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ABSTRACT Severe acute pancreatitis (SAP) often leads to sepsis in severe cases. This study investigated the clinical
potential of combining miR-320a with HMGB1 in diagnosing and predicting the prognosis of SAP complicated with
sepsis (SAP-CS). Serum levels of miR-320a were found to be decreased, while HMGB1 levels were increased in patients
with SAP-CS. The combination of miR-320a and HMGB1 showed promise in diagnosing SAP-CS (AUC = 0.9634,
sensitivity = 90.70%, specificity = 93.02%). Specifically, miR-320a levels were downregulated and HMGB1 levels were
elevated in patients with a poor prognosis. Furthermore, the low miR-320a group had a worse prognosis, and miR-320a,
HMGB1, and IL-6 were independent factors influencing poor prognoses. Therefore, miR-320a combined with HMGB1
has the potential to be a clinical indicator for diagnosing and predicting the prognosis of SAP-CS.
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INTRODUCTION

Severe acute pancreatitis (SAP) is a condition
characterized by acute abdominal pain, severe
symptoms, and high mortality rates. It involves
severe inflammatory damage to the pancreatic tis-
sue, leading to impaired pancreatic function and
an uncontrolled inflammatory response (Zhang et
al. 2021; Jacobs et al. 2022). During the progres-
sion of SAP, the systemic inflammatory response
can induce sepsis and multiple organ failure (Yeh
et al. 2018). SAP complicated with sepsis (SAP-
CS) is indicative of disease severity and is a signif-
icant contributor to patient mortality. Currently,

there is no definitive “gold standard” for diagnos-
ing and predicting the prognosis of SAP-CS, apart
from clinical monitoring and severity scoring. There-
fore, it is crucial to identify and treat patients
promptly using new approaches and predict their
potential prognostic outcomes.

Many reports have claimed that microRNAs
(miRNAs), a class of RNAs with no coding func-
tion, may be involved in the development of vari-
ous diseases and various life activities by regulat-
ing gene expression (Shi et al. 2020; Song et al.
2022; Wang et al. 2023). For example, Shao et al.
described in a recent report that high expression of
miR-155-5p aggravated SAP-related intestinal bar-
rier injuries by mediating SOCS1 and NLRP3 (Shao
et al. 2023). Moreover, in a study by Zheng et al.,
miR-127-5p was reported to be associated with
sepsis-induced acute lung injury (Zheng et al.
2023). Additionally, miR-320a, which is located on
chromosome 8p21.3, belongs to the miR-320 fami-
ly and is implicated in the progression of various
diseases (Li et al. 2023). Collectively, existing stud-
ies have consistently reported decreased expres-
sion of miR-320a in melanoma, where it influences
cellular activity by binding to PBX3. Consequent-
ly, downregulation of miR-320a is expected to be a
prognostic oncogenic factor in non-small cell lung
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cancer (Fu et al. 2020; Khandelwal et al. 2021). In
addition, miR-320a downregulated has been ob-
served in osteoarthritis, suggesting its potential
as a therapeutic target for patients (Mao and Zhang
2023). However, investigations into miR-320a in
SAP-CS remain sparse.

HMGB1 is a protein that binds to nuclear chro-
matin, and its abnormal expression or release can
lead to excessive activation of the inflammatory
response or dysfunction of immune regulation (Gio-
vannini et al. 2017). Elevated levels of HMGB1 have
been observed in inflammatory conditions such
as SAP and sepsis, and suppressing HMGB1 has
shown potential to improve multi-organ injuries and
patient prognoses (Yang et al. 2017; Deng et al. 2022).
Notably, HMGB1 was confirmed to be a direct tar-
get of miR-320a in tumors (Lv et al. 2017; Li et al.
2020). Given these findings, the researchers became
interested in exploring the potential role of miR-320a
combination with HMGB1 in SAP-CS.

In this study, patients with SAP-CS were en-
rolled and divided into good and poor prognosis
groups. By observing and comparing the differ-
ences in miR-320a and HMGB1 levels, the research-
ers aimed to explore the diagnostic and prognostic
value of miR-320a combined with HMGB1. The
outcomes of this research could serve as a foun-
dational reference for clinical treatment strategies
and the identification of biomarkers.

MATERIAL  AND  METHODS

Inclusion of Study Subjects

Patients with SAP-CS of 86 cases treated in the
Second Affiliated Hospital of Guangdong Medical
University from February 2022 to December 2023
were included as the target subjects. The group
consisted of 45 men and 41 women, with an aver-
age age of 65.88 ± 8.82 years. Another group of 86
healthy patients exhibiting normal vital signs dur-
ing physical examination was selected as the con-
trol group during the same period. This group com-
prised 52 men and 34 women, with a mean age of
65.29 ± 9.97 years.

The enrolled patients met the diagnostic crite-
ria for severe acute pancreatitis as formulated by
the Chinese Medical Association, as well as the
definition of sepsis outlined in the international
guidelines for sepsis management of sepsis (Yan
et al. 2022; Shuanglian et al. 2023). These patients

exhibited abdominal pain consistent with severe
acute pancreatitis and imaging changes indicative
of pancreatitis on enhanced CT scans. Additional-
ly, they had imaging evidence of sepsis. Patients
with comorbid malignancies, diabetes mellitus, hy-
pertension, or autoimmune diseases were excluded
from the study.

The study received approval from the hospital
ethics committee, and all participants provided in-
formed consent.

Detection and Prognosis of Clinical Indicators in
Patients

Fasting venous blood samples were drawn from
the patients and healthy subjects. The samples
were centrifuged, and the upper layer of serum
was decanted into a new centrifuge tube and stored
in a freezer at -20°C for measurement. Serum levels
of procalcitonin (PCT), C-reactive protein (CRP),
inflammatory factors (IL-6, IL-10, IL-17), HMGB1,
heparin-binding protein (HBP), and glycoprotein
2 (GP-2) in patients with SAP-CS were detected
using ELISA kit. APACHE-II scores were calculat-
ed based on the patients’ baseline conditions and
clinical manifestations, with higher scores indicating
a more serious condition.

All patients received systemic treatment and
were followed up for 30 days. A good prognosis
was defined as a return to normal or greatly im-
proved physical function, while a poor prognosis
was indicated by disease progression or death.

Detection of miR-320a Levels

Total RNA was extracted from serum samples
using TRIzol reagent (Sigma, USA), and the qual-
ity of the obtained RNA were determined. The miR-
NA cDNA first-strand Synthesis Kit (TIANGEN,
China) was used for miRNA reverse transcription
experiments. The resulting cDNA was used as the
reaction template, and amplification experiments
were conducted according to the instructions pro-
vided with the miRNA fluorescence quantitative
detection Kit (TIANGEN, China). PCR reactions
were performed on an ABI StepOnePlus Real-Time
qPCR system (Thermo Fisher Scientific, USA), with
three parallel experiments set up for each group.
The cycling parameters were as follows: incuba-
tion at 95°C for 10 min, 40 cycles of 95°C for 15 s,
60°C for 60 s, and extension at 72 °C for 10 min.
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miR-320a expression was calculated by 2-??Ct meth-
od, with U6 serving as an internal control.

Statistical Methods

Statistical analysis was conducted by SPSS 22.0
and GraphPad Prism 9.0 software. Measurement
data were presented as mean ± standard deviation
(SD). The diagnostic value of miR-320a and
HMGB1 in patients with SAP-CS was assessed
using ROC curve. The patients' prognoses were
determined based on overall survival and repre-
sented using a Kaplan-Meier curve. In addition,
binary logistic regression analysis was employed
to evaluate the risk factors associated with poor
prognoses in patients with SAP-CS. P < 0.05 was
considered statistically significant.

RESULTS

Analysis of General Information in the Included
Sample

An equal number of healthy individuals and
patients with SAP-CS were included. There were
no significant differences in age (P = 0.685), gen-

der (P = 0.284), or BMI (P = 0.515) between the two
groups. However, PCT, CRP, IL-6, IL-10, IL-17,
HMGB1, HBP, and GP-2 levels were markedly en-
hanced in the patient group compared to the
healthy control group, and the difference was sta-
tistically significant (P < 0.001) in Table 1.

Expression of Serum miR-320a and HMGB1

Serum miR-320a was found to be downregulat-
ed in patients with SAP-CS, as verified by RT-qPCR
method (P < 0.001, Fig. 1A), when compared to
healthy individuals. Conversely, elevated levels of
HMGB1 were observed in patients using ELISA
method (P < 0.001, Fig. 1B). These findings sug-
gest a potential association between abnormal lev-
els of miR-320a and HMGB1 and the occurrence of
SAP-CS.

Potential of miR-320a and HMGB1 for
Diagnosing SAP Complicated with Sepsis

ROC curve analysis elucidated that the AUC
for predicting SAP-CS was 0.8806 (95% CI: 0.8255
- 0.9358) for miR-320a and 0.9210 (95% CI: 0.8779 -
0.9642) for HMGB1, with sensitivities of 91.86 per-

Fig. 1. Expression of miR-320a and HMGB1 in the included samples. (A) Serum miR-320a expression was
downregulated in patients with SAP-CS compared to healthy controls. (B) HMGB1 levels were elevated in
patients. (***P < 0.001)
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cent and 83.72 percent, and specificities of 81.40
percent and 89.53 percent, respectively (P < 0.0001,
Fig. 2A and 2B, Table 2). Combining miR-320a and
HMGB1 yielded a higher predictive value, with an
AUC of 0.9634 (95% CI: 0.9378-0.9889), sensitivity
of 90.70 percent, and specificity of 93.02 percent in
distinguishing between healthy subjects and pa-
tients (P < 0.0001, Fig. 2C, Table 2).

Prognostic Analysis

Patients with SAP-CS were categorized into the
good (n = 45) and poor prognosis group (n = 41)
according to their prognoses. RT-qPCR experiments
confirmed that miR-320a expression was downreg-

ulated in the poor prognosis group (P < 0.001, Fig.
3A). In addition, ELISA assay experiments showed
that HMGB1 levels were enhanced in the poor prog-
nosis group compared with patients in the good
prognosis group (P < 0.001, Fig. 3B).

Table 2: Diagnostic value of miR-320a and HMGB1
in severe acute pancreatitis combined with sepsis

Indicators       miR-320a         HMGB1 combined

AUC 0.8806 0.9210 0.9634
Standard error 0.0281 0.0220 0.0130
95% CI 0.8255-0.9358 0.8779-0.9642 0.9378-0.9889
Sensitivity 91.86% 83.72% 90.70%
Specificity 81.40% 89.53% 93.02%
P value < 0.0001 < 0.0001 < 0.0001

Table 1: Baseline information of study subjects

Indicators Healthy (n = 86) Patient (n = 86) P-value

Age (years) 65.88 ± 8.82 65.29 ±   9.97 0.685
Gender (male/female) 45/41 52/34 0.284
BMI (kg/m2) 22.91 ± 2.23 23.19 ±   3.22 0.515
APACHE-II score - 18.77 ±   2.57 -
PCT (ng/mL) 0.03 ± 0.01 19.08 ±   4.82 < 0.001
CRP (mg/L) 5.08 ± 1.79 66.38 ± 11.94 < 0.001
IL-6 (pg/mL) 11.24 ± 3.15 149.44 ± 11.67 < 0.001
IL-10 (pg/mL) 12.68 ± 3.29 30.53 ±   5.73 < 0.001
IL-17 (pg/mL) 15.43 ± 3.95 239.70 ± 23.35 < 0.001
HMGB1(ng/mL) 3.94 ± 1.57 8.04 ±   2.34 < 0.001
HBP (ng/mL) 7.09 ± 1.71 18.71 ±   4.14 < 0.001
GP-2 (pmol/L) 0.77 ± 0.25 59.94 ±   9.96 < 0.001

BMI: body mass index; APACHE II score: acute physiology and chronic health evaluation II score; PCT:
procalcitonin; CRP: C-reactive protein; IL-6: Interleukin-6; IL-10: Interleukin-10; IL-17: Interleukin-17; HMGB1:
High mobility group box protein 1; HBP: Heparin-binding protein; GP-2: Glycoprotein 2.

Fig. 2. The predictive significance of miR-320a and HMGB1 in identifying patients with SAP-CS. (A) ROC
analysis showed that the AUC of miR-320a in the diagnosis of patients was 0.8806. (B) ROC analysis showed
that the AUC of HMGB1 in the diagnosis of patients was 0.9210. (C) The combined diagnosis of miR-320a and
HMGB1 holds high value in predicting SAP-CS. (***P < 0.001)
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Kaplan-Meier survival curves were constructed
based on patients’ survival outcomes within 30 days
of systemic therapy. The mean value of miR-320a ex-
pression in patients was used as the cutoff point to
categorize the included patients into a low miR-320a
group (n = 44) and a high miR-320a group (n = 42).
Figure 4 depicts the significantly reduced survival of
patients in the low miR-320a group compared to the
high miR-320a group (P = 0.0224). Furthermore, binary
logistic regression analyses were performed with pa-
tients’ clinical indicators as variables. The results
showed that miR-320a, HMGB1, and IL-6 (P = 0.010, P
= 0.025 and P = 0.042) were unfavorable indicators for
a poor prognosis in patients with SAP-CS (Table 3).

DISCUSSION

SAP-CS is a critical condition that requires ur-
gent intervention and treatment. SAP can result in
the destruction of pancreatic tissues and bacterial
infection, which can further lead to the develop-
ment of sepsis and patient death. A study has indi-
cated that the main reason for sepsis emergence is
bacterial translocation following damage to the in-
testinal barrier (Zhang et al. 2023). With an under-
standing of SAP and advancements in nursing
technology, the incidence of SAP patients has re-
duced. However, the mortality rate of SAP patients
remains around 30 percent, with sepsis being the
key factor in patient deaths (Shi et al. 2021). There-
fore, discovering new biological factors holds sig-
nificant value in evaluating and predicting patient
outcomes.

In this study, a total of 86 patients with SAP-
CS and a corresponding number of healthy indi-
viduals were enrolled. After collecting and analyz-
ing the clinical data, the expression of PCT, CRP,
IL-6, IL-10, IL-17, HMGB1, HBP, and GP-2 in pa-
tients was obviously higher than that in the healthy
control group. Some studies have proposed that
serum CRP and PCT levels, as well as APACHE-II
scores, have high application value in evaluating
the severity and prognosis of SAP patients (Bao
and Ge 2022). Similarly, elevations in inflammatory
factors such as HMGB1, HBP and GP-2 have also
been reported to be elevated in SAP, serving as
effective parameters for assessing SAP (Wen et al.
2020; Shu et al. 2021; Zhong et al. 2022). This aligns
with the findings of the current research.

 It is known that dysregulation of miRNA ex-
pression is commonly associated with disease pro-

Fig. 4. Kaplan-Meier analysis of survival in patients
with SAP-CS within 30 days (P = 0.0224)

Table 3: Binary Logistic regression analysis of adverse
prognostic factors in patients with severe acute
pancreatitis complicated with sepsis

Indicators OR 95% CI P value

Age 0.543 0.188 -   1.567 0.259
Gender 0.743 0.250 -   2.205 0.592
BMI 2.005 0.674 -   5.968 0.211
PCT 1.036 0.366 -   2.935 0.947
CRP 1.208 0.390 -   3.736 0.743
IL-6 3.381 1.045 - 10.946 0.042
IL-10 1.503 0.541 -   4.179 0.434
IL-17 0.931 0.315 -   2.758 0.898
HMGB1 0.252 0.076 -   0.838 0.025
HBP 0.531 0.186 -   1.515 0.237
GP-2 0.816 0.284 -   2.339 0.705
miR-320a 3.975 1.385 - 11.413 0.010

BMI: body mass index; PCT: procalcitonin; CRP: C-reactive
protein; IL-6: Interleukin-6; IL-10: Interleukin-10; IL-17:
Interleukin-17; HMGB1: High mobility group box protein
1; HBP: Heparin-binding protein; GP-2: Glycoprotein 2.

Fig. 3. Expression of miR-320a and HMGB1 in the good
and poor prognosis groups. (A-B) The expression of miR-
320a was decreased in the poor prognosis group, while
HMGB1 levels were increased. (***P < 0.001)
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gression and pathological processes. In this study,
it was observed that serum miR-320a was lowly
expressed in patients with SAP-CS and in a group
with poor prognoses compared to a group with
good prognoses. This implicates that miR-320a may
be involved in the process of SAP-CS and that
down-regulation of miR-320a may be responsible
for poor prognoses in patients. Combined with the
report by Amira Mohamed et al., miR-320a expres-
sion was reduced in metabolic syndrome and its
ability to assess disease progression (Abd El-Jawad
et al. 2022). Additionally, elevated miR-320a has
been found to affect the growth and activity of
trophoblast cells by targeting the inflammatory fac-
tor IL-4, thereby influencing the occurrence and
development of preeclampsia (Xie et al. 2019). Tak-
en together, miR-320a may mediate the progres-
sion of SAP-CS by regulating the inflammatory
response. HMGB1 is secreted extracellularly by
immune cells in response to injury or stimulation,
which participates in various pathological process-
es such as immunity and inflammation in the body
(Wang et al. 2022). In patients with SAP-CS, HMGB1
levels were elevated, particularly in the group with
poor prognoses. This suggests that higher levels of
HMGB1 are associated with worsened patient condi-
tions and unfavorable prognostic outcomes. Exist-
ing evidence also supports the possibility that de-
creasing HMGB1 levels in the body may enhance the
survival of patients with SAP and sepsis (J. Yang et
al. 2022a; K. Yang et al. 2022b).

In the current study, the ROC results indicated
that both miR-320a and HMGB1 demonstrated high
sensitivity and specificity in diagnosing SAP-CS,
and the combination of miR-320a and HMGB1 had
even better diagnostic efficacy. In addition, Ka-
plan-Meier curves and logistic regression analy-
ses illustrated that low expression of miR-320a and
high levels of HMGB1 and IL-6 were risk factors
associated with poor prognoses in patients with
SAP-CS. The above suggests that both miR-320a
and HMGB1 may serve as potential biomarkers for
the diagnosis and prognosis of SAP-CS. Interest-
ingly, Lu et al. proposed that HMGB1 is a down-
stream target of miR-320a in HCC and that miR-320a
affects tumor cell metastasis by regulating HMGB1
expression (Lv et al. 2017). Therefore, the relation-
ship between miR-320a and HMGB1 in SAP-CS
warrants further investigation in future studies.

CONCLUSION

In conclusion, decreased serum miR-320a expres-
sion and increased HMGB1 expression are closely
correlated with a poor prognosis in SAP-CS. Fur-
thermore, the combination of miR-320a and HMGB1
may assist in identifying SAP-CS. These findings
present new markers for diagnosing and predicting
outcomes in patients and provide additional medi-
cal evidence for the clinical management of patients
undergoing anti-inflammatory treatment.

RECOMMENDATIONS

In subsequent studies, more patient samples
need to be included for further analysis, and the
pathological mechanisms of miR-320a and HMGB1
in SAP-CS need to be deeply investigated.
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