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To investigate the value and role of serum interleukin-35 and lymphocyte/monocyte ratio for the prognostic
assessment of sepsis cases is the main objective of the study. 78 sepsis patients sera was collected from
October 2019 to October 2021 in our intensive care unit and were classified as survival (n=45) and death
(n=33) groups based on their prognosis. In addition, 50 normal healthy subjects were also enrolled as
control. Then, interleukin-35 contents in serum and lymphocyte/monocyte ratio of different groups
were measured separately. We also analyzed the association of serum interleukin-35 with lymphocyte/
monocyte ratio among 78 sepsis cases and performed survival analysis on the serum interleukin-35
levels. Interleukin-35 expression of survival group increased relative to normal group, with no significant
difference (p>0.05). Death group had markedly increased interleukin-35 expression compared with survival
and normal groups (p<0.05) and difference in the lymphocyte/monocyte ratio values between death and
survival groups was of no statistical significance (p>0.05). Interleukin-35 was not evidently correlated with
lymphocyte/monocyte ratio (p>0.05). Survival analysis showed that sepsis cases with high interleukin-35
expression had significantly decreased survival, relative to low interleukin-35 expression (p<0.05). Serum
interleukin-3S5 is the prognostic biomarker for sepsis cases and high interleukin-35 expression during early
sepsis may indicate poor prognosis and the concentration of interleukin-35 levels has a high prognostic

assessment value for sepsis survival compared with lymphocyte/monocyte ratio levels.
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Sepsis represents the complicated disease with the
features of oxidative injury or even multi-organ
dysfunction!!l. Tts pathophysiology includes impaired
epithelial, endothelial and immune cell function. The
mortality rate of sepsis recently is 18 %-40 %, which
is related to sepsis resulting from infection with
sepsis-associated organisms (e.g., bacteria and fungi).
Different factors have determined sepsis as well as
its severity, such as pathogen type as well as immune
status in the host!?!,

The Lymphocyte/Monocyte Ratio (LMR) s
a combination of two independent markers of
inflammation in blood cells and LMR is now

considered a new marker of systemic inflammation
that is closely associated with the prognosis of most
infectious diseases and malignancies®™. In addition, the
inflammatory response of the body activates immune
cells to secrete cytokines such as Interleukin-35 (IL-35)
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4. As reported in studies, IL-35 up-regulation is related
to severity of infectious diseases and the production of
cytokine storms, which can be an important predictor of
disease regression>®. Consequently, the present work
focused on investigating whether LMR and serum IL-
35 levels in sepsis blood had prognosis, prediction and
significance, and by retrospectively analyzing them in
order to provide a reference for clinical management.

MATERIALS AND METHODS

Study objects:

This study include 78 patients diagnosed with sepsis
between October 2019 and October 2021 from our
center, including 59 male and 19 female patients, with
the age of 25-90 y and with a mean age of 69.2 y.
Exclusion criteria includes cancer patients; cases with
severe congenital diseases or malformations; patients
with a history of mental illness. 50 serum specimens
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from elderly people who were confirmed to be healthy
in our hospital were enrolled for control, which include
28 male together with 22 female patients with the age
of 20-80 y and with a mean age of 58.6 y. General data
was comparable to both groups (p>0.05).

Specimen collection and testing of indexes:

3 ml of venous blood at fasting state was drawn in the
morning on 1%, 3™ and 7% d of admission, and the serum
was separated by centrifugation within 2 h, followed
by preservation under -80°. IL-35 content in serum was
measured by quantitative electrochemiluminescence
analysis using an E170 electrochemiluminescence
autoimmunoassay (Roche, Switzerland) and the IL-35
kit was purchased from Roche, Switzerland. The blood
cells were counted using a fully automated hematology
analyzer (Shenzhen Myriad Biomedical Electronics
Co., Ltd., BC-5000) and the absolute values of
lymphocytes, i.e. Absolute Lymphocyte Count (ALC)
and monocytes, i.e. Absolute Monocyte Count (AMC)
were recorded, and the LMR values were calculated.

Statistical analysis:

This work employed Statistical Package for the Social
Sciences (SPSS) 23.0 software in statistical processing.
Measures were represented by mean+Standard
Deviation (SD), while the Levene’s chi-square test for
normal continuity was performed first and the results
were represented by mean+SD. Data regarding general
conditions, inflammatory indexes and serum growth
chemokine IL-35 levels in each group were expressed
using median and interquartile spacing. T-test was
conducted for comparison of LMR levels between the
survival and death groups. Correlation between serum
IL-35 and LMR was analyzed through linear regression
correlation. Differences were considered statistically
significant at a two-sided p<0.05.

RESULTS AND DISCUSSION

All cases were classified as death (n=33) and survival
(n=45) groups based on the prognosis, sex, age and
positive microbiological test rate were not significantly
different between them (p>0.05), and death group had
increased organ failure number relative to survival
group (p=0.001) (Table 1).

Comparison of inflammatory indexes between the
survival and death groups was explained here. LMR,
White Blood Cells (WBC), C-Reactive Protein (CRP)
and temperature of the death group on d 1 of admission
were not statistically different compared with survival
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group (p>0.05) (Table 2). Differences in LMR, CRP
and body temperature were not significantly different
between 2 groups on d 3 of admission (p>0.05) (Table
3).

Comparison of IL-35 expression between survival
and death groups was explained here. Serum IL-35
concentration on d 1 of admission in the survival group
was not significantly different from control (p=0.578),
while death group had increased serum IL-35
concentration compared with control (p=0.004). Death
group had remarkably elevated IL.-35 concentrations in
serum compared with survival groupsat1d,3dand 7d
after admission (p=0.002, p=0.005, p=0.001) as shown
in Table 4.

Comparison of LMR levels in the survival and death
groups was clearly explained. The differences in LMR
valuesond 1,d 3 andd 7 of admission has no significance
between death and survival groups (p>0.05) as shown
in Table 5.

Association of serum IL-35 expression with LMR value
was clearly explained. Pearson correlation analysis
revealed that IL-35 was not related to LMR levels on d
1,d 3 and d 7 of admission (p>0.05) as shown in Table
6.

Survival analysis of patients with sepsis was clearly
explained. 78 sepsis cases were classified as high-
IL-35 (n=46) or low-IL-35 (n=32) group based on
their median expression (56.01 (pg/ml)) and survival
analysis showed that the survival of sepsis patients with
high-IL-35 expression markedly decreased compared
with patients with low-I1L-35 expression (p=0.009). As
for 28 d survival rates, they were 57.5 % and 26.4 %
in low-IL-35-expression and high-IL-35-expression
groups, separately (fig. 1).

Sepsis is a systemic disease caused by infection, also
known clinically as systemic inflammatory syndrome
and is one of the common critical emergencies in
intensive care units, which is characterized by variable
disease, rapid progression and high mortality!”. Since
the early symptoms of the disease are not obvious
and although it can be diagnosed by blood culture, it
is time-consuming and labor-intensive and it is more
difficult for the early diagnosis of sepsis®®l. Therefore,
it is important to find an early diagnosis method with
high sensitivity and specificity for improving sepsis
prognosis, which is also a hot spot and focus of clinical
research at present.

LMR indicates the ALC to AMC, where lymphocytes
reflect immune system regulation, while monocytes
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reflect the non-specific inflammatory response of the
body, linking the intrinsic and adaptive immunity
through antigen presentation. As a novel inflammatory
marker, LMR is tightly related to development and
progression of diverse disorders®'”. Low LMR is
associated with the prognosis of tuberculosis and
malignancy. LMR predicts survival and aggressiveness
in patients with endometrial cancer!'!). According to our
findings, sepsis group had reduced lymphocyte number
compared to the non-sepsis group, monocytes were
increased and LMR was reduced; in addition, death
group had decreased LMR compared with survival
group. Decrease in LMR was associated with sepsis
development and progression.

IL-35 belongs to IL family, mainly produced via
T regulatory cells (Treg), with stable expression in
the normal organism and mainly exerts a negative
regulatory effect on suppressing immune factor activity
and inflammatory responses!'?!. Tt has been suggested
that IL-35 can suppress inflammatory responses and
prevents the development of excessive autoimmune
reactions. The animal studies have shown that IL-35
is produced after dendritic cell stimulation and can
suppress Cluster of Differentiation 4 (CD4) and Cluster
of Differentiation 8 (CDS) positive T cell responses in
peripheral blood and inhibits the progression of allergic
lesions. Normal IL-35 expression has a negative
regulatory effect on the immune system and immune
responses, and can suppress excessive inflammatory
responses and excessive autoimmune responses!!®l.
Treg number within organisms with reduced IL-35
expression is significantly lower than that in normal
organisms. Therefore, the amount of Treg cells in
patients with sepsis has a direct effect on IL-35
expression and it is speculated that Treg cells in patients
with sepsis may be damaged to some extent. According
to our findings, death group did not show statistical
significance in LMR, CRP and WBC on d 1 and d 3
of admission, suggesting that LMR, CRP and WBC

can only be used as diagnostic indicators of sepsis,
reflecting the inflammatory status of the organism and
not reflecting the prognosis of sepsis patients.

The experimental results suggested that survival
group had slightly elevated serum IL-35 content on d
1 of disease onset compared to the healthy controls.
However, sepsis with an aggressive prognosis showed
a significant high expression of IL-35 at an early stage
and the experiment confirmed that, higher the IL-35
level, the worse the prognosis. High levels of 1L-35
showed significantly lower survival days, providing a
new method for clinical judgment of the severity and
prognosis of patients.

According to our experimental results, serum IL-35
is the biomarker reflecting sepsis prognosis, while
IL-35 up-regulation in early sepsis may suggest that
patients have a poor prognosis and IL-35 level has a
great prognostic assessment value for sepsis survival
compared with LMR level.

In addition, this study further demonstrated that
the survival rate of sepsis patients with high-IL-35
expression significantly decreased relative to those
with low-IL-35 expression by Kaplan-Meier survival
curves. The 28 d survival rates were 57.5 % and 26.4 %
for low and high-IL-35 expression groups, separately,
suggesting that 1L-35 has a good predictive value for
survival assessment in patients with sepsist!*'¢.

In conclusion, according to our results, IL-35 combined
with LMR shows a higher significance in predicting
sepsis development and prognosis from the perspective
of LMR and pro-inflammatory cytokine IL-35, and
that dynamic monitoring of the changes of these two
indicators is important for timely assessment of
patient’s conditions and prognosis, early clinical
intervention and improvement of the treatment rate.
In addition, certain limitations should be noted in this
work, including its retrospective nature and small

TABLE 1: GENERAL CONDITIONS OF THE SURVIVAL AND DEATH GROUPS

Gender (Male/Female) Age (y) Number of organ failures Number of positive microbial culture cases

Grouping

Death group (n=33) 22/11 63.1+7.4
Survival group (n=45) 26/19 64.4+6.9
p value 0.698 0.576

3.1£0.9 16
1.320.2 14
0.001 0.236

TABLE 2: INFLAMMATORY INDEXES OF SURVIVAL AND DEATH GROUPS ON D 1 OF HOSPITAL ADMISSION

Test items Survival group (n=45) Death group (n=33) p value

LMR 5.5:0.9 5.710.6 0.244

CRP (mg/dl) 57.5 (24.1-113.8) 61.7 (32.4-121.8) 0.889

WBC (x10°/1)) 14.349.6 14.6+6.5 0.944

Body temperature (°) 37.9:0.8 38.6+1.2 0.967
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TABLE 3: INFLAMMATORY INDEXES OF SURVIVAL AND DEATH GROUPS ON D 3 OF HOSPITAL ADMISSION

Test items Survival group (n=45) Death group (n=33) p value
LMR 5.5:0.8 5.4+0.9 0.563
CRP (mg/dl) 67.4 (21.5~153.8) 70.1 (30.3~172.8) 0.822
WBC (x10°/1)) 13.416.1 14.615.8 0.569
Body temperature (°) 37.9+0.9 38.5+1.2 0.794

TABLE 4: CHANGES OF SERUM IL-35 CONCENTRATION BETWEEN 2 GROUPS

Median (pg/ml) Control Survivors p Non-survivors P

1td 40.8 (20.3-51.1) 57.2 (27.6-69.8) 0.578 118.4 (45.6-134.8) 0.004
15td 57.2 (27.6-69.8) 118.4 (45.6-134.8) 0.002
3¢d 53.9 (23.4-61.2) 238.9 (146.7-1659.4) 0.005
7td 62.9 (32.4-79.2) 489.4 (198.3-2123.1) 0.001

TABLE 5: COMPARISON OF LMR LEVELS ON D 1, D 3 AND D 7 OF ONSET IN THE SEPSIS SURVIVAL AND
DEATH GROUPS

Time Survivors (n=25) Non-survivors (n=30) t p

15t d 9.3+2.5 11.7£2.6 0.824 0.444
3dd 8.1+1.3 12.9+2.2 0.394 0.728
7" d 7.8+1.1 13.3+4.2 0.324 0.726

TABLE 6: CORRELATION BETWEEN SERUM IL-35 AND LMR ON D 1, D 3 AND D 7 IN THE SURVIVAL
GROUP AND DEATH GROUP

Time IL-35 (pg/ml) LMR (ng/ml) r P
1std 90.5 4.6 -0.199 0.812
3dd 129.8 6.5 -0.167 0.688
7t d 346.4 9.5 -0.288 0.422
1.04
—= 0.8-
=
£ 0.6
@
£ 0.4-
=
O 0.2-
0.0 )

1 1 1
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Days(d)

Fig. 1: Survival analysis of patients with sepsis, (_) High IL-35 group; (_I"1) Low IL-35 group; ( - ) High IL-35 censored group
and ( ) High IL-35 censored group
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sample size. Large, prospective clinical research should
be conducted to guarantee our result accuracy.
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