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Abstract. The changes in ratio of T helper 17 cells (Th17) 
to Treg cells in the transition of chronic hepatitis B (CHB) 
to liver cirrhosis, and the correlations with liver function 
and inflammation were investigated. A total of 20 normal 
subjects (control group), 35 CHB patients (CHB group) and 
40 post-hepatitis liver cirrhosis patients (liver cirrhosis group) 
were enrolled into this study. Liver function was measured 
through the levels of alanine aminotransferase (ALT) and 
aspartic transaminase (AST), and the hematoxylin and eosin 
(H&E) staining method was used to detect the histopatholog-
ical features. mRNA expression of inflammation‑associated 
factors was detected using RT-PCR. The protein expression 
of nuclear factor κB (NF-κB) was measured in liver tissues 
using the immunofluorescent method and western blot assay. 
In the CHB and liver cirrhosis groups, the increases in Th17 
cells were more evident than those in Treg cells. Moreover, 
an evident increase in levels of ALT and AST was identified 
in the two groups. Structures of liver tissues in the CHB and 
liver cirrhosis groups were destroyed with damage to the cell 
nuclei. The expression of inflammation-associated factors 
were significantly elevated compared to those in the control 
group. NF-κB expressed in the CHB and liver cirrhosis 
groups was significantly higher than that in control group. 
The results of analysis of variance indicated that differences 
in the expression of interleukin (IL)-1β, IL-6, tumor necrosis 
factor (TNF)-α and NF-κB in the three groups had statistical 
significance (P<0.01). In conclusion, transition from CHB to 
liver cirrhosis comes with significant changes in Th17/Treg 

ratio, which is correlated with a decrease in liver function, and 
also closely associated with the development and progression 
of inflammation.

Introduction

Chronic hepatitis B (CHB) is a common disease in clinical 
medicine. According to the World Health Organization, about 
1 million people die each year from liver failure, liver cirrhosis 
and primary hepatocellular carcinoma caused by HBV infec-
tion, which seriously endanger human health (1,2). Although 
some oral antiviral drugs and interferon have been widely 
used in clinic in recent years, the trend that CHB develops 
into cirrhosis, severe hepatitis has not been effectively curbed.
Reducing the incidence of end-stage complications such as 
cirrhosis, effectively prolonging the life cycle of patients and 
improving the quality of life has become the key to be solved 
in the current medical field. Transition from CHB to liver 
cirrhosis involves many factors in key roles, such as changes 
in the ratio of T-helper 17 cells (Th17) to Treg cells, changes 
in the levels of alanine aminotransferase (ALT) and aspartic 
transaminase (AST) in liver function as well as the expression 
of various inflammation‑associated factors (3‑5).

In this study, with CHB patients and liver cirrhosis 
patients as subjects, we detected the changes in Th17/Treg 
ratio, variations in ALT and AST levels in liver function, and 
the expression of inflammation‑associated factors [including 
interleukin (IL)-1β, IL-6, tumor necrosis factor (TNF)-α and 
nuclear factor κB (NF-κB) in liver functions] in liver tissues 
of all the groups to find the differences in expression during 
the transition from CHB to liver cirrhosis, and explore the 
correlations of Th17/Treg ratio with the liver function and 
inflammation in this process, aiming to provide new ideas and 
orientation for genetic diagnosis and treatment of CHB and 
liver cirrhosis.

Patients and methods

Sample collection
Patients. There were 35 CHB patients and 40 post-hepatitis 
liver cirrhosis patients who were admitted to Yantai Infectious 
Disease Hospital (Yantai, China) between May 2010 and 
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July 2015, included in this study. Samples were collected from 
tissues resected during surgeries, fixed in 10% formaldehyde 
and embedded in paraffin. A total of 35 paraffin samples were 
collected from patients who underwent resection surgery in 
the hospital and were diagnosed as CHB through postopera-
tive histopathological examination: There were 18 males and 
17 females aged from 30 to 62 years. Additionally, 40 paraffin 
samples were collected from those who also underwent surgical 
resection in the hospital and were diagnosed as post-hepatitis 
liver cirrhosis: There were 27 males and 13 females aged from 
36 to 69 years. In addition, 20 samples of normal liver tissues 
were collected from the liver transplantation center of the 
hospital as the control group, including 14 males and 6 females 
aged from 30 to 48 years.

The study was approved by the Ethics Committee of 
Yantai Infectious Disease Hospital and informed consents 
were signed by the patients or the guardians.

Major reagents. Roswell Park Memorial Institute 
(RPMI)-1640 medium and fetal bovine serum (FBS) were 
purchased from Gibco; Thermo Fisher Scientific, Inc. 
(Waltham, MA, USA); detection kits of AST and ALT were 
purchased from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China); bicinchoninic acid (BCA) detection kit of 
protein concentration and BeyoECL Plus kit were purchased 
from Beyotime Institute of Biotechnology (Haimen, China); 
extraction kit of tissue protein was purchased from Nanjing 
KeyGen Biotech Co., Ltd. (Nanjing, China); RNAiso Plus, 
PrimeScript® RT reagent kit with gDNA Eraser, SYBR®Premix 
Ex Taq™ II (Tli RNaseH Plus) was purchased from Takara 
Biotechnology Co., Ltd. (Dalian, China); primary, secondary 
and fluorescent secondary antibodies of glyceraldehyde‑phos-
phate dehydrogenase (GAPDH) and NF-κB were purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Experimental methods
Detection of Th17/Treg cell frequency in peripheral blood. 
Peripheral venous blood (5 ml) was extracted from patients 
of the control, CHB and liver cirrhosis groups for isolating 
the peripheral blood mononuclear cells (PBMCs) in density of 
2x106/ml through Ficoll density gradient centrifugation. The 
results were analyzed to identify the difference in frequen-
cies of Th17 and Treg among the groups, and thus explore 
the correlations of Th17/Treg ratio with the liver function and 
inflammation.

Measurement of liver functions. According to the instruc-
tions of the kit, we assayed the enzymatic activity of AST and 

ALT in serum to evaluate the damage to liver of patients in 
three groups.

Hematoxylin and eosin (H&E) staining. In all the groups, 
samples of liver tissues were embedded in paraffin to prepare 
the paraffin blocks, which were later sliced into 5 µm sections as 
the blank sections. Thereafter, according to the regular method 
of histopathology, H&E staining was performed for sections 
that were later placed under a microscope (x200, Olympus 
Corporation, Tokyo, Japan) for histopathological analysis.

Reverse transcription‑polymerase chain reaction 
(RT‑PCR) analysis. Liver tissues in appropriate amount in 
the control, CHB and liver cirrhosis groups were transferred 
rapidly into the reagent supplemented with 1 ml TRIzol to 
sufficiently grind the tissues into homogenate. Homogenate 
was placed at room temperature for 5 min RIPA lysis buffer, 
and then 12,000 x g for 5 min at 4˚C. Supernatant was collected, 
mixed well with chloroform and placed at room temperature 
for 5 min, followed by 12,000 x g for 15 min at 4˚C. The same 
volume of isopropanol was added in the supernatant, and the 
solution was placed at room temperature for 10 min, followed 
by 12,000 x g for 10 min at 4˚C. Sediment was collected, 
and mixed with 75% ethanol to rinse the sediment of RNA. 
Subsequently, RNase-free water was added to resolve the sedi-
ment, and the optical density (OD) was determined to calculate 
the OD260/OD280 ratio for measurement of RNA concentration. 
Under the manufacturer's instructions, stepwise amplification 
was performed for the primer sequences (Table I), and the 
product was collected for RT-PCR analysis.

Immunofluorescent assay. After being fixed in 10% formal‑
dehyde for 48 h, liver tissues in the three groups were embedded 
in paraffin regularly to prepare the sections (5 µm). Paraffin 
sections, after being dewaxed in xylene and dehydrated in 
ethanol of gradient concentrations, underwent antigen retrieval, 
followed by rinsing with 0.01 M phosphate-buffered saline 
(PBS; pH 7.4) three times (5 min/time). Thereafter, sections 
were blocked in a wet box containing 10% bovine serum 
albumin (BSA) at 37˚C for 30 min, followed by incubation 
with appropriately diluted (1:70) mouse anti-human GAPDH 
and NF-κB monoclonal antibodies (cat. nos. sc-365062 and 
sc‑515045; Santa Cruz Biotechnology, Inc.) on a section at 4˚C 
overnight. The section were rinsed with PBS (pH 7.4) three 
times (5 min/time), fluorescent rabbit anti‑mouse secondary 
polyclonal antibody (diluted at 1:100; cat. no. sc-2010; Santa 
Cruz Biotechnology, Inc.) were added on the sections in the 
dark for incubation in a wet box at 37˚C for 2 h. The sections 
were then rinsed using PBS (pH 7.4) three times (5 min/time), 

Table I. Primer sequences in RT-PCR.

Gene Forward primer (5'-3') Reverse primer (5'-3')

Human GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
Human IL‑1β CTGAGCACCTTCTTTCCCTTCA TGGACCAGACATCACCAAGCT
Human IL‑6 TGGCTGAAAAAGATGGATGCT TCTGCACAGCTCTGGCTTGT
Human TNF‑α TGTAGCCCATGTTGTAGCAAACC GAGGACCTGGGAGTAGATGAGGTA

RT-PCR, reverse transcription-polymerase chain reaction; GAPDH, glyceraldehyde-phosphate dehydrogenase; IL, interleukin; TNF, tumor 
necrosis factor.
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4',6-diamidino-2-phenylindole (DAPI) was added in the dark 
for staining for 15 min, and the sections were mounted with 
the 100% glycerol. Finally, with an upright fluorescent micro-
scope (Olympus Corporation), the sections were observed and 
images were captured.

Western blot analysis. After being rinsed with ice-cold 
normal saline, samples of liver tissue in three groups were 
used for protein extraction in accordance with instructions 
of the extraction kit for total protein. Samples were ground 
sufficiently on ice with immunoprecipitation lysis containing 
phenylmethanesulfonyl fluoride (PMSF) and protease inhib-
itor. Tissues were then centrifuged at 12,000 x g for 10 min 
at 4˚C for sufficient homogenization, and the supernatant 
was again centrifuged 12,000 x g at 4˚C for 20 min. After 
protein quantification with some of the supernatant, samples 
containing the same volume of total protein in the rest of 
supernatant were loaded in the wells for isolation through 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) under a constant voltage of 220 V until the 
bromophenol blue reached the bottom of the gel. According 
to molecular weight of the target proteins, gel was cut, and the 
proteins on the gel were transferred onto the polyvinylidene 
fluoride (PVDF) membrane. Then, PVDF membrane with 
protein was blocked in 5% skimmed milk on a shaker at room 
temperature for 3 h, and incubated with corresponding primary 
antibody (1:1,000) at 4˚C overnight. Thereafter, membrane 
was rinsed with Tween-20 and Tris-buffer saline (TTBS) three 
times (10 min/time), and incubated with secondary antibody 
(1:2,000) for 1 h at room temperature. After the membrane was 
rinsed with TTBS three times (10 min/time), enhanced chemi-
luminescence (ECL) reagent was added for color development 

and photographing (ImageJ software; National Institutes of 
Health, Bethesda, MD, USA). The gray value of theband was 
scanned by Quantity One software (Bio-Rad Laboratories, 
Hercules, CA, USA).

Statistical analysis. Experiment data were presented as 
mean ± standard deviation, and the results were analyzed with 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). A t-test 
was carried out for mean comparison between two groups, 
while one-way analysis of variance with LSD post hoc test for 
comparison of means of samples among groups, and p-test for 
pairwise comparison. P<0.05 suggested that the difference had 
statistical significance.

Results

Results of changes in Th17/Treg ratio. As shown in Table II, 
frequency of Treg cells in the CHB and liver cirrhosis groups 
were significantly higher than that in the control group, and 
similar phenomena were also observed in a comparison of 
Th17 cell frequencies among these groups. In the CHB and 
liver cirrhosis groups, increases in Th17 cells were more 
evident than those in Treg cells, and the Th17/Treg ratio was 
also higher than that in control group.

Liver functions in the three groups. The results showed that 
compared with control group, increases in levels of AST 
and ALT in the CHB and liver cirrhosis groups were more 
evident (P<0.01), suggesting a decline in liver functions in 
CHB group and liver cirrhosis group, and severe damage to 
liver (Fig. 1).

Table II. Changes in Th17/Treg ratio in control group, CHB group and liver cirrhosis group.

Index Control group CHB group Liver cirrhosis group

Thl7 (%) 0.21±0.18 0.22±0.21 0.24±0.19
Treg (%) 6.02±1.12 6.73±1.68 6.94±2.13
Thl7/Treg ratio 35.21±13.18 65.22±34.32 69.25±43.64

Th17, T helper 17 cells; CHB, chronic hepatitis B.

Figure 1. Detection of ALT and AST levels in control group, CHB group and liver cirrhosis group; **P<0.01 vs. control group. ALT, alanine aminotransferase; 
AST, aspartic transaminase; CHB, chronic hepatitis B.
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Observation of pathological features through H&E staining. 
With the H&E staining section in the control, CHB and liver 
cirrhosis groups, we aimed to identify the differences in patho-
logical features of samples. Compared with the sections in 
control group, structures of liver tissues in sections of the CHB 
and liver cirrhosis groups were destroyed with hyperplasia 
of fibrous connective tissue, severe steatosis surrounding the 
central veins of liver, diversified size, hydropic degeneration 
and cloudy swelling of peripheral hepatocytes. In some massive 
necrosis area of hepatocytes, infiltration of inflammatory cells 
was also identified. As shown in Fig. 2, there were significant 
differences in the histopathological features of liver tissues 
among the three groups.

Results of RT‑PCR. After RT-PCR, total RNA extracted 
from the three groups was used to detect the mRNA expres-
sion of IL-1β, IL-6 and TNF-α, and the results showed that 

the mRNA expression of these indexes in the CHB and liver 
cirrhosis groups were obviously higher than those in the 
control group (Fig. 3).

Detection of the expression of NF‑κB in control group, CHB 
group and liver cirrhosis group via immunofluorescence. As 
shown in Fig. 4, the expression of NF-κB in control group was 
significantly lower than those in the CHB and liver cirrhosis 
groupd, revealing that NF-κB is critical to the development 
and progression in CHB, or even liver cirrhosis.

Protein expression of NF‑κB in the control, CHB and liver 
cirrhosis groups. Results of the western blot analysis revealed 
the protein expression of NF-κB in the three groups. As shown 
in Fig. 5, the protein expression of NF-κB in liver tissues of 
the CHB and liver cirrhosis groups was far higher than that in 
control group.

Figure 2. H&E staining results of liver tissues in the control, CHB and liver cirrhosis groups (x200). H&E, hematoxylin and eosin; CHB, chronic hepatitis B.

Figure 3. Expression of IL-1β, IL-6 and TNF-α genes in the control, CHB and liver cirrhosis groups; **P<0.01 vs. control group. IL, interleukin; TNF, tumor 
necrosis factor; CHB, chronic hepatitis B.

Figure 4. Expression of NF-κB in liver tissues of the control, CHB and liver cirrhosis groups (x200). NF-κB, nuclear factor κB; CHB, chronic hepatitis B.
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Discussion

Liver is one of the major organs with strong defensive ability 
and regeneration ability in the body. Damage to liver affects the 
normal functions of body severely, and a variety of common 
liver diseases in clinic, including viral hepatitis, hepatic 
fibrosis, liver cirrhosis and liver cancer, seriously threaten 
the life and health of human beings (6-8). In the transition of 
CHB to liver cirrhosis, multiple factors are involved, including 
inflammation, oxidative stress, apoptosis and autophagy (9‑11). 
Without effective treatment, it will evolve into liver cancer, 
leading to severe threat to life and health of human (12-14). 
Therefore, prophylaxis and treatment of liver diseases remain 
global problems, and it is imperative to develop an effective 
and safe treatment method for liver disease. Through years 
of studies, we have identified the genes that closely correlate 
with the disease, and appropriate intervention on these genes 
is expected to be a new orientation for treatment.

Inflammation is a complicated defensive response of living 
tissues with vascular system to destructive factors (15-17). 
Inflammatory factors mainly refer to the cytokines involved 
in inflammatory responses, and can be classified into several 
types: TNF-α, IL-1β, IL-6 and TGF-β. The roles of inflam-
matory factors are mainly to induce the proliferation and 
differentiation of T lymphocytes in the body (18). Among 
various inflammation‑associated cytokines, TNF‑α, IL-1β and 
IL‑6 are considered as the inflammatory factors with major 
effects (19,20).

In this study, 20 healthy subjects (control group), 35 CHB 
patients (CHB group) and 40 post-hepatitis liver cirrhosis 
patients (liver cirrhosis group) were enrolled into this study. In 
addition, liver functions were measured through the levels of 
ALT and AST with corresponding kits, and evident increases 
in levels of ALT and AST were identified in the CHB and 
liver cirrhosis groups in comparison with the levels in control 
group, suggestive of severe liver injury in the CHB and liver 
cirrhosis groups. Furthermore, H&E staining results reflected 

directly the differences in histopathological features in the 
three groups, and RT‑PCR analysis showed the significant 
differences in mRNA expression of inflammation‑associated 
factors, including IL-1β, IL-6 and TNF-α. Moreover, IL-1β, 
IL-6 and TNF-α were highly expressed in the CHB and liver 
cirrhosis groups, and expressed at low level in control group. 
The results of immunofluorescent assay and western blot assay 
showed that the expression of NF-κB in CHB group and liver 
cirrhosis group was significantly higher than that in control 
group.

In conclusion, transition from CHB to liver cirrhosis comes 
with significant changes in Th17/Treg ratio, which is correlated 
with the decline in liver function, and also closely associated 
with the development and progression of inflammation. In 
future, a new treatment method is expected to protect the liver 
functions through control of the deterioration of inflammation 
to protect the liver and reverse the liver disease.
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