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Abstract.  – OBJECTIVE: To investigate the 
correlations of Helicobacter pylori (HP) with liver 
function, inflammatory factors and serum levels 
of forkhead box P3 (FoxP3) and retinoic acid re-
ceptor-related orphan receptor gamma-t (RORγt) 
in patients with hepatitis B cirrhosis (HBC).

PATIENTS AND METHODS: A total of 60 HBC 
patients were divided into HBC group (n=30) and 
HP-infected HBC group (HP&HBC group, n=30). 
QRT-PCR was conducted to determine the mes-
senger ribonucleic acid (mRNA) levels of FoxP3 
and RORγt in serum samples. ELISA was ap-
plied to measure the levels of relevant inflam-
matory factors. Besides, immunohistochemical 
staining was conducted to detect positive ex-
pressions of FoxP3 and RORγt in liver tissues of 
patients in the two groups.

RESULTS: No significant differences in gen-
der, drinking, smoking, diabetes and age were 
found between HBC group and HP&HBC group 
(p>0.05). Globulin and albumin levels were com-
parable between the two groups (p>0.05). Liv-
er function indexes, including ALT, AST and 
TBIL were higher in HP&HBC group than those 
in HBC group (p<0.05). The HBV-DNA level was 
lower in HBC group in comparison with that in 
HP&HBC group. The interferon-gamma (IFN-γ) 
level was remarkably higher in HBC group than 
that in HP&HBC group (p<0.01), and the levels 
of interleukin (IL)-6, IL-10, IL-17 and transform-
ing growth factor (TGF)-β1 were notably lower in 
HBC group in comparison with those in HP&HBC 
group (p<0.01). Additionally, the mRNA levels of 
FoxP3 and RORγt in HBC group were distinctly 
lower than those in HP&HBC group (p<0.01). The 
mRNA levels of FoxP3 and RORγt were positively 
related to those of IL-6, IL-10, IL-17, and TGF-β1, 
and negatively associated with IFN-γ level. Im-
munohistochemical results indicated that posi-
tive expression rates of FoxP3 and RORγt in the 
liver tissues were approximately 50% in HP&H-
BC group, and were 15% in HBC group, and the 

difference was statistically significant (p<0.05).
CONCLUSIONS: Expression levels of FoxP3 

and RORγt in serum and liver tissues are elevat-
ed in HP-infected HBC patients, and inflammato-
ry factors are correlated with their expressions, 
suggesting the aggravated liver damage.
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Introduction

Liver cirrhosis is a worldwide public health 
problem with an increasing mortality rate in re-
cent years1. Alcoholic hepatitis, non-alcoholic ste-
atohepatitis and hepatitis C infection are the lead-
ing causes of liver cirrhosis in Western countries, 
while chronic hepatitis B virus (HBV) infection 
is the main factor for liver cirrhosis in hepatitis 
B endemic areas2. The repeated diffuse degen-
eration and necrosis of liver cells, fibrous tissue 
hyperplasia and cellular nodular regeneration are 
involved in the pathological process, resulting 
in liver degeneration and cirrhosis3. Hepatitis B 
endangers physical and mental health. It signifi-
cantly affects liver function, leading to liver me-
tabolism and detoxification disorders and portal 
hypertension, also complications such as gastro-
intestinal bleeding4. Chronic HBV and hepatitis 
C virus (HCV) infections account for 58% of 
cirrhosis cases globally. As one of the most com-
mon pathogenic bacteria, more than 50% of glob-
al population is affected by Helicobacter pylori 
(HP)5. HP is a Gram-negative spiral bacteria with 
urease, catalase and oxidase activities6. Deutsch 
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et al7 revealed that HP infection can enhance 
the pathological degree of hepatitis C cirrhosis, 
leading to the imbalance of regulatory T cells 
(Treg)/T-helper 17 cells (Th17), and thus inflam-
matory damage of liver tissues7. Piotrowski and 
Boron-Kaczmarska8 also confirmed that patients 
infected with HCV are more susceptible to HP 
infection, and the infection rate rises. Therefore, 
the functional state of the liver is of great signif-
icance in the progression, clinical treatment and 
prognosis of liver cirrhosis9. Thus, exploring the 
correlations of HP infection with viral hepatitis, 
liver cirrhosis and malignant liver cancer, and the 
underlying mechanism facilitate clinical diagno-
sis and disease treatment10.

At present, the relation between HP and hep-
atitis B cirrhosis (HBC) has not been elucidated. 
Understanding their correlation and the potential 
mechanism contributes to develop immune inter-
ventions to improve the treatment success rate of 
HBC, which is of great clinical significance. In 
the present study, the correlations of HP with in-
flammatory factors and serum levels of forkhead 
box P3 (FoxP3) and retinoic acid receptor-relat-
ed orphan receptor gamma-t (RORγt) in patients 
with HBC were investigated, and the effect of HP 
on liver function in patients with HBC was ex-
plored.

Patients and Methods

Research Subjects
60 HBC patients treated in our hospital from 

April 2019 and April 2020 were enrolled as the 
research subjects, including 32 males and 28 fe-
males aged 40-60 years (mean age: 50 years). Pa-
tients were divided into HBC group (n=30) and 
HP-infected HBC group (HP&HBC group, n=30). 
All patients met the diagnostic criteria for HBC 
in The Guideline of Prevention and Treatment 
for Chronic Hepatitis B in China. The patients 
in HP&HBC group met the diagnostic criteria 
for HP infection according to Fifth Chinese Na-
tional Consensus Report on the Management of 
Helicobacter pylori Infection. Moreover, the in-
fluences of disturbing factors from other organs 
were eliminated. This study was approved by the 
Ethics Committee of Shengjing Hospital, Affiliat-
ed Hospital of China Medical University. Signed 
written informed consents were obtained from all 
participants before the study.
Detection of HP in Two Groups

Both groups of patients underwent carbon-14-
urea breath test (14C-UBT), and the patients with 
positive results were diagnosed with HP infec-
tion. The exhaled gas of patients was collected 
using a CO2 gas collecting bottle, and 14C radioac-
tivity of the collected CO2 was determined using a 
liquid scintillator. 14C-UBT = [sample bottle count 
(dpm) - background bottle count (dpm)] / efficien-
cy of the instrument (dpm/mmol CO2). HP was 
defined to be positive when 14C-UBT >100 dpm/
mmol CO2.

Collection of Serum Samples in Two 
Groups

Before 9 o’clock in the morning, 10 mL of fast-
ing peripheral blood was extracted from each 
patient. Liver function indexes, including ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), and total bilirubin (TBIL), and 
globulin (GLB), albumin (ALB) and HBV-deoxy-
ribonucleic acid (DNA) were examined in the De-
partment of Clinical Laboratory in our hospital. 

Detection of inflammatory Factors 
in Serum Via Enzyme-Linked 
Immunosorbent Assay (ELISA)

Before 9 o’clock in the morning, 3 mL of fast-
ing venous blood was extracted from each patient. 
The samples were centrifuged, and the super-
natant was taken and stored in a refrigerator at 
-80°C. After that, serum levels of interferon-gam-
ma (IFN-γ), interleukin (IL)-6, IL-10, IL-17 and 
transforming growth factor (TGF)-β1 were de-
tected by ELISA in a standard protocol. 

Determination of the Messenger 
Ribonucleic Acid (mRNA) Expression 
Levels of FoxP3 and RORγt Via 
Quantitative Polymerase 
Chain Reaction (qPCR)

Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). The samples 
were incubated with chloroform and centrifuged 
at 12,000 rpm for 10 min. Next, the supernatant 
was taken, and fully mixed with an equal volume 
of isopropanol, followed by standing at room tem-
perature for 10 min and centrifugation at 12,000 
rpm for 10 min. After that, the supernatant was 
discarded, and the precipitate was washed with 
75% ethanol twice. Finally, the precipitate was 
dissolved in DEPC water. RNA concentration 
and purity were measured, followed by reverse 
transcription to cDNA. The PCR cycling protocol 
consisted of pre-denaturation at 95°C for 30 s, 38 
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cycles of denaturation at 95°C for 5 s, annealing 
at 55°C for 30 s and extension at 72°C for 31 s, and 
final extension at 72°C for 7 min. The above cy-
cling process was utilized for FoxP3 and RORγt. 
With β-actin as an internal reference, the relative 
mRNA expression levels of FoxP3 and RORγt 
were evaluated by 2-∆∆Ct method. The primer se-
quences used for qPCR were shown in Table I.

Measurement of the Associations of 
FoxP3 and RORγt With Inflammatory 
Factors Via Spearman’s Correlation 
Analysis

Spearman’s correlation analysis was used to 
test the associations of mRNA expression levels 
of FoxP3 and RORγt with IFN-γ, IL-6, IL-10, IL-
17 and TGF-β1 levels. 

Liver Biopsy and Immunohistochemistry
Liver biopsy was performed for 10 patients in 

each group. First, patients and their families were 
informed of possible adverse reactions and com-
plications and they agreed with the surgery. The 

procedure was approved by the Ethics Commit-
tee before biopsy. Second, under the guidance of 
B-ultrasound, one liver tissue with a length of 15-
20 mm was obtained by quick puncture using a 
biopsy gun (BARD Magnum, Jersey, NJ, USA). 
After that, the tissue was sliced into sections, 
dewaxed, hydrated, and placed in an incubator 
at 60°C. Then, sections were treated by antigen 
retrieval heated in a microwave oven, quench-
ing of peroxidase and blocking. After incubating 
with primary antibody at 4°C overnight, sections 
were washed in 1× phosphate-buffered saline 
(PBS) twice (5 min/time), and incubated with the 
secondary antibody for 40 min. Then, they were 
washed with 1× PBS for three times (3 min/time). 
The color was developed with diaminobenzidine 
(DAB) solution (Solarbio, Beijing, China), and 
samples were washed with pure water, stained 
with hematoxylin for 15 min, and washed with 
pure water for 3 min. The samples were, then, 
mounted and processed for microscopy to detect 
positive expressions of FoxP3 and RORγt.

Statistical Analysis 

Table I. Primer sequences.

Primer Primer sequence

FoxP3 Forward: 5’-TTCATGCACCAGCTCTCAAC-3’
FoxP3 Reverse: 5’-GACACCGTAGTAGGCTGTTC-3’
RORγt Forward: 5’-CATCTCCAGCCTCAGCTTTGA-3’
RORγt Reverse: 5’-TCCCCCAGAAGTCCTTAAATCC-3’
β-actin Forward: 5’-AGAAACCGATAATCCACTTGTTG-3’
β-actin Reverse: 5’-GTGCAAGAAAATTGGGTGGCAAAT-3’

Table II. Comparison of basic clinical indicators between HBC group and HP&HBC group [n (%)].

Indicator HBC group (n=30) HP&HBC group (n=30) p χ2/t
    
Gender     
Male  19 (63.3) 13 (43.3) 0.721 0.082
Female  11 (36.7) 17 (56.7)  
Drinking     
Yes  7 (23.3) 10 (33.3) 0.586 0.172
No  23 (76.7) 20 (66.7)  
Smoking     
Yes 14 (46.7) 18 (60.0) 0.762 0.094
No 16 (53.3) 12 (40.0)  
Diabetes     
Yes 24 (80.0) 13 (43.3) 0.637 0.164
No 6 (20.0) 17 (56.7)  
Age (years old) 50.3±7.2 50.3±7.2 0.834 0.274
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Statistical Product and Service Solutions 
(SPSS) 16.0 software (SPSS Inc., Chicago, IL, 
USA) was applied for statistical analysis of all the 
experimental data. Measurement data were pre-
sented as mean ± standard deviation (SD). Dif-
ferences between two groups were analyzed by 
the Student’s t-test. Comparison between multi-
ple groups was done using One-way ANOVA test 
followed by Post-Hoc Test (Least Significant Dif-
ference). p<0.05 indicated that the difference was 
statistically significant. 

Results

Comparisons of Patients’ Clinical Data
There were no significant differences in gen-

der, drinking, smoking, diabetes mellitus and 
age between HBC group and HP&HBC group 
(p>0.05) (Table II).

Biochemical Indicators of Patients
No significant differences were observed in 

ALB and GLB between groups (p>0.05). The lev-
els of liver function indexes (ALT, AST, and TBIL) 

were significantly higher in HP&HBC group than 
those in HBC group (p<0.05) (Table III).

Comparisons of Inflammatory Factors in 
Serum of Patients 

The IFN-γ level was remarkably higher in 
HBC group than that in HP&HBC group, with 
a significant difference (p<0.01), and the levels 
of IL-6, IL-10, IL-17, and TGF-β1 were notably 
lower in HBC group in comparison with those in 
HP&HBC group, showing significant differences 
(p<0.01) (Table IV).

FoxP3 and RORγt Gene Expression Levels
The mRNA levels of FoxP3 and RORγt in HBC 

group were distinctly lower than those in HP&H-
BC group, and the differences were statistically 
significant (p<0.01) (Figure 1).

Associations of Serum Inflammatory 
Factors with FoxP3 and RORγt Gene 
Expression Levels

Spearman’s correlation analysis was conduct-
ed to test the associations of expression levels of 
FoxP3 and RORγt with inflammatory factors in 
the two groups of patients. The mRNA levels of 
FoxP3 and RORγt were positively related to those 
of IL-6, IL-10, IL-17, and TGF-β1, and negatively 
associated with IFN-γ level (Table V). 

Expression Levels of FoxP3 and RORγt 
Detected by Immunohistochemical
 Technique

Immunohistochemical results indicated that 
FoxP3 and RORγt were positively expressed in 
the liver tissues in both groups, accounting for 
approximately 50%, and 15% in HP&HBC group 

Figure 1. HBV-DNA levels in HBC group and HP&HBC group. *p<0.05, HP&HBC group vs. HBC group.

Table III. Comparisons of liver function, GLB and ALB 
between HBC group and HP&HBC group (χ– ± s).

Indicator   HBC group  HP&HBC group

ALB 37.5±5.4 38.5±4.9
GLB 33.1±4.8 32.4±5.8
ALT 34.7±39.2 40.5±45.5a

AST 30.4±31.8 34.7±41.1a

TBIL 19.5±11.3 23.1±9.2a

ap<0.05, HP&HBC group vs. HBC group.
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and HBC group, respectively, and the difference 
was statistically significant (p<0.05) (Figure 2).

Comparison of HBV-DNA in the Serum of 
Patients 

The HBV-DNA level was lower in HBC group 
in comparison with that in HP&HBC group, 
and the difference was statistically significant 
(p<0.05) (Figure 3). The result demonstrated that 

HP can increase HBV-DNA load level in patients 
with HBV.

Discussion

As one of the most common infectious dis-
eases, infection of hepatitis B mainly attacks the 
liver11. At present, there are about 260 million pa-

Figure 2. FoxP3 and RORγt gene expression levels in two groups, (magnification: 200×) **p<0.01, HP&HBC group vs. HBC group.

Table V. Associations of inflammatory factors with FoxP3 and RORγt gene expression levels in HBC group and HP&HBC 
group  (χ– ± s).

Gene   IFN-γ IL-6 IL-10 IL-17 TGF-β1 
   
FoxP3 Pearson correlation -0.562 0.503 0.435 0.651 0.523
 Significance (two-tailed) 0.000 0.000 0.000 0.000 0.000
RORγt Pearson correlation -0.413 0.342 0.189 0.435 0.298
 Significance (two-tailed) 0.000 0.007 0.018 0.000 0.006
 n 60 60 60 60 60

Table IV. Comparisons of inflammatory factors between HBC group and HP&HBC group (χ– ± s).

Group  IFN-γ IL-6 IL-10 IL-17 TGF-β1  
  
HBC group 1768.1±348.2a 90.5±34.7a 194.2±32.3a 65.5±15.3a 425.7±68.5a

HP&HBC group 1027.2±248.5 107.8±38.4 245.8±37.2 97.6±24.2 604.5±103.5

ap<0.05, HP&HBC group vs. HBC group.
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tients and carriers of HBV worldwide, and about 
580,000 people die each year from HBV-related 
liver cirrhosis or liver cancer12,13. The repeated ne-
crosis of liver cells, fibrous tissue hyperplasia and 
cellular nodular regeneration are typical patho-
logical manifestations of liver cirrhosis. The sur-
vival rate of patients with liver cirrhosis caused by 
HBV infection declines, that is, even minor liver 
metabolic abnormalities may be dangerous to pa-
tients with HBV14-16. For untreated patients, up to 
40% of chronic HBV infection cases will develop 
into liver cirrhosis, and decompensated cirrhosis 
occurs, with complications of liver fibrosis such 
as jaundice, ascites, variceal bleeding and hepatic 
encephalopathy17,18. Recent studies have indicated 
a delicate relation between bacterial infection and 
HBC, of which HP is clearly explored. Some re-
searchers have pointed out that HP can aggravate 
the pathological degree of hepatitis C cirrhosis, 
leading to the imbalance of Treg/Th17, and thus 
the inflammatory damage of liver tissues. If the 
patient is infected with the HCV, the infection 
rate of HP also increases7,8. HP infection cre-
ates an oxidized microenvironment that releases 
pro-inflammatory, toxic and vasoactive substanc-
es and ROS, resulting in inflammation18,19. If the 
excessive production of free radicals cannot be 
inhibited by the host, reactive oxygen species 
will destroy cellular components and damage the 
cells. Currently, pegylated interferon or nucleic 
acid analogs (lamivudine, adefovir, entecavir and 
tenofovir alafenamide) used for antiviral therapy 
can be administered to patients with chronic HBV 
infection and liver inflammation, so as to allevi-

ate the progression of liver disease20.
Investigating the correlations of HP infection 

with HBC and liver cancer, and the underlying 
mechanism is of great significance, so as to pro-
vide theoretical references for clinical treatment 
of HBC and reduction of mortality. In the present 
study, the correlations of HP with inflammatory 
factors and serum levels of FoxP3 and RORγt in 
patients with HBC were investigated, and the ef-
fect of HP on liver function in patients with HBC 
was explored. The results exhibited that HP could 
increase HBV-DNA load level in patients with 
HBV. The higher the HBV-DNA load level is, the 
stronger the infectivity of hepatitis B will be. As a 
result, we believed that HP can lead to increased 
infectivity of hepatitis B. According to the detec-
tion resu lts of inflammatory factors in patients 
with HBC, IFN-γ level was remarkably high-
er in HBC group than that in HP&HBC group, 
and the levels of IL-6, IL-10, IL-17 and TGF-β1 
were notably lower in HBC group in compari-
son with those in HP&HBC group. Subsequently, 
Spearman’s correlation analysis revealed that the 
mRNA levels of FoxP3 and RORγt were posi-
tively related to those of IL-6, IL-10, IL-17 and 
TGF-β1, and negatively associated with IFN-γ 
level. Besides, immunohistochemical staining 
uncovered that positive expression rates of FoxP3 
and RORγt in the liver tissues of HP&HBC group 
and HBC group were 50%, and 15%, respectively. 
Additionally, HBV-DNA load level was positively 
related to FoxP3 and RORγt expression levels. HP 
could increase HBV-DNA load level and expres-
sion levels of FoxP3 and RORγt, while FoxP3 and 
RORγt expression levels facilitated the secretion 
of inflammatory factors, thus aggravating HBC.

Conclusions

These results showed that the mRNA levels of 
FoxP3 and RORγt in serum and liver tissues are 
elevated in HP-infected HBC patients, leading to 
the secretion of a large number of inflammatory 
factors, and the aggravation of the liver damage. 
The novelty of this study was that our findings 
could provide a potential strategy for the treat-
ment and prevention of HBC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

Figure 3. Expression levels of FoxP3 and RORγt detected 
by immunohistochemical technique.



FoxP3 and RORγt in hepatitis B cirrhosis

465

 1) Burucoa C, Axon A. Epidemiology of Helicobacter 
pylori infection. Helicobacter 2017; 22 Suppl 1: 
e12403.

 2) Huh CW, Kim BW. [Diagnosis of Helicobacter py-
lori Infection]. Korean J Gastroenterol 2018; 72: 
229-236.

 3) Sabbagh P, Javanian M, Koppolu V, Vasigala VR, 
Ebrahimpour S. Helicobacter pylori infection in 
children: an overview of diagnostic methods. Eur 
J Clin Microbiol Infect Dis 2019; 38: 1035-1045.

 4) Gong Y, Yuan Y. Resistance mechanisms of Heli-
cobacter pylori and its dual target precise therapy. 
Crit Rev Microbiol 2018; 44: 371-392.

 5) Ansari S, Yamaoka Y. Survival of Helicobacter py-
lori in gastric acidic territory. Helicobacter 2017; 
22: e12386.

 6) Lopo I, Libanio D, Pita I, Dinis-Ribeiro M, Pimen-
tel-Nunes P. Helicobacter pylori antibiotic resis-
tance in Portugal: Systematic review and me-
ta-analysis. Helicobacter 2018; 23: e12493.

 7) Deutsch M, Manolakopoulos S, Andreadis I, Gi-
annaris M, Kontos G, Kranidioti H, Pirounaki M, 
Koskinas J. Bacterial infections in patients with liver 
cirrhosis: clinical characteristics and the role of C-re-
active protein. Ann Gastroenterol 2018; 31: 77-83.

 8) Piotrowski D, Boron-Kaczmarska A. Bacterial in-
fections and hepatic encephalopathy in liver cir-
rhosis-prophylaxis and treatment. Adv Med Sci 
2017; 62: 345-356.

 9) Krautbauer S, Wiest R, Liebisch G, Buechler C. 
Associations of systemic sphingolipids with mea-
sures of hepatic function in liver cirrhosis are re-
lated to cholesterol. Prostaglandins Other Lipid 
Mediat 2017; 131: 25-32.

10) Yamada S, Morine Y, Imura S, Ikemoto T, Araka-
wa Y, Iwahashi S, Saito Y, Yoshikawa M, Teraoku 
H, Shimada M. Liver regeneration after splenec-
tomy in patients with liver cirrhosis. Hepatol Res 
2016; 46: 443-449.

11) Javadi MB, Katzenmeier G. The forgotten viru-

lence factor: the ‘non-conventional’ hemolysin 
tlya and its role in helicobacter pylori infection. 
Curr Microbiol 2016; 73: 930-937.

12) Fagoonee S, Pellicano R. Helicobacter pylori: 
molecular basis for colonization and survival in 
gastric environment and resistance to antibiot-
ics. A short review. Infect Dis (Lond) 2019; 51: 
399-408.

13) Campuzano-Maya G. Hematologic manifesta-
tions of Helicobacter pylori infection. World J Gas-
troenterol 2014; 20: 12818-12838.

14) Kim JM, Kwon CH, Joh JW, Park JB, Lee JH, Kim 
SJ, Paik SW, Park CK, Yoo BC. Differences be-
tween hepatocellular carcinoma and hepatitis B 
virus infection in patients with and without cirrho-
sis. Ann Surg Oncol 2014; 21: 458-465.

15) Chayanupatkul M, Omino R, Mittal S, Kramer JR, 
Richardson P, Thrift AP, El-Serag HB, Kanwal F. 
Hepatocellular carcinoma in the absence of cir-
rhosis in patients with chronic hepatitis B virus 
infection. J Hepatol 2017; 66: 355-362.

16) Serra MA, Escudero A, Rodriguez F, Del OJ, Ro-
drigo JM. Effect of hepatitis C virus infection and 
abstinence from alcohol on survival in patients 
with alcoholic cirrhosis. J Clin Gastroenterol 
2003; 36: 170-174.

17) Sharma YR, Miah AR, Saha SK, Mohammed S, 
Rahman M, Roy PK, Hasan M. A study on effi-
cacy of lamivudine therapy in decompensated 
cirrhosis of liver due to chronic hepatitis B virus 
infection. Nepal Med Coll J 2004; 6: 106-111.

18) Iwanczak F, Iwanczak B. Treatment of Helico-
bacter pylori infection in the aspect of increasing 
antibiotic resistance. Adv Clin Exp Med 2012; 21: 
671-680.

19) Altamirano-Barrera A, Barranco-Fragoso B, Men-
dez-Sanchez N. Management strategies for liver 
fibrosis. Ann Hepatol 2017; 16: 48-56.

20) Bedossa P. Reversibility of hepatitis B virus cir-
rhosis after therapy: who and why? Liver Int 2015; 
35 Suppl 1: 78-81.


