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1 | INTRODUCTION

Sepsis is a complex and life-threatening disorder, which develops
from dysregulated host response to infections and causes organ
dysfunction.! It is one of the most lethal systemic disorders globally
and an important public health issue causing enormous expenses of
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Abstract

Background: MicroRNA-126 (miR-126) has been investigated in autoimmune dis-
eases and organ failures, whereas its implication in sepsis is rarely reported. Our
study initially explored the value of miR-126 in diagnosing sepsis and predicting dis-
ease severity, degree of inflammation, and mortality.

Methods: Totally, 208 sepsis patients and 210 healthy controls were enrolled; then,
their plasma samples were collected for detecting circulating miR-126 by quantita-
tive polymerase chain reaction. For sepsis patients, their cytokine levels in plasma
samples were detected by enzyme-linked immunosorbent assay.

Results: miR-126 was upregulated in sepsis patients compared with healthy controls,
and it was of certain value in distinguishing sepsis patients from healthy controls
(AUC: 0.726 (95% CI: 0.678-0.774)). miR-126 expression was positively correlated
with acute physiology and chronic health evaluation Il score, serum creatinine, and
C-reactive protein but not albumin or white blood cell count in sepsis patients.
Regarding cytokines, miR-126 was positively correlated with tumor necrosis factor-a,
interleukin (IL)-6, and IL-8, but negatively correlated with IL-10 in sepsis patients. As
for mortality, miR-126 expression was higher in deaths compared with survivors, and
ROC curve displayed that it could predict mortality of sepsis patients to some extent
with AUC of 0.619 (95% Cl: 0.533-0.705).

Conclusion: miR-126 potentially serves as an assistant diagnostic and prognostic bio-

marker for sepsis.
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hospitalization. It is estimated that more than 30 million individuals
are diagnosed and 5 million die from sepsis worldwide each year.? The
prevention, diagnosis, and management of sepsis have been consid-
ered as a global health priority, and the treatment developed in recent
decades has substantially attenuated the organ dysfunction and im-
proved prognosis of sepsis patients.® However, the speed recognition
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of the disease still lacks sensitivity, and currently, no biomarker for ef-
fectively prognosticating sepsis is available. Therefore, it is important
to explore the potential value of different biomarkers in the diagnosis
and prognosis of sepsis.

MicroRNAs (miRNAs) are small endogenous RNAs that regu-
late gene expression at the post-transcriptional level.* miRNA-126
(miR-126) is a small non-coding RNA encoded by the EGFL7 gene
in human chromosome 9q34.3.° miR-126 regulates gene transcrip-
tion, translation, and degradation of mMRNAs, which has been re-
searched regarding its role in the pathogenesis of inflammation,
autoimmunity, and organ failures. For instance, high miR-126 level
is associated with the development of kidney injury in diabetic pa-
tients and chronic kidney disease patients.®” Furthermore, miR-
126 participates in the pathogenesis of active ulcerative colitis via
regulating NF-kappa B inhibitor (Ix-Ba).®? Additionally, miR-126 is
correlated with increased disease severity of psoriasis, and inhibi-
tion of miR-126 reduces IL-1p-induced-chondrocyte inflammation
in psoriasis.'® The existing evidence illustrates the key role of
miR-126 in inflammation, autoimmunity, and organ damage; how-
ever, miR-126 is rarely studied in sepsis. Therefore, we evaluated
the value of circulating miR-126 in predicting the vulnerability,
mortality of sepsis, and the correlation of miR-126 with disease se-

verity and inflammation in sepsis patients.

2 | MATERIALS AND METHODS
2.1 | Participants

From July 2015 to June 2018, 208 sepsis patients admitted in our
hospital were consecutively enrolled in this study. All patients
were diagnosed as sepsis (aged above 18 years old; without he-
matological malignancies or solid tumors) according to the criteria
in International Guidelines for Management of Severe Sepsis and
Septic Shock: 2012.12 Patients were excluded if they were pregnant
or lactating women, and died within 24 hours after admission, with
immunodeficiency (such as human immunodeficiency virus (HIV)
and malignancies) or under inflammatory status. Meanwhile, 210
healthy subjects who underwent health examination in our hospital
at the same period were recruited as healthy controls. All healthy
controls were required to have no history of hematological malig-
nancies, solid tumors, severe infection, or autoimmune diseases. The
ethics committee of our hospital approved this study, and all par-
ticipants or their guardians provided the written informed consents.

2.2 | Dataand samples collection

For sepsis patients, their demographic characteristics and biochemi-
cal indexes levels as well as the 28-day mortality were collected
from their medical records. The acute physiology and chronic health
evaluation Il (APACHE 1) score was assessed within 24 hours after

admission. As for healthy controls, their demographic characteristics

were collected from health examination records. Peripheral blood
(PB) samples of sepsis patients were collected within 24 hours after
admission, and the PB samples of healthy controls were collected
after signing the informed consents. All PB samples were centrifu-
galized at 1500 g for 15 minutes to separate plasma, and the isolated

plasma samples were stored at -80°C until detection.

2.3 | Inflammatory cytokines detection

For the sepsis patients, the inflammatory cytokine levels in plasma
samples were detected by enzyme-linked immunosorbent assay
(ELISA). The commercial ELISA kits including Human Tumor Necrosis
Factor-a (TNF-o) ELISA Kit, Human Interleukin (IL)-1p ELISA Kit,
Human IL-6 ELISA Kit, Human IL-8 ELISA Kit, Human IL-10 ELISA Kit,
and Human IL-17 ELISA Kit were purchased from Abcam (Cambridge,
USA). The procedures were conducted in accordance with the manu-

facturers’ instructions.

TABLE 1 Clinical characteristics

Healthy
controls Sepsis patients P

Items (N =210) (N =208) value
Age (years), mean = SD 55.8+10.0 57.6+9.7 .058
Gender, No. (%) .660

Female 76 (36.2) 71 (34.1)

Male 134 (63.8) 137 (65.9)
BMI (kg/m?), mean + SD 23.1+41 23.2+4.6 .865
Primary infection site, No. (%) -

Abdominal infection - 79 (38.0)

Respiratory infection - 44 (21.2)

Skin and soft tissue - 39 (18.8)

infection
Blood stream infection - 22(10.6)
CNS infection - 12 (5.8)
Other infections - 12 (5.8)
APACHE Il score, mean + SD - 16.3+5.6 -
ARDS, No. (%) - 59 (28.4) -
ICU stay (day), mean + SD - 154 +9.0 -
Mechanical ventilation - 11.3+8.6 -
duration (day), mean + SD

Biochemical indexes, median (IQR)

Scr (mg/dL) - 1.4(1.1-2.0) -

Albumin (g/L) - 26.8 -

(21.0-35.8)
WBC (x107/L) - 13.7 (4.327.2) -
CRP (mg/dL) = 45.7 (27.2-83.8) -

Note: Comparison was determined by Student's t test or Wilcoxon rank
sum test.

Abbreviations: APACHE Il, acute physiology and chronic health
evaluation Il; BMI, body mass index; CNS, central nervous system; CRP,
C-reactive protein; ICU, intensive care unit; IQR, interquartile range;
Scr, serum creatinine; SD, standard deviation; WBC, white blood cell.



WILEY-2°

LIN ET AL.

(A) 10 (B) Sepsis patients vs. healthy controls

- .

% P <0.001 A 1.0

o 8- n

ol ‘:A 0.8

x

VS5 6 T 2

23 . S 0.6

& o = P

T & 44 . % - S MiR-126

= e o " Best cut-off point:

9 " Value: 2.009

E = 024 .7 Sensitivity: 50.0%

= EI Specificity: 88.1%

= 0 : —!— 0.0 ,Auc,lo.ne;lgs%cgz 0.678-0.774
Healthy controls Sepsis patients 00 02 04 06 08 10

(N=210) (N=208) 1-Specificity

FIGURE 1 miR-126 expression between sepsis patients and healthy controls. Comparison of miR-126 expression between sepsis patients
and healthy controls (A). The dots (the upper and lower whiskers) represented miR-126 expression in healthy controls, and the triangles
represents sepsis patients; the top/bottom of the box represented 1st/3rd quantile of miR-126 expression; the bold line was the median
value of miR-126 expression. ROC curve analysis for miR-126 in distinguishing sepsis patients and healthy controls (B). ROC, receiver

operating characteristic; miR-126, microRNA-126
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FIGURE 2 Correlation of miR-126 with APACHE Il score.
APACHE I, acute physiology and chronic health evaluation Il; miR-
126, microRNA-126

2.4 | miR-126 detection

For sepsis patients and healthy controls, the miR-126 relative ex-
pressions in plasma samples were detected by quantitative poly-
merase chain reaction (qPCR). In detail, total RNA was extracted
using TRIzol™ Reagent (Thermo Fisher Scientific). Then, RNA was
reversely transcribed using TranScript First-Strand cDNA Synthesis
SuperMix Reagent (Takara). Afterward, PCR was conducted by
SYBR Premix Ex Taq Reagent (Takara) using U6 as the internal refer-
ence. The relative expression of miR-126 was calculated by AACt
method.*® The primers used were as follows: miR-126 forward primer:
5-ACACTCCAGCTGGGCATTATTACTTTTGGTAC-3'; reverse primer:

)
g

P <0.001, rs =0.311
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FIGURE 3 Correlation of miR-126 with ICU stay. ICU, intensive
care unit; miR-126, microRNA-126

5'-ACACTCCAGCTGGGACTGCAGTGAAGGCACTT-3; U6 forward
primer: 5-CTCGCTTCGGCAGCACATATACTA-3’; reverse primer:
5'-ACGAATTTGCGTGTCATCCTTGC-3".

2.5 | Statistical analysis

Statistical analyses were performed using SPSS software version
24.0 (IBM). Figures were made using GraphPad Prism software
version 7.01 (GraphPad Software). Normal distributed continuous
variables were expressed as mean + standard deviation (SD), and

comparison of the variables between two groups was determined
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FIGURE 5 Comparison of miR-126 between ARDS and non-
ARDS patients. The dots/triangles (the upper and lower whiskers)
represented miR-126 expression in non-ARDS patients/ARDS
patients; the top/bottom of the box represented 1st/3rd quantile of
miR-126 expression; the bold line was the median value of miR-126
expression. ARDS, acute respiratory distress syndrome; miR-126,
microRNA-126

by Student's t test. Skewed distributed continuous variables were
expressed as median (interquartile range, IQR), and comparison of
the variables between two groups was determined by Wilcoxon
rank sum test. Categorical variables were expressed as count (per-
centage), and comparison of the variables between two groups
was determined by chi-square test. Correlation between continu-
ous variables was analyzed by Spearman's rank correlation test.
Receiver operating characteristic (ROC) curve, the area under
the curve (AUC), and the best cutoff point were used to assess
the performance of miR-126 in discriminating sepsis patients
from healthy controls or discriminating survivors from deaths. P

value < .05 was considered as significant.

TABLE 2 Correlation of miR-126 with biochemical indexes and
inflammatory cytokines

miR-126 expression

Spearman
Items P value rs
Biochemical indexes
Scr <.001 0.243
Albumin .614 -0.035
WBC .293 0.073
CRP <.001 0.285
Inflammatory cytokines
TNF-a <.001 0.283
IL-1B 139 0.103
IL-6 .027 0.153
IL-8 <.001 0.287
IL-10 .020 -0.161
11517 .621 0.034

Note: Correlation was determined by Spearman's rank correlation test.

Abbreviations: CRP, C-reactive protein; IL, interleukin; Scr, serum
creatinine; TNF-a, tumor necrosis factor-a; WBC, white blood well.

3 | RESULTS

3.1 | Clinical characteristics of healthy controls and
sepsis patients

The mean age was 57.6 + 9.7 years for sepsis patients and
55.8+ 10.0 years for healthy controls (Table 1). There were 71 (34.1%) fe-
males/137 (65.9%) males in sepsis patients and 76 (36.2%) females/134
(63.8%) males in healthy controls. No difference in age (P = .058), gender
(P = .660), or BMI (P = .865) was observed between healthy controls
and sepsis patients. In sepsis patients, the mean APACHE Il score was
16.3 + 5.6. As for the biochemical indexes of sepsis patients, the median
value for serum creatinine (Scr), albumin, white blood cell (WBC), and
C-reactive protein (CRP) was 1.4 (1.1-2.0) mg/dL, 26.8 (21.0-35.8) g/L,
13.7 (4.3-27.2) x 10°/L, and 45.7 (27.2-83.8) mg/dL, respectively.

3.2 | The expression of miR-126 in healthy
controls and sepsis patients

miR-126 relative expression was higher in sepsis patients (2.000
(0.830-3.277)) than that in healthy controls (0.935 (0.436-1.495))
(P < .001) (Figure 1A). The following ROC curve revealed that miR-
126 distinguishes sepsis patients from healthy controls with AUC of
0.726 (95% Cl: 0.678-0.774) (Figure 1B). In addition, when further
dividing patients into sepsis, severe sepsis, and sepsis shock, the
expression of miR-126 was the highest in septic shock patients, fol-
lowed by severe sepsis patients and the lowest in sepsis patients (all
P < .05) (Figure S1).
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FIGURE 6 Expression of miR-126 between deaths and survivors as well as its predictive value for mortality risk in sepsis patients.
Comparison of miR-126 between deaths and survivors in sepsis patients (A). The dots (the upper and lower whiskers) represented miR-126
expression in healthy controls; the top/bottom of the box represented 1st/3rd quantile of miR-126 expression; the bold line was the median
value of miR-126 expression. ROC curve analysis for miR-126 in distinguishing deaths from survivors in sepsis patients (B). ROC, receiver

operating characteristic; miR-126, microRNA-126

3.3 | Correlation of miR-126 with clinical
characteristics in sepsis patients

miR-126 expression was positively correlated with APACHE |l score
(P < .001, rs = 0.384) (Figure 2). In addition, miR-126 was positively cor-
related with ICU stay (P < .001, rs = 0.311) (Figure 3) as well as mechani-
cal ventilation duration (P < .001, rs = 0.367) (Figure 4), and miR-126
was higher in ARDS patients than that in non-ARDS patients (P < .001)
(Figure 5). As for biochemical indexes, miR-126 was positively correlated
with Scr (P < .001, rs = 0.243) and CRP (P < .001, rs = 0.285) (Table 2).
Regarding inflammatory cytokines, miR-126 was positively correlated with
TNF-a (P < .001, rs = 0.238), IL-6 (P = .027, rs = 0.153), and IL-8 (P < .001,
rs = 0.287), but negatively correlated with IL-10 (P = .020, rs = -0.161).

3.4 | The expression of miR-126 in
survivors and non-survivors of sepsis patients

There were 139 survivors and 69 deaths in sepsis patients, and there
was no difference in clinical characteristics between survivors and
deaths (Table S1). miR-126 relative expression was higher in deaths
(2.462 (0.824-4.719)) than that in survivors (1.544 (0.823-2.694))
(P =.005) in sepsis patients (Figure 6A). ROC curve analysis revealed
that miR-126 was able to predict mortality in sepsis patients with a
relatively poor AUC of 0.619 (95% Cl: 0.533-0.705) (Figure 6B).

4 | DISCUSSION

Sepsis is considered as a medical emergency that progresses to acute

organ dysfunction and ultimately deaths, which affects millions of

people globally each year.* Since there lacks speed diagnostic test,
and the clinical signs of sepsis are indiscernible from other non-life-
threatening conditions such as respiratory distress, the determina-
tion and treatment approaches for sepsis are not highly specific.
Treatment with broad-spectrum antibiotics always leads to compli-
cations such as development of drug-resistant and atypical organ-
isms.'> Considering that the identification and management of sepsis
remain a clinical challenge, it is necessary to explore potential bio-
markers for assisting with diagnosis and treatment of sepsis.

In the present study, circulating miR-126 was found to be up-
regulated in sepsis patients compared with healthy controls and
fairly distinguished sepsis patients from healthy controls; it was
positively correlated with APACHE Il score, Scr, CRP, and pro-in-
flammatory cytokines but negatively correlated with anti-inflam-
matory cytokine; elevated miR-126 was poorly predictive for
sepsis mortality.

miR-126 has been reported to participate in the development
and progression of multiple autoimmune and inflammatory diseases.
For instance, miR-126 is upregulated in ulcerative colitis patients
and negatively mediates the level of nuclear factor-kappa B (NF-xB)
inhibitor alpha to activate NF-«xB signaling pathwa\y.9 In rheumatoid
arthritis, miR-126 promotes CD11a and CD70 expression, which
contributes to T-cell infiltration and secretion of inflammatory cyto-
kines via the PIBK/AKT signaling pathway.'® Besides, miR-126 is also
involved in inflammation and angiogenesis processes of juvenile der-
matomyositis,’” whereas in sepsis, the clinical implication of miR-126
in predicting the susceptibility or mortality of sepsis is still unknown.
In this current study, circulating miR-126 was upregulated in sep-
sis patients and distinguished sepsis patients from healthy controls,
which suggested that high sepsis susceptibility could be expected
from miR-126 high expression. In addition, miR-126 was positively

correlated with APACHE Il score, Scr, CRP, and pro-inflammatory
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cytokines (including TNF-a, IL-6, and IL-8) but negatively correlated
with anti-inflammatory cytokine IL-10, which illustrated that miR-
126 was associated with exacerbated disease severity and exagger-
ated inflammation in sepsis patients. The reasons might include the
following: (1) miR-126 might activate the infiltration of immune cells
and activate the corresponding immunological activation, which
subsequently elevated the inflammation level, as well as caused
damage to the normal renal function. (2) miR-126 might regulate sig-
naling pathways such as NF-Kb that was shown to be regulated by
miR-126 in other inflammatory diseases; thereby, miR-126 was asso-
ciated with increased the sepsis risk and disease severity.’

Sepsis is a highly morbid clinical syndrome being the most
common cause of deaths in intensive care units except for cardiac
causes.*® Due to the heterogeneity, the causes of sepsis mortality
are hard to be scientifically analyzed; thus, the risk factors for pre-
dicting deaths in sepsis may help understand the causes underlying
the mortality of sepsis. In this current study, we observed that cir-
culating miR-126 was higher in the deaths than that in survivals in
sepsis patients, and miR-126 could discriminate the deaths from sur-
vivals, which suggested that miR-126 high expression could predict
mortality in sepsis. Here are the explanations: (1) miR-126, as ob-
served in this study, was correlated with advanced APACHE Il score,
Scr, CRP, and pro-inflammatory cytokines; thereby, it could predict
higher mortality of sepsis patients. (2) miR-126 was encoded from
EGFL7 gene, which was involved in maturation of T helper 2 cells,
regulation of TOM1 regulation, and IL-18/TNF-a-induced signaling
pathways, as disclosed in cystic fibrosis epithelial cells.’ Therefore,
miR-126 might aggravate the immune and inflammatory responses in
sepsis as well and lead to high mortality, while this inferential expla-
nation needed further validation.

Our study initially reported the clinical significance of miR-
126 in sepsis regarding its correlation with disease severity, in-
flammation, and its predictive value for sepsis susceptibility and
mortality. However, there were still several shortcomings. First,
the expression of plasma miR-126 was detected at a single time
rather than monitored throughout the course of disease; there-
fore, the role of miR-126 during progression of sepsis was not
evaluated. Second, the patients were recruited from a single hos-
pital which was subject to selection bias. Third, the sample size
was relatively small, which reduced the statistical power; thus,
further studies with larger sample size were needed. In addition,
the detailed mechanism of miR-126 in pathogenesis of sepsis was
not investigated.

In conclusion, circulating miR-126 is sufficiently expressed, and
its overexpression correlates with advanced disease severity, inflam-

mation, and mortality in sepsis patients.
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