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Abstract
In this study, the rat model of severe sepsis was established by caecal ligation and perforation to observe
the protective effect of the speci�c neutralizing antibody of IL-17A, Secukinumab, on rats with severe
sepsis and explore its molecular mechanism. At present, a large number of studies have con�rmed the
important role of IL-17A in sepsis, but the role of secukinumab in sepsis has not been studied. The results
showed that the survival rate of the rats with severe sepsis was signi�cantly improved, the pathological
changes of lung tissue were signi�cantly reduced, and the wet/dry weight ratio of lung tissue was
decreased. It also signi�cantly inhibited the in�ammatory response of lung tissue induced by severe
sepsis and inhibited the activation of the IKBα/NFκB in�ammatory pathway. Our results suggest that
neutralizing IL-17A, secukinumab inhibits the activation of the IKBα/NFκB in�ammatory pathway,
reduces the gene expression of pathway-related in�ammatory cytokines, and thus reduces the levels of
in�ammatory cytokines in lung tissue and plasma, thereby alleviating lung tissue injury and improving
systemic in�ammation in rats with severe sepsis. This may provide new ideas for the treatment of sepsis.

Introduction
Sepsis is a critical medical health problem that affects more than tens of millions of people worldwide
each year, with an estimated global mortality rate of over 25%. Despite ongoing improvements in current
sepsis management and treatment guidelines, the incidence of sepsis has increased over the past
decade, ranging from 54–71%, and sepsis-related acute lung Injury mortality remains as high as 70% [1–
4]. Therefore, mitigating acute lung injury caused by sepsis is extremely important to reduce sepsis
mortality. More than 100 clinical trials of more than 100 biologics, including tumor necrosis factor and
interleukin-1 inhibitors, have been conducted for the treatment of sepsis [5, 6], suggesting that the current
urgency seeks effective targets for sepsis treatment.

IL-17A, the �rst member of the IL-17 family to be discovered, was cloned in 1993 and was originally
named cytotoxic T lymphocyte antigen-8 [7]. Patients with sepsis-induced acute lung injury consistently
exhibit persistently high levels of IL-17A, and in a mouse model of lipopolysaccharide (LPS)-induced
acute lung injury (ALI), elevated levels of IL-17A correlate with the severity of ALI. the degree is closely
related, suggesting that IL-17A is a biomarker for assessing disease severity and prognosis [8, 9]. J Li and
L Li et al. [10, 11] also demonstrated in their respective studies that after severe sepsis, abundant IL-17A
in the peritoneal cavity plays a key role in a robust and sustained in�ammatory response, while
intraperitoneal neutralization of IL-17A plays a key role in the − 17A, can reduce the production of pro-
in�ammatory cytokines, reduce neutrophil in�ltration and lung injury. This suggests that IL-17A may
serve as a therapeutic target for sepsis-related acute lung injury.

Secukinumab is a high-a�nity fully human monoclonal antibody expressed in a Chinese hamster ovary
cell line (CHO-HPT1), belonging to the IgG1/κ isotype subclass, with a choice of It speci�cally binds IL-
17A and neutralizes the biological activity of this cytokine. Secukinumab has shown e�cacy in key
clinical areas of psoriasis and ankylosing spondylitis [12–14], but there is still a lack of relevant research
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on the role of secukinumab in sepsis. Based on these previous �ndings, we observed the effect of
secukinumab on survival in a rat model of severe sepsis induced by cecal ligation and puncture. In
addition, we also explored the possible mechanism by which secukinumab improves lung injury in severe
sepsis model rats.

Materials And Methods

Experimental animals
SPF male SD rats, 6 weeks old, 220–240 g, were purchased from Speifu (Beijing) Biotechnology Co., Ltd.,
and were adaptively reared for 1 week in the SPF Experimental Animal Center, A�liated Central Hospital
of Shandong First Medical University. The temperature is 23 ± 1℃, the ambient humidity is 50 ± 5%, and a
light-dark cycle is carried out every 12 hours.

Establishment of Model and Intervention
A rat model of severe sepsis was established by cecal ligation and puncture. Fasting for 12 hours before
surgery, 1% sodium pentobarbital (40 mg/kg) was used for anesthesia. After the skin preparation was
sterilized, a longitudinal median incision was made on the skin of the middle and lower abdomen of the
rat to enter the abdominal cavity. The cecum was bluntly dissected and removed and ligated using 4 − 0
sutures from the distal cecum to three-quarters of the ileocecal valve. Use an 18G needle to puncture the
cecum twice. Squeeze the cecum moderately to allow a small amount of cecal contents to escape from
the puncture hole. Return the treated cecum to the abdominal cavity. Suture and re-sterilize the surgical
area with iodophor. Rats were resuscitated by subcutaneous injection of pre-warmed saline (37°C, 3
ml/rat). In the sham-operated group, no cecal ligation and perforation was performed. After completing
the establishment of the sepsis model, the rats in the medication group were given an intraperitoneal
injection of the corresponding dose of secukinumab immediately.

Experimental grouping
First, a survival experiment was performed to examine the effect of different doses of secukinumab on
the survival rate of severe sepsis model rats. Fifty rats were divided into Sham group, CLP group, CLP + 
Sec(5 mg/kg) group, CLP + Sec(10 mg/kg) group and CLP + Sec(20 mg/kg) group by completely random
method, 10 rats in each group. Mortality was observed daily for 7 consecutive days. Then, the
mechanism was explored using the dose (20mg/kg) that had the best effect on improving the survival
rate of severe sepsis model rats. Thirty rats were divided into Sham group, CLP group, and CLP + Sec
(20mg/kg) group by completely random method, with 10 rats in each group. 24 hours after the
establishment of the rat models in each group, the rats were anesthetized and sacri�ced to collect
specimens.

Morphological observation of abdominal organs in animals
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The rats in each group were anesthetized and sacri�ced 24 hours after the establishment of the rat
model. The abdominal organs were exposed, and the shape of the abdominal organs of the rats in each
group was observed with naked eyes.

Histopathological examination
Lung tissue was processed using standard methods. Brie�y, the HE-stained para�n sections of lung
tissue were prepared through the steps of sampling, dehydration, waxing, sectioning, and staining.
Microscopic examination was performed using a light microscope, and images were collected for
analysis.

Using a method similar to that of YC Li et al. [15], the pathology specialists in the department of
pathology, under double-blind conditions, analyzed the structural integrity of the alveolar cavity, the
in�ltration of neutrophils and lymphocytes, the interstitial edema of the alveolar cavity, and the formation
of the hyaline membrane. Changes were used to score lung tissue damage. The scoring criteria were: no
lung tissue damage, 0 point; lung tissue damage range < 25%, 1 point; lung tissue damage range of
20%-50%, 2 points; lung tissue damage range of 50%-75%, 3 points; lung tissue damage range > 75%, 4
points. Five different visual �elds were selected for each pathological section for scoring, and the results
were statistically analyzed.

Lung wet/dry weight ratio
Part of the lung tissue was weighed using a microbalance and recorded as wet weight, placed in a 60°C
oven for 72 hours, until the weight remained unchanged, then taken out, weighed again using a
microbalance and recorded as dry weight, and the lung wet/dry was calculated. weight ratio

ELISA
The levels of in�ammatory cytokines IL-6, IL-17A, and TNF-α in rat plasma and lung tissue were detected
using commercially available ELISA kits (Boster Bioengineering Co., Ltd., China). Follow the instructions.
Measure the absorbance (OD value) at 450nm using a microplate reader, draw a standard curve using
ELISA Calc software, and calculate the concentration of the sample.

Western blotting
The protein expressions of p-NFκB, NFκB, p-IKBα, and IKBα in rat lung tissue were evaluated. In short,
after the lung tissue was homogenized, the protein was extracted, the total protein concentration was
measured, and polyacrylamide gel electrophoresis was performed at a constant voltage of 80V. After the
sample entered the separating gel from the stacking gel, the voltage was adjusted to a constant voltage
of 120V. When the blue runs to the bottom of the separation gel, end the electrophoresis. Then, 200mA
constant current was used for 90min to transfer the membrane. After the transfer, the PVDF membrane
was placed in a 5% BSA blocking solution and sealed with a shaker at room temperature for 2h. The
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PVDF membrane was placed in the primary antibody and shaken at 4°C overnight. The PVDF membrane
was then placed in the secondary antibody and incubated at room temperature for 1 h on a shaker. Use
ECL developer for development. The protein bands were analyzed using ImageJ software.

Real-time Quantitative PCR
Gene expression of IL-6, IL-17A, TNF-α, IL-1β, and IFN-γ in rat lung tissue was detected by using a
�uorescence quantitative PCR detection kit (Yisheng Biotechnology Co., Ltd., China), and the operation
was performed according to the instructions. Gene-speci�c primers are listed in Table 1.

 
Table 1

The gene-speci�c primers used for real-time RT-PCR.
Gene Forward primer Reverse primer

TNF-α 5’-AGATGTGGAACTGGCAGAGG-3’ 5’-CACGAGCAGGAATGAGAAGAG-3’

IL-1β 5’-CTCGTGGGATGATGACGACC-3’ 5’-AGGCCACAGGGATTTTGTCG-3’

IL-6 5’-TCCTACCCCAACTTCCAATGC-3’ 5’-GGTTTGCCGAGTAGACCTCAT-3’

IL-17A 5’-CGCCGAGGCCAATAACTTTC-3’ 5’-GGTTGAGGTAGTCTGAGGGC-3’

IFN-γ 5’-GGCAAAGGACGGTAACACG-3’ 5’-TCTGTGGGTTGTTCACCTCG-3’

β-actin 5’-CACCCGCGAGTACAACCTTC-3’ 5’-CCCATACCCACCATCACACC-3’

Statistical analysis
Data analysis and drawing are carried out by using SPSS 26.0 and GraphPadPrism 8.0 software. The
quantitative data were expressed by mean ± standard deviation, the data of multi-group samples were
compared by single-factor analysis of variance (ANOVA), and the data of the two groups were compared
by double-tailed unpaired t-test.

Results

Secukinumab can improve the survival rate of severe sepsis
model rats
168 hours after the operation, the rats in the Sham group did not die, and the survival rate of the rats in
the CLP group decreased to 10%; the survival rate of the rats in the CLP + Sec(5 mg/kg) group was the
same as that of the rats in the CLP group, and the survival rate between the two groups of rats There was
no difference (P > 0.05); the survival rate of the CLP + Sec(10 mg/kg) group rose to 30%, and the
difference was statistically signi�cant compared with the CLP group (P < 0.05). Compared with the CLP
group, the survival rate of the rats in the CLP + Sec(20 mg/kg) group was signi�cantly higher, reaching
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60%, and the difference was statistically signi�cant (P < 0.001) (Fig. 1). These results con�rmed the
protective effect of high-dose secukinumab in severe sepsis model rats. Based on these results, we chose
to use secukinumab (20 mg/kg) in subsequent experiments.

Secukinumab can improve the morphology of abdominal
organs in severe sepsis model rats
24 hours after the operation, the liver, spleen, and kidney of the rats in the CLP group showed obvious
congestion and blackening, severe gastrointestinal edema and adhesion, a large amount of purulent �uid
in the intestinal cavity, necrosis, and blackening of the ligated cecum, and a large amount of pus coating
on the surface. cover. Compared with the CLP group, the CLP + Sec(20 mg/kg) group had signi�cantly
less congestion in the liver, spleen, and kidney in the abdominal cavity, less gastrointestinal edema and
adhesion, and less necrosis of the ligated cecum, and a small amount of purulent exudation around it.
(Fig. 2).

Secukinumab can reduce the content of in�ammatory
cytokines in plasma and lung tissue of severe sepsis model
rats
Compared with the Sham group, the contents of IL-6, IL-17A, TNF-α, and other in�ammatory cytokines in
the plasma and lung tissue homogenate of the CLP group were signi�cantly increased (P < 0.05), while
CLP + Sec (20 mg/ The contents of these in�ammatory cytokines in the kg) group were signi�cantly
decreased, and the difference between the groups was statistically signi�cant (P < 0.05) (Fig. 3).

Secukinumab can protect against acute lung injury caused
by severe sepsis
24 hours after the operation, under the light microscope (×200), the structure of the alveolar space in the
lung tissue of the rats in the CLP group was destroyed, and the alveolar space was occluded and
consolidated. A large number of neutrophils and a small number of lymphocytes were in�ltrated,
accompanied by the formation of a hyaline membrane, and the lesions were diffuse. In the CLP + Sec (20
mg/kg) group, most of the alveolar spaces in the lung tissue of the rats were intact, with a small number
of neutrophils and lymphocytes in�ltrating the alveolar interstitium, and there was no obvious structural
damage to the alveolar walls. Compared with the CLP group, the CLP + Sec (20 mg/kg) group treated with
secukinumab signi�cantly decreased the lung histopathological score, and the difference between the
groups was statistically signi�cant (P < 0.05) (Fig. 4, 5A).

The wet/dry weight ratio of lung tissue mainly re�ects the edema and in�ammatory exudation of lung
tissue. In the CLP + Sec (20 mg/kg) group, compared with the CLP group, secukinumab treatment
signi�cantly decreased the W/D ratio of lung tissue (P < 0.05) (Fig. 5B).
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Secukinumab can inhibit the activation of the IKBα/NFκB
pathway
We used western blot to detect the protein expressions of p-NFκB, NFκB, p-IKBα, and IKBα to re�ect the
activation and activation of the IKBα/NFκB in�ammatory pathway. Compared with the CLP group, the
degradation and phosphorylation levels of IKBα in the CLP + Sec (20 mg/kg) group were signi�cantly
decreased (P < 0.05). Correspondingly, compared with the Sham group, the CLP group had an increase in
NFκB protein and a signi�cant increase in the phosphorylation level (P < 0.05). Signi�cantly decreased,
and the difference between groups was statistically signi�cant (P < 0.05). (Fig. 6)

qPCR was also used to detect the mRNA levels of il-6, IL-17A, TNF-α, IL-1β, and IFN-γ downstream factors
of the IKBα/NFκB pathway to re�ect the role of Secukinumab at the gene level. The gene expressions of
IL-6, IL-17A, TNF-α, IL-1β, and IFN-γ were signi�cantly decreased in CLP + Sec(20 mg/kg) group, with
statistical signi�cance (P < 0.05) (Fig. 7).

Discussion
The IL-17 family is emerging as an important regulator of in�ammatory response and has become a key
to expanding the understanding of cytokine networks that coordinate innate and adaptive immunity [16].
The role of the IL-17A signaling pathway in sepsis is still a research hotspot. Roark CL et al. [17] showed
that bacteremia signi�cantly increased 6h after the establishment of the non-severe CLP sepsis model in
IL-17R knockout mice administered with neutralizing IL-17A. Flierl et al. [9] gave anti-IL-17A immediately
after establishing a mouse model of severe CLP sepsis, and the 7-day survival rate of the mice increased
to 58% (n = 13, P < 0.05) compared with the 8% survival rate of the control mice treated with IgG,
demonstrating that in the severe CLP model (the 7-day mortality rate was 100%), Neutralizing IL-17A
successfully reduced mortality in mice. JB Li et al. [10] analyzed that in the severe CLP sepsis model,
increased IL-17A produced by γδT cells induces neutrophil recruitment and promotes the in�ammatory
response, and subsequent studies proved that abundant IL-17A in the peritoneal cavity plays a key role in
the intense and sustained in�ammatory response of severe sepsis. Neutralizing IL-17A in the peritoneum
has a protective effect on organ tissue damage and death caused by sepsis. Therefore, we speculate that
the difference between these studies is due to the different severity of sepsis models used.

Acute lung injury (ALI) is one of the early manifestations of sepsis, and its pathogenesis is still not
completely clear. Some scholars believe that the destruction of the alveolar epithelium caused by sepsis
is its pathophysiological basis [18]. Qinchuan Li et al. demonstrated a close correlation between
increased IL-17 levels in LPS-induced ALI mice and the severity of ALI. Overproduction of IL-17 promoted
the development of ALI, while IL-17 de�cient mice were resistant to ALI induction. Mechanistically, IL-17
regulates lung in�ammation in LPS-induced ALI mice [9]. Pulmonary edema is one of the typical
symptoms of acute lung injury caused by sepsis [19] and is usually attributed to the loss of alveolar-
capillary barrier structure [20]. The degree of pulmonary edema was evaluated by examining the W/D
weight ratio of lung tissue in rats. Our results showed that the W/D weight ratio of lung tissue in rats with
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sepsis was signi�cantly reduced by the neutralization of IL-17A, as well as the content of in�ammatory
factors such as IL-6 and TNF-α. This is consistent with our lung histopathological results, suggesting that
ScUCiumab can reduce alveolar epithelial cell edema and in�ammatory exudation in the alveolar cavity
of rats with severe sepsis.

Monin L et al. [21] suggested that il-17A could bind and interact with nuclear factor κB factor activator
1(Act1) after binding with IL-17RA. Act1 rapidly recruits and ubiquitizes TNF receptor-associated factor 6
(TRAF6), which triggers NFκB activation [22, 23]. NFκB, one of the most important nuclear factors in cells,
encodes many pro-in�ammatory cytokines, such as IL-6, IL-1β, and TNF-α, and is involved in the gene
expression of sepsis-induced in�ammation and the pathophysiological process of ALI, playing a central
role in regulating the in�ammatory response [24, 25]. Inhibition of the NFκB signaling pathway has
previously been shown to play a protective role in sepsis [26]. Therefore, blocking the NFκB signaling
pathway can reduce the in�ammatory response and lung injury in CLP-induced ALI mice. In this study, we
found that the expression of p-NFκB p65 and p-IKBα was signi�cantly inhibited by the neutralization of
IL-17A in the lung tissues of septic rats, and the expression of downstream genes IL-6, TNF-α, IL-1β, and
IFN-γ was decreased by the neutralization of IL-17A. Based on these results, secukinumab may play a role
in the treatment of acute lung injury associated with sepsis by inhibiting the activation of the IKBα/NFκB
pathway and thereby inhibiting the release of related in�ammatory factors.

In addition to lung tissue, numerous studies have demonstrated that IL-17A levels are elevated during
multiple organ injuries caused by sepsis. Experimental and clinical data of CJ Luo et al. [27] showed the
importance of IL-17A secretion in AKI, suggesting that IL-17A is associated with increased levels of pro-
in�ammatory cytokines in AKI and accelerated apoptosis of renal tubular epithelial cells. In addition, IL-
17A can serve as a chemokine to recruit neutrophils to the kidney [28]. IL-17A is also upregulated in
animal models of acute renal tubular injury and cisplatin-induced AKI [29]. The role of IL-17A has also
been found in intestinal barrier dysfunction caused by sepsis. IL-17A-mediated in�ammation disrupts
intestinal epithelial barrier function, increases intestinal permeability, and leads to intestinal bacterial
translocation by inhibiting intestinal cell proliferation and inducing its apoptosis [30, 31]. This is
consistent with the results of our study. When dissecting septic rats, we found through naked eye
observation that the intestinal tract of septic rats was dilated and edema, with severe adhesion, and a
large amount of purulent �uid could be seen in the intestinal tract. Previous studies have shown that
neutralizing IL-17A protects intestinal barrier integrity, reduces systemic in�ammation and bacterial
transmission, and reduces mortality in septic mouse models [32]. In addition, other experiments have
shown that IL-17A levels are signi�cantly increased in myocardial ischemia-reperfusion injury,
in�ammation, and apoptosis [33].

It is worth mentioning that although many previous studies have investigated the role of IL-17A in sepsis
by neutralizing IL-17A with anti-IL-17A antibodies. However, our study is the �rst to demonstrate the
protective effect of neutralizing IL-17A in rats with severe sepsis using an approved monoclonal antibody
drug, Secukinumab.
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There is increasing evidence that IL-17A is involved in the pathophysiology of sepsis, involving the
regulation of in�ammation and immune responses. Correspondingly, elevated IL-17A levels were
associated with disease severity of sepsis, suggesting that IL-17A could serve as a potential biomarker
for assessing prognosis in clinical settings. In addition, the development of IL-17A as a therapeutic target
must be situational, taking into account the fact that IL-17A may be protective or pathogenic. Future work
will need to further explore the pathophysiological mechanisms by which IL-17A interferes with different
immune responses during sepsis.

Conclusion
We found for the �rst time that the effect of a high dose (20 mg/kg) of Secukinumab improved survival in
rats with severe sepsis induced by CLP. High-dose Secukinumab inhibits the activation of the IKBα/NFκB
in�ammatory pathway by neutralizing IL-17A, reduces the gene expression of pathway-related
in�ammatory cytokines, and thus reduces the levels of in�ammatory cytokines in lung tissue and plasma,
thus alleviating lung tissue injury and improving systemic in�ammation in rats with severe sepsis.
Therefore, Secukinumab is a promising drug for the clinical treatment of septic acute lung injury, and
appropriate treatment timing and dose may be the key to the successful treatment of these patients.
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Figures

Figure 1

168h survival curve of rats in each group.
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ns means P<0.05 vs CLP, ###P<0.001 vs Sham, *P<0.05 vs CLP, ***P<0.001 vs CLP

Figure 2

Observe the shape of abdominal organs of rats in each group with naked eyes at 24h.
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Figure 3

Contents of in�ammatory factors TNF-α, IL-6 and IL-17A in plasma and lung tissue of rats in each group
at 24h.

#P<0.05 vs Sham, *P<0.05 vs CLP
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Figure 4

Lung tissue morphology of rats in each group under light microscope at 24h (HE staining).

(A. B. C)original magni�cation 100×. (D. E. F)original magni�cation 200×.

Figure 5
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Lung histopathological score and wet/dry weight ratio of rats in each group at 24h. (A)Lung
histopathological score. (B)Lung wet/dry weight ratio. #P<0.05 vs Sham, *P<0.05 vs CLP

Figure 6

Protein expression of p-NFκB, NFκB, p-IKBα and IKBα in lung tissue of rats in each group at 24h.

#P<0.05 vs Sham, *P<0.05 vs CLP
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Figure 7

Gene expression of IL-6, TNF-α, IL-1β, IL-17A and IFN-γ in lung tissues of rats in each group at 24h
(Fold=2-ΔΔCT).

#P<0.05 vs Sham, *P<0.05 vs CLP


