeen_ the Yirus

s P=0.0263 P=0.0027 and the hepatic microenviron-
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= . . . -2 -2 . mal and local immune cells.
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HBV DNA HBV DNA

Figure 1. Correlation of HBV DNA level and other indicators. A: Correlation
of HBV DNA level and TBil level; B: Correlation of HBV DNA level and ALT
level. Notes: HBV, hepatitis B virus; TBiIl, total bilirubin; ALT, alanine amino-
transferase.

cations featuring HBV DNA and
ALT level fluctuations [23]. In
our study, HBV DNA was also in
direct proportion to ALT levels
in IC-phase CHB.

membrane, a large number of HCs are dam-
aged or even become necrotic, accompanied
by liver cell reproduction [21]. At the same time,
there may be a rise in jaundice and abnormali-
ties of aminotransferase clinically. CHB is a per-
sistent HBV infection-induced chronic necroin-
flammatory liver disease [22]. The difference in
the CHB phase may depend on the dynamic
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AFP is a bioprotein that is generated under
pathologic state during the embryonic phase
[24]. When cell division enters an exuberant
state, the body grows mature, resulting in a
decrease in AFP secretion. However, in the case
of liver cancer or liver damage, HCs will secrete
AFP in great quantities. Since the identification
of the correlation between AFP and liver cancer
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Table 5. Comparison of HBV DNA, AFP, IL-6 and TNF-a levels

Group AFP (ng/mL) IL-6 (ng/L) TNF-a (ng/L)
Experimental group (n=32) 369.1+184.1 42.6+7.2 73.1+24.9
Positive control group (n=28) 348.6+176.6 43.1+7.7 71.7£19.6
Negative control group (n=30) 24.1+2.8"# 27.7+9.5™# 40.3+10.6™*
F 51.86 34.23 27.41

P <0.0001 <0.0001 <0.0001

Notes: AFP, alpha-fetoprotein; IL-6, interleukin-6; TNF-a, tumor necrosis factor-o; “P<0.05 vs experimental group; *P<0.05 vs
positive control group.

A B Cc
809 r=0.5549 1507 +=0.3916 157 r=0.4500
P=0.0010 P=0.0266 P=0.0098 - .
60+ . . -~ S . .
= . ° @ Sp 1004 . . L. < 10
B t B . . E »
Z40d{ O I . 5 .
= W = LI . . L] . . %
= : £ e T 5 e K
20 = L « . L
e o
0 . ; : . 0 . . r . 0 . : T )
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
AFP(ng/mL) AFP(ng/mL) AFP(ng/mL)

Figure 2. Correlation of AFP level and other indicators. A: Correlation of AFP level with IL-6 level; B: Correlation of
AFP level with TNF-a level; C: Correlation of AFP level with HBV DNA level. Notes: AFP, alpha-fetoprotein; IL-6, inter-
leukin-6; TNF-a, tumor necrosis factor-a; HBV, hepatitis B virus.

in the 1960s, AFP has been widely used in HCC tory responses [31] and participate in the regu-
screening, diagnosing, early diagnosing, thera- lation of important pathophysiologic processes
peutic evaluation, and prognosis prediction, [32]. Increased IL-6 production is associated
[25]. However, analyses in recent years have with the pathogenesis of HCC in animal mod-
shown that dramatic increases in AFP during els. Previous studies have shown that high
acute or chronic hepatitis outbreaks may not serum IL-6 levels predate HCC carcinogenesis
be associated with tumors. In hepatocirrhosis in CHB patients and are moderately accurate in
patients with acute liver injury, AFP is elevated predicting future cancer [33]. Short-term IL-6
but tumors do not develop [26]. The research production may be the body’s natural response
by Ahn [27] and He [28] came to the conclusion to liver injury and may even be protective, but
that AFP level elevation was strongly linked to long-term exposure to high levels of IL-6 may
myofibrosis progression in hepatitis C patients increase the likelihood of developing liver dam-
without hepatocarcinogenesis. Uslu [29] and age and HCC. TNF-a system activity gets elevat-
his collaborators reached the same conclusion ed in cirrhosisand, is acknowledged to be linked
in hepatitis B patients. Our research found that to several known cirrhosis-associated adverse
the decrease in HBV DNA concentration had a events, such as hyperkinetic circulation, infec-
significant relationship with AFP levels in tion predisposition, and hepatic encephalopa-
IC-phase CHB patients with rising AFP, possibly thy [34, 35]. As has been observed in multiple
due to the reproduction of HCs when virus- chronic inflammatory disorders including CHB,
infected HCs are damaged or necrotic or activation of the cytokine system may lead to
because ALT and TBil are significantly associ- energy expenditure enhancement and nutrient
ated with decreased HBV DNA concentrations. intake reduction [36]. The endogenous TNF-a
Our research did not find a high correlation of elevation in advanced hepatopathy patients
HBV DNA and HBeAg with decreasing HBV DNA is widely acknowledged to be a result of chronic
concentrations. liver failure, which is related to endotoxin-

dependent macrophage stimulation and reduc-
The immune system is composed of several ed cytokine clearance [37]. TNF-a and IL-6 may
molecules and cells involved in inflammation be critical mediators of viral mass processes,
induction [30]. IL-6 and TNF-« affect inflamma- although this association has yet to be fully
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established [38]. Our data revealed evidently
higher serum IL-6 and TNF-«a in the experimen-
tal and positive control groups versus the nega-
tive control group, demonstrating their roles as
two important risk factors for CHB infection. In
addition, a close relationship was determined
between serum AFP and IL-6 and TNF-« levels.

In recent years, antiviral therapy for CHB has
received increasing attention. It is believed that
hepatitis B should be given positive antiviral
therapy [39, 40]. Our research revealed that
the probability of HBV DNA clearance in quite
higher in IC-phase CHB patients tested positive
for AFP (28/31), with no effect on patient prog-
nosis, length of stay,orhospitalization costs.
The condition of such patients should be close-
ly observed, or antivirus therapy can be given
when needed. Because this clinical research
followed up the patients only short term, fur-
ther research is needed to observe long-term
outcomes.
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