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Abstract

Background: Liver injury in pregnancy significantly impacts the physical and mental health of pregnant women, and finding a potential
therapeutic target is crucial for early prediction and improving adverse pregnancy outcomes. This study aims to examine the relation-
ship between miR-339-5p expression and early diagnosis and pregnancy outcomes in patients experiencing liver injury in pregnancy.
Methods: A retrospective study of 63 patients with liver injury in pregnancy. The expression of miR-339-5p in plasma of patients with
liver health and liver injury in pregnancy was detected using quantitative real-time polymerase chain reaction (QRT-PCR). The value
of miR-339-5p in the diagnosis and pregnancy outcomes of patients with liver injury in pregnancy was evaluated by receiver operating
characteristic (ROC) and Cox regression analysis. Results: The alanine aminotransferase (ALT), aspartate aminotransferase (AST), total
bile acids (TBA), total bilirubin (TBIL) levels and miR-339-5p expression of patients in the intrahepatic cholestasis of pregnancy (ICP),
hemolysis, elevated liver enzymes, and low platelet count (HELLP) and acute fatty liver of pregnancy (AFLP) groups, respectively, were
statistically significant compared with those in the healthy control (HC) group (p < 0.05). MiR-339-5p expression was significantly
lower in patients with liver injury in pregnancy compared to healthy individuals. This difference could be used to distinguish between
healthy individuals and those with liver injury in pregnancy (area under the curve (AUC) = 0.897, 95% confidence interval (95% CI) =
0.843-0.951). In addition, ALT (r =—-0.686), AST (r =-0.699) and TBA (r =-0.706) were highly negatively correlated with miR-339-5p
expression, respectively. MiR-339-5p can be used as a biomarker of liver injury in pregnancy to predict adverse pregnancy outcomes.
Conclusions: MiR-339-5p could potentially be used as a potential molecular marker for early diagnosis of liver injury in pregnancy and
the prediction of adverse pregnancy outcomes.
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1. Introduction nosed through pathological examination, but this method
is invasive and should not be performed unless needed.
Presently, there are no well-established techniques for early
diagnosis of liver injury in pregnancy. There is therefore an
urgent need for a non-invasive, accurate and rapid method
to assist physicians in the early diagnosis of liver injury
and to predict the prognosis of pregnant women and infants,
which is important in the choice of rational treatment and

whether or not to terminate a pregnancy.

Liver injury in pregnancy is a common maternal co-
morbidity that significantly impacts the physical and mental
health of expecting mothers. Normal pregnancy increases
the liver’s burden due to elevated carbohydrate metabolism
and increased physiological activity of estrogen. This can
lead to changes in liver function and potentially cause liver
disease and injury [1,2]. Liver disease in pregnancy in-
cludes both pregnancy and non-pregnancy induced liver

diseases, of which those existing during pregnancy are rel-
atively rare, as pregnant women are usually young and
healthy [3]. Liver diseases specific to pregnancy include
intrahepatic cholestasis of pregnancy (ICP), hemolysis, el-
evated liver enzymes, and low platelet count (HELLP) syn-
drome, and acute fatty liver of pregnancy (AFLP), which
can lead to serious liver injury in pregnant women and en-
danger the life and health of pregnant women and the fetus.
Therefore, early diagnosis is important, and the choice of
reasonable treatment and whether to terminate pregnancy
are decisive [4]. Early diagnosis is crucial, and the choice of
rational treatment and whether to terminate the pregnancy
is decisive [5,6]. Currently, liver disease is typically diag-

Micro RNAs (miRNAs) are non-coding RNAs impli-
cated in the initiation and progression of various human
diseases, such as cancer [7], diabetes [8], cardiovascular
[9], and pregnancy complications [10]. miRNAs have been
widely used in the study of a variety of pregnancy com-
plications [11]. For example, exosomal miRNA is a po-
tential therapeutic target for gestational diabetes mellitus,
affecting patients’ prognostic outcomes during pregnancy
by inhibiting phosphoinositide 3-kinase/protein kinase B,
wingless/integrated and mammalian target of rapamycin
signaling pathways [12]. Overexpressed in the placenta,
miRNA-141 can regulate the biological activity of cancer
cells by targeting PLAGI [13]. Similarly, highly expressed
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miRNA-424 causes placental vascular underdevelopment
leading to hypoxia by targeting oxygen gene expression
[14]. The liver is crucial in regulating blood glucose home-
ostasis. MiR-339-5p targets glucose-6-phosphatase, which
is involved in glycogenolysis [15]. As a significant compo-
nent of the regulatory network of chronic/acute liver fail-
ure, miR-339-5p is implicated in hepatocellular carcinoma
development [16]. miR-339-5p was found to be involved
in hepatocellular carcinoma development by Wang et al.
[17]. Therefore, it is hypothesized that aberrant expression
of miR-339-5p during pregnancy could indirectly indicate
liver conditions. This study investigates the potential of
miR-339-5p as a biomarker of liver injury in pregnancy.
The objective of this study was to identify a novel
biomarker to enhance the early diagnosis of liver injury in
pregnancy and to improve pregnancy outcomes.

2. Materials and Methods
2.1 Study Subjects

This study is a retrospective study. The experimen-
tal group consisted of 63 Chinese patients with liver injury
in pregnancy who gave birth in Jinhua Maternal and Child
Health Care Hospital from 2018 to 2022. The diagnostic
criteria for liver injury in pregnancy are as follows:

(1) the pregnant woman identified an intrauterine sin-
gle pregnancy;

(2) normal liver function before pregnancy, abnormal
liver function indexes during pregnancy;

(3) laboratory results indicate serum alanine amino-
transferase (ALT) >40 IU/L or aspartate aminotransferase
(AST) >40 IU/L or total bile acids (TBA) >10 pmol/L or
Total Bilirubin (TBIL) >17.1 pmol/L.

Exclusion Criteria:

(1) patients with serious underlying diseases, organ
dysfunction and malignant tumors;

(2) patients with other diseases during pregnancy, such
as thyroid disease, diabetes, cardiovascular disease, etc;

(3) patients with abnormal cognitive and mental state
and communication difficulties;

(4) patients who are poorly compliant and do not co-
operate with regular maternity check-up [18].

Another 57 pregnant women with normal liver func-
tion, who gave birth at Jinhua Maternal and Child Health
Care Hospital during the same period, were selected as the
healthy control group (HC). Inclusion criteria are as fol-
lows:

(1) pregnant women in the control group should have
normal liver function indexes;

(2) no complications during pregnancy and be in good
health;

(3) there was no statistically significant difference be-
tween the two groups in terms of gender, age, and number
of deliveries (p > 0.05), and they were comparable.

Clinical information including age, gestational age
(time of diagnostic enrollment), gravida, parity gestational,

body mass index (BMI = weight (kg)/height squared (m?)),
ALT, AST, TBIL and TBA were collected from all par-
ticipating subjects. The experiment was approved by the
Academic Ethics Committee of Jinhua Maternal and Child
Health Care Hospital (ethics number 201726) and adhered
strictly to ethical guidelines. Participates were fully in-
formed about the purpose of the study and signed an in-
formed consent form.

2.2 Followup of Adverse Pregnancy Outcomes

The study population needs to be followed up until
delivery. Data on the gestational week of delivery, new-
born weight, incidence of fetal growth restriction (FGR),
and pregnancy outcomes were collected from participants.
Adverse pregnancy outcomes included maternal outcome:
eclampsia, heart failure, acute kidney injury, cerebrovascu-
lar accident, etc., and fetal outcome: preterm labor (delivery
at more than 28 weeks of gestation but less than 37 weeks of
gestation), intrauterine distress (acute or chronic hypoxia in
utero with fetal heart rate >160 or <120 beats/min), still-
birth (in utero death at 20 weeks of gestation), premature
rupture of membranes (rupture of membranes prior to de-
livery, and premature rupture of membranes), etc.

2.3 Sample Collection and miR-339-5p Detection

Venous blood was collected from the subjects while
fasting, using an EDTA-K2 anticoagulation vacuum sam-
pler (YA1291, Solarbio, Beijing, China), centrifuged at
3000 rpm for 15 min. The supernatant, obtain after sepa-
ration, served as the serum specimen and was stored at —80
°C.

The expression level of miR-339-5p was detected
by fluorescence quantitative polymerase chain reaction
(qPCR). RNA was extracted by Trizol method (Invitro-
gen, Carlsbad, CA, USA). Reverse transcription and am-
plification were performed carried out with the PrimeScript
RT Enzyme Mix I kit (TaKaRa, Tokyo, Japan) and SYBR
Green qPCR Super Mix (Invitrogen, Carlsbad, CA, USA)
kit, respectively. U6 was used as an internal standard for
miR-339-5p, and the relative expression was calculated us-
ing the 2724 method.

2.4 Statistical Analysis

The ability of miR-339-5p to differential patients with
liver injury in pregnancy was evaluated by receiver oper-
ating characteristic (ROC) analysis. The role of miR-339-
5p in predicting delivery outcomes was assessed through
Kaplan-Meier and multivariate Cox regression analysis. In
addition, Spearman correlation analysis was used to esti-
mate the correlation between miR-339-5p and clinicopatho-
logical characteristics of patients. The experimental data
were represented by mean =+ standard deviation (SD), and
the paired measurement data were analyzed by a t-test. p
< 0.05 indicates significant difference, p < 0.01 indicates
a significant difference.
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Table 1. Basic clinical features of study subjects.

HC ICP HELLP syndrome AFLP

Parameters

n=157 n=39 n=14 n=10
Age (years) 28.6 £ 4.6 28.7+ 4.5 28.1 £3.8 264 £3.1
Gravidity (time) 1.5+0.6 1.5+ 0.6 14+05 1.44+0.7
Parity (time) 1.4+0.6 14+£0.5 1.4+05 1.4+0.7
BMI (kg/m?) 233+ 1.7 233422 229 +2.0 23.0+2.2
ALT (IU/L) 21.8 £3.5 170.6 4 45.0¢ 145.4 + 46.6° 154.5 £+ 41.4¢
AST (IU/L) 18.8 £2.2 121.9 +£22.9¢ 120.1 +25.7° 115.7 £ 22.9¢
TBA (umol/L) 25+£05 30.6 + 11.8¢ 29.5 +£9.8° 28.3 £9.1¢
TBIL (umol/L) 74+2.1 50.2 £ 14.1¢ 48.1 + 8.5° 44.2 +£10.9¢
newborn weight (g) 3460.9 +374.2  3327.8 £448.0 3423.4 4+ 389.0 3381.8 +434.3
Gestational week of delivery (weeks) 383+1.2 377+ 19 39.6+ 1.6 37.8+ 1.9
FGR (%) 2 (3%) 3 (8%) 1 (8%) 2 (20%)

a: ICP patients compared to HC, p < 0.05. ®: HELLP patients syndrome patients compared to HC, p < 0.05. ¢: AFLP
patients compared to HC, p < 0.05. HC, heathy control group; ICP, Intrahepatic cholestasis of pregnancy; HELLP,

hemolysis, elevated liver enzymes, and low platelet count; AFLP, acute fatty liver of pregnancy; BMI, body mass

index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBA, total bile acids; TBIL, total bilirubin;

FGR, fetal growth restriction.

3. Results
3.1 Basic Characteristics of Study Subjects

The patients with liver injury in pregnancy included
three pregnancy-specific liver diseases, including 39 with
ICP, 14 with HELLP syndrome, and 10 with AFLP. Among
the enrolled study subjects, there was no significant differ-
ence between the HC and patients with ICP, HELLP syn-
drome and AFLP, in terms of age, gestational week of de-
livery, gravidity, parity, BMI, newborn weight, and FGR
(p > 0.05, Table 1). Patients in the ICP, HELLP syndrome
and AFLP groups showed significant differences in ALT,
AST, TBA and TBIL levels compared to the HC group (p
< 0.05), respectively, whereas the differences between the
three diseases were not significant.

3.2 Expression of miR-339-5p in the Patients with Liver
Injury in Pregnancy

As shown in Fig. la, the difference in miR-339-5p
expression among ICP, HELLP syndrome and AFLP pa-
tients was not statistically significant (p > 0.05), but all
of them differed significantly from miR-339-5p expres-
sion in the HC group (p < 0.0001). Therefore, the three
pregnancy-specific diseases were combined as liver injury
in pregnancy to investigate the clinical role of miR-339-
5p in healthy population and patients with liver injury in
pregnancy. The expression of miR-339-5p in serum of HC
group and liver injury in pregnancy group was detected
by quantitative real-time polymerase chain reaction (qRT-
PCR). Results as shown in Fig. 1b, compared with the HC
group, the expression of miR-339-5p in the liver injury in
pregnancy group was significantly decreased (p < 0.0001).
To further evaluate the diagnostic potential of miR-339-
Sp evaluate the diagnostic potential of for liver injury in
pregnancy, a ROC was plotted. As shown in Fig. Ic, the
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area under the curve (AUC) was 0.897, with a sensitivity
0f 80.95 and a specificity of 85.96%. These results indicate
that miR-339-5p can assist in the diagnosis of pregnant pa-
tients with liver function injury.

According to the average expression level of miR-
339-5p in pregnant patients with liver function, the patients
were divided into two groups: low expression (34 cases)
and high expression (29 cases). It was found that the levels
of ALT (p < 0.0001, Fig. 2a), AST (p = 0.0002, Fig. 2b)
and TBA (p =0.0001, Fig. 2¢) in the high expression group
of miR-339-5p were significantly lower than those in the
low expression group of miR-339-5p, while the expression
level of TBIL was not significant in the two groups (p =
0.0753, Fig. 2d). Further analysis showed that ALT (r = —
0.686, Fig. 3a), AST (r = —0.699, Fig. 3b) and TBA (r
—0.706, Fig. 3¢) were highly negatively correlated with the
expression of miR-339-5p, respectively. However, there
was a low correlation between TBIL level and miR-339-5p
expression (r =—0.403, Fig. 3d).

3.3 Prognostic Value of miR-339-5p in the Patients of
Liver Injury in Pregnancy

As shown in Fig. 4, the incidence of adverse preg-
nancy outcomes between the two groups was compared.
It was found that the group with low miR-339-5p expres-
sion had a higher incidence of adverse pregnancy outcomes
at the same gestational ag compared the group with high
miR-339-5p expression (log-rank p = 0.024). In addition,
miR-339-5p (p = 0.038, hazard ratio (HR) = 0.162), ALT
(p = 0.048, HR = 3.223), AST (p = 0.044, HR = 5.880)
and TBA (p = 0.049, HR = 6.656) can serve as predictors
for poor prognosis in patients with liver injury in pregnancy
(Table 2).
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Fig. 1. Receiver operating characteristic (ROC) analysis to evaluate the significance of miR-339-5p in the diagnosis of hepatic

injury in pregnancy. There was no significant difference in miR-339-5p expression among ICP, HELLP syndrome and AFLP patients

(a). Compared with normal liver function during pregnancy, the expression of miR-339-5p in patients with liver injury in pregnancy

is downregulated (b). miR-339-5p has high sensitivity and specificity in distinguishing between liver health and liver injury during

pregnancy (c). AUC, area under the curve; 95% CI, 95% confidence interval.

4. Discussion

During pregnancy, hepatic blood flow balance is dis-
rupted, which increases the load on the liver and conse-
quently alters liver function. This situation can likely to
lead to liver injury, resulting in related pregnancy compli-
cations and adverse pregnancy outcomes [19,20]. MiR-
NAs are extensively involved in gene regulation related to
immune response, placental development and angiogenesis
during pregnancy, which are closely related to pregnancy-
related complications [21]. For example, enrichment anal-

ysis of differentially expressed genes in ICP has shown that
miRNAs mediate the janus kinase-signal transducer and ac-
tivator of transcription 3 (JAK-STAT3) signaling pathway,
a key pathway in ICP, and that miRNAs play an important
role in ICP treatment [22].

Research has shown that miR-339-5p can target regen-
erative liver phosphatase-1 (PRL-1), which is associated
with anaerobic mitochondrial metabolism in chronic liver
disease [23,24]. Vallelunga et al. [25] found that miR-339-
5p affects cortical neuronal over reactivity by targeting neu-
ronatin and influencing calcium homeostasis. Gartz et al.
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Fig. 2. Differences in the levels of liver injury indicators between miR-339-5p high and low expression groups. ALT levels were
significantly lower in the miR-339-5p high expression group than in the low expression group (a). AST levels were significantly lower
in the miR-339-5p high expression group than in the low expression group (b). TBA levels were significantly lower in the miR-339-5p
high expression group than in the low expression group (c). TBIL levels were not significant in the miR-339-5p high and low expression

groups (d).

[26] found that miR-339-5p was upregulated in Duchenne
muscular dystrophy-derived cardiomyocytes and was in-
volved in the regulation of stress response signaling path-
ways mouse double minute 2 (MDM2) and glycogen syn-
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thase kinase 3 alpha (GSK3A), which is a potential target
for the early diagnosis and treatment of Duchenne muscu-
lar dystrophy (DMD) cardiomyopathies. In this study, miR-
339-5p expression was downregulated in patients with liver
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Fig. 3. Correlation between miR-339-5p expression and liver injury indexes. ALT levels were highly negatively correlated with
miR-339-5p expression (a). AST levels were highly negatively correlated with miR-339-5p expression (b). TBA levels were highly
negatively correlated with miR-339-5p expression (c). TBIL levels are lowly correlated with miR-339-5p expression (d). ALT, alanine

aminotransferase; AST, aspartate aminotransferase; TBA, total bile acids; TBIL, total bilirubin.

injury in pregnancy compared to pregnant women with nor-
mal liver function. The sensitivity and specificity in the
early diagnosis of patients are more than 80%, suggesting
that miR-339-5p could serve as an early marker for diag-
nosing liver injury in pregnancy. Moreover, patients at
the same gestational age with higher miR-339-5p expres-
sion had a lower incidence of adverse pregnancy outcomes
than those with low expression. The levels of ALT, AST,
and TBA, which are indicators of liver health, were signifi-

cantly correlated with the occurrence of liver injury in preg-
nancy. Importantly, miR-339-5p expression was shown to
be inversely connected with blood levels of ALT, AST, and
TBA. These results indicate that miR-339-5p can be used as
a predictor for early diagnosis of liver injury in pregnancy.

A study has shown that miR-200a-3p can predict ad-
verse pregnancy outcomes in pregnant patients with hy-
pertension [27]. The expression of miR-330-3p is up-
regulated in gestational diabetes patients than non-diabetic
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Table 2. Cox regression analysis evaluating the prognostic value of clinical features of patients.

Parameters p HR 95% CI
Age (years) 0.231  0.480 0.145-1.593
Gravidity (time) 0.461 0.238 0.005-10.843
Parity (time) 0.559  1.594 0.334-7.613
BMI (kg/m?) 0.485 0.580 0.126-2.669
ALT (IU/L) 0.048 3.223 1.009-10.298
AST (IU/L) 0.044  5.880 1.052-32.868
TBA (umol/L) 0.049  6.656 1.011-43.815
TBIL (umol/L) 0.096  2.904 0.828-10.185
newborn weight (g) 0.509  0.666 0.200-2.221
Gestational week of delivery (weeks)  0.970  0.931 0.021-40.929
FGR (%) 0317 2.443 0.425-14.044
miR-339-5p 0.038 0.162 0.029-0.906

BMI, body mass index = weight (kg)/height squared (m?); ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TBA, total bile acids;
TBIL, total bilirubin; FGR, fetal growth restriction; HR, hazard ratio; 95%

CI, 95% confidence interval.
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Fig. 4. Correlation between miR-339-5p levels and pregnancy
outcome in patients with liver injury in pregnancy analyzed
by the Kaplan-Meier method. The incidence of adverse preg-
nancy outcomes was higher in the group with lower miR-339-5p

expression. log rank p = 0.0024.

pregnant women, and it significantly correlated with the
risk of primary cesarean section [28]. MiR-519d expres-
sion is associated with adverse pregnancy outcomes such
as pre-eclampsia, placental adhesion disorders, fetal death,
or growth restriction [29]. Similarly, in this study, miR-
339-5p is related to the occurrence of adverse pregnancy
outcomes in patients, and the lower the expression of miR-
339-5p in the serum of patients, the higher the probability of
adverse pregnancy outcomes in pregnant women. These in-
formation suggest that miR-339-5p could serve as biomark-
ers for predicting pregnancy outcomes.
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Studies have shown that miRNAs are involved in a
wide range of biological processes, such as cell cycle con-
trol, apoptosis, and several developmental and physiologi-
cal processes. miRNA can regulate the expression of redox
sensors and change the key components of cellular antiox-
idants [30,31]. Therefore, exploring the targets and mech-
anisms of miRNA regulation will play a positive role in
the diagnosis and treatment of clinically related diseases.
Studies have shown that miR-339-5p is involved in the
development of lung [32] and colorectal cancer [33] cells
by targeting PRL-1. It was shown that upregulation of
placental phosphatase of PRL-1 promotes liver regenera-
tion in a rat model [34]. In a TAA-induced liver injury
model, PRL-1 upregulation activated the antioxidant effects
of liver and promoted liver regeneration [35]. Therefore,
it is speculated that miR-339-5p targets PRL-1 and plays
a role in regulating liver regeneration in the injured liver,
which will be verified in cells and animals in the future.
It has been noted pointed out that serum AST, ALT, TBA,
and TBIL are considered important indicators of liver in-
jury in pregnancy, and their abnormally elevated concen-
trations suggest pathological changes in pregnant women
[36]. However, in this study, the expression level of miR-
339-5p was found to have a low degree of correlation with
TBIL, and whether this is related to the mechanism of ac-
tion of miR-339-5p deserves further investigation. In ad-
dition, this study was designed to preliminarily investigate
the role of miR-339-5p in the early diagnosis of liver in-
jury in pregnancy and prediction of patient outcomes and
did not include patients with other combined cases in preg-
nancy. However, some studies have pointed out that pa-
tients with hepatic impairment during pregnancy are prone
to other comorbidities, such as diabetes mellitus (GDM):
impaired hepatocyte function can affect hepatic glycogen
synthesis, reduce glucose utilization and increase the risk of
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combined GDM in pregnancy [37,38]. Therefore, in future
studies, we will include more research subjects to deeply
investigate the clinical significance of miR-339-5p in preg-
nancy and to lay more theoretical foundations for its clinical
application.

5. Conclusions

In conclusion, low miR-339-5p expression can assist
in the early diagnosis of liver injury in pregnancy and pre-
dicts adverse pregnancy outcomes.
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