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Abstract: Infection in neonates, particular the neonatal sepsis continues to be a global problem with significant
morbidity and mortality. The diagnosis of neonatal sepsis is complicated by nonspecific clinical symptomatology,
a high-false negative rate, and a delay in obtaining blood culture results. MicroRNAs (miRNAs) have recently been
used as finger prints for sepsis, and have been validated to be potential sepsis biomarker recently. In the present
study, we investigated the level of several miRNAs, such as miR-15a, miR-16, miR-15b, and miR-223, which have
been identified as a biomarker in adult sepsis, in neonatal sepsis patients, and then we analyzed the association
of miR-15a/16 with the patient prognosis. Results demonstrated that the level of miR-15a/16 was up-regulated in
neonatal sepsis patients than in normal neonatal subjects; however, no statistical difference was disclosed in the
miR-15b and miR-223 level between two groups. And the ROC analysis indicated the miR-15a and miR-16 were
potent fingerprints for diagnosing neonate sepsis. In order to explore the miR-15a/16 function on the lipopolysac-
charide (LPS)-induced inflammatory pathway, the mice macrophage RAW264.7 cells were transiently transfected
with miR-15a/16 mimics. And it was demonstrated that the miR-15a/16 transfection down-regulated the Toll-like
receptor 4 (TLR4) and Interleukin-1 receptor-associated kinase 1 (IRAK-1) transcription level with a statistical dif-
ference in the LPS treated cells. And the suppression capability of miR-15a/16 on the expression of TLR-4 and
IRAK-1 were evaluated by western blot. Thus, in present study, we identified miR-15a/16 as potential biomarker for
the diagnosis and prognosis of neonatal sepsis, and the upregulated miR-15a/16 downregulated the LPS-induced
inflammatory pathway.
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Introduction In China, the incidence of neonatal sepsis var-

ies considerably among different regions;

Neonatal sepsis is a blood infection mainly
caused by bacteria that occurs in an infant
within 28 days old. Neonatal sepsis is catego-
rized as early-onset or late-onset. Early-onset
sepsis takes place in the first 3 days of life,
while late-onset usually occurs at 4-28 days of
life. The pathogens causing the neonatal sep-
sis majorly include Group B Streptococcus
(GBS), Escherichia coli, Coagulase-negative
Staphylococcus, Haemophilus influenza, and
Listeria monocytogenes etc [1]. The incidence
of neonatal sepsis in the developed countries
is 1-8 per 1000 newborns, yet it is approxi-
mately three times in developing countries [2].

based on the limited clinical statistical data of
few developed areas, the incidence of neonatal
sepsis is 3-6.5 per 1000 newborns [3]. For the
immature of infant’s immune system, the neo-
natal sepsis has distinct clinical symptoms
compared with that of children or adults sepsis,
suggesting a unique immune response against
infection in the infant [4]. Due to the non-specif-
ic clinical symptom, the diagnosis of neonatal
sepsis often presents a highly-false negative
rate and a delay in obtaining blood culture
results. Thus, biomarkers for distinguishing the
sepsis accurately at earlier stage are urgently
needed.
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Table 1. Clinical data for neonatal sepsis patients and control

approved by the ethics commit-
tee of the hospital. We obtained

87 blood samples from neonates
pvalue  ith sepsis and respiratory infec-

subjects

Variant items Neorziti;epss C(zztﬁl)‘*

Gender (M/F) 27/19 25/16

Age (D) 12.64+7.62 13.9648.25

Gestational age (W) 38.24+2.16 38.86+1.96 0.3468
Weight (g) 3463.25+525.67 3356.18+498.18 0.735°
PCT (ng/ml) 4.26 (0.31,13.26) 1.74(0.23,5.39) 0.006°
CRP (mg/L) 13.71 (4.83, 22.36) 10.16 (3.67,20.56) 0.134°

WBC (x10°%/L)

0.8290  tion/pneumonia, including 46
0.4238 neonates with sepsis and 41 neo-
nates with respiratory infection/
pneumonia. The blood samples
from neonates with respiratory
infection or pneumonia were
used as controls. The characteris-

12.78 (4.68, 18.37) 11.03(5.37,16.42) 0.087°  {ics of the subjects are shown in

% Control subjects involved 17 (9/6) patients with supper respiratory infection
and 24 (16/10) patients with pneumonia; M, Male; F, Female; D, Days; W,
Weeks; *: Chi Square tests; B: Student t test; ©: Mann-Whitney U tests.

MicroRNAs (miRNAs) are endogenous small
RNAs of ~22 nt lengths that regulate gene
expression via binding target mRNAs for cleav-
age or translational suppression [5]. Unique
patterns of serum or plasma miRNAs levels can
be used as biomarkers for diagnosis or progno-
sis of various diseases lately [6-8]. Among
them, miR-223 and miR-146a had been identi-
fied with diagnostic value for sepsis, another
one plasma miRNA, miR-150, was identified as
a potential biomarker for sepsis prognosis [9].
Recently, one report described miR15a was
associated with the sepsis progress [10]. As we
knew, the neonatal sepsis displayed the differ-
ent symptoms in comparison with that of chil-
dren or adults sepsis because of the infant’s
immature immune system. It’s not clear wheth-
er these miRNA biomarkers can be used as fin-
gerprints to evaluate the prognosis of neonatal
sepsis, and there have been few studies on the
evaluation of miRNA level in infant sepsis, thus
it is necessary to confirm whether these miR-
NAs can function as biomarkers in neonatal
sepsis patients.

In this research, we investigated the level of
miR-15a and miR16 in neonatal sepsis patients
and analyzed the correlation of miR-15a/16
with the patient prognosis. Results confirmed
the higher level of miR-15a/16 in neonatal sep-
sis patients than in normal neonatal subjects.

Materials and methods
Patients and blood samples collection

This study was mainly conducted in the depart-
ment of pediatrics, the Yantai Yuhuangding
Hospital of Qingdao University and was
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Table 1. The diagnosis of neona-
tal sepsis was performed as the
criteria established at the 2003
Kunming Neonatal Sepsis Defi-
nitions Conference [3]. We collected the blood
samples from the neonates with sepsis and the
control subjects when they were diagnosed.

Serum total RNA isolation

Briefly, blood samples were collected in special
tubes containing separating gel and clot activa-
tor and centrifuged at 3000 rpm for 15 mins at
room temperature. The supernatants were col-
lected and centrifuged at 15,000 rpm for 30
mins to precipitate cell debris, and then the
supernatants were stored at -80°C until RNA
extraction. Serum total miRNAs was isolated
using mirVana miRNA Isolation Kit (Ambion,
Austin, TX, USA) according to the manufactur-
er's instructions; whereas the serum total
MRNA or mRNA in RAW264.7 cells were extract-
ed by using the RNeasy Mini Kit (Qiagen,
Valencia, CA, USA).

Evaluation of RNA transcription level using
gRT-PCR

Reverse transcription (RT) was done in a reac-
tion volume of 15 pl containing 1.5 pl of 10x
reverse transcription buffer, 0.5 ul of RNase
inhibitor, 1 ul of dNTPs, 0.5 pl of reverse tran-
scriptase, 1.5 ul of miRNA-specific stem-loop
RT primer (Applied Biosystems), 2.5 ul (5 ng) of
RNA preparations and 7.7 pyl RNase-free water.
RT reaction was performed as 16°C for 30 min,
42°C for 30 min, and 85°C for 5 min. Then, 4.5
pl of 5:28 diluted RT product was combined
with 5.0 pl of TagMan gene expression Master
Mix and 0.5 pl of Tagman miRNA assay. The
gPCR was made using an ABI PRISM 7300
detection system at 95°C for 5 min, followed by
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Table 2. Fold-changes of serum miRNAs in
patients with neonatal sepsis (S), compared
to control subjects (C)

miRNAs Fold-change (S/C)¥ p value*
miR-15a 3.36 <0.001
miR-15b 1.98 0.057
miR-16 2.97 <0.001
miR-206 -1.78 0.064
miR-223 1.72 0.102
miR-378 -2.56 0.042
miR-451 2.76 0.036

¥: Fold change formula: Fold-change = log2 (D/S). *
Student t test.

40 cycles of 95°C for 15 s and 60°C for 1 min.
All qPCR reactions were performed in triplicate
and the raw Ct (threshold cycle) of each sample
was the mean value of three independent Ct
values. Housekeeping gene B-actin or U6 was
simultaneously amplified to standardize the
amount of sample RNA. Relative quantification
of gene transcription level was performed by
the -AAct method [11] .

Cell lines and transfection

Mice macrophage RAW264.7 cells were main-
tained in the DMEM (GIBCO, Rockville, MD,
USA) supplemented with 10% fetal bovine
serum (Hyclone, Pittsburgh, PA, USA), 50 units/
mL penicillin, and 50 mg/mL streptomycin in a
humidified incubator under 5% CO, at 37°C.
The miRNA transfection was performed with
the lipofectamine 2000 (Thermo Fisher
Scientific, Waltham, MA, USA) as described in
its protocol.

Western blotting analysis

The treated RAW264.7 cells were lysed in RIPA
lysis buffer (Pierce, Rockford, IL, USA) with 1
mM phenylmethanesulfonyl fluoride (PMSF).
The cell lysates were subjected to SDS-PAGE
and blotted onto PVDF membrane. Blocking
was done with 5% non-fat milk. The membrane
was incubated with rabbit polyclone antibodies
to TLR-4 (Abcam, Cambridge, UK) or IRAK-1
(Abcam, Cambridge, UK) at 1:1000 dilutions for
1 hour and subsequently reacted with second
IgG at 1:5000 dilutions for 30 minutes.
Membranes were washed with PBST buffer for
4 times after each step. Western-light sub-
strate was then applied to the membrane for 5
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minutes. Once the membrane was dried, X-ray
films were exposed to the membrane and
developed by a Kodak processor.

Statistical methods

The ROC curves of selected miRNAs were
mapped as previously described by the soft
SPSS16.0 [12]. The U-test was used for the
comparison of mMiRNAs levels in the sera
between the neonatal groups and control
groups. The student’'s t-test was applied in
comparison of the transcription and expression
level between two groups after miRNA
transfection.

Results

Clinical characterizations and miRNA profiles
in the neonate sepsis patients and the control
patients

46 neonate sepsis patients and 41 control
patients (17 patients with supper respiratory
infection and 24 patients with pneumonia)
were enrolled in the study. There were no sig-
nificant differences in the gender, age, gesta-
tional age, weight, and CRP and WBC values
between the two groups. However, PCT value
was significantly different between sepsis
patients and control subjects (Table 1). To
explore the miRNA profiles in two groups, a
panel of miRNAs associated with the inflamma-
tion response was quantified using real-time
RT-PCR, the fold changes of serum miRNA in
neonatal sepsis patients compared with con-
trol subjects were listed in Table 2, miR15a and
miR16 were up-regulated significantly with sta-
tistical differences.

miR-15a and miR-16 levels increased in pa-
tients of neonate sepsis

The transcription levels of miR-15a, miR-16,
miR-15b, and miR-223 of neonate sepsis
patients and control group were measured by
Real-time RT-PCR respectively. As shown in the
Figure 1C and 1D, no statistical difference was
disclosed in the miR-15b and miR-223 level
between two groups, however the miR-15a and
miR-16 levels were both greatly improved com-
pared with the control group (Figure 1A and 1B)
(P<0.0001). In detail, the mean relative miR-
15a and miR-16 level increased 2.5 and 3
times in comparison with control, separately.
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Figure 1. Relative serum levels of miRNA-15a, miRNA-16, miRNA-15b, miRNA-223 in neonatal sepsis patients. The
relative amounts of miR-15a (A), miR-16 (B), miR-15b (C), and miR-223 (D), were examined by RT-gPCR in the serum
of neonatal sepsis patients, the normal neonatal subjects were taken as control. The level of each miRNA in con-
trol neonatal subjects were designated as “1”. All other samples were expressed as a relative value to the control
sample. The sample numbers and the statistical significance were shown respectively.

The results indicated the miR-15a and miR-16
might be the appropriate biomarker for diag-
nosing the Neonate Sepsis.

ROC analysis indicated the miR-15a and miR-
16 were potent fingerprints for diagnosing
neonate sepsis

To investigate the predictive mortality value of
the four selected miRNAs, receiver operating
characteristic (ROC) curves were generated
and the areas under the curves (AUCs) were
calculated. The AUCs for the four miRNAs
ranged from 0.62850 to 0.790. The AUCs for
miR-15a, miR-16, miR-15b and miR-223 were,
0.8543, 0.8688, 0.6285, and 0.6323, respec-
tively (Figure 2). The AUC for miR-16 had the
highest value, followed by that for miR-15a, and
both displayed dramatic statistical differences
(Figure 2A and 2B).
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miR-15a/16 suppressed the LPS-promoted
TLR-4/IRAK signaling

In order to explore the miR-15a /16 function on
the LPS-induced inflammatory pathway, the
mice macrophage RAW264.7 cells were tran-
siently transfected with miR-15a/16 mimic or
miR control, respectively. Then the copies of
miR-15a/16 and house-keeping gene U6 were
subsequently measured by RT-qgPCR. As shown
in Figure 3A, the relative miR-15a/16 level to
U6 increase significantly at 25 nM post-trans-
fection, and the level rose to a higher level at
the concentration of 50 nM. In the next step,
we checked the effect of miR-15a/16 on TLR-4
expression in the LPS treated RAW264.7 cells.
In the cells without LPS treatment, no statisti-
cal difference was observed between the miR
Control-transfected group and the miR-15a/16-
transfected group, nevertheless the miR-
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Figure 2. ROC analyses of the serum levels of miRNA-15a, miRNA-16, miRNA-15b, miRNA-223 in neonatal sepsis
patients. The area under curve (AUC) and the statistical significance were shown in each figure.

15a/16 transfection down-regulated the TLR4
transcription level with a statistical difference
in the LPS treated cells (Figure 3B). The sup-
pression capability of miR-15a/16 on the
expression of TLR-4 and IRAK-1 were evaluated
by Western Blot. Obviously, the miR15a/16
did not influence the expression of TLR-4 or
IRAK-1 without LPS treatment, however the
TLR-4 and IRAK-1 expressions were significant-
ly decreased by miR15a/16 under the LPS
treatment (Figure 3C). Furthermore, statistical
difference was clearly disclosed between the
LPS-treated miR-con groups and the LPS-
treated miR15a/16 groups (Figure 3D).

Similar results were also observed in the IRAK-
1 expression, the miR-15a/16 transfection did
not improve the IRAK-1 transcription level
whether or not under the LPS treatment (Figure
3E), yet the miR15a/16 decreased the relative
IRAK-1 protein level to B-actin compared with
the miR control with LPS (Figure 3F).
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Discussions

In this research, we compared the miRNA pro-
files between the neonatal sepsis patients and
control subjects, and found the miR15a and
mMiR16 expressions were improved in the serum
of neonatal sepsis patients; the molecular
mechanism of miR15a and miR16 were also
evaluated in RAW264.7 cells by the transfec-
tion with miR-15a/16 mimics, miR15a/16 mim-
ics transfection could suppress the expres-
sions of sepsis related molecules, TLR4 and
IRAK-1 in vitro. The miR-15/16 could be consid-
ered as potential biomarkers for the diagnosis
and prognosis of neonatal sepsis.

Previous researches on miRNAs in sepsis
patients mainly focused on the miRNA expres-
sion profiles of WBCs [13]. The expression level
of miR-146b, miR-150, miR-342, and miR-let-7
g were found differentially in WBCs of healthy
donors post E. Coli lipopolysaccharide (LPS)
treatment, and miR-150, miR-182, miR-342-

Int J Clin Exp Med 2015;8(4):5683-5690
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Figure 3. Manipulation of miR-15a/16 level in mice macrophage RAW264.7 cells downregulated the LPS-promoted
TLR-4/IRAK signaling. A: Up-regulation of miR-15a/16 level in RAW264.7 cells by the transfection with miR-15a/16;
B: Downregulation of the LPS-promoted TLR-4 mRNA level in RAW264.7 cells by the transfection with miR-15a/16;
C, D, F: Western blot analysis of TLR-4 and IRAK-1 in the LPS-treated RAW264.7 cells with the transfection with
miR-15a/16; E: Downregulation of the LPS-promoted IRAK-1 mRNA level in RAW264.7 cells by the transfection with
miR-15a/16. All experiments were performed in triplicate. Statistical significance was considered with P<0.05 (*),

P<0.001 (***) or no significance (ns).

5p, and miR-486 were also identified in sepsis
patients’ WBCs [14]. Recent researches report-
ed miR-15a, miR-16, miR-193b, and miR-483-
5p in patients’ sera were associated with death
caused by sepsis [10, 15]. However, these
experiments were performed based on the
adults’ sepsis, whether these biomarkers are fit
for diagnosing neonatal sepsis patients were
still unknown. One neonatal sepsis-based
research even indicated miR16 was down regu-
lated in G- infected neonatal sepsis [3].
Obviously, there is no common consensus
regarding which miRNAs are qualified as bio-
markers; our research clearly confirmed that
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miR15a and miR16 are potential fingerprints in
diagnosing the neonatal sepsis.

Numerous researches had been performed on
the identification of novel miRNAs as biomark-
ers for adults sepsis or neonatal sepsis using
different methods [16-19], yet few studies were
carried out to testify the mechanism of identi-
fied miRNA in inflammation response [20],
although it is the pivotal step to explore the
function of miRNAs in the LPS-induced chain
reactions and whether the identified miRNAs
were appropriate for the diagnostic criteria.
Here, we checked the inhibition effectors of

Int J Clin Exp Med 2015;8(4):5683-5690



Increased serum miR-15a/16 in neonatal sepsis

miR15a/16 on the key molecules (TLR4 and
IRAK1) in the LPS-induced inflammatory path-
way, we found the miR15a/16 could down-reg-
ulate the expression level of TLR4 and IRAK1,
suggesting the miR15a/16 play an important
role in the inflammatory responses of neonatal
sepsis, thus, miR15a/16 are considered as
ideal markers for neonatal sepsis.

This study also had some limitations. Firstly,
the pathogenic bacteria causing neonatal sep-
sis were usually classified as Gram-positive
bacteria and Gram-negative bacteria, these
two kinds of bacteria have different pathogen-
esis that causes the differentially expressed
miRNA profiles. In our research, we didn’t iden-
tify which kind of bacteria is responsible for the
neonatal sepsis via blood incubation, and the
sepsis patients were not divided into two
groups: Gram-positive bacteria infected group
and Gram-negative bacteria infected group,
thus some characteristics miRNAs for these
two groups were neglected, related research
on the miRNAs profiles of these two groups will
be performed in the future. Secondly, we only
test the anti-TLR4/IRAK1 function of in vitro,
thus a pilot study in animal models is neces-
sary, and detailed research into the molecular
mechanism on miR15a/16 should be carried
out in the future.

Regardless of above limitations, the two miR-
NAs (miR15a/16) were found to be valuable
predictors of neonatal sepsis, studying the
Kinetics of the expression levels of these two
miRNAs during sepsis treatment would be even
more valuable. Additionally, identifying the tar-
get genes of miR15a/16 and disclosing the
function of target genes may provide new tar-
gets for the treatment of neonatal sepsis. In
conclusion, the two serum miRNAs (miR15a/16)
identified in our study can be used to diagnose
the neonatal sepsis.
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