Serbian Citation Index

J Med Biochem 2025; 44

DOI: 10.5937/jomb0-60996

UDK 577.1 : 61

J Med Biochem 44: 1-7, 2025

ISSN 1452-8258

Original paper
Originalni nau¢ni rad

CORRELATION ANALYSIS OF SERUM CYTOKINE LEVELS AND IMMUNE
INFLAMMATORY FACTORS IN CIRRHOTIC PORTAL HYPERTENSION

ANALIZA KORELACIJE NIVOA CITOKINA U SERUMU | IMUNOINFLAMATORNIH FAKTORA
KOD PORTALNE HIPERTENZIJE U SKLOPU CIROZE JETRE

Yafeng Yu', Zhigiong Lan?, Zhiren Huang?, Linggin Hu>"

7Depart‘ment of Infectious Diseases (Hepatology), Affiliated Hospital of Shaoxing University (Shaoxing Municipal
Hospital). No. 999 Zhongxing South Road, Yuecheng District, Shaoxing City 312000, China.
ZDepartment of Gastrointestinal Surgery, Jiangsu Provincial People's Hospital, Nanjing 210029, China.
Department of Geriatrics, Affiliated Hospital of Shaoxing University (Shaoxing Municipal Hospital). No. 999
Zhongxing South Road, Yuecheng District, Shaoxing City 312000, China.

Summary

Background: To investigate alterations in immune-inflam-
matory factors and variables, including procalcitonin
(PCT), prostaglandin E (PGE), and serum C-reactive pro-
tein (CRP) in individuals with cirrhotic portal hypertension.
Methods: From March 2020 to March 2025, 81 patients
with cirrhotic portal hypertension and 50 healthy volunteers
were hospitalised in our hospital. These people were divid-
ed into two groups: the portal hypertension group and the
control group. Aspartate aminotransferase (AST), albumin
(ALB), total bilirubin (TBIL), alanine aminotransferase
(ALT), and portal vein inner diameter (Pvd) were measured.
Serum cytokines such as CRP PCT, and PGE were meas-
ured, as well as CD4+/CD8+ T cell and CD3+, CD4+,
and CD8+ T lymphocyte percentages.

Results: The group with portal hypertension had consider-
ably lower ALB than the control group (P<0.05), whereas
indicators including ALT, AST, TBIL, and Dpv were signifi-
cantly higher in the portal hypertension group than in the
control group (P<0.05). While cytokine markers, including
CRP, PCT, and PGE, were higher in the portal hypertension
group than in the control group (P<0.05), the numbers of
CD3+ and CD4+ T lymphocyte subsets and CD4+/
CD8+ T lymphocytes were considerably lower in the portal
hypertension group. With increasing liver function classifi-
cation, the proportions of CD3+ and CD4+ T lymphocyte
subsets and CD4+/CD8+ T lymphocytes in patients
decreased. However, there was a statistically significant
(P<0.05) increase in the levels of serum PCT, PGE, and
CRP Spearman correlation analysis revealed that liver func-
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Kratak sadrzaj

Uvod: Cilj je bio da se ispitaju promene imunoinflamator-
nih faktora i varijabila, uklju¢ujuéi prokalcitonin (PCT), pro-
staglandin E (PGE) i serumski C-reaktivni protein (CRP), kod
osoba sa portalnom hipertenzijom u sklopu ciroze jetre.
Metode: Od marta 2020. do marta 2025. godine u nasoj
ustanovi je hospitalizovan 871 pacijent sa portalnom hi-
pertenzijom usled ciroze jetre i 50 zdravih dobrovoljaca.
Ispitanici su podeljeni u dve grupe: grupu sa portalnom
hipertenzijom i kontrolnu grupu. Mereni su aspartat-amino-
ransferaza (AST), albumin (ALB), ukupni bilirubin (TBIL),
alanin-aminotransferaza (ALT) i unutrasnji precnik portalne
vene (Pvd). Takode su odredivani nivoi serumskih citokina
CRP PCT i PGE, kao i procenat CD4+/CD8+ T delijai T
limfocitnih subpopulacija CD3+, CD4+ i CD8+.
Rezultati: Grupa sa portalnom hipertenzijom je imala zna-
ajno nize vrednosti ALB u poredenju sa kontrolnom gru-
pom (P<0,05), dok su ALT, AST, TBIL i Pvd bili zna¢ajno
visi (P<0,05). Citokinski markeri, uklju¢uju¢i CRR PCT i
PGE, bili su visi u grupi sa portalnom hipertenzijom nego u
kontrolnoj grupi (P<0,05). Broj CD3+ i CD4+ T limfocita
i odnos CD4+/CD8+ T limfocita bili su znacajno nizi kod
pacijenata sa portalnom hipertenzijom. Sa pogor$anjem
klasifikacije funkcije jetre, proporcionalno su se smanjivali
CD3+ i CD4+ T limfociti, kao i odnos CD4+/CD8+. Isto-
vremeno je do$lo do statisticki znacajnog porasta nivoa
serumskog PCT, PGE i CRP (P<0,05). Spearmanova
korelaciona analiza pokazala je negativhu povezanost klasi-
fikacije funkcije jetre sa imunoloskim pokazateljima; nivoi
CRPR, PCT i PGE bili su pozitivno povezani sa vrednostima
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tion classification was negatively correlated with immune
indicators; CRP. PCT, and PGE levels were favourably con-
nected with CD4+ and CD4+/CD8+ (P<0.05) values.
Dpv was shown to have a negative association with
CD4+/CD8+ T cells and a positive correlation with PCT
and PGE levels (P<0.05) according to Pearson correlation
analysis.

Conclusions: Patients with cirrhotic portal hypertension
may experience immune dysfunction and cytokine disor-
ders. These changes are related to liver function and portal
vein pressure and can be used as reference indicators for
evaluating a patient’s condition in clinical practice.

Keywords: liver cirrhosis, portal hypertension, immune-
inflammatory factors, cytokine levels

Introduction

One major cause of the elevated patient death
rate in patients with liver cirrhosis is portal hyperten-
sion, a dangerous consequence. The blood circula-
tion of the liver is somewhat unique, featuring dual
blood supplies from the hepatic artery and portal
vein. Both finally join the inferior vena cava through
the hepatic vein after passing through the hepatic
sinusoids. Therefore, when the pressure in the hepat-
ic sinusoids increases, portal hypertension is very like-
ly to occur. Additionally, an increase in the resistance
of the hepatic sinusoids can also cause the blood in
the hepatic artery to flow through the peripheral ves-
sels to the portal vein, further increasing the pressure
in the portal vein (1-2). The production of inflamma-
tory factors in the liver due to various circumstances
is the pathological underpinning of liver cirrhosis, pro-
moting collagen synthesis and the activation of hepat-
ic stellate cells. Collagen substances cover the surface
of the vascular endothelium, causing capillarisation,
which makes it difficult for blood flow in the hepatic
sinusoids to supply nutrients to the liver tissue through
the micropores between endothelial cells, thereby
leading to extensive necrosis of liver cells. Moreover,
the deposition of a large amount of collagen in the
Disse cavity can also cause the hepatic sinusoids to
narrow, leading to blocked blood flow and thus result-
ing in portal hypertension (3). At present, many stud-
ies (4-5) have confirmed that patients with liver cir-
rhosis may experience changes in immune function
and hyperactivity of serum inflammatory cytokine lev-
els. However, there are still no reports on the relation-
ships between these changes and liver function or
portal hypertension.

The proportion of T lymphocyte subsets and the
levels of inflammatory indicators like procalcitonin
(PCT), C-reactive protein (CRP), and prostaglandin E
(PGE) were used as research indicators in this study to
examine changes in each indicator in patients with
cirrhotic portal hypertension and their relationships to
portal vein pressure and liver function. To provide a
reference basis for the assessment of the condition of
patients with cirrhotic portal hypertension.

CD4+ i CD4+/CD8+ (P<0,05). Pre¢nik portalne vene
(Pvd) pokazao je negativnu korelaciju sa CD4+/CD8+ T
éelijama, a pozitivnu sa nivoima PCT i PGE (P<0,05),
prema Pearsonovoj korelacionoj analizi.

Zakljuéak: Kod pacijenata sa portalnom hipertenzijom
usled ciroze jetre moze dodi do imunoloske disfunkcije i
poremecaja u regulaciji citokina. Ove promene su pove-
zane sa funkcijom jetre i pritiskom u portalnoj veni, te se
mogu koristiti kao referentni pokazatelji u proceni stanja
pacijenata u klini¢koj praksi.

Kljuéne reéi: ciroza jetre, portalna hipertenzija, imuno-
inflamatorni faktori, nivoi citokina

Materials and Methods

General information

From March 2020 to March 2025, 81 patients
with cirrhotic portal hypertension who were hospi-
talised to our hospital were chosen as research partic-
ipants and placed in the portal hypertension group.
Inclusion criteria: aged 18 to 65 years and had a pos-
itive serum hepatitis B virus antigen marker test for
more than 6 months. Patients who met the diagnostic
criteria for portal hypertension in the Bayraktar criteria
(6, 7) were voluntarily enrolled. Exclusion criteria:
coinfection with hepatitis C, hepatitis D or HIV; hepa-
tocellular carcinoma confirmed by pathology; chronic
diseases such as diabetes, hypertension and coronary
heart disease; mental disorders; and current use of
hormones or immunosuppressants. Another 50
healthy volunteers who underwent physical examina-
tions in our hospital composed the control group. The
subjects in the control group underwent comprehen-
sive physical examinations and were excluded for
chronic diseases, immune diseases, liver diseases,
etc.

This study was approved by the Medical
Research Ethics Committee (GYZL-ZN-2020-045).

Research methods

Venous blood was collected from all the enrolled
subjects, and aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and total bilirubin levels
were determined via an automatic biochemical
analyser. Liver function indicators such as bilirubin
(TBIL) and albumin (ALB) were measured. Colour
Doppler ultrasound was used for examination to col-
lect portal vein diameter (Pvd) data. The T lympho-
cyte subsets of the patients were classified by flow
cytometry, and the levels of CD4+/CD8+ T cells, as
well as the counts of CD3+, CD4+, and CD8+ T
lymphocytes were measured. PGE, PCT, and serum
CRP were measured using an enzyme-linked
immunosorbent test.
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Laboratory biochemical testing methods

5 mL of venous blood was collected on an empty
stomach in the early morning. After coagulation at
room temperature for 30 minutes, it was centrifuged
at 3000 g at 4 °C for 10 minutes. The serum was
then aliquoted and stored at -80 °C, avoiding repeat-
ed freezing and thawing.

Cytokines (IL-6, IL-8, TNF-a, IL-1B, TGF-B1)
were measured using the magnetic bead multiplex
method with the Bio-PLEX 200 system (Bio-Rad,
USA) and the Bio-Plex Pro Human Cytokine Panel
(Bio-Rad; item number corresponding to the selected
panel, e.g., M5000121 - verify before purchase). If
ELISA was used instead, the following R&D Systems
Quantikine kits were employed: IL-6 (D6050), TNF-a
(DTAOOD), IL-8 (D8000C), IL-1B (DLB50), and TGF-
B1 (DB100B) (examples; verify according to the
batch manual). Absorbance was read at 450 nm.

Immune-inflammatory factors were assessed as
follows: high-sensitivity C-reactive protein (hs-CRP)
was measured by immunoturbidimetry using the
Cobas c702 analyser (Roche Diagnostics, Germany).
Complement components C3 and C4, as well as
immunoglobulins 1gG, IgA, and IgM, were measured
by nephelometric immunoturbidimetry on the BN Il
system (Siemens Healthineers, Germany), all using
original manufacturer-matched reagents.

Measurement methods for enzymes and other
biomarkers

5 mL of fasting venous blood was collected from
the research subjects. After standing at room temper-
ature for 30 minutes, it was centrifuged at 3000 rpm
for 15 minutes (Centrifuge: Eppendorf Centrifuge
5804R, Germany). Separate the serum, aliquot it into
sterile EP tubes, and freeze it in a Thermo Scientific
Forma 900 series (USA) at -80 °C for testing. Avoid
repeated freezing and thawing. Thaw and mix evenly
before testing.

The following key factors in serum were quanti-
tatively detected by Enzyme-Linked Immunosorbent
Assay (ELISA):

Pro-inflammatory cytokines: interleukin-6 (IL-6),
tumor necrosis factor -o. (TNF-a), interleukin-1 B (IL-

1B); Anti-inflammatory cytokine: Interleukin-10 (IL-10)
Chemokine: Interleukin-8 (IL-8/CXCL8); Acute-phase
protein: C-reactive protein (CRP); Fibrosome-related
factors: Transforming growth factor -31 (TGF-1), vas-
cular endothelial growth factor (VEGF).

Fully automatic microplate reader (BioTek
Synergy H71 multifunctional microplate detector,
USA). Use the human-specific ELISA kit (Manu-
facturer: R&D Systems, USA; sample item number:
IL-6: D6050) and operate strictly in accordance with
the instructions. The experiment adopted the double
antibody sandwich method, and all steps were carried
out at room temperature and in a dark environment.

Statistical analysis

Data processing and statistical analysis were
conducted using SPSS 20.0. Count data is expressed
using (n(%)). Fisher’s exact test, often known as the
2 test, was used to compare different groups. Count
data conforming to a normal distribution are
expressed as the mean * standard deviation (x * s).
One-way ANOVA was performed for comparisons
among multiple groups, and independent sample t
tests were conducted for comparisons between
groups. Pearson correlation analysis or Spearman cor-
relation analysis was used for the correlations among
indicators.

Results
Comparison of liver function-related indicators

While the portal hypertension group had signifi-
cantly higher levels of indicators, including ALT, AST,
TBIL, and Pvd than the control group (P<0.05), the
portal hypertension group also had significantly lower
levels of the ALB index (P<0.05) than the control
group (Table I).

Immune-inflammatory factors and cytokine levels

The portal hypertension group had significantly
greater serum levels of PCT, PGE, and CRP than the
control group (P<0.05), and the proportions of
CD3+ and CD4+ T lymphocyte subsets and

Table | Comparison of liver function and portal vein pressure-related indicators among subjects in each group.

Group Number of cases| ALT (U/L) AST (U/L) TBIL (umol/L) ALB (g/L) Pvd (mm)
:‘r’:j') hypertension 81 4415+10.23 | 33.01%8.25 | 15.01+4.22 | 40.18+8.56 | 14.01+2.85
Control group 50 18.56+6.82 | 22.14+7.01 10.17+2.56 45.96+7.85 10.23+2.01
t value - 15.659 7.746 7.315 3.873 8.199

P value - <0.001 <0.001 <0.001 <0.001 <0.001
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Table Il Comparison of immune inflammatory factors among subjects in each group.

Group E'fuc”;i’:; CD3+(%) | CD4+(%) | CD8+(%) |CD4+/CD8+| CRP (mg/L) |PCT (ng/mL)| PGE (pg/mL)
fg’n’;a('):gﬁf):p 81 |68.45+7.85|35.45+5.56|36.15+6.23| 0.97+0.25 |30.25+12.89 | 5.89+2.11 |1527.45+452.26
SPO”J?' 50 |78.25+7.22(47.18+5.56|36.82+5.82| 1.25+0.52 | 5.14+1.22 | 0.33+0.10 | 623.52+127.48
t value ] 7.154 11.730 0.613 4139 13.717 18.592 13.781

P value ] <0001 | <0.001 0.541 0.001 <0.001 <0.001 <0.001
Table 11l Comparison of inflammatory mediator Levels among Subjects in each group.

Indicator Efugi’:sr CD3+(%) | CD4+(%) | CD8+(%) |CD4+/CD8|CRP (mg/L)|PCT (ng/mL)| PGE (pg/mL)
Child Grade A| 25 |70.15+7.01|37.14=5.12|35.45+4.17|1.12+0.27 |22.41+6.82| 5.01+1.01 |1302.41+389.52
Child Grade B| 30 |66.01=7.14|34.15+4.11|36.12£5.01|0.90+0.29 |29.86+7.15| 5.821.34 |1574.15+428.56
Child Grade C| 26  |63.23+6.56|30.12+5.26|37.14+4.18|0.76+0.30|34.17+8.22| 6.45+0.98 |1785.45+485.62
F value - 6.449 13.669 0914 | 10157 | 16395 | 10.291 7.835

Table IV Correlation analysis of immune inflammatory factors, inflammatory mediators, with liver function classification and portal

vein pressure.

Classification of liver function Pvd

Indicator

r value P value r value P value
CD3+ -0.124 0.159 -0.222 0.236
CD4+ -0.356 0.014 -0.274 0.156
CD8+ 0.174 0.345 0.214 0.356
CD4+/CD8 -0.401 0.001 -0.389 0.047
CRP 0.315 0.035 0.102 0.052
PCT 0.347 0.041 0.352 0.028
PGE 0.301 0.042 0.326 0.034

CD4+/CD8+ T lymphocytes were significantly lower
(P<0.05) (Table II).

Cytokine levels and immune inflammatory factors
markers in patients with varying liver function
grades

Patients with varying liver function grades
showed statistically significant differences in cytokine
levels and immune inflammatory factors.

With increasing liver function grade, the propor-
tions of CD3+ and CD4+ T lymphocyte subsets and
CD4+/CD8+ T lymphocytes in patients decreased,

while the levels of serum cytokines such as CRP, PCT,
and PGE increased (Table Ill).

Correlation analysis of immune inflammatory
factors and inflammatory mediators with liver function
classification and portal vein pressure

The classification of liver function was found to
be positively connected with CRE PCT, and PGE levels
(P<0.05) and negatively connected with immunolog-
ical indicators like CD4+ and CD4+/CD8+, accord-
ing to Spearman correlation analysis. Pvd was found
to be favourably associated with PCT and PGE levels
(P<0.05) (Table IV).
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Discussion

When portal hypertension in liver cirrhosis occurs
and progresses, the cellular immune function of the
spleen may be disrupted to varying degrees, mainly in
a state of low immune function dominated by cellular
immunity (8-11). Current research suggests that the
leading causes of hyperfunction of the spleen when
portal vein cirrhosis occurs are related to the following
aspects: portal hypertension leads to a highly dynamic
state of blood flow in the spleen and other internal
organs, increasing lateral vascular pressure, damag-
ing the vascular endothelium, and causing damage to
the spleen vessels; under the effect of portal hyper-
tension, promoting the proliferation of the vascular
endothelium and increasing vascular permeability
(12-14). The combination of these two factors leads
to the proliferation of splenic vessels and an increase
in splenic pressure, causing hypersplenism and
aggravating the state of portal hypertension (15).
When cirrhotic portal hypertension occurs, the splenic
sinuses dilate and become congested (16).
Uncontrolled passive congestion over an extended
period of time may cause fibrous tissue to proliferate
and endothelial cells in the sinus wall, resulting in
basement membrane hyperplasia of the splenic sinus
wall, thickening of the splenic cords, and an increase
in fibrous tissue, causing complications such as
splenomegaly (17-20).

As a peripheral immune organ, the spleen is the
site where the body receives antigens and generates
specific immune responses (21-23). In portal hyper-
tension, the spleen becomes congested and enlarged
with tissue hypoxia, resulting in modifications to
immune cell architecture and function, which lowers
the body’s immunological function (24-26). The
results of this study show that, compared with normal
adults, patients with cirrhotic portal hypertension may
have an imbalance in the proportion of T lymphocyte
subsets, and the imbalance increases with increasing
liver function rating. Correlation analysis also revealed
that liver function classification, Pvd and immune
indicators such as CD4+ and CD4+/CD8+ are neg-
atively correlated to a certain extent, suggesting that
the proportion of T lymphocyte subsets can, to a cer-
tain extent, reflect the occurrence and development
of the condition in patients with cirrhotic portal hyper-
tension (27-29). There have been a few previous
reports on the immune function of patients with cir-
rhotic portal hypertension. This study further con-
firmed that portal hypertension in patients with liver
cirrhosis can lead to immune dysfunction and that the

patient’s condition is intimately linked to the degree
of this malfunction.

In addition to immune conditions, inflammatory
factors also play a significant role in the occurrence of
portal vein cirrhosis (30-33). Various immunological
responses in the body are mediated by inflammatory
factors, which are polypeptide compounds produced
by immune cells that have different biological conse-
quences. As an inflammation-mediated disease, liver
cirrhosis has been reported by numerous studies to
be prone to hypersynthesis of inflammatory factors
(34). CRR PCT and PGE in patients with portal hyper-
tension are elevated, and the classification of liver
function and portal vein pressure is connected with
these levels. Liver cells release the acute-phase pro-
tein known as CRP which is a sensitive indicator of
inflammation and tissue damage. PCT is a propeptide
substance of serum calcitonin and is overexpressed in
infectious diseases. Previous studies (35-37) have
shown that abnormal liver function in patients with
liver cirrhosis can stimulate the synthesis and secre-
tion of PCT in liver macrophages and monocytes. In
addition, the disorder of the intestinal flora in patients
with liver cirrhosis may also be an essential reason for
the increased synthesis of PCT (38). PGE is an
immunosuppressive factor that regulates immune
function and inhibits the secretion of cytokines, etc.

Conclusion

Patients with cirrhotic portal hypertension may
present with immune dysfunction and cytokine disor-
ders. This change is related to the patient’s liver func-
tion and portal vein pressure and can be used as a
reference indicator for evaluating the patient’s condi-
tion in clinical practice.
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