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Abstract: Objective To analyze the effects of helper T cells (Th)1 and Th2 cytokines on the severity of acute lung injury (ALI)
secondary to sepsis and to analyze their roles in evaluating the occurrence of ALl secondary to sepsis. Methods Clinical data of
206 patients with sepsis from Zigong First People’s Hospital from January 2021 to June 2024 were retrospectively collected, and
they were divided into ALl group (62 cases) and simple group (144 cases) according to whether ALl was secondary or not. Serum
Th1 cytokines [interferon-y (INF-y), tumor necrosis factor o (TNF-a)] and Th2 cytokines [interleukin (IL)-4, IL-10] were measured
and the Acute Physiology and Chronic Health Evaluation Il (APACHE 1I') scores were performed for all patients at admission.
Patients in ALl group were divided into mild-risk group (<10, 25 cases), moderate-risk group (10-20, 20 cases) and high-risk
group (>20, 17 cases) according to APACHE I scores. The effects of Th1 and Th2 cytokines on the severity of ALl secondary to
sepsis and their roles in predicting to occurrence of ALI were analyzed. Results In patients of ALl secondary to sepsis, the levels
of IL-4 and IL-10 decreased, while the levels of IFN-y and APACHE Il scores increased, in the order of mild-risk group,
moderate-risk group and high-risk group, with statistical significance (£<0.05). The level of TNF-o in mild-risk group was lower
than that in moderate-risk group and high-risk group (P<0.05). IL-4 and IL-10 were negatively correlated with APACHE |l
scores (r=-0.720, -0.537, P<0.01), while IFN-y and TNF-a were positively correlated with APACHE |l scores (r=0.696, 0.551,
P<0.01). Logistic regression analysis showed that low oxygenation index (8=-0.202, P<0.01), low IL-4 level (8=-0.230, P<0.01),
high IFN-y level (4=1.106, P<0.01), and high TNF-a level (8 =0.012, P<0.05) were independent risk factors for ALl secondary to
sepsis. The area under the receiver operating characteristic curve of oxygenation index, IL-4, IFN-y, TNF-a in the evaluation of
ALl secondary to sepsis was 0.929, 0.920, 0.661, 0.679, respectively. Conclusion Th1/Th2 cytokines are closely related to the
severity of ALl secondary to sepsis. High levels of oxygenation index and IL-4, and low levels of IFN-y and TNF-a can promote
more severe ALl secondary to sepsis, and these four indicators have certain clinical reference value for evaluating the prediction
of ALl secondary to sepsis.
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Sepsis is a systemic inflammatory response syndrome
caused by infection, characterized by complex conditions
and rapid progression [1]. Sepsis is associated with
numerous clinical complications, with acute lung injury
(ALI) being one of the most common. ALI refers to the
acute inflammatory response and dysfunction of the lungs
induced by sepsis. ALI not only significantly increases the
mortality rate of patients but also severely affects their
prognosis and quality of life [2]. Helper T cells (Thl and
Th2 cells) play a key role in immune responses. Under
normal circumstances, there is a dynamic balance between
Thl and Th2 cells to maintain immune homeostasis.
However, in pathological conditions like sepsis, this
balance is disrupted, leading to immune response
imbalance, which further exacerbates tissue damage and
organ dysfunction. Studies have shown that the imbalance
of Th1/Th2 cytokines in sepsis patients is closely related
to the severity of the disease [3]. During sepsis, the body
produces a large number of pro-inflammatory cytokines to

combat the infection. While these cytokines help eliminate
pathogens, their excessive production can lead to an
overactivation of the systemic inflammatory response,
causing pathological changes such as increased pulmonary
microvascular permeability, damage to the alveolar-
capillary barrier, and pulmonary edema. Additionally, the
overexpression of pro-inflammatory cytokines may
suppress the production of anti-inflammatory cytokines [4-
5]. This imbalance of Thl/Th2 cytokines further
exacerbates lung inflammation and tissue damage. This
study aims to explore the relationship between Th1/Th2
cytokine levels in the peripheral blood of sepsis patients
and the severity of secondary ALI, and analyze the risk
factors for secondary ALI in sepsis, providing a reference
for formulating effective treatment strategies.

1. Materials and Methods

1.1 General Data
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This study retrospectively collected clinical data from
206 sepsis patients treated at the Zigong First People’s
Hospital between January 2021 and June 2024. Based on
whether ALI developed, patients were divided into the ALI
group (62 cases) and the non-ALI group (144 cases).

Inclusion criteria:
(1) Met internationally recognized sepsis diagnostic
criteria, such as those outlined in Sepsis-3 definition for
sepsis [6]. Patients in the ALI group met the Berlin criteria
for acute respiratory distress syndrome (ARDS), which
includes the definition of ALI [7].
(2) Aged over 18 years.
(3) Completed the Acute Physiology and Chronic Health
Evaluation I (APACHE 1II) score after admission.
(4) Peripheral blood samples were collected on the day of
admission for the measurement of related Th1/Th2
cytokine levels.
(5) Complete examination results.

Exclusion criteria:
(1) ALI caused by other factors (e.g., trauma, aspiration
pneumonia, drug reactions).
(2) Presence of severe heart, liver, kidney failure, or other
diseases that may affect immune response and cytokine
levels.
(3) Long-term use of immunosuppressive drugs or
immunodeficiency diseases.
(4) History of severe infections within the past month.
(5) Undergoing treatment that may affect immune response
and cytokine levels.
(6) Incomplete data collection or inability to perform
analysis for other reasons.
(7) Death within 24 hours after admission or withdrawal
from treatment.

This study was approved by the Ethics Committee of
Zigong First People’s Hospital (Ethics approval number:
20240508).

1.2 ALI Severity Assessment Grouping

Upon admission, the APACHE 1I score was
immediately completed. Based on the APACHE 1I score,
patients in the ALI group were divided into mild-risk group
(<10 points, 25 cases), moderate-risk group (10-20 points,
20 cases) and high-risk group (>20 points, 17 cases).

1.3 Methods

Patient electronic medical records were reviewed to
collect relevant clinical indicators:

(1) General data: gender, age, body mass index (BMI),
heart rate at admission, systolic and diastolic blood

pressure, oxygenation index (OI), underlying conditions
such as hypertension, diabetes, coronary artery
atherosclerotic heart disease (CHD), chronic obstructive
pulmonary disease (COPD), cerebrovascular diseases, and
the primary infection type.

(2) APACHE 1I score at admission: The APACHE 1I
score includes acute physiology score, age score, and
chronic health score. The total score is the sum of these
three components, with a maximum score of 71 points. The
score correlates positively with the severity of the
condition.

(3) Laboratory indicators: Serum cytokines secreted
by Thl cells [interferon-y (INF-y), tumor necrosis factor
(TNF)-a], and cytokines secreted by Th2 cells [interleukin
(IL)-4, IL-10]. Specific testing method: 7 mL of blood was
collected from the cubital vein at admission, centrifuged at
2 500 rpm for 15 minutes (centrifuge radius 10 cm), and
serum was collected. Cytokine levels were detected using
enzyme-linked immunosorbent assay (ELISA).

1.4 Statistical Methods

The figures in this study were created using
GraphPad Prism software, and data were analyzed using
SPSS 22.0 software. Categorical data were expressed as
n(%), and the chi-square test was performed. For normally
distributed continuous variables, data were expressed as
Xx *£s5. One-way analysis of variance (ANOVA) was used
for comparing multiple groups, and pairwise comparisons
were made using the LSD-¢ test. Pearson correlation
analysis was used to assess correlations. Logistic
regression was used to analyze the risk factors for ALI
secondary to sepsis, and receiver operating characteristic
(ROC) curve analysis was performed to assess the
predictive efficacy of various indicators for secondary ALI
in sepsis. A P-value < 0.05 was considered statistically
significant.

2 Results

2.1 Comparison of Data Related to Different Severity
Levels of Sepsis-Related ALI

In patients with sepsis-induced ALI, the levels of IL-
4 and IL-10 decreased in order from the mild-risk group to
the moderate-risk group and high-risk group, while the
levels of IFN-y and APACHE 1I scores increased, with
differences being statistically significant (P<0.05). The
TNF-a level in the mild-risk group was lower than in the
moderate-risk and high-risk groups (P<0.05). See Table 1.

Tab.1 Comparison of related data in patients with different severity of ALI secondary to sepsis

Group IL-4(ng/L) IL-10(ng/L) IFN-y(ng/L) TNF-a(pg/L) APACHE II
Mild-risk group (n=25) 76.15£5.59 35.14£6.05% 7.01=1.05% 306.10£75.64° 7.88=1.36®
Moderate-risk group (n=20) 71.5945.65° 28.13+5.792 8.06+1.12 351.45+80.44 16.15+2.01
High-risk group (n=17) 53.65+10.60 22.45+6.61 9.03+1.02 401.71+81.64 28.06+.97
F value 50558 22344 18.506 7486 463.713
Pvalue <0.001 <0.001 <0.001 <0.001 <0.001

Note: Compared with high-risk group, *P<0.05; Compared with moderate-risk group, ®P<0.05.
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2.2 Correlation Between Thl/Th2 Cytokines and
Severity of Sepsis-Induced ALI

IL-4 and IL-10 were negatively correlated with the
APACHE I score (r=-0.720, P<0.01; r=-0.539, P<0.01).
IFN-y and TNF-a were positively correlated with the
APACHE 1I score (r=0.696, P<0.01; »=0.551, P<0.01).

2.3 Univariate Analysis of Factors Affecting Sepsis-
Induced ALI

There was no statistically significant difference
between the ALI group and the non-ALI group in terms of
age, BMI, APACHE II score, admission heart rate, blood
pressure, gender, smoking and drinking habits,
hypertension, diabetes, coronary heart disease, COPD,
CHD, infection site, and IL-10 levels (P>0.05). However,
differences in OI, IL-4, IFN-y, and TNF-a levels were
statistically significant (P<0.05). See Table 2.

2.4 Multivariate Logistic Regression Analysis of

Factors Affecting Sepsis-Induced ALI

Variables with significant differences in the univariate
analysis—OI, IL-4, IFN-y, and TNF-o—were taken as
independent variables (continuous variables, original values
used). Sepsis-induced ALI was taken as the dependent
variable (non-ALI=0, ALI=1), and a binary logistic
regression model was applied. The results showed that OI,
IL-4, IFN-y, and TNF-a were independent influencing
factors for sepsis-induced ALI (P<0.05). See Table 3.

2.5 Predictive Efficacy of Ol IL-4, IFN-y, and
TNF-a for Sepsis-Induced ALI

ROC curve analysis showed that the AUC for the
assessment of sepsis-induced ALI using OI, IL-4, IFN-y, and
TNF-a were 0.929, 0.920, 0.661, and 0.679, respectively.
The cut-off values were 164.14, 76.750 ng/L, 8.485 ng/L,
and 364.395 pg/L, receptively. See Table 4 and Figure 1.

Tab.2 Univariate analysis influencing ALI secondary to sepsis

Indicators ALI group Non-ALI group  #/° P

(n=62) (n=144) value value
Age(years)? 47.12+10.12 46.99+10.43 0.083 0934
BMI(kg/m?)?* 22.01+£2.43 22.194£2.29 0.508 0.612
APACHE 11* 16.08+8.48 17.47+7.50 1.173  0.242
Admission 102.45420.10  99.75420.54

HR(beats/min)* 0871 0.385
Admission 120.44+13.12  121.65+11.07

SBP(mmHg)* 0.680 0.498
Admission 78.45+8.95 77.1548.59

DBP(mmHg)* 0.984 0.326
or 151.97+12.93  175.46+10.45 12.638 <0.001
Gender®

Male 37(59.68) 85(59.03)

Female 25(40.32) 59(40.97) 0.008 0931
Smoking® 21(33.87) 45(31.25) 0.137 0.712
Drinking” 20(32.26) 40(27.78) 0421 0516
Hypertension® 19(30.65) 42(29.17) 0.045  0.831
Diabtes® 11(17.74) 25(17.36) 0.004 0.947
CHDP 10(16.13) 23(15.97) 0.001 0.978
CcoPD 8(12.90) 19(13.19) 0.003  0.955
Cerebr:ovasc:lar 8(12.90) 17(11.81) 0049 0825

Disease
Infection Site ®

Respiratory Tract  17(27.42) 36(25.00)

Abdomen 15(24.19) 37(25.69)

Urinary System 17(27.42) 39(27.08) 0.191  0.996

Skin Tissue 7(11.29) 18(12.50)

Other 6(9.68) 14(9.72)
IL-4(ng/L)* 68.51+11.84 84.35+5.21 10.121 <0.001
IL-10(ng/L)* 29.40+7.99 30.16+5.77 0.677 0.443
IFN-y(ng/L)* 7.90+1.34 7.11+1.29 3.985 <0.001
TNF-a(pg/L)?* 346.94+86.84  296.45+65.12  4.108 <0.001

Note: 2, data was represented by X =s; ®, data was represented by n(%).

Tab.3 Logistic regression analysis of influencing ALI
secondary to sepsis

Variable B SE Wald P value OR(95%CI)
(o) | -0.202  0.045 19.790 <0.001  0.817(0.748-0.893)
IL-4(ng/L) -0.230  0.069 11.200  0.001 0.794(0.694-0.909)

IFN-y(ng/L)  1.106 0392 7971  0.005
TNF-a(pg/L) 0012 0005 5536 0019
Constant 39236 7.088  30.638

3.021(1.402-6.508)
1.012(1.002-1.023)
<0.001 /

Tab. 4 Analysis of the predictive efficacy of each index for ALI secondary to sepsis

Variable AUC SE P value 95%CI Cut-Off Value Yoden index Sensitivity  Specificity
o1 0.929 019 <0.001 0.892-0.966 164.14 0.763 0.839 0.924
IL-4(ng/L) 0.920 020 <0.001 0.881-0.959 76.750 0.716 0.758 0.958
IFN-y(ng/L) 0.661 041 <0.001 0.580-0.741 8.485 0.274 0.371 0.903
TNF-a(pg/L) 0.679 044 <0.001 0.594-0.765 364.395 0.396 0.500 0.896
1.0
3 Discussion
0.8 .. .
Sepsis is a systemic inflammatory response syndrome
triggered by infection, and acute lung injury (ALI) is a
z 8 common complication of sepsis, posing a significant threat
= to the patient's life and health [8-9]. The imbalance of
£ 04 — Oxygenation index Th1/Th2 cytokines plays an important role in the
— T4 . . . . . .
— Ny pathogenesis of sepsis and its complications. Multiple
o i ine studies have shown that the Th1/Th2 ratio is imbalanced in
patients with sepsis combined with ALI. This imbalance is
| | ‘ | ‘ closely related to the severity of sepsis-induced ALI, and
09 02 0.4 0.6 0.8 1.0

1-Specificity
Fig.1 ROC curve of predictive efficacy analysis of each index
for ALI secondary to sepsis

understanding this relationship can help reveal the
immunological mechanisms of disease progression,
providing new targets for clinical diagnosis and treatment
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[10]. However, existing studies still have limitations in
assessing the severity of sepsis-induced ALI and analyzing
its influencing factors, especially the specific mechanisms
of Th1/Th2 cytokine imbalance and its association with the
severity of the disease, which require further exploration.
This study aims to analyze the relationship between the
severity of sepsis-induced ALI and Th1/Th2 cytokines, as
well as the influencing factors of sepsis-induced ALIL

In this study, we compared the levels of Th1/Th2
cytokines in patients with different severity of sepsis
combined with ALI. We found that the levels of IL-4 and
IL-10 decreased from the mild-risk group to the moderate-
risk group and high-risk group, while the levels of IFN-y
and APACHE 1I score increased. The TNF-a level in the
mild-risk group was lower than that in the moderate-risk
group and high-risk group. This is consistent with the
findings of Fan et al. [11], who analyzed the levels of
Th1/Th2 cytokines in patients with ARDS from different
infection sources. They found that in the moderate- and
severe- ARDS group, the pro-inflammatory cytokines
IFN-y and TNF-a levels were higher, and the anti-
inflammatory cytokine IL-4 level was lower than in the
mild group. Correlation analysis showed that IL-4 and IL-
10 were negatively correlated with the APACHE 1I score,
while IFN-y and TNF-a were positively correlated with the
APACHE II score. This suggests that the levels of Th1/Th2
cytokines are closely related to the patient's condition. This
may be because, in the mild-risk group with impaired
respiratory function, the body can maintain a certain
immune homeostasis, and the anti-inflammatory effect of
Th2 cytokines is relatively significant, helping to reduce
inflammation and organ damage. At the same time, the
lower APACHE 11 score also reflects the patient's relatively
mild overall condition and better organ function. In high-
risk patients, excessive activation of Thl cytokines may
lead to a severe inflammatory response and significant
organ dysfunction, thus significantly increasing the
APACHE 1I score. In contrast, the relative increase in Th2
cytokines may, to some extent, counteract excessive
inflammation, slow disease deterioration, and reduce the
APACHE 1I score. This phenomenon is consistent with the
findings of Zhao et al [12] in the study of cytokine
secretion in ALI in vitro models.

In this study, the sepsis with secondary ALI group had
lower OI, lower IL-4 levels, and higher IFN-y and TNF-a
levels compared to the pure sepsis group. Logistic
regression showed that OI, IL-4, IFN-y, and TNF-a are
independent factors influencing sepsis with secondary ALI,
and the above indicators have certain clinical reference
value for predicting sepsis with secondary ALI. This is
because a decrease in the Ol is a significant marker of
sepsis with secondary ALI.

ALI, as a severe complication of sepsis, involves
multiple factors in its pathogenesis, including increased
permeability of the pulmonary microvasculature, reduced
surfactant in the alveoli, atelectasis, and pulmonary edema.
These factors collectively lead to severe impairment of the
gas exchange function of the alveolar-capillary membrane,
preventing oxygen from effectively diffusing into the

blood in the alveoli, resulting in a significant decrease in
the OI. Although patients in the pure sepsis group also
experience some degree of inflammatory response, the
lung involvement or lung damage is relatively mild, so the
OI remains relatively high [13].

The decrease in IL-4 levels may be related to the
immunosuppressive state in patients with sepsis and
secondary ALI IL-4, an important anti-inflammatory
cytokine primarily secreted by Th2 cells, plays a role in
inhibiting the inflammatory response and promoting tissue
repair [14-15]. However, during sepsis with secondary ALI,
excessive inflammation and immune cell activation may
lead to immune system exhaustion and the onset of an
immunosuppressive state. In this case, the production of
anti-inflammatory cytokines may be suppressed, leading to
a reduction in anti-inflammatory factors, including I1L-4
[16-17].

IFN-y and TNF-0, as typical pro-inflammatory
cytokines, show higher levels in patients with sepsis and
secondary ALI [18]. IFN-y is primarily secreted by Thl
cells and natural killer cells and promotes macrophage
activation and enhances antigen presentation [19]. TNF-a
is a pleiotropic cytokine that induces the production of
various inflammatory mediators and mediates the
inflammatory response. During the progression of sepsis
with secondary ALI, due to increased lung damage and the
persistent presence of pathogens, the immune system may
attempt to clear the pathogens and repair tissue damage by
upregulating the expression of these pro-inflammatory
cytokines. However, excessive pro-inflammatory
responses may further exacerbate the pathological changes
in the lungs, forming a vicious cycle [20]. A large amount
of pro-inflammatory cytokines can act as damage-
associated  molecular  patterns, triggering  lung
inflammation and potentially leading to ALI/ARDS [21].

In summary, Th1/Th2 cytokines are closely related to
the severity of sepsis with secondary ALI. OI, IL-4, IFN-y,
and TNF-a are independent factors affecting sepsis with
secondary ALI, and the above indicators have certain
clinical reference value in predicting sepsis with secondary
ALL
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Relationship between Th1/ Th2 cytokines and severity of acute lung injury

Secondary to SepSiS
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Sichuan 643000, China
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Abstract: Objective To analyze the effects of helper T cells (Th) 1 and Th2 cytokines on the severity of acute lung
injury (ALI) secondary to sepsis and to analyze their roles in evaluating the occurrence of ALI secondary to sepsis.
Methods Clinical data of 206 patients with sepsis from Zigong First People’s Hospital from January 2021 to June 2024
were retrospectively collected, and they were divided into ALI group (62 cases) and simple group (144 cases)
according to whether ALI was secondary or not. Serum Th1 cytokines [interferon-y (INF-vy) , tumor necrosis factor
(TNF-a) ] and Th2 cytokines [interleukin(IL)-4, IL-10] were measured and the Acute Physiology and Chronic Health
Evaluation I (APACHE 1I ) scores were evaluated for all patients at admission. Patients in ALI group were divided

into low-risk group ( < 10, 25 cases) , medium-risk group (10-20, 20 cases) and high-risk group ( >20, 17 cases)
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according to APACHE 1[I scores. The effects of Thl and Th2 cytokines on the severity of ALI secondary to sepsis and
their roles in predicting the occurrence of ALI were analyzed. Results In patients of ALI secondary to sepsis, the
levels of IL-4 and IL-10 decreased, while the levels of IFN-y and APACHE 1l scores increased, in the order of low-
risk group, medium-risk group and high-risk group, with statistical significance (P<0.05). The level of TNF-a in low-
risk group was lower than that in medium-risk group and high-risk group (P<0.05). IL-4 and IL.-10 were negatively
correlated with APACHE II scores (r=—0.720, -0.537, P < 0.01), while IFN-vy and TNF-a were positively correlated
with APACHE II scores (r=0.696, 0.551, P<0.01). Logistic regression analysis showed that low oxygenation index
(B=-0.202, P<0.01), low IL-4 level (8=-0.230, P<0.01), high IFN-y level (8=1.106, P<0.01), and high TNF-a
level (8=0.012, P<0.05) were independent risk factors for ALI secondary to sepsis. The area under the receiver
operating characteristic curve of oxygenation index, IL-4, IFN-y, TNF-a in the evaluation of ALl secondary to sepsis
was 0.929, 0.920, 0.661, 0.679, respectively. Conclusion Th1/ Th2 cytokines are closely related to the severity of
ALI secondary to sepsis. High levels of oxygenation index and 1L-4, and low levels of IFN-y and TNF-a can promote

more severe ALI secondary to sepsis, and these four indicators have certain clinical reference value for evaluating the

prediction of ALI secondary to sepsis.

Keywords: Sepsis; Acute lung injury; Helper T cells 15 Helper T cells 2; Cytokines; Oxygenation index
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Tab.1 Comparison of related data in patients with different severity of ALI secondary to sepsis  (xs)
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il 17 53.65+10.60 22.45+6.61 9.03+1.02 401.71£81.64 28.0620.97
FI 50.558 22.344 18.506 7.486 463.713
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Tab.2 Univariate analysis influencing ALI secondary to sepsis

WiH ALIA (n=62) H4liz] (n=144) 1/MH P{E
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Tab.3 Logistic regression analysis influencing ALI secondary

to sepsis
BTy B SE  Waldy P OR(95%CI)
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Tab.4 Analysis of the predictive efficacy of each index for ALI secondary to sepsis
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Fig.1 ROC curve of predictive efficacy analysis of each index

for ALI secondary to sepsis
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