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SUMMARY

Background: miR-34a has been implicated in many autoimmune diseases and gastrointestinal diseases. However,
the expression of miR-34 in ulcerative colitis (UC) patients were not fully studied. This study was performed to in-
vestigate the association of blood and intestinal tissue miR-34a expression of patients with disease severity in UC
patients.

Methods: Our study enrolled 82 patients with UC and 80 age- and gender- matched healthy individuals. Blood
miR-34a expressions were detected using reverse transcription-polymerase chain reaction (RT-PCR). Local intes-
tinal miR-34a, STAT3 mRNA and IL-23 mRNA expressions were also detected in the lesioned area and adjacent
non-affected intestinal tissue in patients. Disease severity of UC was assessed by Mayo score. The diagnostic value
of both blood and local miR-34a expression for UC patients was assessed by receiver operating characteristic
(ROC) curve.

Results: Blood miR-34a was increased in UC patients in contrast with healthy individuals with statistical signifi-
cance. In UC patients, local intestinal miR-34a expressions were markedly upregulated compared to adjacent non-
affected intestinal tissue. Local intestinal miR-34a expressions were positively correlated with STAT3 mRNA and
IL-23 mNRA. Both blood and local miR-34a expressions were significantly and positively related to Mayo scores.
ROC curve analysis indicated that both blood and local miR-34a expressions may act as decent marker for Mayo
grade.

Conclusions: Blood and intestinal tissue miR-34a expressions are correlated with disease severity in UC patients.
Both blood and intestinal tissue miR-34a expressions may serve as potential diagnostic and prognostic makers for
UC. Therapeutic methods targeting miR-34a may act as potential ways for UC treatment.

(Clin. Lab. 2024;70:xx-xx. DOI: 10.7754/Clin.Lab.2023.230917)
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severity

As an inflammatory bowel disease (IBD), ulcerative co-
litis (UC) is distinguished by mucosal inflammation that
typically begins in the distal colon and can extend to
the whole colon, manifesting as a relapsing and remitt-
ing condition [1]. The etiology of UC is believed to in-
volve a complex interplay between environmental fac-
tors, immune system dysfunction, altered gut microbi-
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ome composition, and genetic susceptibility to disease
[2]. UC patients always suffer from bloody diarrhea,
frequency, abdominal pain, fatigue, and fecal inconti-
nence [3]. Traditionally, the diagnosis and assessment
of UC has relied on clinical symptoms, laboratory tests,
endoscopic findings, as well as pathological examina-
tions [4]. Considering the limitations of the traditional
diagnostic and evaluative methods, there is a pressing
need for the development of a non-invasive and easily
accessible biomarker for effective clinical manage-
ment of UC.

MicroRNAs (miRNAs) are a collection of small endog-
enous ribonucleic acids (RNAs) with approximately
20 - 24 ribonucleotides in length [5]. miRNAs are pro-
duced by processing the single stranded RNA precursor
with the size of 70 - 90 bases of hairpin structure by ri-
bonuclease (mainly Dicer enzyme) [6]. The regulation
of target genes by miRNA mainly depends on the de-
gree of complementary pairing between miRNA and the
transcriptome sequence of the target gene [7]. Bioinfor-
matics analysis proved significant effects of miRNAs
on diverse cellular processes, involving cell prolifera-
tion, differentiation, apoptosis, as well as immune re-
sponse [8], indicating that miRNAs are involved in cell
life activities. Many studies have shown that each mi-
RNA can regulate the expression of hundreds of mMRNA
and regulate more than 30% of protein coding genes af-
ter transcription [9], and deregulation of miRNA may
lead to many human diseases, such as tumors, autoim-
mune diseases, diabetes, cardiovascular diseases, and
digestive diseases [10].

miR-34a together with two other members, miR-34b
and miR-34c, comprise the extensively studied miR-34
family of microRNAs [11]. miR-34a is transcribed
from a unique genomic locus on chromosome 1
(1p36.22). It displays ubiquitous expression across di-
verse tissue types, with the exception of lung tissue,
and exhibits higher expression levels when compared
to other members of the miR-34 family [12]. Besides,
miR-34a also serves to regulate various target mMRNAS
that take part in the modulation of cell cycle, cell pro-
liferation, senescence, migration, as well as cell inva-
sion [13]. As previously reported, miR-34a is engaged
in the development of cancers [14], osteoarthritis [15],
cardiovascular diseases [16], neural diseases [17], and
gut diseases [18], etc.

Moreover, miR-34a has been shown to exert a critical
regulatory role in the modulation of inflammation
pathways and immune response. It has been found that
miR-34a serves to enhance the production of inflam-
matory chemokines and cytokines in keratinocytes.
Furthermore, in studies involving wild-type mice with
wounds, treatment with miR-34a-mimics has been
shown to potentiate local inflammation and delay the
healing process [19]. In addition, a prior investigation
has revealed that miR-34a expression is under the in-
fluence of the pro-inflammatory cytokine IL-1p, and
this regulatory interaction exerts a crucial effect on
augmenting the inflammatory response in endometritis

[20]. The miR-34a is also engaged in lipopolysaccha-
ride mediated sepsis related renal function impairment
via KLF4 [21]. Research has shown that miR-34a en-
hances the levels of inflammation/oxidative stress
among patients with necrotizing enterocolitis by sup-
pressing the expression of SIRT1 [18].

These findings mentioned above indicate a pivotal role
of miR-34a in immune homeostasis and immune regula-
tion. However, to date, there has been no report regard-
ing any alterations in miR-34a expression in the pe-
ripheral blood/intestinal mucosa among UC patients.
To our knowledge, this is the first study to conduct
miR-34a expression analysis in both peripheral blood
and local mucosa of UC patients, aiming to explore
whether it can be used as a potential diagnostic and
prognostic biomarker of UC.

Patients and methods

Study patients

Eighty-two UC patients were selected from February
2022 to May 2023 in our hospital. The presence of UC
in patients was confirmed based on a variety of inves-
tigative modalities, including endoscopic evaluation,
radiological imaging, histological examination, and
clinical parameters [22,23]. None of the patients re-
ceived glucocorticoid, salicylic acid inhibitor, and im-
munosuppressive agents 30 days before enrollment. Ex-
clusion criteria: 1) Patients with malignant tumors; 2)
Patients with chronic heart, liver, and kidney diseases;
3) Accompanied by toxic colon dilation, colon stenosis,
obstruction, perforation, etc.; 4) Patients with incom-
plete examination data. We collected baseline charac-
teristics of patients, including age, gender, weight,
smoking history, erythrocyte sedimentation rate (ESR),
as well as C-reactive proteins (CRP). Meanwhile, eighty
gender and age matched healthy individuals receiving
regular body check were enrolled as healthy controls.
The study was approved by the Ethical Committee of
Changsha Hospital of Traditional Chinese Medicine
(Ethical Number: 20220013). Prior to enrollment, all
patients provided written consent for participation in
this study.

Determination of disease severity

The severity of UC was determined using the Mayo
score [24], which includes four items: frequency of
bowel movements, blood in the stool, endoscopic exam-
ination, and overall comprehensive evaluation by the
doctor. The degree of disease activity in UC patients
was assessed via a grading system that comprised a
12-point scale. Each item was rated on a scale of 0 to 4
according to its severity, and the sum total score was
indicative of the severity of disease activity, with a
higher score indicating a more severe state. Patients
with a Mayo total score of > 3 were selected for this
study, with disease severity stratified as mild (3 - 5
points), moderate (6 - 8 points), or severe (> 9 points).
The evaluation of Mayo's scoring results was conducted
by two gastroenterologists in our hospital, and the con-
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sistency of the results was checked using Kappa values
for endoscopic observation.

Blood collection and RT-PCR

A previous investigation has indicated that the most
ideal approach for profiling miRNAs within a systemic
context would entail the use of whole blood samples
that have not undergone clotting, as opposed to blood
or plasma samples [25]. For blood sample collection,
non-fasting venous samples were obtained from all
study participants and then placed in Vacuette EDTA
K3E blood bottles (Grenier Bio-One International
AG, Kremsmunster, Austria). The unprocessed whole
blood samples were subsequently stored at 4°C for fur-
ther use [25].

Total RNA was isolated from both whole blood and in-
testinal mucosa using an adaptation of the TRI Re-
agent® BD technique (Molecular Research Center, Inc.,
Cincinnati, OH, USA). RNA concentration in the ex-
tracted samples was measured using a NanoDrop®
spectrophotometer (NanoDrop Technologies, Inc., Wil-
mington, DE, USA). Typically, miRNA concentrations
within a range of 30 - 300 ng/uL were obtained per
sample. RNA integrity was evaluated using RNA 6000
Nano LabChip Series Il Assays (for small RNA) on a
2100 Bioanalyzer (Agilent Technologies, Waldbronn,
Germany). PCR reactions were conducted using an ABI
7900 HT Fast Real-Time PCR System (Applied Biosys-
tems) in final volumes of 10 pL. Briefly, reactions con-
sisted of 0.7 uL cDNA, 5 pL TagMan® Universal PCR
Fast Master Mix, and 0.2 uM TagMan® primer-probe
mix (Applied Biosystems). Amplification began with a
10-minute incubation step at 95°C, followed by 40 cy-
cles of denaturation at 95°C for 15 seconds and an-
nealing/extension at 60°C for 60 seconds.

RT-PCR quantification of miR-34a, IL-23 mRNA and
STAT3 mRNA expression were performed using Taq-
Man MicroRNA® Assays (Applied Biosystems, Foster
City, CA, USA) based on the protocol provided by the
manufacturer. Total RNA was reverse transcribed using
the MultiScribe™-based High-Capacity cDNA Archive
kit (Applied Biosystems).

IL-23 forward:

5-GTTCCCCATATCCAGTGTGG-3/,

reverse:

5-GGATCCTTTGCAAGCAGAAC-3/;

STAT3 forward:

5'-GCCAGAGAGCCAGGAGCA-3/,

reverse:

5'-TGAAGCTGACCCAGGTAGCGCTGC-3"

GAPDH forward:
5'-AACGTGTCAGTGGTGGACCTG-3/,

reverse:

5-AGTGGGTGTCGCTGTTGAAGT-3';

miR-34a: forward:
5-ACACTCCAGCTGGGTGGCAGTGTCTTAGC,
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reverse:
5-CTCAACTGGTGTCGTGGAGTCGGCAATTCAG
TTGAGACAACCA-3;

U6 forward:

5-CTCGCTTCGGCAGCACA-3,

reverse:

5-AACGCTTCACGAATTTGCGT-3'".

miR-16 and U6 were employed as an endogenous con-
trol for normalization of miRNA expression profiles in
the blood samples and intestinal mucosa samples, re-
spectively.

In situ hybridization (ISH)

Intestinal mucosa specimens from the UC patients were
first fixed with 4% paraformaldehyde and subsequent-
ly embedded in paraffin. miR-34a ISH was conducted
on Tissue Microarrays (TMAS) using the MiRCURY
LNA miRNA ISH Optimization kit (Exiqon, Vedbaek,
Denmark). Microscopic evaluation of staining intensity
was conducted utilizing a 4-point scale, wherein the
observed results were graded as follows: 0 (negative),
1 (+), 2 (++), and 3 (+++), in accordance with prede-
fined criteria [26].

Statistical analysis

Data analysis was performed by Graphpad Prism 8.0.
Normal distribution was evaluated by the Kolmogo-
rov-Smirnov test. Continuous data with normal distri-
bution were presented as mean * standard deviation
(SD); in contrast, those with skewed distribution were
reported as median (interquartile [IQR]). Besides, a cat-
egorical variable was described by frequency. The gen-
eral data comparison between UC patients and healthy
control group was conducted using t-tests, Mann-Whit-
ney U-tests, or chi squared tests, where appropriate. The
miR-34a expressions among different UC patients were
compared using one way ANOVA or Kruskal-Wallis
tests, followed by and Tukey or Tamhan tests. miR-34a
expressions for multiple comparisons. Correlations of
miR-34a expressions with Mayo grade and other mea-
surement indicators were tested using Spearman’s or
Pearson’s correlation. The diagnostic value of both
blood and local miR-34a expression in UC was deter-
mined by ROC curve. p-value less than 0.05 was indica-
tive for statistical significance.

RESULTS

Demographic data

The clinical characteristics of the patients and controls
are summarized in Table 1. There were no significant
differences of age, gender distribution, BMI, and smok-
ing habits between UC patients and healthy controls.
The localization of UC was 10 cases in E1 (ulcerative
proctitis), 25 cases in E2 (left-sided ulcerative colitis,
distal UC) and 47 cases in E3 (extensive ulcerative coli-
tis, pancolitis). The mean Mayo scores were 6.70 + 2.28
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Table 1. Demographic statistics of enrolled participants.

UC patients (n = 82) Healthy controls (n = 80) p-value

Age (year) 53.1+11.8 52.8+12.0 0.511

Gender (female/male) 40/42 37/43 0.899

BMI (kg/m?) 23.8+3.3 236+2.9 0.431

Smoking (yes/no) 35/47 32/48 0.913
Localization (E1/E2/E3) 10/25/47 /
Mayo Score 6.79 £ 2.28 /
hsCRP levels (mg/L) 1.3-18.0 /

The statistical method for age and BMI was Student’s t-test, and gender distribution and smoking were evaluated by chi squared test.
UC - ulcerative colitis, BMI - body mass index, CRP - C-reactive protein.

| p=0.019 p=0.003
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Figure 1. A - Comparison of blood miR-34a expressions between UC and HC patients, B - Comparison of blood miR-34a ex-
pressions among different degrees of UC, C - Correlation of blood miR-34a expressions with Mayo Scores (*** p < 0.001 vs.
HC). Statistical methods: A - Student’s t-test, B - One way ANOVA followed by Tukey’s test, C - r value for Spearman’s
correlation test.
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Figure 2. A - Comparison of intestinal mucosa miR-34a expressions between affected and non-affected tissues, B - Comparison
of intestinal mucosa miR-34a expressions among different degree of UC, C - Correlation of intestinal mucosa miR-34a expres-
sions with Mayo Scores, D - Correlation of intestinal mucosa miR-34a expressions with 1L-23 mRNA expressions, E - Correla-
tion of intestinal mucosa miR-34a expressions with STAT3 mRNA expressions.

Statistical methods: A - Student’s t-test, B - One way ANOVA followed by Tukey’s test, C, D, E - r value for Spearman’s

correlation test.

with hsCRP levels ranging from 1.3 - 18.0 mg/L.

Peripheral blood miR-34a was enhanced among UC
patients

As shown in Figure 1A, the miR-34a expression was
elevated in the peripheral blood of UC patients with
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statistical significance in contrast to the levels observ-
ed in normal control group (5.32 £ 1.00 vs. 1.00 + 0.06,
p < 0.001). Besides, patients with severe UC exhibited
significantly higher miR-34a expressions in serum com-
pared to moderate UC (6.00 £ 0.73 vs. 5.31 + 0.86, p <
0.001) (Figure 1B). Patients with moderate UC showed
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Figure 3. Intestinal mucosa specimen miR-34a expressions among mild, moderate, and severe UC patients.
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Figure 4. A - ROC curve of blood miR-34a expression between mild and moderate UC, B - ROC curve of blood miR-34a ex-
pression between moderate and severe UC, C - ROC curve of miR-34a expression in intestinal mucosa between mild and mod-
erate UC, D - ROC curve of miR-34a expression in intestinal mucosa between moderate and severe UC.

UC - ulcerative colitis, ROC - receiver operating characteristic, AUC - Area Under Curve, all p-value for prediction accuracy.
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significantly increased expressions of miR-34a in com-
pared to those with mild UC (5.31 + 0.86 vs. 4.72 +
0.98, p < 0.001) (Figure 1B). As shown in Figure 1C, a
positive association was established between the se-
rum miR-34a expression and the Mayo scores observ-
ed in UC patients (r = 0.592, p < 0.001).

Intestinal mucosa miR-34a expression was elevated
in affected tissues

The expression level of miR-34a in intestinal mucosa
affected tissue was much higher in contrast to that of the
adjacent non-affected tissue with statistical significance
(5.75 £ 1.24 vs. 1.05 = 1.19, p < 0.001) (Figure 2A).
Besides, patients with severe UC showed significantly
higher miR-34a expressions in intestinal mucosa com-
pared to moderate UC (6.60 + 1.02 vs. 5.81 + 1.09, p <
0.001) (Figure 2B). Patients with moderate UC showed
significantly increased expressions of miR-34a in com-
pared with those with mild UC (5.81 + 1.08 vs. 4.90
1.08, p < 0.001) (Figure 2B). Similar to the observa-
tions within serum, a positive correlation was also not-
ed between miR-34a expression levels within the in-
testinal mucosa and Mayo scores observed in UC pa-
tients (r = 0.587, p < 0.001) (Figure 2C). Next, ISH
with intestinal mucosa tissue microarrays showed that
miR-34a overexpression was more prominent in UC pa-
tients with severe than in moderate and mild patients
(Figure 3), indicating that dysregulation of miR-34a
may contribute to the severity of UC.

We further detected the correlation between miR-34a
expressions with I1L-23 and STAT3 mRNA. As shown
in Figure 2D and 2E, we found local miR-34a expres-
sions were significantly and positively related to IL-23
MRNA (r = 0.443, p < 0.001) as well as STAT3 mRNA
(r=0.498, p <0.001) expressions.

Diagnostic value of blood and intestinal mucosa
miR-34a in UC patients

Finally, a ROC curve analysis was conducted to evalu-
ate the diagnostic potential of miR-34a levels in both
blood and intestinal mucosa as biomarkers for UC pro-
gression. As shown in Figure 4 for mild UC vs. moder-
ate UC and moderate UC vs. severe UC, increased
blood miR-34a expression exhibited significant AUC
for both mild UC vs. moderate UC (AUC = 0.699, p =
0.009) (Figure 4A) and moderate UC vs. severe UC
(AUC = 0.744, p = 0.002) (Figure 4B). In addition, in-
creased intestinal mucosa miR-34a expression also
demonstrated significant AUC for both mild UC vs.
moderate UC (AUC = 0.740, p = 0.002) (Figure 4C)
and moderate UC vs. severe UC (AUC = 0.701, p =
0.011) (Figure 4D). These findings implicated that both
blood and intestinal mucosa miR-34a expressions might
serve as good diagnostic markers to evaluate disease de-
velopment of UC.
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DISCUSSION

It is reported that many people suffer from various dis-
eases that are tightly associated with dysregulation of
the intestinal immune system, including UC [27]. Cur-
rently, some studies have indicated abnormal miRNA
alternations in patients suffering from UC [28,29].
However, much information remains unknown regard-
ing the miRNA expression of local peripheral blood as
well as their important role in UC. In the current study,
we mainly focused on miR-34a, which is proven to be
involved in the pathogenesis of many autoimmune dis-
eases [30,31]. However, the expression of miR-34a in
peripheral blood and local intestinal mucosa of UC pa-
tients has not been reported. Here, the findings revealed
that the relative miR-34a expressions in peripheral
blood and the local intestinal mucosa of UC patients
were higher than control. Both local and blood miR-34a
expressions were correlated with disease severity, sug-
gesting a potential influence of miR-34a on the pro-
gression of UC.

Evidence has implicated the role of miR-34a across
colon diseases. For example, high levels of circulating
miR-34a are associated with colorectal cancer progres-
sion [32]. Furthermore, elevated levels of miR-34a
have been found to predict an increased risk of disease
recurrence and overall poorer survival rates in patients
with colorectal adenocarcinoma [33]. Research has
shown that resveratrol may alleviate colitis, likely due
in part to its ability to significantly decrease the ex-
pression levels of miR-34a and pro-inflammatory cy-
tokines [34].

We also found that miR-34a levels in intestinal mucosa
were positively associated with STAT3 mRNA and IL-
23 mMRNA expressions. As a member of the transcrip-
tion factor family, signal transducer and activator of
transcription (STAT) 3 mediates transmembrane sig-
naling between cell surface-bound receptors and the
intracellular nuclear machinery in response to diverse
stimuli, including peptide hormones, cytokines, and
growth factors. Numerous cytokines act as ligands for
cell surface receptors that initiate downstream signal-
ing pathways leading to the activation of STAT3 [35,
36]. Studies have demonstrated that STAT3 activation
is evident in inflamed colonic tissue obtained from pa-
tients suffering from IBD [37]. In addition, upregula-
tion of STAT3 expression in T-cells, macrophages, as
well as epithelial cells has been found to be directly
associated with the degree of histological inflamma-
tion in colonic tissue [38,39].

Genetic investigations indicate that certain IBD pa-
tients possess specific single nucleotide polymor-
phisms in the gene of IL-23 receptor (IL-23R), thereby
suggesting the impacts of IL-23R signaling on disease
susceptibility [40]. An increase in the production of
IL-23 has been observed in macrophages, dendritic
cells, and granulocytes in UC patients [41].

Several limitations existed in this study. First, as a
cross-sectional study, it was conducted exclusively
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among Chinese participants, thereby potentially limit-
ing its generalizability to other populations or ethnici-
ties. Further multicenter studies with larger samples
among different areas and countries are needed. More-
over, the causal relationship between miR-34a and UC
remains unclear. Second, only miR-34a is studied in this
study, and investigation of other miRNAs may provide
much more valuable information. Finally, further inves-
tigation is warranted to determine whether miR-34a ex-
pression is dysregulated in other forms of IBD disease
such as Crohn’s disease.

Collectively, our study revealed an obvious increase in
blood miR-34a expression levels among patients with
ulcerative colitis (UC) when compared to healthy con-
trol subjects. In UC patients, local intestinal miR-34a
expressions were markedly upregulated in comparison
with adjacent non-affected intestinal tissue. Both blood
and local miR-34a expressions may act as potential di-
agnostic and prognostic markers for UC.
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