@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 12: 3723-3728, 2016

Glucocorticoids regulate the proliferation of T cells via
miRNA-155 in septic shock
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Abstract. Although previous studies have evaluated the
roles of glucocorticoids and lymphocytes in septic shock,
the precise mechanism remains unclear. The present study
focused on investigating the influence of glucocorticoids on
micro (mi)RNA-155 expression levels and the proliferation of
T lymphocytes in septic shock. T cells were harvested from in
the peripheral blood of patients with septic shock and healthy
volunteers and were cultured in vitro. miRNA-155 levels and
cell proliferation rates were subsequently analyzed. The prolif-
eration of T cells from patients with septic shock was observed
to be significantly lower as compared with that of T cells from
healthy volunteers (P<0.05). Furthermore, miRNA-155 levels
were significantly higher in the T cells from patients with
septic shock, as compared with those from healthy volunteers
(P<0.05). Notably, stimulation with dexamethasone increased
the proliferation of T lymphocytes from patients with septic
shock in a concentration-dependent manner, and markedly
reduced miRNA-155 levels. Furthermore, transfection with an
anti-miRNA-155 oligodoxynucleotide significantly increased
the proliferation of T lymphocytes from patients with septic
shock. In conclusion, the results of the present study indicate
that glucocorticoids may regulate T-lymphocyte proliferation
via the miRNA-155 pathway during septic shock. Therefore,
miRNA-155 may be a potential therapeutic target in the treat-
ment of septic shock.

Introduction

Sepsis in defined as a systemic inflammatory response to
infection (1). The importance of immune function disorder in
sepsis and septic shock has previously been demonstrated (2),
and previous studies have demonstrated that T cells are pivotal
in the pathogenesis of septic complications via suppression
of the adaptive immune response (2-4). The role of T cells
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in the immune response of sepsis is well documented (3,4),
and it has previously been demonstrated that septic patients
exhibit markedly decreased numbers of total T cells and CD4*
T lymphocytes in their peripheral blood (5). Furthermore,
previous studies have demonstrated that the persistent
lymphopenia correlates with early and late mortality in sepsis
or patients with septic shock (6-8). It has also been demon-
strated that the early apoptosis of circulating lymphocytes in
septic shock is associated with poor outcomes (7). Therefore,
lymphopenia may serve as a biomarker for sepsis-induced
immunosuppression and the prevention of lymphopenia
may be a potential therapeutic strategy for the treatment of
sepsis (8).

Glucocorticoids have anti-inflammatory, anti-allergic and
anti-shock properties; therefore, they have been widely used to
treat inflammatory and autoimmune diseases, including severe
sepsis and septic shock (9). Previous studies have demonstrated
that glucocorticoids prevent the release of proinflammatory
cytokines via the regulation of lymphocyte function (9,10);
therefore, glucocorticoids may significantly improve lympho-
penia in septic shock. However, the duration of treatment
could differentially affect the patient response to treatment
and the mechanisms underlying the role of glucocorticoids on
lymphopenia in septic shock remain unclear.

Various studies have investigated the role of glucocorti-
coids in micro (mi)RNA regulation and have demonstrated
that glucocorticoids may affect T-cell function or the
apoptosis/proliferation of lymphocytes via miRNA regula-
tion (11,12). As a class of small non-coding RNA molecules,
miRNA has been shown to have a critical role in cell prolifera-
tion/differentiation, apoptosis, innate immune responses and
inflammation, including the regulation of lymphocyte func-
tion and sepsis (13,14). Increasing evidence has indicated that
miRNA-155 is a critical regulator of inflammation and immune
function (15,16). Previous studies have demonstrated that
miRNA-155 has an important role in the regulation of various
inflammatory and immunological diseases, including Graves'
ophthalmopathy, allergic asthma, atherogenesis, multiple scle-
rosis and organ transplantation (17-21). Moreover, miRNA-155
has been associated with the regulation of immunity and
inflammation in infectious diseases, including sepsis (21-23).
This is supported by a previous study which demonstrated that
glucocorticoids are capable of regulating miRNA-155 expres-
sion levels in the livers of septic mice (23). Although previous
studies have elucidated that miRNA-155 has a critical role in
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the proliferation of T cells (24,25), whether glucocorticoids
regulate T-cell proliferation or function via miRNA-155 in
patients with septic shock remains unclear.

The present study focused on the role of glucocorticoids
in the regulation of miRNA-155 and T-cell proliferation in
patients with septic shock.

Materials and methods

Patients. Adult patients were recruited from the Intensive
Care Unit at the First Hospital of Jilin University (Jilin, China)
between October 2012 and May 2014. Ethical approval was
obtained from the Medical Ethics Committee of the First
Hospital of Jilin University and informed consent was obtained
from either the patients or the patients' families. Septic shock
was diagnosed based on criteria outlined in the International
Guidelines for Management of Severe Sepsis and Septic
Shock: 2012 (26). The diagnosis of sepsis was made on the
basis of an identifiable or suspected infection site and evidence
of systemic inflammatory response syndrome manifested by
at least two of the following criteria: i) Body temperature, >38
or <36°C; ii) respiratory rate, >20 breaths/min; iii) heart
rate, >90 beats/min; iv) white blood cell count, >12,000/mm?
or <4,000/mm?. Septic shock was defined as sepsis-induced
hypotension persisting despite adequate fluid resuscitation.
Hypotension was defined as systolic blood pressure (SBP)
<90 mmHg, mean arterial pressure <70 mmHg or a SBP
reduction of >40 mmHg or standard deviation below normal
for the patient's age (26).

A total of 21 patients undergoing septic shock were
enrolled in the septic shock group, and 25 healthy volun-
teers were included in the control group. Exclusion criteria
included: i) Patients without informed consent; ii) patients
<18 years old; iii) patients undergoing continuous renal
replacement therapy prior to sampling; iv) patients receiving
immunosuppressive therapy; and v) patients infected with
viruses, including Mycobacterium tuberculosis. Blood samples
collected by venous puncture were stored in BD Vacutainer
tubes supplemented with lithium heparin (BD Biosciences,
New Jersey, NY, USA) prior to steroid therapy. Blood samples
from patients were collected within 24 h after the onset of
septic shock. Demographic characteristics were also collected,
and are shown in Table I.

Isolation of T cells. Total T cells were isolated from periph-
eral blood samples by negative selection using a Rosette Sep
kit (15022; Stem Cell Technologies, Vancouver, CA, USA).
T cells were purified using the MACS Pan T Cell Isolation
kit IT (130-092-881; Miltenyi Biotec, Auburn, CA, USA),
according to the manufacturer's protocol. CD4* T cell purity
was 296%, as determined by flow cytometry (Attune NxT,
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Cells
were cultured in RPMI-1640 medium (Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and antibi-
otics (100 U/ml penicillin and 0.1 mg/ml streptomycin).

Transfection with anti-miRNA-155 oligonucleotides (ODNs).
Antisense ODNs against human miRNA-155 were used as
the anti-miRNA-155 inhibitor (HmiR-ANO0221-SN-10), and
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Table I. Demographic characteristics of all subjects.

Control Septic shock

Characteristics (n=25) (n=21) P-value
Age, years 65.2+13 .4 67.2+13.4 >0.05
Gender, female/male 16/9 13/8 >0.05
Leukocytes, 10%/1 5.8+14 14.6+5.5 <0.001
Lymphocytes, 10%/1 1.1£0.3 0.3+0.1 <0.001
Hs-CRP, mg/1 2.3+0.7 12.6+3.1 <0.001
Infection site, n (%)

Lung - 9 (42.9)

Abdomen - 5(23.8)

Blood - 3(14.3)

Burn - 2(9.5)

Others - 2(9.5)

Data are presented as mean + standard deviation. Hs-CRP, high-sen-
sitivity C-reactive protein.

negative control (NC) ODNs (CmiR-ANO0OO1-SN) were also
used as for comparison (both Genecopoeia Inc., Guangzhou,
China).Cells at40-60% confluence were transfected. Individual
ODNs were mixed with Lipofectamine 2000 (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol and
were subsequently administered to the cells. The efficiency
of ODN transfection was assessed by monitoring the uptake
of siRNA labeled with 6-carboxyfluorescein. Furthermore,
the transfection efficiency for each siRNA was >90% and no
significant difference existed between the two types of siRNA.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Cells were seeded into 6-well plates at
a concentration of 5x10* cells/well. Following treatment,
total RNA was extracted from cells using TRIzol reagent
(15596-018; Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. The RNA sample was treated
with 10 U of DNase I in a volume of 50 ml (04716728001;
Roche Diagnostics, Basel, Switzerland) at 37°C for 20 min.
First-strand cDNA was synthesized using a reverse transcrip-
tion kit (4368814; Thermo Fisher Scientific, Inc.). gPCR was
performed in order to analyze miRNA-155 mRNA expression
levels using a TagMan Universal Master Mix II kit (4440040;
Thermo Fisher Scientific, Inc.). f-actin was used as the
reference gene. The abundance of miRNA-155 expression in
each sample was determined relative to the abundance of the
B-actin reference gene. The qPCR data were analyzed and
expressed as the relative miRNA levels of the cycle threshold
value, which was subsequently converted to the fold change
with the 2724°T method (27). The primer sequences of miR-155
were as follows: Sense, 5' TTAATGCTAATCGTGATAG,-3'
and antisense 5'-ACCTGAGAGTAGACCAGA-3".

Immunofluorescence staining. Cells were seeded into 24-well
plates at a concentration of 1x10* cells/well. Following
treatment, cells were fixed with 95% alcohol for 5 min and
permeabilized with 0.5% Triton X-100 for 5 min. Subsequently,
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Figure 1. T cells were isolated from peripheral blood samples and stimulated with 10 yg/ml phytohemagglutinin. (A) miRNA-155 expression levels were
detected using reverse transcription-quantitative polymerase chain reaction analysis. (B) Cell proliferation was evaluated using cell counting, (C) methyl
thiazolyl tetrazolium (MTT) assay and (D) immunofluorescence staining of proliferating cell nuclear antigen. Magnification, x100. "P<0.05 vs. the control

(n=6). miRNA, microRNA; OD, optical density.

cells were incubated with 5% bovine serum albumin for 0.5 h
to block non-specific binding. Then cells were incubated with
antibodies against proliferating cell nuclear antigen (rabbit
polyclonal antibody PCNA; 1:100; sc-25280, Santa Cruz
Biotechnology, Inc.) for 2 h at room temperature. Following
washing, cells were incubated with fluorescein isothiocya-
nate-conjugated anti-mouse immunoglobulin G secondary
antibodies (sc-65561, Santa Cruz Biotechnology, Inc.,) prepared
in phosphate-buffered saline (PBS) for 1 h at room tempera-
ture. Negative controls were conducted with PBS instead of
the primary antibodies. Sections were examined using a fluo-
rescence microscope (BX53, Olympus Corporation, Tokyo,
Japan), and the results were expressed as the percentage of
positive cells.

Cell proliferation. In order to investigate the rate of prolif-
eration, T cells from patients and controls were stimulated
with 10 pg/ml phytohemagglutinin (PHA; Sigma-Aldrich,
St. Louis, MO, USA), and in a separate experiment, T cells
from patients with septic shock were stimulated with 10, 50
or 100 nM dexamethasone (DXM; D1756, Sigma-Aldrich). In
both experiments, the duration of stimulation was 48 h. Cell
proliferation was evaluated using cell count and methyl thia-
zolyl tetrazolium (MTT) assays (Sigma-Aldrich).

For the cell count assay, cells were plated into 6-well plates
at a concentration of 5x10* cells/well. Following stimulation,
cells were collected by trypsin (C0201, Beyotime Institute of
Biotechnology, Haimen, China) digestion and total cell numbers
were calculated using a hemocytometer (Countess Automated
Cell Counter, Thermo Fisher Scientific, Inc.) following trypan
blue (ST798, Beyotime Institute of Biotechnology) exclusion.

For the MTT assay, cells were seeded into 96-well plates
at a concentration of 5x10° cells/well. Following treatment,
20 ul MTT (ST316, Beyotime Institute of Biotechnology)
was added to the wells and the plates were incubated for 4 h.

The supernatant was subsequently removed and the plate
was incubated with 150 ul/well dimethyl sulfoxide (DMSO;
Sigma-Aldrich) at room temperature for 10 min on a swing
bed. Cells were quantified by spectrophotometry at 490 nm
using an absorbance microplate reader (ELx800; BioTek
Instruments, Inc., Winooski, VT, USA).

Statistical analysis. Data are expressed as the mean + standard
deviation and were analyzed by t-test or one-way analysis of
variance, followed by g-test using SPSS software, version 12.0
(SPSS, Inc., Chicago, IL, USA). For all tests, P<0.05 was
considered to indicate a statistically significant difference.

Results

Demographic characteristics of the study subjects. The
demographic characteristics of subjects in the two groups are
shown in Table I. No significant differences in gender or age
were detected between the two groups. The levels of white
blood cells (leukocytes) and serum high-sensitivity C-reactive
protein were significantly higher in the septic shock group,
as compared with the control group; whereas the lymphocyte
count was significantly lower in the septic shock group, as
compared with the control group. In the present study, the
primary cause of septic shock was severe pneumonia (n=9).
Other causes included peritonitis (n=5), injury (n=2) and burn
(n=2).

miRNA-155 levels and T cell proliferation. miRNA-155 levels
in T cells were significantly higher in the septic shock group,
as compared with the control group (P<0.05; Fig. 1A). A cells
counting assay was used to evaluate T-cell proliferation, and
stimulation with 10 mg/ml PHA was observed to promote the
proliferation of T lymphocytes in patients with septic shock
and the control group. Notably, the T cells harvested from
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Figure 2. T cells were isolated from peripheral blood samples and stimulated with 10, 50 or 100 nM DXM for 48 h. Cell proliferation was evaluated using
(A) cell count and (B and C) immunofluorescence staining of PCNA (magnification, x100). (D) miRNA-155 expression levels were detected using reverse
transcription-quantitative polymerase chain reaction analysis. ‘P<0.05 vs. septic shock (control; n=6). DXM dexamethasone; PCNA, proliferating cell

nuclear antigen; miRNA, microRNA.

the peripheral blood of patients with septic shock exhibited
significantly weaker proliferative ability, as compared with
the controls (P<0.05; Fig. 1B). The results of MTT assay and
PCNA staining were consistent with those demonstrated by
the cells counts (Fig. 1C and D).

DXM regulates T-cell proliferation and miRNA-155 expres-
sion. In T cells harvested from patients with septic shock,
treatment with DXM significantly increased the proliferation
of cells in a concentration-dependent manner, as compared
with that in the untreated controls (Fig. 2A; P<0.05). The
results of PCNA staining were consistent with these results
(Fig. 2B and C), which suggests that DXM treatment may
have a role in the proliferation of T cells during septic shock.
Furthermore, stimulation with DXM markedly inhibited the
expression levels of miRNA-155 in the T cells of patients with
septic shock (Fig. 2D).

miRNA-155 is associated with T-cell proliferation. In order to
explore the role of miRNA-155 in the proliferation of T cells,
miRNA-155 expression was knocked down using an ODN
against human miRNA-155. The ODN anti-miRNA-155
inhibitor successfully significantly inhibited miRNA-155
mRNA expression levels in T cells (Fig. 3A). In a cell count
assay, the anti-miRNA-155 inhibitor significantly increased
the proliferation of T cells induced by 10 mg/ml PHA, as
compared with that of untransfected cells (P<0.05; Fig. 3B).
Furthermore, transfection with this anti-miRNA-155
ODN resulted in a significant increase in the number of
PCNA-positive cells in the T lymphocytes of patients with
septic shock, as compared with the untransfected control
(Fig. 3C; P<0.05). These results suggest that miRNA-155
may be involved in the proliferation of T cells during septic
shock.

Discussion

The results of the present study demonstrate that the
miRNA-155 expression levels were increased in the T cells
of patients with septic shock. Furthermore, DXM admin-
istration successfully inhibited miRNA-155 expression
and promoted T cell proliferation, and a small-interfering
RNA against miRNA-155 was demonstrated to significantly
increase the proliferation of T cells during septic shock. These
results suggest that miRNA-155 may be associated with the
glucocorticoid-induced proliferation of T cells observed in
patients with septic shock.

Lymphocytes have a critical role in the immune response
of sepsis (3,4) and it has previously been demonstrated that
patients with septic shock exhibit significantly decreased
levels of total and CD4* T lymphocytes in peripheral
blood (5). Previous studies have demonstrated that apoptosis of
T cells occurs during septic shock; however few have focused
on the proliferative ability of T cells in patients with septic
shock (5-7). The present study demonstrated that T cells from
patients with septic shock exhibited weak proliferative ability
under the stimulation of PHA. This suggests that PHA also
participates in the persistent lymphopenia in septic shock;
however, the importance and mechanism of the balance of
proliferation/apoptosis of lymphocytes in patients with sepsis
requires further clarification.

miRNAs have been demonstrated to have critical roles
in cell proliferation, apoptosis, inflammation and the regula-
tion of lymphocyte function (13-15). Previous studies have
outlined the critical role of miRNA-155 in inflammatory
and immune diseases (17-21), and the present study demon-
strated the important role of miRNA-155 in septic shock.
The results of the present study are consistent with previous
studies in lipopolysaccharide (LPS)-induced septic mice. In
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a mice model of sepsis, Wang er al (23) demonstrated that
LPS significantly increased miRNA-155 expression levels
in liver tissues, in addition to several inflammatory factors.
Another study demonstrated that LPS was capable of inducing
miRNA-155 expression in the spleens of mice (21). These
reports suggest that miRNA-155 has a critical role in sepsis
and septic shock. Certain pathways, including glycogen
synthase kinase-3fp and arginase-2, have been found to be
associated with the miRNA-155-mediated regulation of
T-cell proliferation in cardiac allograft rejection in a murine
transplantation model (14-25). Although other validated target
genes of miRNA-155 have also been established (28,29), their
role in the proliferation of T lymphocytes during septic shock
is yet to be elucidated.

Previous studies have demonstrated the critical role of
glucocorticoid therapy in the treatment of septic shock;
in particular, glucocorticoids may prevent the release of
proinflammatory cytokines via the regulation of lymphocyte
function (9,10). The results of the present study suggest that
glucocorticoids may promote the proliferation of T lympho-
cytes in patients with septic shock. It is well documented
that glucocorticoids are capable of affecting T-cell function
and lymphocyte apoptosis/proliferation via miRNAs, such as
miR-98 and miR-17 (11,12). The present study indicated that
miRNA-155 may be a target for glucocorticoids in T cells.
This result is consistent with a previous study investigating
a mouse model of sepsis, which demonstrated that treatment
with DXM inhibited the expression of miRNA-155 to below
baseline levels (23). These results indicate that miRNAs may
be an important therapeutic target of glucocorticoids in the
regulation of inflammatory and immunological diseases.
Notably, it has been suggested that glucocorticoids may
bind directly to the B-cell integration cluster gene to repress

miRNA-155 expression; however, this mechanism requires
further investigation in patients with septic shock (30).

In conclusion, the present study demonstrates the key
role of miRNA-155 in the proliferation of T cells in patients
with septic shock. Therefore, although the precise molecular
mechanism remains unclear, the regulation of miRNA-155 via
glucocorticoids may be a novel therapeutic mechanism for the
regulation of inflammation and immune response in patients
with septic shock.
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