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Background: Sirtuin2 (SIRT?2), one of the members of the sirtuins family, has been proven to be a
conserved protein. SIRT2 is reported to be associated with infection and inflammation, and its expression
level in some cells such as mice brain can be reduced by the stimulation of lipopolysaccharide (LPS). We
surmise that the expression levels of SIRT2 may be a warning signal of sepsis in the human body.

Methods: A total of 38 intensive care units (ICU) patients with a diagnosis of sepsis/septic shock were
recruited within 24 h of entry into the ICU. Serum procalcitonin (PCT), hypersensitive C-reactive protein
(hs-CRP), and SIRT2 measurements were performed on admission, and on the second and fourth therapy
days. The mRNA expression of SIRT?2 was detected by real-time polymerase chain reaction (PCR).
Results: We ascertained that the expression levels of SIRT2 mRNA in sepsis patients and septic shock
patients were lower than those in the healthy volunteer control group (P<0.001); On the first day, the septic
shock patients showed a lowered expression of SIRT2 mRNA than the sepsis patients did (P<0.001), but
there were no significantly differences on the following days. In the receiver operating characteristic (ROC)
curves for sepsis, the area under the curve (AUC) of SIRT2 mRNA expression was larger than the AUC of
PCT and hs-CRP. Furthermore, the sensitivity of SIRT2 was higher than that of PCT and hs-CRP, but the
specificity of SIRT2 was higher than that of hs-CRP and lower than that of PCT.

Conclusions: The data demonstrate that sepsis and septic shock patients have a decreased expression level
of SIRT2 mRNA, and thus SIRT2 may be a potential biomarker for the diagnosis of sepsis, akin to PCT and
hs-CRP.
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Introduction burden (2-4). A recent assessment of global incidence and
Sepsis is defined as life-threatening organ dysfunction mortality of hospital-treated sepsis shows that there maybe
or tissue hypoperfusion caused by a deregulated host 31.5 million sepsis cases with potentially 5.3 million deaths
response to infection (1). It is not only the most significant annually (5). Early identification and rapid initiation of
cause of morbidity and mortality in intensive care units therapy are recognized as efficacious in reducing the

(ICU) worldwide but it is also a recognized global health morbidity and mortality of sepsis. Currently, the diagnosis
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of sepsis almost relies on syndromic-based diagnosis.
Biomarkers may be a way to achieve a rapid diagnosis of
sepsis in the emergency department. Regrettably, there
are no biomarkers that are universally accepted for sepsis
diagnosis at present (6).

Sirtuins, a highly conserved family of proteins, are
reported to take part in the metabolic and immune response
of cells (7). In recent years, researchers have reported
that sirtuin2 (SIRT?2), 1 of the 7 members of the sirtuin
family, is associated with infection and inflammation.
One study showed that the expression level of SIRT2 was
reduced at the initial stage of lipopolysaccharide (LPS)-
induced inflammation in the mouse brain, and SIRT?2
could suppress the inflammatory responses in collagen-
induced arthritis (8,9). Apart from these, several reports
have shown that SIRT?2 is related to inflammation in sepsis,
and protects against the development of inflammatory
processes via increasing NF-kB deacetylation, modulating
macrophage polarization, and increasing the M2-associated
anti-inflammatory pathway (10). SIRT?2 can inhibit the
inflammation by deacetylation of NF-Kb/p65 and prevent
it from entering the nucleus (11). SIRT2 deficiency can
prolong the survival of mice with chronic staphylococcal
infection by increasing the bacterial phagocytosis of
macrophages (12). Also, SIRT?2 has been reported to have
the ability to adjust microvascular inflammation in sepsis
mice model notably in obese mice with sepsis (13,14). Based
on these findings, we can surmise that the expression level
of SIRT?2 in the sepsis patients may be different to that of
healthy persons, and this highly conserved gene might be
a potential reference indicator for improving the clinical
diagnosis of sepsis. This study therefore investigated the
expression level of SIRT?2 in sepsis and evaluated its value
in assessing sepsis diagnosis through a comparison with
procalcitonin (PCT) and hypersensitive C-reactive protein
(hs-CRP).

Methods
Study design

This was observational and has been registered in the
Chinese Clinical Trial database (ChiCTR1800019038).
Following informed consent, 38 critically ill patients,
consisting of 22 sepsis and 16 septic shock patients, who
were treated at the ICU of Tianjin First Center Hospital
between July 2018 and May 2019, were recruited within
24 h of entry into the ICU. The critically ill patients were
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delineated according to the new definitions for sepsis
and septic shock published at The Third International
Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3) (1). Sepsis was defined as life-threatening organ
dysfunction caused by a dysregulated host response to
infection and septic shock was identified as a clinical
construct of sepsis with persisting hypotension requiring
vasopressors to maintain mean arterial pressure (MAP)
>65 mmHg and having a serum lactate level >2 mmol/L
despite adequate volume resuscitation (1). The control
group included 15 healthy volunteers (9 females and
6 males) with a mean age of 61.8, who were recruited from
the physical examination department. All patient samples
were treated in accordance with the Declaration of Helsinki
(as revised in 2013), and the study was approved by the
independent ethics committees at Tianjin First Center
Hospital (No. 2018N085KY).

The exclusion criteria included patients younger than
18 years old, severe traumatic brain injury, spinal cord
injury resulting in permanent sensory and motor deficits,
sepsis with an uncontrollable source (e.g., unresectable
bowel ischemia), heart failure, human immunodeficiency
virus infection, autoimmune diseases or acquired immune
deficiency syndrome, patients who had undergone
transplantation, chemotherapy or radiotherapy within
30 days prior to onset of sepsis, expected lifespan <3 months
due to severe pre-existing comorbidities, and pregnancy.

Data collection and blood sampling

The following routine inspection data for all patients were
recorded: gender; age; source of infection on the admission;
the APACHE II score; Sequential Organ Failure Assessment
(SOFA) score; PCT and hs-CRP levels on admission, and
on the second and fourth study day. The peripheral blood
samples were collected on admission, and on the second
and fourth study day. Peripheral blood mononuclear cells
(PBMCs) were isolated by density gradient centrifugation
over Ficoll-Hypaque gradients and prepared for subsequent
RINA extraction.

RNA isolation, reverse transcription, and quantitative
real-time polymerase chain reaction (PCR)

Total RNA was extracted from 2x10° PBMCs using TRIzol
reagent (Invitrogen, Grand Island, NY, USA), and then
the reverse transcription (RT) reactions were carried out
using the SuperScript II RT (Invitrogen) following the
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Table 1 Clinical characteristics of the critically ill patients in sepsis
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Variable

Sepsis (n=22)

Septic shock (n=16)

Sex (male/female)
Age (years), median (range)
APACHE Il score, median (range)
SOFA score, median (range)
PCT [ug/L], median (range)
hs-CRP [mg/L], median (range)
Source of infection

Respiratory

Abdominal

Others

110.3 (1.74-353.77)

13/9 13/3
62 [36-84] 68 [26-86]
14.1 [4-25] 15.6 [7-29]
6.5 [2-14] 9.8 [3-15]"
7.4 (0.22-95) 46.8 (0.27-100)"

176.1 (51.04-368.76)

16 (72.7%) 10 (62.5%)
2 (9.1%) 3(18.8%)
4(18.2%) 3(18.8%)

**, P<0.01; *, P<0.05. APACHE Il score, Acute Physiology and Chronic Health Evaluation Il score; SOFA score, sequential organ failure
assessment score; PCT, procalcitonin; hs-CRP, hypersensitive C-reactive protein.

manufacturer’s protocol. To detect the miRNA expression
of SIRT2 in PBMCs of sepsis patients, we performed
real-time quantitative PCR with SYBR-Green PCR kit
(Takara, Shiga, Japan) on the ABI PRISM-7500 Sequence
detection system (Applied Biosystems, Foster City, CA,
USA). The sequences of primers were as follows: for
SIRT2: 5'-ACGCTGTCGCAGAGTCAT-3" (forward),
5'-CGCTCCAGG GTATCTATGTT-3" (reverse).
Human GAPDH primers used as an internal control were
5'-GAAGG TGAAGG TCGG AGTC-3' (forward) and
5'-GAAGATGG TGATGGG ATTTC-3' (reverse). For
PCR amplification, PCR reactions were performed in a
total volume of 20 pL, containing 2 pL of sample cDNA,
0.2 pM of each primer and the SYBR-Green PCR kit
following the manufacturer’s instructions. Thermal cycling
conditions were 95 °C for 30 sec, followed by 40 cycles
of 5 sec at 95 °C, and 34 sec at 60 °C. The relative gene
expression level of SIRT2 was obtained by comparing
the expression of SIRT2 to that of GAPDH using the
27 method [AACt = (CtSIRT2 - CtGAPDH) sample -
(CtSIRT?2 - CtGAPDH) calibrator].

Statistical analysis

The results were presented as median and range as well
as mean = SD. The quantitative data were analyzed with
Student’s #-test using Statistical Package for the Social
Sciences version 19.0 (IBM Corporation, Armonk, NY,
USA). P<0.05 was considered a statistically significant value.
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Results

In this study, we recruited 38 sepsis patients from July
2018 and May 2019, including 22 sepsis patients and 16
septic shock patients. There were no significant differences
in baseline characteristics in terms of sex, age, and site
of infection. The clinical patient status was assessed with
the APACHE 1I score (15), the patients of sepsis group
APACHE 1I score on the first day was 14.1, and the septic
shock group’s score was 15.6. The extent of multiple organ
failure was evaluated with SOFA (16). The SOFA score on
the first day in the sepsis group was 6.5, and it was 9.8 for
the septic shock group (Table 1).

The expression of SIRT2 mRNA in sepsis patients and
septic shock patients was lower than that of the healthy
volunteers (control group) on the first day (0.331 and 0.136
vs. 0.623; P<0.001), and the expression level of SIRT?2
mRNA in septic shock patients was lower than that in the
sepsis patients (0.331 vs. 0.136; P<0.001) (Figure I). Also,
the SIRT2 mRNA expression levels in the sepsis and septic
shock patients on the second day and fourth day were
all lower than those of the SIRT2 mRNA in the healthy
volunteers. The mean expression level of SIRT2 mRNA
in sepsis patients was 0.165 on the second day and 0.226
on the fourth day. The mean SIRT2 mRNA level in septic
shock patients was 0.221 on the 2nd day and 0.217 on the
4th day (Figure 2). The results of both the sepsis group and
the septic shock group compared with the control group
were significantly different with P<0.001. On the first day,
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Figure 1 The expression level of SIRT2 mRNA in healthy
volunteers and sepsis/septic shock patients on the 1st day. The
expression of SIRT2 mRNA in sepsis patients and septic shock
patients were lower than the healthy volunteers group on the 1st
day (0.331, 0.136 vs. 0.623,***, P<0.001); the expression level of
SIRT2 mRNA in septic shock patients were lower than that in the
sepsis patients (0.331 vs. 0.136, ™, P<0.001).
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Figure 2 The expression level of SIRT2 mRNA in the 4 days
of therapy. The SIRT2 mRNA expression level in the sepsis and
septic shock patients on the Ist day, 2nd day and 4th day were
all lower than the expression of SIRT2 mRNA in the healthy
volunteers (***, P<0.001). The mean expression level of SIRT2
mRNA in sepsis patients was 0.165 on the 2nd day and 0.226 on
the 4th day. The mean SIRT2 mRNA level in septic shock patients
was 0.221 on the 2nd day and 0.217 on the 4th day. On the 1st day,
the septic shock patients show lower expression of SIRT2 mRNA
than the sepsis patients (™", P<0.001), but there had no significantly
different on the following days.

the septic shock patients showed lower expression of SIRT?2
mRNA than the sepsis patients (P<0.001), but there was no
significant difference on the following days (Figure 2).

To evaluate the usefulness of SIRT?2 expression level
on the diagnosis of sepsis, we compared the predictive
usefulness of SIRT2 expression level, PCT, and hs-
CRP in patients with sepsis by using receiver operating
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Figure 3 Receiver operating characteristic (ROC) curve for
sirtuin2 (SIRT2), procalcitonin (PCT), hypersensitive C-reactive
protein (hs-CRP analysis for sepsis diagnosis. In the ROC curves
for sepsis, the area under curve (AUC) of SIRT2 mRNA expression
was larger than the area under the curve of PCT and hs-CRP.
The cut-off value for SIRT2 was 0.393, and the AUC was 0.908,
sensitivity was 0.919, specificity was 0.789 (P<0.0001, Youden
index =0.708); The cut-off value for PCT was 0.73 pg/L, and the
AUC of PCT was 0.886, sensitivity was 0.793, specificity was 0.85
(P<0.0001, Youden index =0.643); and the cut-off value for hs-CRP
was 62.54 mg/L, the AUC of hs-CRP was 0.851, sensitivity was
0.737, specificity was 0.75 (P<0.0001, Youden index =0.687).

characteristic (ROC) curves (Figure 3). In the ROC curves
for sepsis, the area under the curve (AUC) of SIRT2 mRNA
expression was larger than the AUC of PCT and CRP.
The sensitivity of SIRT2 was higher than the sensitivity of
PCT and hs-CRP, and the specificity of SIRT2 was higher
than the specificity of hs-CRP but lower than that of PCT
in the ROC curves for sepsis. The cut-off value for SIRT?2
was 0.393, the AUC of SIRT2 was 0.908, the sensitivity
was 0.919, and the specificity was 0.789 (P<0.0001; Youden
index =0.708. The cut-off value for PCT was 0.73 pg/L,
the AUC of PCT was 0.886, the sensitivity was 0.793, and
specificity was 0.85 (P<0.0001; Youden index =0.643. The
cut-off value for hs-CRP was 62.54 mg/L, the AUC of hs-
CRP was 0.851, the sensitivity was 0.737, and the specificity
was 0.75 (P<0.0001; Youden index =0.687) (Figure 3).

Discussion

Sepsis is caused by a dysregulated host response to infection
which can include bacterial, fungal, and viral infections,
making it difficult to diagnose clinically (6). At present,
the diagnosis of sepsis still relies on pyrexia, white blood
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cell (WBC) counts, heart skip speed, clinical indications,
and on culture-based pathogen detection. Even though
the “Surviving Sepsis Campaign: International Guidelines
for Management of Sepsis and Septic shock” recommends
that using the SOFA and Quick SOFA (qSOFA) systems
to diagnose sepsis (17,18), these systems are known to lack
sensitivity and are not sufficient for accurately diagnosing
sepsis. The microbiologic culture results are the gold
standard for sepsis diagnosis. However, this examination
often needs a few days to return results, and it typically lags
days behind the first treatment (17,19,20).

A biomarker is any substance, structure, or process that
can be measured in the body or its products. Biomarkers
influence or predict the incidence rate or outcome of a
disease, and these biomarkers are being researched for
use in the diagnosis of sepsis (21,22). A biomarker may
provide an essential diagnostic tool for sepsis at an early
stage (23). CRP and PCT, with the exception of lactate, are
probably the 2 most widely used biomarkers used clinically
for diagnostic of sepsis (24-26), but neither of these are
universally accepted for sepsis diagnosis (27,28). CRP is a
well-established biomarker for infection and inflammation
but lacks specificity. It is also elevated in patients with
cancer, burns, and other inflammatory conditions but not
infectious diseases (28,29). PCT is a precursor-hormone
of calcitonin and has been recommended as a useful test in
critically ill patients (30). However, much of the literature
does not fully consider PCT to be able to accurately
distinguish sepsis from systemic inflammatory response
syndrome (SIRS) in critically ill patients, as it may be
elevated in the absence of infection (28,31,32).

SIRT2, one of the members of the sirtuin family of
proteins, is related to infection, DNA damage, cell survival,
and many other processes. In recent years, some research
has found that it may be associated with inflammation.
Some inflammatory factors, such as LPS, can reduce
the expression level of SIRT?2 (8,9). Regrettably, the
mechanisms of this phenomenon are still unclear. Besides
this, the current study on the relationship between SIRT?2
and inflammation is limited to animal models. Given these
reports, we surmise that the expression level of SIRT? in
sepsis patients may be inconsistent with that of a healthy
person and might be a potential biomarker for the diagnosis
of sepsis. Therefore, we conducted this clinical trial and
found that the septic shock patients show a lower expression
level of SIRT?2 than the sepsis patients on the first day, but
there were no significant differences on the following days.
The focus of these results was that both the expression
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levels of SIRT? in the sepsis and septic shock patients were
lower than those of the healthy volunteers.

Moreover, the lower expression level lasted within 4 days
from admission. We compared SIRT2 with PCT and hs-
CRP via the ROC curve for evaluating the usefulness of
SIRT?2 in the diagnosis of sepsis. ROC curves showed that
SIRT?2 has a higher AUC and sensitivity than PCT and hs-
CRP. Furthermore, the ROC curve also showed that the
specificity of SIRT2 was higher than that of hs-CRP but
lower than that of PCT. These suggest that SIRT2 has
potential as a diagnostic marker for sepsis.

In the early stages of infection, the body needs to induce
an inflammatory response to resist foreign infection, and
SIRT?2 can inhibit NF-«B single pathway, thus inhibiting the
production of inflammatory factors by deacetylating NF-«xB/
p65 and modulating the polarization of macrophages. The
reason for the reduce of SIRT?2 expression level in the early
stages of sepsis may be due to its protective role during the
inflammatory processes. However, it is worth noting that
knockdown of the SIRT?2 gene instead could protect mice
from sepsis in animal experiments. Additionally, there have
been reports indicating that the expression of SIRT2 shows
an upward trend with the prolongation of LPS stimulation
time (8). These results imply that the expression level of
SIRT2 might change during the progress of sepsis. Here,
we detected the expression levels of SIRT? in the early stage
of sepsis and found that the SIRT? expression is lower than
that in the healthy body. This is preliminary confirmation of
SIRT2 as a new biomarker for the early diagnosis of sepsis
compared with PCT and hs-CRP. However, there needs
to be further verification for its application in the clinical
setting. The relationship between SIRT?2 and sepsis also
needs further research. To find the truth, we will continue
to expand case samples and extend observation time in our
next study.
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