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Abstract

This editorial highlights the limitations of preclinical models in accurately reflecting the complexity of anxiety
and depression, which leads to a lack of effective treatments for these disorders. Inconsistencies in experimen-
tal designs and methodologies can entail conflicting orinconclusive findings, while an overreliance on medi-
cation can mask underlying problems. Researchers are exploring new approaches to preclinical modeling
of negative emotional disorders, including using patient-derived cells, developing more complex animal
models, and integrating genetic and environmental factors. Advanced technologies, such as optogenetics,
chemogenetics and neuroimaging, are also being employed to improve the specificity and selectivity of pre-
clinical models. Collaboration and innovation across different disciplines and sectors are needed to address
complex societal challenges, which requires new models of funding and support that prioritize cooperation
and multidisciplinary research. By harnessing the power of technology and new ways of working, researchers
can collaborate more effectively to bring about transformative change.

Key words: depression, anxiety, PTSD, animal models, translational medicine
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Introduction

Depression and anxiety are prevalent symptoms of both
systemic diseases and mental illnesses, affecting millions
of people worldwide and significantly impacting their
quality of life.!=¢ The prevalence of these disorders re-
mains high, yet effective treatments are still unavailable.”
The limited success in developing new therapies can be
attributed, in part, to the absence of preclinical models
that adequately replicate the intricate nature of negative
emotional disorders in humans.® Understanding the fun-
damental mechanisms of negative emotional disorders,
identifying new therapeutic targets and evaluating novel
treatments depend heavily on preclinical models, which
are vital tools.”~!2 Nonetheless, current preclinical mod-
els have limitations that impede their applicability to hu-
mans. For instance, the majority of animal models used for
anxiety and depression rely on stress induction or genetic
alterations that may not accurately reflect the pathophysi-
ology of human conditions.’®

This editorial gathers insights from various experts re-
garding the current challenges and future prospects of pre-
clinical models in understanding negative emotional disor-
ders. We aim to highlight the limitations of existing models
and suggest new directions for research to improve the re-
liability and validity of preclinical models. Furthermore,
we seek to promote the use of interdisciplinary approaches
to explore the intricate mechanisms involved in the devel-
opment and maintenance of negative emotional disorders.
Ultimately, this editorial intends to stimulate new thinking
and innovative ideas to help translate the insights gained
from preclinical models into successful therapeutic inter-
ventions for these challenging disorders.

Current challenges
in preclinical modeling

The use of animal models in scientific research has been
a subject of controversy due to the ethical concerns associ-
ated with animal testing.'*!> Additionally, there is a lack
of reliable and valid animal models that can accurately
mimic human diseases and responses to drugs.!® Animal
models may exhibit different physiological and genetic
variations, which can lead to conflicting results that may
not translate to humans. This can lead to misinterpreta-
tions of research findings and ineffective or even harmful
treatments for human diseases.”’~* Therefore, it is im-
portant to continue the development of alternative test-
ing methods that are more reliable, ethical, and accurate
in predicting human responses.®2°

Inconsistent experimental designs and methodologies
present a significant challenge to scientific research. Varia-
tions in factors such as study size, duration, subject selec-
tion, measurement methods, and statistical analyses can
generate conflicting or inconclusive findings.?! To address
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this, researchers should aim to develop rigorous and stan-
dardized designs and methodologies that allow for valid
and reliable comparisons across studies. This can help
promote knowledge advancement and the development
of effective interventions.

Identifying a novel target and ensuring safety and ef-
ficacy through extensive research studies in drug design
and drug discovery are crucial prerequisites for a poten-
tial drug to proceed to clinical trials.?>=2® Nevertheless,
there has been an increasing trend towards overreliance
on pharmacological interventions for the treatment of ill-
nesses and conditions in recent years. While there is no
denying that medication can be an effective way to manage
symptoms and improve quality of life, relying too heavily
on drugs comes with its own set of risks and downsides.?
For one thing, overmedication can lead to unnecessary side
effects, including fatigue, nausea and dizziness. Addition-
ally, an overreliance on medication can sometimes mask
underlying problems that may be better addressed through
lifestyle changes, therapy or other non-pharmacological in-
terventions.?’ To ensure that patients are receiving the best
possible care, it is important to strike a balance between
medication and other forms of treatment, and to always
prioritize the least invasive approach whenever possible.3!

Behavioral and physiological measures are useful indica-
tors for analyzing human activities and responses to differ-
ent (i.e., threatening) stimuli in the environment. However,
there are several limitations to these measures that need
to be considered.?*=3* One limitation of behavioral mea-
sures is the possibility of social desirability bias, where par-
ticipants may provide answers they believe will be accepted
by others rather than their true opinions or behaviors.3¢
Moreover, physiological measures can be prone to false
readings due to the presence of environmental factors
such as noise or electromagnetic interference. Addition-
ally, physiological measures can only provide informa-
tion about the immediate physiological response and not
about long-term effects.?”-38 Furthermore, these measures
do not capture the cultural, social and emotional aspects
that influence human behavior, which may lead to biases
in the interpretation of results.?* Therefore, it is essential
to use multiple measures, including self-report data, to im-
prove the accuracy and reliability of the findings.*°

Future research directions

To overcome these challenges, researchers are exploring
new approaches to preclinical modeling that incorporate
the complexity of human negative emotional disorders.
One promising strategy is to use patient-derived cells, such
as induced pluripotent stem cells (iPSCs), to create disease-
specific models. The iPSCs can be reprogrammed from
patient cells and differentiated into various types of brain
cells, such as neurons and astrocytes, that are relevant
to negative emotional disorders.*! These patient-specific
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models have the potential to provide a more accurate
representation of human disease and enable the testing
of personalized therapies.*?

The development of novel and more complex animal
models has been a major focus of research in recent
years.®4® These models allow researchers to study various
diseases and conditions in animals that are more physi-
ologically similar to humans, providing a beneficial tool
for the production of innovative treatments and therapies,
as well as aiding in the understanding of disease progres-
sion and mechanisms. However, it is important to keep
ethical considerations in mind when utilizing animal mod-
els.** It is important to balance the potential benefits with
ethical considerations to ensure that animal welfare is not
compromised.

Integrating genetic and environmental factors is es-
sential in developing strategies to prevent and treat
diseases.?® While genetics may play a significant role
in an individual’s susceptibility to certain diseases, en-
vironmental factors, such as lifestyle, diet and exposure
to toxins, also play a crucial role in pathogenesis.*® Un-
derstanding the complex interactions between these fac-
tors could lead to personalized healthcare interventions
and more effective disease prevention and treatment.*’
For instance, researchers have found that certain genetic
variants may increase an individual’s susceptibility to cer-
tain cancers, but environmental factors such as exposure
to cigarette smoke or an unhealthy diet may further in-
crease this risk.*® Conversely, lifestyle modifications such
as a healthy diet and regular exercise can reduce the risk
of disease development, even for individuals with genetic
predispositions.*

The incorporation of translational approaches refers
to the process of moving scientific advances from labora-
tory settings to clinical applications.>® This approach aims
to improve the efficiency of drug development, minimize
the time needed to invent new therapies, and increase
the chances of successful clinical outcomes. It involves
the integration of various scientific disciplines, advances
in technology, and collaboration between academia, in-
dustry and regulatory bodies.?’ A successful translational
approach can lead to the discovery of new biomarkers,
identification of disease mechanisms, and advancement
of targeted therapies.?’ Translational approaches have been
instrumental in driving progress in modern medicine, and
their ongoing utilization is vital to ensure the creation
of safe and effective treatments for various ailments.?°

The fields of neuroscience and psychology have seen
rapid progress in recent years, thanks to the application
of new and innovative technologies. Another approach
to improving preclinical models is to use advanced
technologies, such as optogenetics and chemogenetics,
or the application of noninvasive brain stimulation (NIBS),
to manipulate specific brain circuits involved in negative
emotional behaviors.”'-** These techniques allow research-
ers to precisely target brain regions and cell types, which
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may improve the specificity and selectivity of preclinical
models. Optogenetics has allowed researchers to gain un-
precedented control over specific cells in the brain, provid-
ing a possibility to manipulate and monitor neural activity
with precision.”® Chemogenetics applies small molecules
to modulate targeted neural circuits and study their func-
tions in vivo.”® These technologies have opened up new
avenues for exploring the neural mechanisms underlying
behavior, cognition and emotion, and have the potential
to lead to new therapeutic interventions for a wide range
of neurological and psychiatric disorders.

Similarly, neuroimaging techniques such as magnetic
resonance imaging (MRI) and positron emission tomog-
raphy (PET) have allowed researchers to visualize and
quantify brain activity and structure in unprecedented
detail, shedding new light on the neural basis of complex
behaviors such as decision-making, creativity and social in-
teraction.®’-%! In addition to these technological advances,
it is crucial to consider the heterogeneity of negative emo-
tional disorders when designing preclinical models. Nega-
tive emotional disorders can manifest in different ways,
and patients may respond to treatments differently.®2-4
Therefore, preclinical models should account for this het-
erogeneity by incorporating the variability of the disease
and the patient’s characteristics. As these technologies
continue to improve and evolve, they will undoubtedly play
a crucial role in advancing our understanding of the hu-
man brain and improving our ability to diagnose and treat
brain-related disorders.

Conclusion

Preclinical models play a critical role in improving our
understanding as well as treatment of negative emotional
disorders, including anxiety, depression and stress-related
conditions. These disorders can have significant impact
on both mental and physical health.®® Preclinical models
provide a controlled environment to study the underlying
mechanisms of these disorders, identifying potential drug
targets and treatment strategies. Animal models offer in-
sight into the biological mechanisms of negative emotions
and allow researchers to develop and test new therapeu-
tic interventions.®®%” Researchers can study preclinical
models to investigate neural circuits and molecules in-
volved in emotional states, and identify changes associated
with negative emotional disorders. However, a significant
challenge in neuroscience research is creating preclinical
models that accurately replicate the complexity of negative
emotional disorders in humans. By incorporating patient-
specific cells and advanced technologies and account-
ing for disease heterogeneity, researchers can improve
the translational value of preclinical models and expedite
the creation of novel treatments. To address the complex
challenges the society is facing today, there is a growing call
for greater collaboration and innovation in research efforts,
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which are essential to tackle complex issues like climate
change, healthcare, education, and inequality. Breaking
down traditional silos and working across different dis-
ciplines and sectors can help identify new solutions and
approaches. New models of funding and support are also
needed to prioritize collaboration and multidisciplinary
research, harnessing the power of technology to drive
transformative change.
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Abstract

Background. Norepinephrine transporter inhibitors that can alter the level of neurotransmitter in the brain
are used to treat neurological disorders. However, a number of studies have reported their limited significance
as a result of their slow onset of action and moderate efficacy.

Objectives. To determine the effects of norepinephrine reuptake inhibitors (NRIs), reboxetine and atomox-
etine on schizophrenia and attention deficit hyperactivity disorder (ADHD).

Materials and methods. Relevant articles published between 2000 and 2022 were searched
in the MEDLINE, CINAHL (via Ebsco), Web of Science and Scopus databases. Among the various NRIs, studies
concerning the 2 potent drugs — reboxetine and atomoxetine — were selected for analysis. Odds ratios (ORs)
with 95% confidence intervals (95% Cls) were estimated, along with the exploration of heterogeneity and
publication bias, using RevMan software.

Results. A total of 14 eligible studies with a combined sample size of 970 patients were included. Using
arandom effects model, an OR of 0.55 (0.32—0.94), a Tau? value of 0.23, a y’ value of 12.31, 8 degrees of free-
dom (df), an I of 35%, a Z value of 2.19, and a p-value of 0.03 were recorded for reboxetine. Atomoxetine
had an OR 0f 0.35 (0.13—0.97), a Tau value of 0.58, a y’ value of 7.31, 4 df, an I of 45%, a Z value of 1.53, and
a p-value of 0.04. All results were statistically significant with a low risk of publication bias, as was evident
from the p-values >0.05 derived from the Egger’s test and the Begq's test. These drugs provided compa-
rable changes to control drugs in Hamilton Depression Rating Scale (HAM-D) scores, Positive and Negative
Syndrome Scale (PANSS) scores and ADHD ratings. This confirms the efficacy of reboxetine for the treatment
of schizophrenia and atomoxetine for the treatment of ADHD.

Conclusions. The present meta-analysis suggests that NRIs are efficacious and therefore they are potential
candidate drugs for the treatment of schizophrenia and ADHD.

Key words: schizophrenia, neurological disorders, atomoxetine, attention deficit hyperactivity disorder,
reboxetine
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Introduction

Neurological disorders, including schizophrenia, atten-
tion deficit hyperactivity disorder (ADHD), depression,
anxiety, and bipolar disorders, are very common medical
ailments reported worldwide. These disorders are mainly
associated with symptoms such as delusions, disorganized
thinking, depression, abnormal social and motor behav-
iors, and hallucinations.! Treatment of these neurological
disorders is achieved through cognitive therapy, rehabilita-
tion, psychoeducation, family therapy, behavioral therapy,
and the use of a variety of antipsychotic and anti-tremor
medicines.? Among the various medications, drugs that can
specifically alter the level of neurotransmitters in brain cells,
such as dopamine reuptake inhibitors, gamma-aminobutyric
acid reuptake inhibitors, and a variety of norepinephrine
reuptake inhibitors (NRIs) are of much use.? Norepineph-
rine reuptake inhibitors have the capacity to alter the ac-
tivity of the norepinephrine transporter, which is a solute
carrier protein that controls the movement of sodium and
chloride ions. This mechanism of NRIs is dependent upon
the reuptake of the neurotransmitters norepinephrine and
dopamine, and therefore such drugs are potential candidates
for the treatment of neurological disorders.*-°

A variety of NRI drugs, including atomoxetine, rebox-
etine, viloxazine, and edivoxetine, are currently available
for the treatment of neurological disorders (Fig. 1). Indeed,
a number of randomized controlled trials have suggested
the potential benefits of reboxetine for the treatment
of schizophrenia patients.”¢ Similarly, the potential ben-
efits of atomoxetine for the treatment of ADHD have been
reported in randomized controlled trials.”-* Salazar de
Pablo et al. reported in their meta-analysis that these dis-
orders are more prevalent in younger females.?? Meanwhile,

Neurological disorders

reuptake inhibitors
(NRlIs)

Role of norepinephrine

Tanaka et al. reported in their review article that such neu-
rological disorders arise due to neurodevelopmental de-
fects or the alteration of normal brain development during
early embryonic life.?? Such defects can be investigated us-
ing functional magnetic resonance imaging, as reported
by Nyatega et al.2* Furthermore, these developmental de-
fects led to higher levels of dissociative schizophrenia symp-
toms, as shown by Panov.?® Rog et al.?® reported in their
study that altered fatty acid metabolism was responsible
for schizophrenia, while Gaebler et al.?” demonstrated that
vitamin D deficiency was responsible, and Correia et al.?®
suggested that alterations in serum lipid levels as a major
cause of schizophrenia. Therefore, NRIs that can alter
the level of neurotransmitters are potential candidate drugs
for these neurological disorders.?>2° Additionally, De Cres-
cenzo et al. contended that pharmacotherapy using norad-
renergic agents was effective in the management of ADHD.%!

Objectives

In this study, a meta-analysis was conducted to assess
the efficacy of 2 NRI medications, reboxetine and atom-
oxetine, in the treatment of schizophrenia and ADHD,
respectively.

Materials and methods

Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) normative recommendations
were followed and the study protocol was registered
at Shandong University, Jinan, China (registration No. SU#/
IRB/2021/554).

Example of NRIs

Fig. 1. Study details
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Search strategy

This meta-analysis was based on an extensive literature
search of MEDLINE (via PubMed), CINAHL (via Ebsco),
Scopus, and Web of Science databases. Studies published
between the years 2000 and 2022 were searched using

” o«

the following keywords: “neurological disorder”, “neu-
rotransmitters”, “schizophrenia”, “systematic review”, ‘meta-
analysis”, and “norepinephrine transporter inhibitors”. All
of the included articles®-?! were assessed using the PRISMA
guidelines, and studies were selected randomly irrespec-
tive of the language, publication status or the type of study
(prospective, retrospective, clinical trial). A demographic
summary of the patients was designed, with consideration
to the variables included in the searched studies.

To assess the efficacy and safety of NRIs, as well as their
genetic variants, reboxetine and atomoxetine were selected
for analysis. Event data from the selected studies were ex-
tracted. In the selected studies, patients of different age
groups were treated with either reboxetine, atomoxetine
or control drugs, and their Hamilton Depression Rating
Scale (HAM-D) score, Positive and Negative Syndrome
Scale (PANSS) score and metabolic parameters were
observed. Statistical parameters, including diagnostic
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odds ratio (OR) with 95% confidence interval (95% CI)
and heterogeneity of data of both drugs, were calculated
with RevMan software v. 4.1 (https://training.cochrane.
org/online-learning/core-software/revman). Data for both
drugs were summarized using forest plots.

Two authors (XH and LP) scanned the relevant sources
for related studies separately. Full-text articles of the stud-
ies were collected and abstracts were only used if they
contained sufficient information for the review and meta-
analysis. Obsolete references were excluded and useful
studies were included as per the inclusion criteria. Event
data with useful variables were collected by 2 researchers
(XH and LP) independently.

Inclusion and exclusion criteria

Studies published between 2000 and 2022 that reported
on the safety and efficacy of NRIs and their genetic vari-
ants for the treatment of schizophrenic patients were in-
cluded. Mostly the full-text studies were included but some
abstracts were also taken into account if had sufficient
data, while studies with insufficient data, reporting the use
of medicines other than NRIs, and those published before
2000, were excluded (Fig. 2).

1541 studies identified from database search
982 from Scopus
559 from Medline

A 4

926 relevant studies identified
from the title and abstract review

615 excluded

(duplicate studies or irrelevant titles)

T ———
912 studies were excluded:
412 animal studies

204 non interested population

14 studies wereincluded in this systematic review

and meta-analysis

140 non interested intervention

21 case report

33 letter/response to editor

50 meta-analyses

40 systematic reviews

Incomplete information for 2 x 2 table
e

A

9 studies on reboxetine

6 double-blind, placebo-controlled study
1 randomized clinical study

1 open controlled trial

1 prospective study

A

5 studies on atomoxetine
4 randomized, placebo-controlled study
1 pilot placebo-controlled clinical trial

Fig. 2. Flow diagram for the selection of the studies based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
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Evaluation of the analytical standard

Two reviewers (XH and LP) separately evaluated
the methodological validity of the included studies and
calculated the heterogeneity of the data. Author WL was
responsible for resolving any disagreements between
the authors XH and LP. The risk of bias of all the included
studies was assessed and summarized using RevMan
software.

Sources of heterogeneity

Investigated sources of heterogeneity included the use
of full-text publication compared to abstracts, randomized
controlled trials compared to retrospective studies, age
group, number of patients, duration of treatment, scale
of analysis, and comparison of St. John’s wort with different
selective serotonin reuptake inhibitor controls.

Statistical analyses

Diagnostic ORs for both reboxetine and atomoxetine
were calculated using the DerSimonian and Laird tech-
nique. For this, a 2 x 2 table was constructed and a meta-
analysis was performed. Pooled diagnostic ORs were
then calculated with their 95% ClIs, and their respective
forest plots were designed. To investigate heterogeneity,
Tau? value, x? test, Z value, and 12 index in random bivari-
ate mode were calculated. To assess the risk of publica-
tion bias, the Deek’s funnel plot for both types of stud-
ies, using either reboxetine or atomoxetine, was designed
using MedCalc software v. 20.118 (MedCalc Software Ltd.,
Ostend, Belgium). The risk of publication bias was assessed
using Egger’s test and Begg’s test.

Results
Literature search results

A total of 1541 studies were found in different data-
bases. Among these studies, 615 were excluded after read-
ing their titles and abstracts, and 926 records were further
examined. Moreover, 912 studies were excluded as 412
were animal studies, 204 were of a population of non-
interest, 140 studies were of non-interest interventions,
21 were case reports, 33 were letters/responses to the edi-
tor, 50 were meta-analyses, 40 were systematic reviews,
and 12 were excluded due to incomplete information.
Key reasons for omission were inadequate evidence and
inappropriate comparison criteria required to create 2 x 2
tables for review. Only 14 studies were selected for final
screening and meta-analysis (Fig. 2). Of the 14 studies
included, 9 were related to the benefits of reboxetine and
5 were related to atomoxetine treatment.

X. Hu, L. Pan, W. Li. NET and schizophrenia

Demographic details of the studies included in this
meta-analysis are shown in Table 1. It describes authors
of the study, year of publication, publishing journal, type
of study, duration of study, total sample size, type and dos-
age of NRI used, control drug and its dosage, age and gen-
der of patients, test scores analyzed, number of patients
with positive outcomes, HAM-D scores, PANSS scores,
metabolic parameters of patients, and p-values indicating
statistical significance of the data. The risk of bias (Table 2)
was assessed, summarized (Fig. 3) and shown as a bar graph
(Fig. 4). Studies included in the analysis presented a low risk
of bias, as is evident from the tables and graphs.

Fourteen clinical studies with a total of 970 schizophrenia
patients were included, according to the inclusion criteria.

Blinding of outcome assessment (detection bias)

Selective reporting {reporting bias)

Ball etal 2011 [20]

®
® S S S O ®|otervias

Brunnauer et al 2008 [11)

® | @ | ® | ncomplete outcome data (attrition bias)

Freidman et al 2008 [18]

Michelson etal 2002 [17]

Muller et al 2006 [10]

Pourshams et al 2020 [21])

Poyurovsky et al 2008 [12]

Schutz etal 2001 [8]

Shafti etal 2015 [16]

Takahashi et al 2009 [19]

Usall etal 2014 [15]

Versiani etal 2002 [9]

Weizmanetal 2013 [14)

® OO0 ® S SO O ® O O ®)sindngofpaticipants and personnel (performance bias)

O 00 O SO0 O O O ®| ®,|-aocatonconcealment (selection bias)
0000066066 oo

® OSSO0 S ® S ® O ® | randomsequencegeneration (selection bias)

Yavin etal 2009 [13]

Fig. 3. Risk of bias summary
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Table 2. Risk assessment for included studies
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Fig. 4. Risk of bias graph

The included studies encompassed adult patients of differ- Meta—analysis results

ent age groups who were chosen randomly and treated with

either placebo or NRIs. In both cases, reductions in HAM- Meta-analysis of the included studies using a random
D score and PANSS score, as well as changes in metabolic effects model indicated that they had a low risk of publi-
parameters were observed. cation bias since both the Egger’s test and the Begg’s test



518 X. Hu, L. Pan, W. Li. NET and schizophrenia
Fig. 5. Funnel plot for publication bias
95% Cl — 95% confidence interval.
| N
o
E
w
o
© Publication bias
o Egger's test
S Intercept 1.2002
? 95% CI -0.9821 to 3.3826
Significance level | P = 0.2539
Begg's test
Kendall's Tau 0.3187
: Significance level | P =0.1124
100
Odds ratio
Control Reboxetine Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brunnauer et al 2008 [11) 15 20 16 20 92% 0.75[0.17,3.33) —
Muller et al 2006 [10) 8 20 10 20 116% 0.67[0.19, 2.33) —_—1
Poyurovsky et al 2009 [12) 1 16 1 17 95% 1.20[0.28,5.12) —_—1
Schutz et al 2001 [8) 1 15 12 15 7.5% 069[0.12,3.79) —t
Shatti et al 2015 [16) 6 25 19 25 11.1% 0.10(0.03,0.37) ——
Usall etal 2014 [15) 23 34 24 33 143% 0.78(0.27,2.24) —_—
Versiani et al 2002 (9] 19 37 31 38 145% 0.24 (0.08, 0.68) —
Weizman etal 2013 [14) 19 29 17 25 131% 0.89(0.29, 2.79) —_—
Yavin etal 2009 [13) 1 16 1 16  91% 1.00[0.22, 4.46) B Sa—
Total (95% CI) 212 209 100.0% 0.55[0.32, 0.94) R4
Total events 123 151
Heterogeneity: Tau®= 0.23; Chi*=12.31, df= 8 (P = 0.14); F= 35% '0 01 051 1?0 100:
Test for overall effect Z= 219 (P=0.03) Favours [Reboxetine] Favours [control]

Fig. 6. Funnel plot for reboxetine

95% Cl — 95% confidence interval; df — degrees of freedom; M-H - Mantel-Haenszel method.

Control Atomoxetine Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ball et al 2011 [20] 5 18 13 17 23.0% 0.12[0.03,0.54] —_—
Freidman et al 2008 [18] 6 10 8 10 16.8% 0.38[0.05,2.77)
Michelson et al 2002 [17) 66 85 68 85 37.8% 0.87[0.42,1.81) ——
Pourshams et al 2020 [21] 25 30 30 30 96% 0.08[0.00,1.44) ¢
Takahashi etal 2008 [19] 60 62 61 62 12.9% 0.49[0.04,5.57)
Total (95% CI) 205 204 100.0% 0.35[0.13, 0.97] Rcs—y
Total events 162 180
Heterogeneity: Tau®= 0.58; Chi*=7.31,df= 4 (P=0.12); F= 45% b 0 051 1:0 1005
Testfor overall effect Z=2.01 (P = 0.04) Favours [Atomoxetine] Favours [control]

Fig. 7. Forest plot for the odds ratio of atomoxetine

95% Cl - 95% confidence interval; df — degrees of freedom; M-H - Mantel-Haenszel method.

p-values were > 0.05. Specifically, the Egger’s test gave
a p-value of 0.25 and the Begg’s test gave a p-value of 0.11
(Fig. 5). The analysis of reboxetine resulted in an OR value
0f 0.55 (0.32-0.94), a Tau? value of 0.23, a x? value of 12.31,
8 degrees of freedom (df), I value of 35%, a Z value of 2.19,

and a p-value of 0.03 (Fig. 6). Similarly, atomoxetine pro-
duced an OR of 0.35 (0.13-0.97), with Tau? value of 0.58,
x? value of 7.31, 4 df, an I? value of 45%, a Z value of 2.01,
and a p-value of 0.04 (Fig. 7). All results were statistically
significant and heterogeneous.
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Improvement in Symptoms
(Reboxetine Vs. Control)
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Fig. 8. Improvement in symptoms with norepinephrine reuptake
inhibitors (NRIs) compared to controls

Greater efficacy and safety of the NRIs reboxetine and atom-
oxetine were demonstrated for the treatment of schizophrenia
and ADHD patients. Indeed, both drugs led to a larger change
in the evaluated test scores, including HAM-D and PANSS,
in comparison to the control drugs (Table 3 and Fig. 8).
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A statistical summary of the meta-analysis results
is shown in Table 4. The pooled OR < 1 for both drugs
suggests that they have comparable efficacy, and both have
potential use in the treatment of schizophrenia and ADHD.

Combining all results of the meta-analysis, it is clear
that reboxetine and atomoxetine are safe and as effective
as comparable drugs. Indeed, these NRIs were effective
in reducing HAM-D and PANSS scores, along with other
clinical symptoms in schizophrenia patients. In fact, they
have shown greater efficacy in comparison to control drugs
and had fewer adverse side effects. Therefore, these drugs
are a better alternative for the treatment of schizophrenia
and ADHD.

Discussion

Neurological disorders such as schizophrenia and ADHD
are serious health disorders that result in individuals be-
coming socially isolated, depressed, confused, unhappy,
less organized, and sad. If left untreated, they can lead
to more serious neurological issues such as borderline per-
sonality disorder, which can provoke suicide attempts.32-36
Studies suggest that fear conditioning, changes in the im-
mune system and metabolic changes are also responsible
for the development of these neurological disorders.3”-4°
Therefore, these disorders need to be detected in a timely
manner using various neuroimaging modalities*~%* and
should be treated using available strategies such as behav-
ioral therapy, family therapy or with anti-psychotic medi-
cations.*% Indeed, NRIs are widely applied in the treat-
ment of mental disorders.

Table 3. Comparison of norepinephrine transporter inhibitor drugs with control drugs

Evaluation of results

Study ID and year

Norepinephrine transporter

Schutz and Berk® 2001
Versiani et al.> 2002

Muller et al.'® 2006

Brunnauer et al."! 2008
Poyurovsky et al.'? 2009
Cohen-Yavin et al.”* 2009
Amrami-Weizman et al.'* 2013
Usall et al.”” 2014

Shoja Shafti et al.'® 2015

Michelson et al."” 2002
Friedman et al.'® 2008
Takahashi et al."® 2009
Ball et al° 2011

Pourshams et al.?' 2020

Reboxetine
change in the baseline PANSS score
change in the baseline PANSS score

reduction in the HAM-D score
reduction in the HAM-D score
HAM-D score
total DAS score
change in serum insulin level (microlU/mL)
change in the baseline PANSS score
reduction in the HAM-D score
Atomoxetine
reduction in the ADHD rating scale
change in the baseline PANSS score
ADHD rating scale
SAS total scores

change in the baseline PANSS score

inhibitors
158 +7.29 14.1 £5.68
52 32
12.1 483 79+71
242 £6.7 226 £6.5
1031 +3.34 10.18 +4.65
156 £11.7 134 £13.1
276 £33.37 0.83 +£13.79
73.13£10.31 72.06 £15.15
536+1.83 1.69 £6.02
128 +124 50+£104
4.7 £5.1 44 £89
384613 37 +£59.7
1.2+£17 1.1 £1.1
62.33 £9.37 52.16 £8.33

PANSS - Positive and Negative Syndrome Scale; HAM-D — Hamilton Depression Rating Scale; DAS - Depression, Anxiety and Stress score; ADHD — attention

deficit hyperactivity disorder; SAS — Social Adjustment Score.
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Table 4. Statistical summary of included studies

Odds ratio* (95% Cl)

Reboxetine: study ID and year

X. Hu, L. Pan, W. Li. NET and schizophrenia

Brunnauer et al.'’ 2008 0.75 (0.17-3.33)
Maller et al.'® 2006 0.67 (0.19-2.33)
Poyurovsky et al.'? 2009 1.20 (0.28-5.12)
Schutz and Berk® 2001 0.69 (0.12-3.79)
Shoja Shafti et al.’® 2015 0.10 (0.03-0.37)
Usall etal.”® 2014 0.78 (0.27-2.24)
Versiani et al.” 2002 0.24 (0.08-0.68)
Amrami-Weizman et al.'* 2013 0.89(0.29-2.79)
Cohen-Yavin et al.’> 2009 1.00 (0.22-4.46)
Total (95% Cl) 0.55(0.32-0.94)

Atomoxetine: study ID and year Odds ratio* (95% Cl)
Ball et al.? 2011 0.12 (0.03-0.54)
Friedman et al.'® 2008 0.38 (0.05-2.77)
Michelson et al.'” 2002 0.87 (0.42-1.81)
Pourshams et al.2' 2020 0.80 (0.00-1.44)
Takahashi et al.’® 2009 049 (0.04-5.57)
Total (95% Cl) 0.35(0.13-0.97)

#0dds ratio is calculated using the Mantel-Haenszel (M-H) method with random effects; 95% CI — 95% confidence interval.

As Maletic et al. reported in their systematic review, alpha-
adrenergic receptors play an important role in the aberrant
regulation of arousal and cognition in schizophrenia.?’
Similarly, Méki-Marttunen et al. noted the importance
of the locus coeruleus-norepinephrine system in cognition
and the pathophysiology of schizophrenia.*® A study con-
ducted by Navarra et al. reported on the potential benefits
of atomoxetine for reducing clinical symptoms in an ani-
mal model of schizophrenia.*’ Furthermore, Locher et al.
presented potential benefits of NRIs for the treatment
of these psychiatric disorders in children.>® Additionally,
Outhred et al.,>! Ruhé et al.,>? Rubia et al.,>® and Papakostas
et al.>* showed that NRIs are efficacious in the treatment
of neurological disorders.

Similar to the available literature, current systematic
review and meta-analysis also has low risk of bias of and
demonstrated that reboxetine and atomoxetine have
significant ORs and favorable statistical parameters for
the treatment of schizophrenia and ADHD. Indeed, com-
parable pooled OR values were 0.55 (0.32—0.94) for rebox-
etine and 0.35 (0.13-0.97) for atomoxetine. Both of these
values are significant as they are less than 1. The results
were heterogeneous and significant (p < 0.05) and there
was a low risk of publication bias. These results are predic-
tive of the potential benefits of atomoxetine and reboxetine
for the treatment of neurological disorders and favor their
use as beneficial drug candidates.

Limitations

Limitations of the present study include the variabil-
ity of NRIs and control drugs used for the treatment
of schizophrenia and ADHD patients. Also, the calcula-
tion of different scores including HAM-D scores, PANSS
scores and metabolic parameters, using varying analytical
tests performed by different persons, increased the risk
of false-negative results. Furthermore, the data could be
impacted to some extent by the fact that several analyzed
studies did not report on the comparable efficacy of NRIs
with conventional drugs. Data from other relevant studies

on the efficacy of NRIs for the treatment of schizophrenia
and ADHD could have also included more results to guide
the use of NRIs more precisely. Additionally, detailed data
on patient’s case history, physical examination, social
well-being, and pathological tests would make the results
of the studies more useful in planning the treatment.

Conclusions

For the treatment of neurological disorders such
as schizophrenia and ADHD, various medications that
can block the activity of selective neurotransmitters are
currently in use. The current study was designed to con-
duct a meta-analysis on the efficacy of the NRIs rebox-
etine and atomoxetine for the treatment of schizophrenia
and ADHD, respectively. On the basis of the statistically
significant findings and alleviation clinical symptoms
in patients with the use of these drugs, we recommend
the use of these NRIs for the treatment of these medical
disorders.
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Abstract

Background. One of the most significant advancements in nursing technology for cancer patients has been
the development of implantable port catheters and peripherally inserted central venous catheters. They create
an essential, dependable route for subjects to receive chemotherapy, long-term infusions and nutritional care,
and provide a site for reqular blood draws.

Objectives. We performed a meta-analysis to evaluate the complications of implanted port catheters and
peripherally inserted central catheters in chemotherapy-treated cancer patients.

Materials and methods. A systematic literature search up to April 2022 was performed and a total
of 11,801 articles have been retrieved. Of these, 5017 concerned peripherally inserted central catheters
and 6784 implanted port catheters to administer chemotherapy. Odds ratios (ORs) and mean differences
(MDs) with 95% confidence intervals (95% Cls) were calculated to assess the complications of implanted
port catheters and peripherally inserted central catheters in chemotherapy-treated cancer patients using
dichotomous and contentious methods with random- or fixed-effects models.

Results. Peripherally inserted central catheters had significantly higher incidence of occlusion complications
(OR: 543, 95% (I: 346—8.52, p < 0.001), longer durations of local infection (OR: 2.94, 95% (I: 2.17-4.00,
p < 0.001), higher incidence of catheter-related infection (OR: 2.13, 95% (I: 1.19-3.83, p=0.01), higher rate
of malposition (OR: 6.46, 95% (l: 2.93—14.27, p < 0.001), higher rates of catheter-related thrombosis (OR:
2.71,95% (1: 1.90-3.87, p < 0.001), higherincidence of phlebitis complications (OR: 6.67,95% CI: 2.94-15.11,
p < 0.001), higher incidence of accidental removal (OR: 3.38, 95% (I: 1.97-5.81, p < 0.001), and a shorter
catheterlifespan (MD: —233.16, 95% (I: —449.52——16.80, p = 0.03) in subjects undergoing chemotherapy
compared to those in whom implanted port catheters were used.

Conclusions. Implantable port catheter has advantages over peripherally inserted central catheter in de-
creasing cancer patients” complications. The outcomes provide evidence for practitioners to select which
type of central venous catheters is better for cancer chemotherapy subject.

Key words: cancer treatment using chemotherapy, malposition complications, catheter-related thrombosis,
peripherally inserted central catheters
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Introduction

The 2" most common cause of death worldwide is cancer.
In China, more than 6 million new cancer cases are diag-
nosed each year. It is anticipated that the number of can-
cer patients is going to increase as the environmental and
lifestyle factors change. Chemotherapy is frequently used
in cancer treatment and can increase the survival times
of patients suffering from metastatic cancers.! Many che-
motherapy agents are administered intravenously and
can cause harm to peripheral blood vessels. Central ve-
nous access is preferred over peripheral vascular access
because recurrent venipunctures can cause discomfort
for patients.? In cancer patients receiving chemotherapy,
central venous access offers a higher level of security and
comfort. The 2 most common infusion routes for chemo-
therapy are peripherally inserted central venous catheters
and implanted port catheters.® Peripherally inserted central
venous catheters, which are central venous catheters placed
in the brachial, basilic or cephalic veins, were first developed
in the 1970s. In the 1980s, implanted port catheters were de-
veloped. These are inserted into the subclavian vein to serve
as a port for intravenous access without the use of external
catheter lines. One of the most significant developments
in nursing technology for cancer patients has been the de-
velopment of implanted port catheters and peripherally
inserted central venous catheters. They create an essen-
tial, dependable path for patients to receive chemotherapy,
long-term infusions and nutritional care, and provide a site
for regular blood draws. As a result, nurses frequently ask
about the comparative risks and benefits of these 2 options.?
Patient safety and increasing cost awareness are major
concerns in healthcare. Therefore, research is frequently
centered on comparing the safety of these 2 popular in-
fusion catheters.* Medical decision-makers require more
data to thoroughly assess the risks and financial advantages
of these 2 types of medical equipment. However, the pref-
erence for central venous catheter in terms of safety is not
supported by any solid or definitive research. The extent
to which these 2 catheters are used differs by nation, with
doctors more likely to advise subjects to have a peripherally
inserted central venous catheter. The reason for their popu-
larity may be their non-inferior complication rates as com-
pared to the implanted port catheters, and the fact that
they are less expensive to implant than the implanted port
catheters.® However, research has indicated that the long-
term maintenance expenses of peripherally inserted cen-
tral venous catheters may be even higher than those of im-
planted port catheters.® According to one study, peripherally
inserted central venous catheters have a higher incidence
of complications than implanted port catheters (32.8%).”
However, in another observational study, complications dur-
ing 106 intravenous catheterizations were equally common
using both techniques.® Occlusion, infection, malposition,
catheter breakage, catheter-associated thrombosis, extrava-
sation, phlebitis, pneumothorax, and inadvertent removal
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rates are the most frequent catheter-related problems occur-
ing in consequence of using peripherally implanted central
venous catheters and implanted port catheters.’

Objectives

There is a dearth of information to help doctors and pa-
tients decide which catheters are the best choice in a given
situation. To improve clinical decision-making, this meta-
analysis compares the complications of implanted port
catheters and peripherally inserted central catheters
in chemotherapy-treated cancer patients.

Materials and methods
Information sources

The main goals of the current meta-analysis were to eval-
uate the effect of complications for implanted port cath-
eters and peripherally inserted central catheters in che-
motherapy-treated cancer patients. All included studies
were conducted in humans. Study size or language had
no bearing on inclusion. Review articles, comments and
research that failed to provide a measure of the association
were all excluded from the study. Figure 1 depicts a flow-
chart of our study. When the following inclusion criteria
were satisfied, the publications were included in the meta-
analysis. The meta-analysis encompassed studies:

1. Performed as either a prospective, observational, ran-
domized controlled, or retrospective study;

records identified records identified
through database search through other sources
(n=1765) (n=0)

after duplications removal

(n=956)

records excluded
(n=856)

full text evaluated
(n=100)

full text excluded because
not related to the study
inclusion criteria
(n=72)

studies included
in the meta-analysis
(n=28)

[ inclusion ] [ eligibility ] [ screening ] [identification]

Fig. 1. Flowchart of the study process
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Table 1. Search strategy for each database

Database | Search strategy
#1 ‘“cancer using chemotherapy” [MeSH terms] OR “peripherally placed central catheters” [all fields] OR “occlusion complications” [all
fields] OR “catheter-related thrombosis” [all fields]
PubMed #2 “implanted port catheters” [MeSH terms] OR “cancer using chemotherapy” [all fields] OR “catheter-related thrombosis” [all fields]
OR “occlusion complications” [all fields] OR “malposition complications” [all fields]
#3 #1 AND #2
#1 ‘"cancer using chemotherapy”/exp OR “peripherally placed central catheters”/exp OR “occlusion complications’/exp OR “catheter-
related thrombosis”
Embase #2 "implanted port catheters"/exp OR “occlusion complications”/exp OR “malposition complications’/exp OR “catheter-related
thrombosis”
#3 #1 AND #2

kw (word variations have been searched)

#3 #1 AND #2

#1 ‘“cancer using chemotherapy: ti, ab, kw [OR] “peripherally placed central catheters”: ti, ab, kw OR “occlusion complications”: ti, ab,

Cochrane Library #2 ‘catheter-related thrombosis”: ti, ab, kw OR “implanted port catheters": ti, ab, kw OR “occlusion complications”: ti, ab, kw OR
“malposition complications”: ti, ab, kw OR “catheter-related thrombosis”: ti, ab, kw (word variations have been searched)

MeSH - medical subject headings; ti, ab, kw — terms in the title, abstract or keyword field; exp — exploded indexing term.

2. Enrolling chemotherapy-treated cancer patients;

3. Relying on implanted port catheters and peripherally
inserted central catheters for the intervention regimen;

4. Comparing implanted port catheters to peripherally
inserted central catheters.

Studies that did not examine the effects of peripher-
ally inserted central catheters and implanted port cath-
eters in cancer patients receiving chemotherapy, research
on patients treated without implanted port catheters or pe-
ripherally inserted central catheters, and studies where
the significance of comparing the 2 outcomes was not
emphasized were excluded.

Search strategy

According to the PICOS concept,'%!! a protocol of search
techniques was created and defined as follows: P (popula-
tion): chemotherapy-treated cancer patients; I (interven-
tion/exposure): peripherally inserted central catheters and
implanted port catheters; C (comparison): peripherally
inserted central catheters compared to implanted port
catheters; O (outcome): occlusion complications, duration
of local infections at puncture sites, catheter-related in-
fection, complications of malpositioning, catheter-related
thrombosis, phlebitis complications, accidental removal,
and catheter lifespan; S (study design): no restriction.!?

First, we carried out a thorough search of Ovid, Embase,
Cochrane Library, PubMed, and Google Scholar databases
up until March 2022 using a combination of keywords and
related terms for cancer such as: chemotherapy, peripher-
ally inserted central catheters, implanted port catheters,
malposition complications, catheter-related thrombosis,
occlusion complications, length of local infection, phlebitis
complications, accidental removal, and catheter lifespan,
as shown in Table 1. To exclude studies that did not docu-
ment a relationship between peripherally inserted cen-
tral catheters and implanted port catheters, all recruited

studies were compiled into an EndNote (Clarivate, London,
UK) file, duplicates were eliminated, and the titles and
abstracts were checked and reviewed.

Data collection process

The data were condensed based on the following criteria:
study- and subject-related characteristics in a standardized
form, first author’s last name, study period, publication
year, country, region, population type, clinical and treat-
ment characteristics, categories, qualitative and quantita-
tive methods of evaluation, information source, outcome
evaluation, and statistical analysis.!?

Data items

When there were varying results from a single study
on the impact of complications of peripherally inserted
central catheters and implanted port catheters on chemo-
therapy-treated cancer patients, the data were collected
separately.

Study risk of bias assessment

The 2 authors separately examined the methodological
quality of the selected research to determine the likeli-
hood of bias in the individual studies. The methodological
quality was evaluated using the “risk of bias” instrument
from the Cochrane Handbook for Systematic Reviews
of Interventions v. 5.1.0.* Each study was graded accord-
ing to the evaluation criteria and classified based on one
of the 3 risk levels of bias: low — all quality criteria were
satisfied; moderate — one or more quality criteria were
partially satisfied or unclear; or high — one or more
of the criteria were not met or not included. Reevalua-
tions of the original articles were performed to fix any
inconsistencies.
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Effect measures

Sensitivity studies were performed on studies that re-
ported and examined the influence of peripherally inserted
central catheters compared to implanted port catheters.
The comparisons between peripherally inserted central
catheters and implanted port catheters were used for sen-
sitivity and subclass analyses.

Synthesis methods

The current meta-analysis used a random- or fixed-
effect model with dichotomous techniques to compute
the odds ratio (OR) and mean difference (MD), with a 95%
confidence interval (95% CI). An I? index ranging from
0 to 100% was calculated. Values of around 0%, 25%, 50%,
and 75% showed no, low, moderate, and high heterogene-
ity, respectively.!® A random effect was considered if the 12
index was 50% or higher. If the I2 index was less than 50%,
the likelihood of employing fixed influences increased.’®
However, additional characteristics that show a high de-
gree of similarity between the included studies were ana-
lyzed to confirm the employment of the correct model.
By stratifying the initial evaluation on the previously
mentioned outcome categories, a subcategory analysis
was completed. For the current analysis, the statistical
significance for the differences between subcategories was
defined as a p-value of 0.05.

Reporting bias assessment

The publication bias was assessed qualitatively and
quantitatively using funnel plots of the logarithms of ORs
compared to their standard errors (SEs) and the Egger’s
regression test (the publication bias was considered present
if the p-value was 0.05).1!

Certainty assessment

Two-tailed tests were used to calculate all p-values.
The Reviewer Manager v. 5.3 was used to provide the sta-
tistical analyses and graphs (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).

Results

Out of the 1765 relevant studies, a total of 28 articles
published between 2010 and 2022 matched our inclusion
criteria and were included in the meta-analysis.*16-42
Table 2 displays the data from these research studies.
The chosen studies encompassed 11,801 chemotherapy-
treated cancer patients. Of these, 5017 were using pe-
ripherally inserted central catheters and 6784 were using
implanted port catheters. At the commencement of this
meta-analysis, there were 392,970 examined individuals
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in total. Sixteen studies presented data grouped according
to the occlusion complications, 11 presented data grouped
according to the duration of local infections at the punc-
ture sites, 18 according to the catheter-related infections,
7 according to malposition complications, 17 according
to catheter-related thrombosis, 8 according to phlebitis
complications, 9 according to accidental removal, and 5 ac-
cording to catheter lifespan.

Peripherally inserted central catheters had a significantly
higher risk of occlusion complications (OR: 5.43, 95% CI:
3.46-8.52, p < 0.001) with low heterogeneity (I? = 31%),
a longer duration of local infections at the puncture sites
(OR:2.94, 95% CI: 2.17-4.00, p < 0.001) with low heteroge-
neity (I? = 49%), higher incidence of catheter-related infec-
tions (OR: 2.13,95% CI: 1.19-3.83, p = 0.01) with moderate
heterogeneity (I> = 57%), higher incidence of malposition
complications (OR: 6.46, 95% CI: 2.93-14.27, p < 0.001)
with no heterogeneity (I> = 4%), higher rates of catheter-
related thrombosis (OR: 2.71, 95% CI: 1.90-3.87, p < 0.001)
with moderate heterogeneity (I = 35%), higher incidence
of phlebitis complications (OR: 6.67, 95% CI: 2.94-15.11,
p < 0.001) with low heterogeneity (I = 25%), higher inci-
dence of accidental removal (OR: 3.38, 95% CI: 1.97-5.81,
p < 0.001) with no heterogeneity (I> = 0%), and shorter
catheter lifespans (MD: —233.16, 95% CI: -449.52 — -16.80,
p = 0.03) with high heterogeneity (I> = 100%) compared
to implanted port catheters, as shown in Fig. 2-9.

Due to the limited data published for these variables,
it was not possible to adjust for individual factors such
as gender, age and ethnicity in stratified models to explore
the impact of these factors on comparison outcomes. Visual
inspection of funnel plots and quantitative measures using
the Egger’s regression test revealed no evidence of pub-
lication bias (p = 0.89). However, it was discovered that
the majority of the included randomized controlled trials
were of poor methodological quality, had no bias in selec-
tive reporting and included rather sparse outcome data.

Discussion

This meta-analysis included 11,801 chemotherapy-
treated cancer patients. Of these, 5017 were using peripher-
ally inserted central catheters and 6784 had implanted port
catheters.*'°~42 Peripherally inserted central catheters had
significantly higher incidence of occlusion complications,
longer duration of local infections at puncture sites, higher
incidence of catheter-related infections, higher incidence
of malposition complications, higher incidence of catheter-
related thrombosis, higher incidence of phlebitis complica-
tions, higher incidence of accidental removals, and shorter
catheter lifespans compared to implanted port catheters.

A total of 28 cohort studies with more than 10,000 che-
motherapy-treated cancer patients studied were included
in this study. Practitioners should choose the appropriate
type of catheter based on the subject’s physical conditions,
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Table 2. Characteristics of the studies selected for the meta-analysis

Peripherally inserted Implantable port

(eltiE97 central catheters catheters
Rotzinger et al. 20174 Switzerland 2568 791 1777
Revel-Vilk et al. 2010'® Israel 314 188 126
Kim et al. 2010'7 South Korea 96 24 72
Jainetal. 20138 India 123 98 25
Patel et al. 2014'° Australia 70 36 34
Viart et al. 2015% France 123 98 25
Bratton et al. 2014%' USA 144 34 110
Liu 201772 China 298 120 178
Martella et al. 2015% Italy 102 45 57
Coady et al. 2015 UK 39 9 30
Wang 2016% China 110 60 50
Lefebvre et al. 20162 France 448 158 290
Verboom et al. 2017% Netherlands 112 10 102
Fang et al. 2017% China 105 60 45
Lu 20172 China 550 214 336
Tang 2014%° China 2970 1509 1461
Vashi et al. 2017°' USA 202 191 11
Taxbro et al. 2019* Sweden 369 201 168
Clemons et al. 2020°° Canada 48 25 23
Yin and Li 20203 China 763 65 698
Clatot et al. 2020% France 253 126 127
Wang et al. 20223¢ China 276 138 138
Burbridge et al. 2021°7 Canada 101 50 51
Yun and Yang 20213 South Korea 467 185 282
Comas et al. 2022% Spain 525 292 233
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Fig. 2. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on occlusion complications

df — degrees of freedom; 95% Cl — 95% confidence interval.
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Fig. 3. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on the length of local infections at puncture sites

df - degrees of freedom; 95% CI — 95% confidence interval.

Peripherally inserted central catheters  Implantable port catheters Qdds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Patel, 2014 0 36 1 34 2.6% 0.31[0.01, 7.77] 2014
Bratton, 2014 4 34 3 110 6.7% 4.76[1.01,22.42) 2014
Martella, 2015 2 45 2 57 5.1% 1.28[0.17, 9.45) 2015 —
Coady, 2015 0 9 0 30 Not estimable 2015
Wang, 2016 7 60 1 50 4.7% 6.47 [0.77,54.51] 2016 s
Fang, 2017 2 60 0 45 2.8% 3.89(0.18,83.02) 2017 —
Liu, 2017 5 120 1 178 4.7% 7.70[0.89,66.72) 2017 =
Verhoom, 2017 3 10 9 102 6.9% 4.43[0.97,20.16) 2017 =
Taxbro, 2019 4 201 16 168 8.7% 0.19 [0.06, 0.59] 2019 T
Clatot, 2020 4 126 2 127 6.1% 2.05(0.37,11.39 2020 ] B
Clemons, 2020 2 25 3 23 5.5% 0.58 [0.09, 3.83] 2020 e ]
Yin, 2020 1 65 2 698 4.0% 5.44 [0.49,60.79) 2020 e
Yun, 2021 19 185 1" 282 10.4% 2.82[1.31, 6.07] 2021 5
Wang, 2021 0 138 1 138 2.6% 0.33[0.01, 8.19] 2021 —
Pénichoux, 2022 22 213 8 266  10.1% 3.71[1.62, 8.52) 2022 =
McKeown, 2022 2 29 2 2 5.0% 0.70 [0.09, 5.44] 2022 e E
Comas, 2022 29 292 12 233 10.8% 2.03[1.01, 4.07] 2022 [
Zhang, 2022 21 48 0 48 3.2%  75.84[4.42, 1301.40] 2022 e
Total (95% CI) 1696 2610 100.0% 2.13[1.19, 3.83] <
Total events 127 74
Heterogeneity: Tau®= 0.70; Chi*= 37.09, df= 16 (P = 0.002); F=57% ; + + J
Test for overall effect: Z=2.54 (P = 0.01) 0:001 . 10 1000
Fig. 4. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on catheter-related infections
df — degrees of freedom; 95% CI — 95% confidence interval.
Peripherally inserted central catheters  Implantable port catheters Qdds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year MH, Fixed, 95% CI
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Test for overall effect: Z = 4.62 (P < 0.00001)

Fig. 5. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on malposition complications

df — degrees of freedom; 95% Cl — 95% confidence interval.

the catheter lifespan, the incidence of complications, and
other criteria.’” The shorter lifespan of the peripherally
inserted central venous catheters compared to implant-
able port catheters may have been the result of higher
complication rates associated with peripherally inserted
central venous catheters and the higher unintentional
removal rate.®3 A peripherally implanted central venous
catheter can be left in place for several months (even

for a year), as stated in the Infusion Therapy Standards
of Practice from 2021.** However, numerous studies have
demonstrated that if nurses adhere to maintenance prac-
tices, an implanted port catheter can be utilized for sev-
eral years.*> Additionally, the use of an implanted port
catheter spares subjects receiving treatment for longer
than a year the discomfort brought on by frequent punc-
tures. When comparing peripherally implanted central
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Fig. 6. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on rates of catheter-related thrombosis
df — degrees of freedom; 95% CI - 95% confidence interval.
Peripherally inserted central catheters  Implantable port catheters Qdds Ratio 0Odds Ratio
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Fig. 7. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on phlebitis
df — degrees of freedom; 95% Cl — 95% confidence interval.
Peripherally inserted central catheters  Implantable port catheters Qdds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
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Fig. 8. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on accidental removal rates

df — degrees of freedom; 95% Cl — 95% confidence interval.
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Fig. 9. Forest plot of peripherally inserted central catheters compared to implanted port catheters influence on a catheter’s lifespan

df — degrees of freedom; 95% Cl — 95% confidence interval; SD — standard deviation.



530

venous catheters to implantable port catheters, the over-
all incidence of all 7 problems considered in this study
was higher. The risk of thrombosis and vessel or line ob-
struction was increased by the presence of cancer and
the chemotherapy agents administered through the cen-
tral venous catheters.*® This meta-analysis showed that
implanted port catheters had a lower incidence of cen-
tral venous catheter thrombosis and occlusion compared
to peripherally inserted catheters. Similar findings were
reported in a another systematic evaluation of risk vari-
ables for catheter-related thrombosis in cancer patients.*’
Possible explanations include the fact that peripherally
inserted central venous catheter subjects require a longer
length of catheter for vessel entry, whereas the shorter
path of implantable port catheters causes comparatively
minor stimulation to the vessel walls as it enters the blood
vessels. The mechanical stimulus to the vascular endo-
thelial cells of a foreign substance may encourage the ac-
tivation of thrombotic factors, leading to vessel blockage.
Moreover, this study demonstrated that compared to cen-
tral venous catheters implanted peripherally, the inci-
dence of implantable port catheter malposition, extravasa-
tion, phlebitis, and unintentional removal was decreased.
The implantable port catheter base, which is anchored
to the chest wall, might offer a more stable access point
that is seldom influenced by upper limb movements.
On the other hand, the insertion point for a peripherally
implanted central venous catheter is frequently in the arm
and is more likely to migrate with vigorous exercise, up-
per limb activity or even everyday mobility. According
to our subgroup analysis findings, the incidence of pe-
ripherally inserted central venous catheter infections was
higher compared to implantable port catheters. Accord-
ing to the research by Bouza et al., the skin (65%) and
catheter or catheter joints (30%) are the most common
entry points for infections (15%).*® A peripherally inserted
central venous catheter has an external section through
which skin microbes may migrate into the blood, or more
importantly, the subcutaneous areas, raising the possibil-
ity of infection. In contrast, the puncture seat and cath-
eter of the implantable port catheters are implanted com-
pletely under the skin, without any portion of the device
exposed. Additionally, difficulties with peripherally im-
planted central venous catheters seem to be more severe
than those with implanted port catheters, which results
in higher treatment expenditures. Therefore, it is easy
to understand why implanted port catheters have lower
long-term costs than those of peripherally inserted central
venous catheters, which is consistent with the findings
of a cost analysis conducted by Patel et al.l’

This meta-analysis demonstrates how peripherally posi-
tioned central catheters and implanted port catheter prob-
lems can affect chemotherapy-treated cancer patients.#~5
Further research is still required to clarify these potential
complications as well as to assess the impact of peripher-
ally positioned central catheters compared to implanted

Y. Sun, X. Wu. Catheters in cancer using chemotherapy

port catheters on the outcomes under investigation. Larger,
more homogeneous samples are required for such research
studies. These conclusions were also reported in a previ-
ous study, which used a similar meta-analysis method and
revealed similarly encouraging results for peripherally in-
serted central catheters in terms of lowering puncture site
infections and alleviating occlusion consequences.>>~%2
Since our meta-analysis was unable to determine whether
differences in age and ethnicity are related to the results,
well-conducted randomized controlled trials are required
to evaluate these factors as well as the effect of different
gender, age, ethnicity, and other variables.

Limitations

Since so many papers were not included in the meta-
analysis, there might have been a selection bias. How-
ever, the excluded papers did not meet the requirements
for inclusion in our meta-analysis. The sample size for
6 of the 28 chosen papers was less than 100. Additionally,
we were unable to determine whether or not the outcomes
were influenced by age and ethnicity. The study was under-
taken to evaluate the impact of complications associated
with peripherally inserted central catheters and implanted
port catheters on chemotherapy-treated cancer patients.
Data from the studies used may have introduced bias due
to missing or incorrect information. The respondents’ nu-
tritional status, as well as the characteristics of age, sex and
gender were all potential sources of bias.

Conclusions

Peripherally inserted central catheters had significantly
higher incidence of occlusion complications, longer dura-
tions of local infections at puncture sites, higher incidence
of catheter-related infection, higher malposition complica-
tions, higher rates of catheter-related thrombosis, higher
incidence of phlebitis complications, higher accidental
removals, and shorter catheter lifespans compared to im-
planted port catheters. The small sample size of 6 stud-
ies in the meta-analysis and the small number of studies
evaluating many of the comparisons require care when
analyzing the results.
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Abstract

Background. Anterior cruciate ligament injury (ACLI) is a common sports injury of the knee joint, and
ACLI patients often develop early knee osteoarthritis (KOA) after surgery. This may be due to the activation
of a post-surgical inflammatory response.

Objectives. To investigate the treatment efficacy of arthroscopic anterior cruciate ligament reconstruction
(AACLR) combined with sodium hyaluronate (SH) in ACLI patients with and without KOA.

Materials and methods. This prospective cohort study included 226 ACLI patients with or without KOA who
were admitted between July 2015 and December 2018 into The Second Xiangya Hospital, Changsha, China.
Al patients received AACLR surgery combined with 50 mg SH. Serum levels of inflammatory markers were
evaluated with enzyme-linked immunosorbent assay (ELISA), and knees were assessed using the Lysholm
Knee Score and the International Knee Documentation Committee Knee Evaluation Form (IKDC). The range
of motion of the knee joint was also measured.

Results. The mean disease course was 73.39 £30.90 months for ACLI patients with KOA, which was sig-
nificantly longer than for those without KOA (3.74 +1.70 months). Also, surgery duration was remarkably
longer for patients with KOA than it was for those without this disease. The Lysholm Knee Score and IKDC
score, as well as the range of knee joint motion were significantly improved in all patients after treatment
compared to baseline. However, no significant differences were found between the groups. One day, 3 days
and 7 days after surgery, significantly higher inflammatory marker levels were found in the patients with
KOA than in those without KOA.

Conclusions. The AACLR combined with SH was efficacious as it improved knee function and inflam-
mation in all patients, while patients without KOA exhibited a more rapid recovery from the post-surgical
inflammatory response.

Key words: inflammatory markers, knee osteoarthritis, sodium hyaluronate, anterior cruciate ligament
injury, arthroscopic anterior cruciate ligament reconstruction
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Background

Anterior cruciate ligament injury (ACLI) is a common
sports injury of the knee joint, and is also a frequent re-
sult of falls, traffic accidents and excessive knee flexion.!
Incidence of ACLI in the USA is reported to be more
than 120,000 cases per year.® Reconstruction surgery
is currently the preferred treatment method for ACLL*®
with arthroscopic anterior cruciate ligament reconstruc-
tion (AACLR) widely used in this regard.® Furthermore,
the number of patients receiving AACLR gradually in-
creased between 2004 and 2009.” Despite the methods
available for the treatment of ACLI, patients often develop
early knee osteoarthritis (KOA) after surgery, which may
be due to the activation of an inflammatory response.®°
Nonetheless, ACLI patients may still develop KOA if they
do not receive treatment for their injury promptly.!°

Besides AACLR, the use of sodium hyaluronate (SH)
is a clinical option for many injuries, including spinal cord
injury'! and partial-thickness rotator cuff tears.!> How-
ever, the application of SH to ACLI is not fully understood.
Moreover, studies on the use of AACLR and SH in ACLI
patients with KOA, as well as their effects on inflammatory
mediators are inadequate.

Objectives

The current study aimed to investigate the effects of AA-
CLR combined with SH in the treatment of ACLI patients
with or without KOA, with a particular focus on dynamic
changes of inflammatory markers. This research may pro-
vide more clinical evidence for the application of AACLR
and SH in ACLI patients with KOA.

Materials and methods
Patients

This prospective cohort study included 226 patients with
ACLI who were admitted between July 2015 and December
2018 into The Second Xiangya Hospital, Changsha, China.
All enrolled patients were divided into ACLI combined
with KOA (ACLI/KOA) group and ACLI without KOA
(ACLI) group, according to each patient’s diagnosis. A di-
agnosis of ACLI was confirmed using X-ray and magnetic
resonance imaging (MRI), in addition to arthroscopic as-
sessment during surgery. The KOA was diagnosed accord-
ing to the 2019 guidelines for the diagnosis and treatment
of osteoarthritis (OA) published by the Chinese Medical
Association of Orthopedic Surgeons.!? Inclusion criteria
included: 1) meeting the diagnosis criteria for ACLI and
KOA; 2) a complete rupture of the anterior cruciate liga-
ment; 3) no treatment, painkillers or anti-inflammatory
drugs in the 3 months before the study; and 4) unilateral
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ACLI The following exclusion criteria were applied: 1) cen-
tral or ipsilateral lower extremity nerve injury, varus or val-
gus deformity of the knee joint, or fracture and/or open
injury of the lower extremities; 2) bilateral ACLIL 3) inflam-
matory diseases such as ankylosing spondylitis or system
inflammation such as severe pneumonia. For ACLI pa-
tients without KOA, the inclusion and exclusion criteria
were the same as for those without ACLI/KOA, except for
a diagnosis of KOA.

Written informed consent was obtained from all pa-
tients and the study was approved by the ethics committee
of the Second Xiangya Hospital and Central South Univer-
sity, Changsha, China (approval No. CSU2015048). Institu-
tional Review Board (IRB) approval was also obtained and
the study adhered to the tenets of declaration of Helsinki.

Treatment strategy

Sample size calculation was performed using the follow-
ing formula (Equation 1):

[(te + t[.’>)s]2
3

where a — significant level,  — error probability, § — effec-
tive difference, and s — overall standard deviation.

Lysholm Knee Score after 1 week was used as the main
study outcome, with an increase of at least 6 considered
to be effective. From previous experience of the authors,
the mean Lysholm Knee Score is approx. 30-50 8 in such
patients before surgery. It was estimated based on our clini-
cal experience that 1 week after surgery the score would
be approx. 40—60 £8. Thus, the following values were used
to calculate the sample size: § = 6, s = 8, a = 0.05, and
[ = 0.10. As a result of these calculations, the minimum
sample size for the study was 113 patients per group.

All patients were consecutively enrolled in the study and
underwent the Lachman test and routine pre-operation
examination. This included whole blood tests, routine
stool and urine tests, coagulation function tests, liver and
kidney function tests, etc. All surgeries were conducted
by the same team of surgeons.

All patients received AACLR in combination with SH.
For the AACLR surgery, ACLI/KOA patients received com-
bined spinal epidural anesthesia using 5% levobupivacaine
(3 mL). A pneumatic tourniquet was prepared and the pres-
sure was maintained at 60 kPa. The arthroscope (Smith
& Nephew, Inc. Endoscopy Division, London, UK) was in-
serted from an infrapatellar medial to lateral approach, and
the anatomical structures of the meniscus, cartilage and
anterior and posterior cruciate ligament of the knee joint
were assessed. The joint cavity was cleaned and the injured
meniscus was repaired. If there was hyperplasia and steno-
sis of the intercondylar fossa, it was expanded and the hy-
perplastic synovium was excised. Autologous ipsilateral
semitendinosus and gracilis tendon were used for trans-
plantation. Briefly, a 3 cm incision was made 2 cm from
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the medial tibial tubercle, and the semitendinosus and
gracilis tendons were partly resected. The muscle tissues
attached to tendons at both ends were removed and both
ends of the tendon were knitted and sutured with antibac-
terial microthread. Then, the broken end of the anterior
cruciate ligament was excised and a plasma knife was used
to cauterize the center of the anterior cruciate ligament
between the tibia and femur. After bending the knee to 90°,
a tibial canal locator was introduced under arthroscopic
guidance, and a guide needle was inserted into the joint
through the medial incision of the tibial tubercle. The lo-
cator was removed and a tibial canal was created using
a tibial hollow drill. A femoral canal was then created us-
ing the same method. The tendon bundle was inserted
into the loop of an endobutton plate and the grafts were
pulled into the tibia and femur canals, using the trac-
tion line. After the endobutton plate was turned over and
fixed to the surface of the bone cortex through the canal,
the fixed traction line was tightened. The knee joint was
repeatedly flexed and extended 30 times under the tension
of the tendon bundle to ensure that the tendon bundle
had no entrapment or impact. The tibial end of the ten-
don bundle was fixed with screws at the outer opening
of the tibial canal under the guidance of the guide needle.
After satisfactory fixation, the articular cavity was washed
thoroughly and the skin was sutured layer by layer. The af-
fected limb was then dressed and bandaged.

All ACLI patients without KOA (ACLI group) underwent
the surgery using the same method except for the expan-
sion of the intercondylar fossa and excision of the hyper-
plastic synovium. All patients had 50 mg SH (2.5 mL/25 mg;
Shandong Boshilun Furida Pharmaceutical Company Ltd.,
Shangdong, China) injected into the knee joint cavity im-
mediately after the wound was sutured.

After surgery, the affected limbs of all patients were
raised and bandaged with an elastic bandage. All patients
received an ice compress to the affected area for 30 min
every 2 h for the 1% day. Celecoxib (0.4 g each time) (Pfizer
Pharmaceuticals LLC, New York, USA) was used if pain
affected sleeping.

During the first 3 days following surgery, patients were
asked to perform static contraction of the quadriceps femo-
ris muscle. After the first 3 days post surgery, patients were
asked to do quadriceps training. From 3 weeks following
surgery, patients could attempt to walk on crutches, and
after 2 months, they could attempt to walk normally and
perform knee hyperextension and squat training. Ath-
letic sports could be undertaken approx. 6—8 months after
surgery.

Evaluation of inflammatory mediators

Blood samples were collected from all patients before
surgery, as well as 1 day, 3 days, 7 days, 1 month, 2 months,
and 3 months post surgery. Serum levels of the inflam-
matory markers — C-reactive protein (CRP), interleukin
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(IL)-1B, IL-6, IL-10, and tumor necrosis factor alpha
(TNF-a) — were measured with enzyme-linked immuno-

sorbent assay (ELISA) using commercially available kits
(all from Abcam, Cambridge, UK).

Data collection and measurement

Patients’ demographic data including age, gender and
body mass index (BMI) were recorded. Clinical charac-
teristics including disease course, injury side, intraopera-
tive indices of surgery duration, and postoperative com-
plications, were collected. The Lysholm Knee Score and
the International Knee Documentation Committee Knee
Evaluation Form (IKDC) were examined before surgery
and 1 month, 3 months and 6 months following surgery.
The range of motion of the knee joint (the angle between
the new position of the distal bone and the proximal end
when the distal end of the joint moved towards or away
from the proximal end) was evaluated before and 6 months
after surgery.

Statistical analyses

All continuous data were normally distributed, which was
confirmed using Kolmogorov—Smirnov analysis (results
shown in Supplementary Table 1: https://doi.org/10.5281/
zenodo.7120784). Continuous data were expressed
as mean + standard deviation (M +SD). Comparisons be-
tween the 2 groups were conducted using an unpaired t-test.
For comparison of data before and after treatment, a paired t-
test was used. Rates were compared using x? test. All analyses
were performed using GraphPad Prism v. 6.0 (GraphPad Soft-
ware, San Diego, USA) and SPSS v. 18.0. (SPSS Inc., Chicago,
USA), with a statistical difference considered as p < 0.05.

Results

Basic characteristics and intraoperative
indices of all patients

Thebasic characteristics of all patients are shown in Table 1.
The mean disease course was 73.39 +£30.90 months for
the ACLI/KOA group, which was significantly longer
than the 3.74 £1.70 months for the ACLI group (p < 0.05).
Furthermore, surgery duration was remarkably longer
for the ACLI/KOA group than it was for the ACLI group
(p < 0.05). No significant differences were found for other
indices.

Comparison of Lysholm Knee Score,
IKDC score and the range of knee joint
motion between groups

The Lysholm Knee Score, IKDC score and the range
of knee joint motion were compared between the 2 groups.
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Table 1. Basic characteristics and intraoperative indices of all patients

Variables ACLI/KOA (n = 113) ACLI (n=113)

Age [years] 3523 £10.97 36.76 +£10.40 —-1.083 0.280
Sex, female (%) 41 (36.28) 39(34.51) 0.069 0.793
BMI [kg/m?] 2420 +£2.94 24.19 £3.01 0.022 0.982
Disease course (ACLI) [months] 73.39 +30.90 3.74 +£1.70 23.921 <0.001
Injury side, n (%) 0.142 0.707

left 53 (46.90) 56 (49.56) - -

right 60 (53.10) 57 (50.44) - -
Surgery duration [min] 12928 £11.78 12155 +£11.06 5.088 <0.001

Comparison was made with unpaired t-test between ACLI/KOA and ACLI group for continuous data on age, body mass index (BMI), disease course and
surgery duration. Rates (sex and injury side) were analyzed using x> test. ACLI — anterior cruciate ligament injury; KOA — knee osteoarthritis; SH — sodium

hyaluronate; AACLR - arthroscopic anterior cruciate ligament reconstruction.

Table 2. Comparison of Lysholm Knee Score, International Knee Documentation Committee Knee Evaluation Form (IKDC) score and the range of motion
of knee joint among different groups

. ACLI/KOA
Variables (h=113)
before 42.74 +£6.68 4147 +£6.35 1467 0.143
1 month 55.30 £5.80* 5557 £5.62* —-0.359 0.720
Lysholm Knee Score
3 months 64.16 £6.09* 64.55 £5.67* —0.508 0611
6 months 88.82 +£3.54* 89.13 £3.55% -0.657 0511
before 43,01 £7.02 4244 +7.24 0.603 0.547
1 months 5248 £7.37* 53.19+£7.32* -0.731 0.465
IKDC score
3 months 62.07 +6.68% 62.04 £7.20* 0.028 0.977
6 months 89.57 +4.12* 89.53 £3.94* 0.070 0.944
before 65.27 £5.86 65.53 £6.00 -0.325 0.745
Knee joint motion [°]
6 months 11540 +8.55% 115.24 £8.63* 0.136 0.892

Comparison was made with unpaired t-test between ACLI/KOA and ACLI group. *p < 0.05 compared with the baseline using paired t-test. ACLI - anterior
cruciate ligament injury; KOA — knee osteoarthritis; SH — sodium hyaluronate; AACLR - arthroscopic anterior cruciate ligament reconstruction.

No significant differences were found between the groups
before the study, while all 3 scores significantly improved
after 6 months in both groups compared to baseline scores
(p < 0.05, Table 2). However, no significant differences
were found between the ACLI/KOA and ACLI groups after
surgery.

Dynamic changes of inflammatory

Postoperative complications

Postoperative complications were compared between
the 2 groups. There was 1 case of incision infection
in the ACLI/KOA group and no complications were found
in the ACLI group (Table 3).

Table 3. Postoperative complications in different groups

markers in different groups Variables,n (%) | ACLVKOA(n=113) | ACLI(n=113)
Incision infection 0(0) 0(0)
To further investigate the effects of different surgery S
Intra-articular infection 0(0) 1(0.88)

methods, dynamic changes in inflammatory mark-
ers were evaluated. As shown in Fig. 1, before surgery,
the levels of pro-inflammatory markers (CRP, IL-1f, IL-6,
and TNF-a), as well as levels of anti-inflammatory IL-10,
were higher in ACLI/KOA patients compared to the ACLI
patients (p < 0.05). After treatment, significant differ-
ences were found 1 day, 3 days and 7 days after surgery,
with markedly higher inflammatory markers found
in ACLI/KOA patients compared to those without KOA
(p < 0.05).

ACLI - anterior cruciate ligament injury; KOA — knee osteoarthritis;
SH - sodium hyaluronate; AACLR — arthroscopic anterior cruciate ligament
reconstruction.

Discussion

Despite several studies on the application of AACLR
in the treatment of ACLI, few have focused on the effects
of AACLR on ACLI patients with KOA. In the present
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Fig. 1. Dynamic changes in the inflammatory markers C-reactive protein (CRP), interleukin (IL)-13, IL-6, and tumor necrosis factor alpha (TNF-a) in both
groups. A comparison between the 2 groups was conducted using an unpaired t-test. Data are expressed as mean + standard deviation (M £SD)

*p < 0.05 compared to anterior cruciate ligament injury/knee osteoarthritis (ACLI/KOA) group.

study, it was demonstrated that AACLR combined with
SH was efficacious in ACLI/KOA patients. Indeed, there
were improvements in the recovery of knee function and
inflammatory markers. Meanwhile, ACLI patients without
KOA experienced a more rapid recovery from the inflam-
matory response than ACLI/KOA patients.

Some studies have demonstrated a relationship be-
tween chronic ACLI and KOA. Generally, ACLI patients
have a higher risk of developing KOA, even after recon-
struction surgery. In a meta-analysis, Lie et al. demon-
strated that 10 years after ACLI, patients may develop
KOA, and that meniscectomy might be a risk factor.!*
In another study, it was found that adults developed OA
earlier than adolescents 5 and 10 years after ACLI re-
construction surgery.!> The activation of inflammation
is one of the key factors in KOA development, and in-
flammatory markers were found to be elevated in KOA
patients. In ACLI patients, it was found that levels of ma-
trix metalloproteinase-13 (MMP-13), IL-6, IL-1f, and
caspase-3 were all significantly upregulated in chon-
drocytes, especially in patients who had not undergone
reconstruction surgery.!'® A systematic review showed
that ACL patients without reconstruction had elevated
collagen turnover, and the overall inflammatory cytokine
response in synovial fluid increased in ACL patients who
had reconstruction surgery.l” However, recent research
demonstrated that 5 years after the injury, inflamma-
tory biomarkers could not predict the incidence of KOA,
which indicated that the correlation between inflam-
matory biomarkers and KOA was weak in the long term

following reconstruction surgery in ACLI patients.'® De-
spite the findings of these studies, the dynamic changes
in inflammatory markers in ACLI patients with KOA
are not clear, especially in the short term. In the current
study, ACLI/KOA patients had higher levels of inflam-
matory markers than ACLI patients without KOA, which
may be due to the influence of KOA. It was also found that
AACLR combined with SH was efficacious, as it reduced
the inflammatory response in ACLI patients regardless
of a diagnosis of KOA.

The application of AACLR to ACLI has been reported
in several investigations. Trung et al. demonstrated that
ACL reconstruction using the anterior half of the peroneus
longus muscle improved knee function in ACLI patients.'
Another study found that simultaneous AACLR and pos-
terior cruciate ligament reconstruction with hamstring
tendon autograft significantly enhanced knee function,
with a 90% satisfaction rate found in patients.?

The SH has been reported to improve the formation
of nascent neural networks in spinal cord injury,® while
another study demonstrated that both SH and MD-Knee
were effective in the treatment of KOA.?! Furthermore,
intra-articular injection of SH into the ankle was reported
to provide pain relief and to delay the need for surgery
in patients with OA of the ankle.?? However, very little
research has investigated the application of SH in the treat-
ment of ACLI. In the current study, it was found that AA-
CLR combined with SH was efficacious in both ACLI/KOA
and ACLI, which is consistent with the results of previous
studies.
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Limitations

Limitations include the small sample size, the limited
number of tested inflammatory factors and short follow-up
period. Further studies that address these limitations will
provide deeper insight into the use of AACLR combined
with SH in patients who have ACLI with or without KOA.

Conclusions

This prospective cohort study demonstrated the effi-
cacy of AACLR in combination with SH in patients with
ACLI with or without KOA. Results showed that the de-
scribed approach enhanced the recovery of knee function
and reduced the inflammatory response in both groups.
Furthermore, ACLI patients without KOA recovered more
rapidly from the inflammatory response.
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Abstract

Background. Chronic graft-versus-host disease (cGvHD) is a complex disorder that typically manifests after
allogeneic hematopoietic stem cell transplantation (HSCT). It is a major cause of non-relapse mortality, which
makes finding biomarkers associated with its occurrence a priority. Recent studies increasingly indicate that
microRNAs (miRNAs, short regulatory RNA molecules) can be used as biomarkers of various disorders. They
can dirculate in patients’ bodies encapsulated within extracellular vesicles (EVs).

Objectives. To identify miRNAs associated with the occurrence of cGvHD in EVs isolated from the plasma
of patients after allogeneic HSCT.

Materials and methods. We performed global miRNA expression profiling in a pilot cohort of 3 cGvHD
cases and 4 non-cGvHD patients without disease symptoms 90 days after the transplantation (control group).

Results. The 2 groups were naturally clustered according to their miRNA profiles using unsupervised hi-
erarchical clustering analysis. We identified 3 miRNAs that were differentially expressed in the cGvHD pa-
tients compared to the non-cGvHD patients. The levels of hsa-miR-630 and hsa-miR-374b-5p were lower
in the cGvHD patients: 4.1-fold (p = 0.002) and 2.7-fold (p = 0.044), respectively. In contrast, the levels
of hsa-miR-29¢-3p were 5.8-fold higher (p = 0.004).

Conclusions. Our results suggest that miRNA profiles from plasma EVs may act as markers of cGvHD onset.

Key words: allogeneic HSCT, extracellular vesicles, miRNA profiling, chronic GyHD
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Background

Graft-versus-host disease (GvHD) is a common compli-
cation after allogeneic hematopoietic stem cell transplan-
tation (HSCT), which is the main therapeutic procedure
for patients with hematologic malignancies, such as leu-
kemias, lymphomas and multiple myeloma. Graft-versus-
host disease is driven by the presence of donor-derived
T cells and manifests itself in one of the two forms: acute
(aGvHD) or chronic (cGvHD). Chronic graft-versus-host
disease is one of the most significant long-term compli-
cations in patients after HSCT, being the leading cause
of non-relapse mortality.! The disease significantly reduces
the quality of life for post-transplant patients and is asso-
ciated with various other comorbidities.? Since up to 50%
of patients develop ¢cGvHD following HSCT,? it is impor-
tant to identify suitable prognostic markers for the earlier
detection of the disease, particularly biomarkers that are
easily detectable in biological fluids.

Short-circulating RNA molecules, known as microR-
NAs (miRNAs), have been increasingly studied during
the last decade as potential biomarkers of various diseases.
They are small (22-25 nucleotides) non-coding molecules
that downregulate genes by binding to the 3’UTR region
of their mRNA.3 The miRNAs are present in many biologi-
cal fluids, including plasma and serum.*® They are known
to be very stable and resistant to RNases and detrimental
storage conditions. Specific changes in miRNA expression
patterns can be associated with different diseases.® Their
stability, robustness and presence in easily collected fluids,
such as plasma, have made them promising candidates for
biomarkers of disease.” The miRNAs are mostly found
either bound to protective proteins or inside extracellular
vesicles (EVs), which shield them from the environment.?

Extracellular vesicles are lipid bilayer structures of vary-
ing sizes that can transport various molecules, such
as proteins, lipids, carbohydrates, and nucleic acids, in-
cluding miRNAs.” They are released by cells to mediate
intercellular communication and can release their con-
tents into another cell by fusing with its cell membrane.
Extracellular vesicle content can differ markedly between
different body fluids. Blood EVs show slightly different
contents depending on the fluid they are harvested from
(serum or plasma).’? The impact of EVs differs depending
on the content of their cargo. However, they have been
shown to be implicated in many processes, and they may
be involved in the development of various pathological
disorders.!! Extracellular vesicles may also be involved
in the modulation of the immune response and complica-
tions arising after HSCT.!?

While many biomarkers, mostly proteins, have been
described in aGvHD, there is a need for cGvHD mark-
ers.’ Earlier studies have shown that the miRNA signature
in both serum and plasma can be a marker for aGvHD. 3!
Previous studies have also revealed that EVs can affect
the development and symptoms of cGvHD in a mouse

P. tacina et al. miRNAs from EVs in chronic GvDH

model.!® Current multiplex methods, such as NanoString
nCounter® technology, facilitate the analysis of the full
spectrum of differentially expressed miRNAs. While sets
of miRNAs differentially expressed in aGvHD are already
established,® to date, there have been no studies focusing
on miRNAs in cGvHD.

Objectives

In this study, we aimed to profile 798 highly conserved
human miRNAs in EVsisolated from the plasma of a group
of post-HSCT patients to establish a panel of miRNAs from
EVs differentially expressed in cGvHD patients.

Materials and methods

A total of 7 patients were investigated, including 4 pa-
tients without cGvHD 90 days after the transplantation
(the control group) and 3 cGvHD patients who presented
with extensive symptomatology. Their characteristics are
presented in Table 1. All patients were transplanted either
at the Department of Haematology, Blood Neoplasms and
Bone Marrow Transplantation, or the Department of Pae-
diatric Bone Marrow Transplantation, Oncology and Hae-
matology (Wroclaw Medical University, Poland). The study
was approved by Bioethics Committee of Wroclaw Medical
University, Poland on July 1, 2019 (approval No. 561/2019).
Written informed consent was obtained from the partici-
pants, and the study was performed in compliance with
the Declaration of Helsinki.

Plasma was separated from whole blood samples through
centrifugation and stored at —-80°C. Extracellular vesicles
were precipitated from 2 mL of plasma samples using
the Total Exosome Isolation Kit (Thermo Fisher Scientific,
Waltham, USA), following the supplier’s instructions. Total
RNA was isolated from the resuspended EVs using the To-
tal Exosome RNA and Protein Isolation Kit (Thermo Fisher
Scientific), following the manufacturer’s recommendations.
For further analysis, the isolated RNA samples were con-
centrated to 25 uL using Amicon Ultra-0.5 Centrifugal Fil-
ter Units (Merck Group, Darmstadt, Germany). The RNA
was quantified using a Bioanalyzer and RNA 6000 pico kit
(Agilent Technologies, Santa Clara, USA). Any variation
in RNA recovery between the samples was compensated
for by the use of NanoString endogenous controls.

The miRNA profile was analyzed in 3 pL of concentrated
total RNA samples using the nCounter® Human v3 miRNA
Expression Assay Kit (NanoString Technologies, Inc., Se-
attle, USA), following the supplier’s protocols. The code set
included 798 microRNAs, 5 mRNA housekeeping controls
(ACTB, B2M, GAPDH, RPL19, and RPLP0), 6 ligation con-
trols, 8 negative controls, and 6 positive controls.

The output raw data obtained from nCounter® miRNA
profiling were normalized using nSolver Analysis Software
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Table 1. Characteristics of patients

Patient . . Donor Transplant | Conditioning Viral infections S
No. | Diagnosis | Age | Sex | i/ iapmuD) | material regimen | 26VHD97ade | cpyemysother | <GVHD ‘ Fig. 1
1 AML 22 F HAP BM RIC | (skin) no/yes/no no non-cGvHD |
2 AML 58 F MUD PBPC RIC | (skin) no/yes/no no non-cGvHD |l
3 MDS 63 M MUD PBPC RIC no no/yes/no no non-cGvHD Il
4 PMF 56 M MUD PBPC MAC no no/yes/no no non-cGvHD IV
5 AML 61 | F MUD PBPC RIC I (skin) yes/yes/no extensive CGVHD |
lung, liver
6 | MDS/AML | 14 | F MUD PBPC RIC I (skin), IV (Qut) | no/no/no exrfk?;‘ve CGVHD Il
7 AML 18 | F SIB BM MAC Il (liver) me/eEis extensive cGVHD I
cystitis liver

AML - acute myeloid leukemia; PMF — primary myelofibrosis; MDS — myelodysplastic syndrome; F — female recipient; M — male recipient; SIB — HLA-matched
sibling donor; HAP — haploidentical family member; MUD — matched unrelated donor; BM — bone marrow; PBPC — peripheral blood progenitor cells;
RIC - reduced intensity conditioning; MAC — myeloablative conditioning; aGvHD — acute graft-versus-host disease; cGvHD — chronic graft-versus-host

disease; EBV - Epstein—Barr virus; CMV - cytomegalovirus; BKV - BK virus; * reflects sample description in Fig. 1.

v. 2.5 (NanoString Technologies, Inc.) with code set con-
tent normalization based on the top 100 miRNAs with
geometric mean and standard flagging limits. Additionally,
fold change expression differences between the groups
of patients compared in the study were calculated based
on normalized count data.

Statistical analysis was performed according to the proce-
dures designed at the Haematological Sciences Department
of Newcastle University (UK), as described by Crossland et al.
in 2017.3 In short, various R statistical packages were used
within RStudio software (RStudio, Boston, USA) in order

Color Key
to generate volcano plots (“ggplots”) and heatmaps (“glops” ~  Histog
and “RColorBrewer”) based on an unsupervised clustering 5
approach of the normalized expression counts with a Euclid- OD l I I Al I , |
ean (L2 norm) distance measure and “Complete” as the ag- 4 I 0 0.|5 1
glomeration method. Row Z-Score
Gene analysis and pathway prediction for the identified ’/;—-I-‘

miRNAs were performed based on the method described
by Lou et al.” The miRNet database (http://www.mir-
net.ca/), which uses data from 11 different databases, was
used to identify potential gene targets of miRNAs obtained
from NanoString.!® Subsequently, the target genes were
used to construct protein—protein interaction networks
in the STRING database (http://string-db.org),'® separately
for miRNAs upregulated and downregulated in cGvHD.
Hub genes were then identified using Cytoscape software
(v. 3.7.2; https://cytoscape.org/)?° and used in KEGG path-
way enrichment analysis performed in the Database for
Annotation, Visualization and Integrated Discovery (DA-
VID) (https://david.ncifcrf.gov/). %!

Results

Out of the 798 miRNAs tested, 73 had sufficiently high
levels above background after normalization in at least
2 samples and were subsequently included in a further
analysis. The unsupervised hierarchical clustering analysis

was able to separate samples according to their disease
status (cGvHD compared to non-cGvHD). Three miRNAs
were significantly differentially expressed in cGvHD
compared to non-cGvHD; miR-374b-5p and miR-630
were downregulated, while miR-29¢c-3p was upregulated
(Table 2 and Fig. 1).

Potential target genes for the 3 miRNAs were identi-
fied using miRNet. A total of 254 potential target genes
were found for upregulated hsa-miR-29¢-3p, while 76 and

hsa-miR-630

hsa-miR-374b-Sp

hsa-miR-29¢-3p

non-cGvHD

non-cGvHDI
non-cGvHDII
non-cGvHDIV

Fig. 1. Fold change in plasma levels of microRNAs (miRNAs) between
chronic graft-versus-host disease (cGvHD) and non-cGvHD patients.
Hierarchical clustering of differentially expressed miRNAs is shown based
on normalized digital expression counts
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Table 2. MicroRNAs (miRNAs) found to be differentially expressed
between patients with chronic graft-versus-host disease (cGvHD) and
non-cGvHD controls

fold change
hsa-miR-29¢-3p 5.83 0.004
hsa-miR-374b-5p —2.71 0.045
hsa-miR-630 —-4.13 0.002

234 were found for downregulated hsa-miR-630 and hsa-
miR-374b-5p, respectively (3 genes, APOL6, LRIG3 and
ATXNI, were shared between the up- and downregulated
miRNAs). The genes obtained from miRNet were then
used to construct protein—protein interaction networks
and identify their hub genes based on the degree of con-
nectivity. The 10 hub genes linked to the upregulated hsa-
miR-29¢-3p were: VEGFA, GAPDH, PTEN, JUN, MMP2,
SIRTI1,ITGB1, CDC42,COLIA2,and COLIA1. The 10 hub
genes linked to the downregulated miRNAs were: AKT1,
CCNDI, VEGFA, PPP2CA, GSK3B, SP1, SMURF2, YY1,
SNAI2, and YAPI (Fig. 2). Subsequent KEGG pathway en-
richment analysis revealed that the targets of the upregu-
lated hsa-miR-29¢c-3p were enriched in many pathways,
including those associated with focal adhesion (p < 0.001)
and leukocyte transendothelial migration (p = 0.009).
On the other hand, the targets of the downregulated miR-
NAs were enriched in pathways associated with transform-
ing growth factor beta (TGF-p) signaling (p = 0.004) and
various cancers (p < 0.05).

Discussion

In this study, we identified a set of miRNAs from
plasma EVs (hsa-miR-29¢-3p, hsa-miR-374b-5p and hsa-
miR-630) that could potentially serve as diagnostic mark-
ers of cGvHD. Due to the importance of early diagnosis,
various studies have been conducted to identify suitable
biological markers of cGvHD, with most of them focus-
ing on serum/plasma proteins. Much less is known about
potential non-protein markers. Regarding miRNAs, it has
been shown that miR-21 and the miR-17-92 cluster may be
of importance in cGvHD.?2:23

This study is the first to date to profile a wide spec-
trum of miRNAs differentially expressed in cGvHD
EVs. Earlier studies have revealed that EVs can have
a major influence on cGvHD.'>?* The miRNA profil-
ing studies have been conducted on aGvHD patients,
although they did not focus on EV-derived miRNAs.!*
While they used different sample material, there was
1 miRNA (hsa-miR-374b-5p) that was differentially ex-
pressed in these aGvHD studies and also differentially
expressed in our cGVHD EV samples;!* both were down-
regulated. Earlier studies demonstrated that miR-374b-
5p is associated mainly with nonhematological cancers,

P. tacina et al. miRNAs from EVs in chronic GvDH

COLSA2

COL3A1

CASP8
coL4at

COL4A2

¢ PDGFRB

B UBE3A

YAP1

TGFBR2 YY1

FKBP1A
RAC1 . VEGFA" "
G e

IGF1R FOXM1

RPL24

Fig. 2. Hub genes in the protein—protein interaction network. Twenty hub
genes with the highest degree of connectivity in the protein—protein
interaction networks of (A) upregulated microRNA (miRNA) target genes
and (B) downregulated miRNA target genes. Data were analyzed using
the method described by Lou et al.”

being upregulated in some and downregulated in oth-
ers.?>26 The miRNA hsa-miR-374b-5p was also shown
to modulate the type-I interferon response.?” The other
miRNA we found to be upregulated in cGvHD, miR-
630, was likewise reported to be overexpressed in some
cancers,?® while it suppressed the proliferation in oth-
ers, including the interaction with the TGF-p signaling
pathway.? Incidentally, TGF-P was found to have a major
role in the development of cGvHD.3%3! This seems to be
consistent with our results, which suggest that the miR-
NAs found to be possibly downregulated in cGvHD may
be implicated in TGF-p signaling and cancer pathways.
It is, however, not known specifically how the downregu-
lation of the aforementioned miRNAs could influence
the onset of cGVHD.
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The miRNA identified by our study as potentially up-
regulated in cGvHD, miR-29¢-3p, has also been extensively
studied in various other diseases. It was found to be down-
regulated in acute lymphoblastic leukemia.? Furthermore,
many studies determined that miR-29¢-3p suppresses
proliferation, migration and cancer cell migration.33-36
Likewise, earlier studies established migration-related
CD146 expression on T cells to be elevated in patients with
c¢GvHD.?”%8 This seems to be in accordance with the re-
sults of our analysis, which indicate that miR-29¢-3p may
be implicated in leukocyte transendothelial migration.

All the patients in the current study had prior hemato-
logical disorders of myeloid lineage, although the group was
not entirely homogeneous; most patients had either acute
myeloid leukemia or myelodysplastic syndrome, except
for 1 non-cGvHD patient who had primary myelofibrosis.
Reduced intensity conditioning was used in most patients
before transplantation, although 2 patients (1 in each stud-
ied group) were administered myeloablative conditioning.
For most patients, the transplantation was from a matched
unrelated donor. The potential impact of these differences
on miRNA profile is difficult to establish. This study com-
pared a group of 3 patients who developed cGvHD with
a group of 4 patients without cGvHD, with samples col-
lected 3 months after the transplantation. The number
of patients studied was quite low; therefore, the results
presented here should be treated with caution and are sub-
ject to validation in larger cohorts of patients. Additionally,
it should be noted that all 3 of the cGvHD patients and
2 non-cGvHD patients developed prior aGvHD symptom:s.
These symptoms indicated mild cGvHD (grade I) involving
skin in the non-cGvHD group. In the cGvHD group, 1 pa-
tient developed grade IV aGvHD in the gut, and another pa-
tient developed grade 111 aGvHD in the liver. This aGvHD
occurrence could have influenced our results, although
only miR-374b-5p was expressed similarly in our study and
in earlier non-EV aGvHD studies. The miRNAs reported
earlier as aGvHD serum EV biomarkers did not coincide
with the miRNAs detected by us as differentially expressed
in ¢cGvHD samples.” All patients except 1 were also affected
by viral infections (cytomegalovirus (CMV) and BK virus
(BKV)). Viruses are known to express their own miRNAs,*
but little is known about the impact CMV/BKYV infections
have on host miRNA profiles. Cytomegalovirus infection
is known to affect human miRNA expression in its early
stage, although a study on infants with congenital CMV
did not find any of the 3 miRNAs described in our study
to be affected .44

Limitations

This study has many shortcomings. The most important
is the low number of patients analyzed in both groups. Ad-
ditionally, there are slight differences in the characteristics
of the patients (as described in the Discussion section) that
could have had an effect on the results.
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Conclusions

This study suggests that hsa-miR-29¢-3p, hsa-miR-374b-
5p and hsa-miR-630 are differentially expressed in plasma
EVs from ¢cGvHD patients and may be considered diag-
nostic markers of this disease. However, due to the very
small cohort of patients included and the presence of other
potentially confounding factors, this should be regarded
as a preliminary study, and its results should be confirmed
on a larger group of patients.
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Abstract

Background. Acute pancreatitis (AP) is a disease that can still be fatal despite rapid advances in medicine.
The relationship between serum nesfatin-1 levels and AP s still to be fully resolved.

Objectives. To investigate the utility of serum nesfatin-1 levels in the diagnosis of AP.

Materials and methods. Twenty-four male Sprague Dawley rats were divided into control, mild pan-
creatitis and severe pancreatitis groups (n = 8/group). Acute pancreatitis was induced by cerulein injection
and the control group received saline injections. Then, the serum nesfatin-1, amylase, lipase, aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) levels were determined. A pathologist blinded
to the study scored the severity of pancreatitis.

Results. There was a considerable decrease in serum nesfatin-1 levels in parallel to the severity of pancre-
atitis, though there was no statistically significant relationship observed between pancreatitis and nesfatin-1.
In addition, there was no significant difference in AST or ALT levels among the groups. However, a strong
positive correlation between amylase and lipase levels was observed (p < 0.05). The severe pancreatitis
group (group 3) had a higher lipase level and pathology score than mild pancreatitis group (group 2), and
this difference was statistically significant.

Conclusions. Serum nesfatin-1may be used as a diagnostic and severity marker in pancreatitis in the future.

Key words: rat, acute pancreatitis, nesfatin-1
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Background

Acute pancreatitis (AP) has high mortality and morbid-
ity rates despite technological advancements in medicine.
It is caused by nonbacterial acute inflammation that can
exhibit clinical and histological remission and develops
due to activated pancreatic enzymes leaking into the pa-
renchyma and digesting the gland.? Pathological tests for
AP can return a wide spectrum of findings, ranging from
mild interstitial edema to severe hemorrhagic gangrene
and necrosis. The clinical signs of AP manifest to vari-
ous degrees and can include indefinite abdominal pain,
hypotension, fluid sequestration, metabolic disorders, and
sepsis. The mortality rate is related to the severity of pan-
creatitis and could be as high as 30—-39% in patients with
necrotizing pancreatitis.®> Currently, there is no marker
available with high sensitivity and specificity that could
predict patient progress to severe pancreatitis. Nonethe-
less, biomarker studies are still ongoing, as it is thought
that being able to predict the onset of severe pancreatitis
could reduce mortality and morbidity rates.

Adipose tissue releases cytokines such as tumor necro-
sis factor-a and interleukin-1, and is an essential mediator
of inflammation and metabolism. In addition, adipose tis-
sue releases a range of adipokines such as resistin, leptin,
visfatin, adiponectin, and the recently discovered nesfa-
tin-1.%> Oh-I et al. identified nesfatin-1 in 2006 as a sa-
tiety peptide comprising 82 amino acids found in many
hypothalamic nuclei, including the paraventricular nu-
cleus.* This adipokine has been shown to be associated
with metabolic syndrome and obesity, and several studies
have demonstrated its various functions. Indeed, studies
have shown the effects of nesfatin-1 on feeding behavior,
autonomic control of visceral functions, neuroendocrine
regulation, development and differentiation of adipose
tissue, inflammation, thermoregulation, pancreatic insu-
lin secretion, and glucose homeostasis in the liver, sleep,
attention, anxiety, and stress. Moreover, nesfatin-1 was
reported to regulate gastric emptying, gastric acid se-
cretion, gastric motility, and reproductive functions.®~
In addition, a previous study determined that serum nes-
fatin-1 levels may have diagnostic value in acute mesen-
teric ischemia.’

Objectives

This study aimed to investigate the utility of serum
nesfatin-1 levels in the diagnosis of AP and in predict-
ing severe pancreatitis, using a cerulein-induced model
of pancreatitis in rats.

A. Ferlengez et al. Nesfatin-1 levels in acute pancreatitis

Materials and methods
Animals

Male Sprague Dawley rats (n = 24) aged 4 months and
weighing between 300-350 g were acquired from Experi-
mental Animals Laboratory of Bezmialem Vakif Univesity
(Istanbul, Ttrkiye) and maintained on a standard pellet
diet. All in vivo experiments were conducted at the Ex-
perimental Animal Laboratory of Bezmialem Vakif Uni-
vesity Hospital after obtaining the approval of the Eth-
ics Committee of Bezmialem Vakif Univesity (approval
No. 2018/107).

Experimental design

Rats were divided into 3 groups (n = 8/group), includ-
ing a control group and 2 treatment groups. Surgical pro-
cedures were performed under anesthesia induced using
10 mg/kg xylazine and 50 mg/kg ketamine hydrochloride,
which were injected intramuscularly. Animals in group 1
were subcutaneously administered 5 physiological sa-
line injections at 1-hour intervals to achieve a total dose
of 50 pg/kg. Rats in group 2 were subcutaneously admin-
istered 5 cerulein injections at 1-hour intervals to achieve
a total dose of 50 pg/kg. Group 3 received a total dose
of 100 pg/kg of cerulein, which was also administered
through a series of 5 subcutaneous injections at 1-hour
intervals. Rats were decapitated 7 h after the first injec-
tion of cerulein or saline, and approx. 7-8 cm?® of blood
were drawn from each tail vein. Blood was then stored for
40 min at room temperature before further processing.

Biochemical analyses

Blood samples were centrifuged (3500 rpm, 4°C for
10 min) to facilitate serum separation. The extracted
serum was transferred to 0.5 cm? Eppendorf tubes and
delivered to the biochemistry laboratory for detection
of nesfatin-1, amylase, lipase, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT).

Histopathological examination

Laparotomy was performed by midline incision follow-
ing decapitation, and pancreatic tissue was excised for his-
topathological assessment. Specimens were placed in 10%
formaldehyde and delivered to the pathology laboratory.
Tissue sections were stained using hematoxylin and eosin
(H&E) and then investigated (Fig. 1,2). Edema, inflam-
mation, localization, and necrosis were scored between
0 and 4 using the Schonberg index.!
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Fig. 1. Macroscopic findings. a — group 1; b — group 2; ¢ - group 3.

Fig. 2. Histopathological examination (hematoxylin and eosin (H&E) staining, X100 magnification). a — group 1; b — group 2; ¢ — group 3.

Statistical analyses

Descriptive statistics were summarized with mean, me-
dian, standard deviation, frequency, minimum, maximum,
and ratio values. The distribution of variables was assessed
using the Kolmogorov—Smirnov test, and the Kruskal-
Wallis test was used to analyze independent quantita-
tive data. Pairwise comparisons were undertaken using
the Bonferroni-corrected Mann—Whitney U test. The IBM
SPSSv. 22.0 software (IBM Corp., Armonk, USA) was used
for all statistical analyses. A value of p < 0.05 was consid-
ered statistically significant.

Table 1. Biochemical and pathological results

Group 1 (n=8)

Group 2 (n=8)

Results

No rats were excluded from the study. Table 1 summa-
rizes serum nesfatin-1, amylase, lipase, AST, and ALT levels,
as well as pathology scores for all groups. The pathology
scores revealed that none of the rats in the control group ap-
peared to develop pancreatitis. However, group 2 had a mean
pathology score of 6 and all rats in this group developed mild
pancreatitis, whilst group 3 had a mean pathology score
of 9 and all rats in this group developed severe pancreatitis.

Biochemical analyses indicated no significant differ-
ences in AST, ALT or serum nesfatin-1 levels between

Group 3 (n=28)

Variables
AST [U/L] 105.5 1543 129.5 120.5 198.0
ALT [U/L] 60.8 87.8 725 67.5 90.5
Amylase [U/L] 1466 1580 1545%# 2307 3366
Lipase [U/L] 144.5 2710 204*# 2506 3872
Pathology score 0.0 1.0 .05 40 73
Serum nesfatin-1 18.5 60.2 333 194 32.1

p-value H value
151.0 137.5 1793 162.0 0.165% 3.599
775 69.5 873 80.0 0.715€ 0672
2928 2623 3515 3096.5 0.003¢ 11.661
3087 201 3905 3264.5 0.003 11415
6.5% 75 9.0 9.0 0.001¢ 14.023
256 13.1 24.8 17.8 0.106% 4487

Kruskal-Wallis (pairwise comparison was made using the Mann-Whitney U test); *statistically significant difference with group 3; *statistically significant
difference with group 2; Q1 - 1** quartile; Q3 - 3" quartile; AST - aspartate aminotransferase; ALT - alanine aminotransferase. Values in bold are statistically

significant.
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the groups. However, groups 2 and 3 had increased amylase
(p =0.003) and lipase levels (p = 0.003), and higher pathol-
ogy scores (p = 0.001) in comparison to controls. There was
no difference between groups 2 and 3 in terms of amylase
levels (p = 0.423), although group 3 did have a higher lipase
level and pathology score than group 2.

Discussion

Acute pancreatitis leads to the autodigestion of the pan-
creas, which is initiated by the activation of pancreatic
enzymes within the gland.!>!® It can also lead to sys-
temic inflammatory conditions during its progression,
in addition to localized events. Oxygen free radicals have
been shown to have a substantial role in the development
of AP,* and are known to react with various molecules.
In particular, oxygen free radicals cause the peroxidation
of membrane phospholipids, which disturbs the integrity
of the cell membrane and leads to cell death.

Data from extensive experimental studies have shown
that oxygen free radicals are produced as essential media-
tors in the pathogeneses of several types of tissue damage,
including AP. Indeed, oxygen free radicals are known to be
involved in the pathophysiology of AP in both the early
phase and during its progression 11314

Kolgazi et al. showed that intraperitoneal injection
of nesfatin-1 had anti-inflammatory effects in an acetic
acid-induced model of gastritis.!® Nesfatin-1 achieved
this effect by ensuring a balance between oxidant and
antioxidant systems, in addition to inhibiting key pro-in-
flammatory mediators. Moreover, Ozturk et al. reported
that nesfatin-1 had an anti-inflammatory effect in a model
of ischemic colitis through the inhibition of neutrophil
infiltration into tissues and the suppression of free radical
formation.® Furthermore, nesfatin-1 exhibited an antioxi-
dant effect in colitis via oxytocin and ghrelin receptors.

Ayada et al. investigated the consequence of chronic sys-
temic nesfatin-1 administration on the effectors of micro-
circulation and oxidant-antioxidant status in a rat model
of intestinal ischemia/reperfusion injury.”” They concluded
that nesfatin-1 could balance the oxidative status by de-
creasing the level of endothelial nitric oxide synthesis and
by inhibiting its production.

Gonzalez et al. reported that insulin-producing beta cells
of rats and mice co-express pronesfatin immunoreactivity.!®
Furthermore, prohormone convertases, the same enzymes
that convert proinsulin to mature insulin, cleave prones-
fatin to nesfatin-1, -2 and -3.

Considering the various roles of nesfatin-1 in varoius
models of AP, we analyzed the relationship between serum
nesfatin-1 levels and AP. It was found that rats with AP
had decreased serum nesfatin-1 levels, and this decrease
was even greater in rats with severe pancreatitis. However,
there was no statistical significance in the difference be-
tween the levels of AP and severe pancreatitis. This finding
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of decreased nesfatin-1 can be interpreted in 2 different
ways. The 15t possibilty is that nesfatin is produced by pan-
creatic tissues and has proven anti-inflammatory effects,
meaning that it may have been consumed at a higher rate
to balance the oxidative status in AP. The 2" possible in-
terpretation is that the decrease in nesfatin production
may have been lower in mild pancreatitis than in severe
pancreatitis because the latter involves greater deteriora-
tion of the pancreas.

To the best of our knowledge, only 2 studies have ex-
amined the relationship between AP and nesfatin levels.
In a study by Ulger et al., serum nesfatin-1 levels were mea-
sured on the days of admission and discharge in patients
diagnosed with AP.'* However, a comparison of the 2 time
points did not reveal any difference in nesfatin-1 levels.
In another study comprising 97 patients, Tiirkoglu et al.
compared nesfatin-1 levels between mild and severe pan-
creatitis, and found no significant intergroup difference.?
However, the study was limited by the lack of a control group.

As far as we know, this is the first study to compare
serum nesfatin-1 levels among control, mild and severe
pancreatitis groups.

Limitations

The most important limitation of the study is that it was
an animal-based study, and clinical studies are required.

Conclusions

Although there was a considerable decrease in serum
nesfatin-1 levels that paralleled the severity of pancreati-
tis, no statistically significant relationship was observed
between pancreatitis and nesfatin-1. Therefore, serum nes-
fatin-1 may be used as a diagnostic and/or severity marker
of pancreatitis in the future.
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Abstract

Background. Bone mesenchymal stem cell (BMSC)-derived exosomes (B-exos) are attractive for applications
in enabling alloantigen tolerance. An in-depth mechanistic understanding of the interaction between B-exos
and dendritic cells (DCs) could lead to novel cell-based therapies for allogeneic transplantation.

Objectives. To examine whether B-exos exert immunomodulatory effects on DC function and maturation.

Materials and methods. After mixed culture of BMSCs and DCs for 48 h, DCs from the upper layer were
collected to analyze the expression levels of surface markers and mRNAs of inflammation-related cytokines.
Then, before being collected to detect the mRNA and protein expression levels of indoleamine 2,3-dioxy-
genase (ID0), the DCs were co-cultured with B-exos. Then, the treated DCs from different groups were co-
cultured with naive (D4 T cells from the mouse spleen. The proliferation of CD4* T cells and the proportion
of (D4*(D25 Foxp3* T cells were analyzed. Finally, the skins of BALB/c mice were transplanted to the back
of (57 mice in order to establish a mouse allogeneic skin transplantation model.

Results. The co-culture of DCs with BMSCs downregulated the expression of the major histocompatibility
complex class Il (MHC-I1) and CD80/86 costimulatory molecules on DCs. Moreover, B-exos increased the ex-
pression of IDO in DCs treated with lipopolysaccharide (LPS). The proliferation of CD4*(CD25*Foxp3™* T cells
increased when cultured with B-exos-exposed DCs. Finally, mice recipients injected with B-exos-treated
DCs had significantly prolonged survival after receiving the skin allograft.

Conclusions. Taken together, these data suggest that the B-exos suppress the maturation of DCs and
increase the expression of IDO, which might shed light on the role of B-exos in inducing alloantigen tolerance.

Key words: exosomes, tolerance, bone marrow mesenchymal stem cell
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Background

Bone mesenchymal stem cells (BMSCs) have multi-
potent abilities — they can form bone, adipose and other
mesenchymal tissues.! In addition to these differentiation
capabilities, BMSCs possess immunomodulatory prop-
erties, including the ability to modulate immune cells,
such as T cells, B cells, macrophages, and dendritic cells
(DCs) in a non-major histocompatibility complex (MHC)-
restricted manner.?~* Several studies indicated that the im-
munosuppressive effect of MSCs occurs through paracrine
or cell-to-cell contact mechanisms.®

Exosomes (exos) are small membrane vesicles, of 40—
150 nm, released into the extracellular medium upon fu-
sion of late multivesicular endosomes with the plasma cell
membrane.® Accumulating evidence has suggested that
compared to BMSCs, exosomes have a stable biological
activity and a low risk of immunological rejection.”

Dendritic cells are the most potent antigen-presenting
cells (APCs) that play a prominent role in the development
of T cell immune responses.®® In contrast to the ability
of mature DCs (mDCs) to stimulate immunity, tolerogenic
DCs (tolDCs) are involved in the maintenance of immuno-
logical tolerance via T cell unresponsiveness and genera-
tion of regulatory T (Treg) cells.!® Another study showed
that MSC-exos induced immature DC (imDC) and mDC
differentiation into tolDCs with low expression levels of co-
stimulatory markers in vitro.!* However, the mechanism
underlying B-exos to induce tolDCs remains unknown.
Additionally, whether B-exos from the recipient can drive
DC differentiation into tolDCs and induce transplant im-
munotolerance is not yet clarified.

Therefore, we investigated whether B-exos exert im-
munomodulatory effects on DC maturation and function
by examining the phenotypic and functional features
of B-exos-exposed DCs in comparison to their untreated
counterparts. We also established an allogenic skin trans-
plant mice model to elucidate the mechanism underlying
B-exos-mediated immunomodulation.

Objectives

This study aimed to examine whether B-exos exert im-
munomodulatory effects on DC maturation and function.

Materials and methods
Animals

Five-week-old C57BL/6 and BALB/c mice (Animal Cen-
ter of Southern Medical University, Guangzhou, China),
weighing 25-30 g, were used as experimental animals.
All animal experiments conducted in this study were
approved by the Institutional Animal Use Committee
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of Shenzhen Hospital, Southern Medical University,
Guangzhou, China (approval No. 2021-0057), and per-
formed according to the guidelines of the Care and Use
of Laboratory Animals (Ministry of Health of the People’s
Republic of China, 1998).

Isolation and culture of BMSCs

The BMSCs were isolated from hind limb bones
of 5-week-old C57 mice as described previously,'*> and cul-
tured in minimum essential medium (MEM)-alpha growth
medium containing 10% fetal bovine serum (FBS; Gibco,
Thermo Fisher Scientific, Waltham, USA) and x100 penicil-
lin and streptomycin solution (Gibco). The cells were pas-
saged for 3—5 passages (P3-5) using 0.25% trypsin (Gibco)
at 78—80% confluency, and used to collect exosomes.

Bovine extracellular vesicle (EV)-depleted medium was
obtained by overnight ultracentrifugation of medium
supplemented with 20% FBS at 100,000 x g at 4°C for 8 h
to eliminate the interference of exosomes from FBS.!? For
exosome isolation, P3—5 BMSCs were washed twice with
particle-free Dulbecco’s phosphate-buffered saline (DPBS;
Sigma-Aldrich, St. Louis, USA) and incubated with fresh
medium for continuous culture for 48 h. Subsequently,
the culture medium was collected for exosome isolation.

Characterization of BMSCs

Briefly, 10 BMSCs were seeded as a monolayer in 6-well
plates. The OriCell™ C57 mouse BMSC adipogenic, os-
teogenic and chondrogenic differentiation kits (catalogs
no. MUBMX-90031, MUBMX-90021 and MUBMX-9004,
respectively) were used according to the manufacturer’s
instructions (Cyagen Biosciences Inc., Guangzhou, China).
When the adipogenic, osteogenic and chondrogenic dif-
ferentiation processes were completed, the cells were fixed
with 4% paraformaldehyde for 30 min, stained with Oil Red
O working solution, alizarin red and Alcian blue (Cyagen
Biosciences), respectively, and rinsed with PBS.

Cultivation of BMDCs

Bone marrow-derived dendritic cells (BMDCs) were dif-
ferentiated from bone marrow as described previously.'*
Briefly, bone marrow cells were flushed from the femurs
and tibias of 5-week-old C57 mice and cultured in complete
RPMI 1640 medium containing 10% heat-inactivated FBS,
20 ng/mL recombinant mouse granulocyte-macrophage
colony-stimulating factor (GM-CSF) (CK02; Novoprotein,
Guangzhou, China) and 10 ng/mL recombinant mouse
interleukin (IL)-4 (CK74; Novoprotein). The remaining
clusters, loosely adherent to the Petri dish, were cultured
at 37°C with 5% CO,, and the medium was changed every
other day. On day 7, the cells were collected and treated
with different protocols, depending on the subsequent
planned experiments.
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Exosome isolation and analysis

Exosomes were obtained from the supernatant of BMSCs
by differential ultracentrifugation, as described previ-
ously.!3 Briefly, the pellet was obtained by centrifugation
of the culture medium at 300 x g at 4°C for 10 min. The su-
pernatant was clarified as follows: 2000 x g for 20 min,
10,000 x g for 40 min, and finally 100,000 x g at 4°C for
90 min before the resuspension in 50-100 uL of sterile
DPBS.

The ultrastructure and size distribution of exosomes
were analyzed with transmission electron microscopy
(TEM; Hitachi Ltd., Tokyo, Japan) and Nanosight NS300
(Malvern Panalytical, Malvern, UK). Briefly, the exosome
samples were fixed with 1% glutaraldehyde in PBS at room
temperature for 5 min. The mixture was then spotted onto
300-mesh carbon/formvar-coated grids, dried at room
temperature, washed with DPBS, and stained for contrast
using uranyl acetate (50%) in water at room temperature
for 10 min. Then, the exosome size and morphology were
observed using a JEM-1011 electron microscope (x25,000
magnification; JEOL Ltd., Tokyo, Japan).

Cellular uptake of exosomes

The concentration of exosomes was determined using
the FD™ BCA Protein Quantitative Kit (FDbio Science,
Hangzhou, China). Exosomes were labeled with PKH26
using a membrane labeling kit (Sigma-Aldrich) according
to the manufacturer’s instruction. Briefly, PKH26 dye was
diluted, added to the 10 ug of exosomes in 20-uL DPBS,
and then incubated for 5 min after mixing by gentle pi-
petting. The excess dye was bound with 100 pL of 10%
exosome-depleted FBS in RPMI 1640 medium. The exo-
somes were then diluted to 12 mL with DPBS and pelleted
by ultracentrifugation at 100,000 x g at 4°C for 1 h 10 min.
The pellet was resuspended in 50 pL. DPBS. The imDCs
were incubated with 5 pg/mL of PKH26-labeled exosomes
for 12 h and stained with 3,3’-dioctadecyloxacarbocyanine
perchlorate (DiO; C1993S; Beyotime, Guangzhou, China)
and 4’,6-diamidino-2-phenylindole (DAPI, C1005; Beyo-
time) before being observed with a Benchtop High-Content
Analysis System (CQ1; Yokogawa, Musashino, Japan).

Flow cytometry analysis

The P3 BMSCs were digested with 0.25% trypsin-EDTA
and suspended to a concentration of 1x10° cells/mL in cell
staining buffer (#156603; BioLegend, San Diego, USA).
Next, the cell suspension was stained with antibodies
from BioLegend against CD29-PE (#102207), CD44-PE
(#103023), Sca-1-PE (#108107), CD11b-PE (#101207), CD45-
PE (#157603), and CD19-PE (#152407) in the dark at 4°C
for 45 min.

The imDCs were cultivated in six-well plates at 5x10°
cells/well. Dendritic cells were left untreated (as a control)
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or stimulated with 1 mg/mL lipopolysaccharide (LPS),
5 pg/mL of BMSC-exos, or 1 mM 1-methyl-L-tryptophan
(IMT; Sigma-Aldrich) for 48 h. Dendritic cells treated
with LPS for 48 h and harvested at day 7 will represent
mDC. Dendritic cells in different groups were then in-
cubated with the following anti-mouse antibodies (Bio-
Legend): fluorescein isothiocyanate (FITC)-conjugated
anti-CD11c (#117305), phycoerythrin (PE)-conjugated
anti-CD80 (#104707), -CD86 (#159203), and -MHC II
(#116407). Subsequently, the cells were stained and ob-
served using a Fortessa flow cytometer (BD Biosciences,
Franklin Lakes, USA). Data were analyzed with Flow]Jo
v. 10 software (FlowJo, LLC, Ashland, USA).

Intracellular staining was performed with a Foxp3/
Transcription Factor Staining Buffer Set (KTR201-100;
Liankebio, Hangzhou, China). Tregs were stained with
FITC-conjugated anti-mouse CD4 (GK1.5), APC-conju-
gated anti-mouse CD25 (PC61.5), and PE-conjugated anti-
mouse Foxp3 Ab (3G3) monoclonal antibodies (mAbs).
The populations of Tregs in the co-cultured cell samples
were defined as CD4*CD25*Foxp3*.

Co-culture of BMSCs and DCs
in a transwell system

Bone mesenchymal stem cells were cultured in com-
plete medium in the lower well of transwell chambers
(pore size: 0.4 pm; Corning Costar; Corning, Corning,
USA) to 80% confluency. Then, the medium was replaced
with a complete RPMI 1640 medium containing 10%
exosome-depleted FBS. For inhibition of exosome gen-
eration, BMSCs were incubated with 20 uM GW4869'°
(Sigma-Aldrich) for 24 h, and the medium was replaced
with RPMI 1640 containing 10% exosome-depleted FBS
before co-culture. Subsequently, BMSCs were cultured
in the lower compartment, while DCs were cultured
in the upper compartment to avoid cell-to-cell contact.
Dendritic cells were harvested for further experiments
after co-culturing in the transwell system for 48 h.

Western blot

Proteins were extracted from the isolated exosomes
or DCs from differentially treated groups using the Whole
Cell Lysis Assay (KeyGen Biotech, Nanjing, China), and
the concentration was determined using the BCA Protein
Assay Kit (FD2001; Fude, Hangzhou, China). The lysates
were resolved using 10% sodium dodecyl-sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), and the sepa-
rated proteins were transferred to polyvinylidene fluoride
(PVDF) membranes (EMD Millipore, Burlington, USA).

After blocking with 5% skimmed milk in Tris-buffered
saline with Tween (TBST) buffer at room temperature
for 1 h, the membranes were probed with the following
primary antibodies at 4°C overnight (Abcam, Cambridge,
UK): TSG101 (1:1000, ab125011), CD81 (1:1000, ab109201),
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CD9 (1:2000, ab92726), CD63 (1:1000, ab217345), and
indoleamine 2,3-dioxygenase (IDO) (1:1000, ab277522).
Subsequently, the membranes were incubated with horse-
radish peroxidase (HRP)-coupled goat anti-rabbit IgG
H&L (1:10,000, ab205718; Abcam) and developed using
BeyoECL Star (Beyotime). The intensity of the immuno-
reactive bands was analyzed using the ChemiDoc Imaging
System (Bio-Rad, Hercules, USA).

Co-culture of DCs and naive CD4* T cells
for differentiation of Tregs

Naive CD4* T cells were purified from pooled single-cell
suspensions of C57 spleen using a mouse naive CD4* T cell
isolation kit (#480039; BioLegend). These purified naive
CD4* T cells were co-cultured with DCs from differentially
treated groups at an optimal ratio described previously.'®
Then, 1MT, a selective IDO inhibitor, was added to the me-
dium in the IMT group before co-culture. The cells (T cell
10° and DCs 2x10°) were cultured in 24-well plates with
a total volume of 1 mL/well of culture medium. The me-
dium was refreshed on days 3 and 5, and the cells were
harvested for flow cytometry analysis on day 5.

Real-time quantitative polymerase
chain reaction

Total RNA was isolated from DCs in different groups us-
ing TRIzol® (Thermo Fisher Scientific), following the man-
ufacturer’s protocols. The RNA quantity and quality were
measured on a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies; Thermo Fisher Scientific).
An equivalent of 1 ug RNA was reverse-transcribed using
a reverse transcription kit (TransGen Biotech Co., Ltd.,
Beijing, China). Reverse transcription quantitative real-
time polymerase chain reaction (RT-qPCR) was performed
using a PerfectStart Green qPCR SuperMix kit (TransGen
Biotech Co., Ltd.) on an ABI-7500 machine (Applied Bio-
systems; Thermo Fisher Scientific). The primer pairs are
listed in Table 1. The data were analyzed using SDS relative
quantification software (v. 2.2.2; Thermo Fisher Scientific).
The relative fold change was calculated using the 2-24¢t
method.'” All reactions were performed in triplicate and
normalized to the expression of the internal control Actin.

Allogenic skin transplant

Full-thickness skin transplantation in mice was performed
as described previously.!® Briefly, the donor mouse (BALB/c)
was anesthetized, and the back skin from the hip to the neck
was harvested and cut into 15-mm x 15-mm grafts. For
the recipient (C57BL/6), 5x10° DCs were given via the tail vein
on postoperative day (POD) 0. The recipients in the positive
group were given the same amount of PBS via the tail vein
on PODO. Ten recipients were randomly assigned to each
group. A 10-mm x 10-mm to 15-mm x 15-mm square of skin
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Table 1. Primer pairs of genes

Gene | Sequence
TGF-B F TGTCACAACTCAGCCAACAGG
TGF-B R CAACCAGCCTCCTAAACACCC
IL-10 F CAGAGCCACATGCTCCTAGA
IL-10R TGTCCAGCTGGTCCTTTGTT
IL-12b F GACTCCAGGGGACAGGCTA
IL-12b R CCAGGAGATGGTTAGCTTCTGA
IL-6 F GCTACCAAACTGGATATAATCAGGA
IL-6 R CCAGGTAGCTATGGTACTCCAGAA
IL-27 F GCAGGGAATTCACAGTCAGC
IL-27 R GGACATAGCCCTGAACCTCA
IDOT F GGGCTTTGCTCTACCACATC
IDO1R AAGGACCCAGGGGCTGTAT
Actin F GGCTGTATTCCCCTCCATCG
Actin R CCAGTTGGTAACAATGCCATG

was cut superficially after anesthesia. The graft from the do-
nor was positioned on the graft bed, and 8 sutures were
placed on the corners and the middle of each edge. Finally,
the recipient mouse was wrapped in an adhesive bandage
with a folded gauze over the graft. Signs of rejection were
monitored daily. On POD12, skin and spleen samples were
harvested for the analysis.

Histopathology

On POD12, skin samples were collected and animals
were euthanized by CO, inhalation. The samples were fixed
in 10% neutral-buffered formalin, processed in graded al-
cohols, sectioned into 5-um-thick slices, and stained with
hematoxylin and eosin (H&E). All slides were reviewed
by an expert veterinary pathologist in a blinded manner.

Statistical analyses

The data are expressed as the means with 95% confi-
dence interval (95% CI). Normal data distribution within
the compared groups was verified with the use of the Sha-
piro—Wilk test, and the homogeneity of variance among
the groups was evaluated with the use of the Levene’s test.
These results were provided in Supplementary Table 1
(https://doi.org/10.5281/zenodo.7664412) Three indepen-
dent experiments were performed for validity, and at least
3 samples per test were taken for statistical analysis. Sta-
tistical analyses were performed using a one-way analysis
of variance (ANOVA) combined with the least significant
difference (LSD) test. Graft survival was compared through
Kaplan—Meier analysis and the log-rank test. The value
of p < 0.05 indicated statistical significance. Data were
analyzed using GraphPad Prism v. 8 software (GraphPad
Software Inc., San Diego, USA) and IBM SPSS v. 23.0 soft-
ware (IBM Corp., Armonk, USA).
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Results
Identification of BMSCs and B-exos

Bone mesenchymal stem cells from C57 mice could be
induced towards osteogenic and lipogenic differentiation
(Fig. 1A—C). The results of flow cytometry verified that
the cells used in our experiment expressed identical BMSC
markers in line with the definition of BMSCs (Fig. 1D).1!

Then, exosomes were isolated from the supernatant
of P3-5 BMSCs according to the protocol presented
in Fig. 2. The TEM, nanoparticle tracking analysis (NTA)
and western blot analysis were used to analyze the ul-
trastructure, size distribution and specific protein, re-
spectively. The results showed that the exosome size was
about 89 nm (Fig. 3A), and the characteristic saucer shape
was revealed with TEM (Fig. 3B). Additionally, the ex-
pression levels of CD63, CD9, CD81, and TSG101 were
more abundant in the exosome protein lysate compared

to their parental cell protein lysate (Fig. 3C). These find-
ings indicated the successful isolation of BMSCs and
exosomes.

Exosome uptake and the effects
on attenuation of DC maturation

To assess whether B-exos interact directly with DCs
from C57 mice, imDCs differentiated from bone mar-
row were incubated with PKH26-labeled exosomes and
monitored with fluorescence microscopy imaging for over
12 h. We observed that the cells endocytosed the exosomes
and became fluorescent at 12 h (Fig. 4A). These findings
implied that B-exos have the potential to communicate
directly with allogenic imDCs.

Next, we investigated whether B-exos affect the phe-
notype and function of mDCs through an indirect con-
tact with BMSCs in vitro in transwell chambers (Fig. 4B).
The median fluorescence intensity (MFI) shift showed

D [ cm
2% ey I BMSCs
E 300 |
=
(=}
U 2007
100 |
R s B © ey
10° 0 1’
CD29
jsco
0.048% 0.048% 0.048%
oo 00 400
o
g oo ) L
(=}
Q oo 200 200
100 100 7 100
0] o] o]
0 10° 0° 1o w0’ 10’ 0° w0’ 10’ o’ 10° o
CDI11b CD45 CD19

Fig. 1. Results of bone mesenchymal stem cell (BMSC) identification. A. After 28 days from osteogenic induction, calcium nodules could be seen under
a microscope (x400 magnification); B. Red lipid droplets could be seen under a microscope (x400 magnification); C. Blue endoacidic mucopolysaccharides
could be seen under a microscope (x400 magnification); D. Flow cytometry results showed that CD29, CD44 and Sca-1 were expressed on the surface

of BMSCs, but CD11b, CD45 and CD19 were not
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Fig. 2. Flow chart of bone mesenchymal stem cell (BMSC) culture and separation and purification of BMSCG-derived exosomes (B-exos)

FBS - fetal bovine serum.
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Fig. 3. Identification of bone mesenchymal stem cell (BMSC)-derived exosomes. A. Nanoparticle Tracking Analysis demonstrated that the BMSC-derived
exosome (B-exo) had a mean particle diameter of 89 nm; B. Transmission electron microscopy (TEM) results revealed the characteristic saucer shape
of exosomes (white arrows); C. CD9, CD63, CD81, and TSG101 were more abundant in the exosome protein lysis compared with BMSC protein lysis (a total

of 5 ug protein from BMSC lysis and 5 pg protein from exosome lysis were tested)

a significant decrease in MHCII, CD86 and CD80 in DCs
co-cultured with BMSCs compared to that of mDCs;
however, these effects were attenuated when BMSCs were
treated with GW4869, the exosome inhibitor (Fig. 4C,D).

Then, we performed RT-qPCR-based immune profil-
ing of DCs from different groups. The BMSC-exposed
DCs showed significantly increased transcripts of several
immune-modulatory genes, including IL-10, IL-12 and
TGF-B, whereas transcripts of IL-27 and IL-6 were de-
creased compared to mDCs. However, these phenomena
were attenuated after the treatment with GW4869 (Fig. 5).

IDO expression is increased during B-exos-
induced differentiation of dendritic cells

Since BMSC-exposed mDCs increased the expression
of IDO, we investigated the involvement of IDO in the in-
duction of tolDCs by BMSC-exos. The exosomes were
purified from BMSC supernatants and co-incubated with
imDCs treated with or without LPS (5 ug/mL) for 48 h.
Then, we analyzed the effects of different doses (1, 2, 5, 8,
or 10 pg/mL) of BMSC-exos. Surprisingly, we found that
the expression levels of IDO in mDCs were increased in 2-
and 5-pg/mL groups compared to the mDCs group, and
the highest expression was obtained in the 5-pg/mL group
(Fig. 6A,B), considering it the optimal dosage for increasing
IDO expression.

Effect of IDO on B-exos-exposed DCs

We also investigated if B-exos-treated DCs could in-
duce Treg polarization. Naive CD4* T cells (1x10%/well)
were isolated from the spleen and incubated with DCs
(2.5%10°/well) in different groups for 5 days. As shown
in Fig. 6C,D, the proportion of CD4*CD25*Foxp3* T cells
decreased in mDCs and 1M T-treated mDCs, but increased
in B-exos-exposed DCs. These findings demonstrated that
B-exos-exposed DCs induced Tregs by increasing the ex-
pression of IDO.

B-exos-exposed DCs
enhanced allogeneic skin graft

Based on the enhancement of Treg polarization by B-exos-
exposed DCs, we hypothesized that they could delay the al-
logeneic skin graft rejection with a concomitant increase
in Tregs in the recipient mice. The back skins from BALB/c
mice were grafted on BALB/c recipients and followed by cau-
dal vein injections of 5x10° DCs per mouse on PODO (Fig. 7A).

Recipient mice injected with DCs and DCs in the IMT
group rejected allograft skins (median survival time (MST):
14 days and 13 days, respectively; Fig. 7B), whereas those in-
jected with B-exos-exposed DCs had significantly prolonged
allograft survival (MST: 18 days). Therefore, the DCs in B-
exos group significantly improved skin allograft survival.

Histological examination of skin allografts showed slight
cell infiltration and preserved graft structure in transplant
recipients injected with B-exos-exposed DCs on POD12.
However, allografts from recipients injected with mDCs
and DCs in the IMT group showed severe myocyte dam-
age and moderate inflammatory infiltration (Fig. 7C).

B-exos-exposed DCs induced
the proliferation of recipient spleen
CD4*CD25*Foxp3* T cells

To determine if the delayed graft rejection was due to in-
creased Treg polarization, the spleens of the mice from dif-
ferent groups were harvested on day 12 and assayed for Tregs.
The level of CD4*CD25*Foxp3* T cells was significantly
higher in B-exos-exposed DC recipient animals compared
to that of mDCs and DCs in the IMT group (Fig. 8A,B).

Discussion

Due to their potential applications in enabling alloan-
tigen tolerance, MSCs have been investigated thoroughly
and found to exert an immunomodulatory effect that
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*p < 0.05; **p < 0.01; ***p < 0.007; LPS - lipopolysaccharide.

influences all cells involved in the immune response.!
Moreover, the paracrine effect is one of the critical
mechanisms underlying immune tolerance.? As a tool
of cell-to-cell communication, exosomes transfer biologi-
cal material between the cells and regulate physiologi-
cal and pathological conditions.!” Several studies have

shown that MSC-derived exosomes can affect the activity
of immune cells. A recent study by Zhang et al.! showed
that MSC exosomes mediated cartilage repair enhanc-
ing proliferation, attenuating apoptosis and modulating
immune reactivity by inducing M2 macrophages and re-
ducing pro-inflammatory synovial cytokines. It indicated
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that the regenerative and immunomodulatory properties
of MSCs were inherited by MSC-exos; which are con-
venient and recommended for alternative treatments.??
Taking together the results from rescue experiments,
we concluded that BMSC-exos, as a form of remote secre-
tion by BMSCs, attenuate the maturation and activation
of DCs and induce mDCs into tolDCs.

Dendritic cells are essential in directing immune re-
sponses toward either immunity or tolerance.?® Tolero-
genic DCs are a subset of DCs that can induce tolerance
through various mechanisms, including the induction
of Tregs, and could be used in tolerizing immunothera-
pies.?* Phase I and II clinical trials utilizing tolDCs have
been conducted for kidney and liver transplant recipi-
ents.?> A key mechanism involved in tolDC-mediated
immunosuppression is the expression of IDO-1.2° In ad-
dition to suppression of proliferation, IDO competence
in human DCs is shown to support T cell regulatory
function.?”?8 The current data suggest that when exposed

to BMSC-exos, the proportion of CD4*CD25*Foxp3*
T cells was increased in the BMSC-exos-exposed DC
group compared to those in the non-exposed DC group.
Collectively, BMSC-exos enhanced the ability of DCs
to induce Tregs via elevated expression of IDO. These re-
sults confirmed the findings of a previous study, wherein
MSC exosomes required monocytes to mediate the dif-
ferentiation of CD4* T cells to Tregs.?

Presently, the clinical application of MSCs to improve
the prognosis of transplant recipients has broad pros-
pects. Although MSC-derived exosomes have functions
similar to MSCs, their direct application is not yet clear.
Thus, in the present study, DCs were chosen as recipient
cells to modulate allograft tolerance. The regulatory DCs
promote liver transplant operational tolerance and are
used in cell therapy for many autoimmune diseases.3*3!
However, our cell injection strategy could not achieve
long-term transplant survival. Notably, it is difficult
to achieve tolerance or long-term survival without the use
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GAPDH - glyceraldehyde 3-phosphate dehydrogenase; imDC - immature dendritic cell; LPS - lipopolysaccharide; IMT — 1 mM 1-methyl-L-tryptophan.

*p < 0.05; *p < 0.01; **p < 0.001.

of immunosuppressants.!? Tolerogenic DCs combined with
suboptimal doses of immunosuppressants may achieve
specific allograft tolerance and long-term transplant
survival.3?

Limitations

The present study showed that B-exos induce tolDCs
and increase the expression of IDO, but the exact protein
or non-coding RNA constituent that promotes this effect
is yet to be identified. As a cargo for cell-to-cell communi-
cation, the bioactive molecules transferred by BMSC-exos
to DCs are the key factors for future studies. The critical
factors involved in the induction of tolDCs may be illus-
trated by RNA sequencing and proteomic analysis along
with CRISPR/Cas9 deletion screening or antibody-blocking

studies. Besides, a small number of replications is a limita-
tion of this study. In the following experiments, the sample
size should be expanded to be able to verify reliably both
the normal data distribution and homogeneity of variance.
Multiple injection strategy of tolDCs combined with subop-
timal doses of immunosuppressants might achieve specific
allograft tolerance and long-term transplant survival.

Conclusions

The present study showed that B-exos induce mDCs into
a tolDC population with low expression of costimulatory
markers and higher IDO expression. In the in vivo study,
allograft tolerance is induced by B-exos-exposed DCs with
prolonged skin allograft survival.
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Abstract

Background. Dextran sulfate sodium (DSS)-induced murine colitis is the most commonly used model
for the analysis of the pathogenesis of inflammatory bowel disease (IBD) and for the assessment of the ef-
ficacy of putative therapeutics. It has been suggested that mice should be given 2.5-10% DSS for 3—7 days
10 establish the model.

Objectives. To compare the IBD model in (57BL/6) mice given free access to water containing DSS at con-
centrations of 2.0%, 2.5% or 3.0% for 5, 7 or 10 days.

Materials and methods. Female mice (9 weeks old) were given access to drinking water containing DSS
(2.0%, 2.5% or 3.0%) for 5-10 days. Body weight and colon length were then measured. Signs of edema,
epithelial layer disruption, inflammatory cell infiltration, and cytokine induction, and severe colitis-related
clinical signs were observed and analyzed.

Results. Weight of the mice decreased and disease activity index (DAI) score immediately increased in all
3 groups. The colon of mice in the 3.0% DSS group was shortened after 5 days, and the colon of mice
inthe 2.0% and 2.5% DSS groups was shortened after 7 days. A significantly increased intestinal injury score
was observed on day 5 in the 3.0% DSS group, on day 7 in the 2.5% DSS group and on day 10 in the 2.0%
DSS group. Cytokines were found to be elevated in all 3 groups after 5 days of DSS exposure, with higher
DSS concentrations and longer administration times found to be associated with more serious inflammation
of the intestinal tract. After 10 days of DSS administration, all mice in the 3.0% DSS group died.

Conclusions. It took 10 days for the 2.0% DSS group, 5 days for the 3.0% DSS group and 7 days for the 2.5%
DSS group to develop obvious observable changes related to the induction of the IBD model. The individual
differences within groups (within 10 days) could be reduced by prolonging the administration time. Excessive
DSS concentration and longer DSS administration time (exceeding 7 days) may increase mortality of the mice.

Key words: concentration, inflammation, inflammatory bowel disease, dextran sulfate sodium, mouse model
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Background

Inflammatory bowel disease (IBD) is a lifelong condition
occurring in both adolescence and adulthood. It involves in-
testinal inflammation caused by impaired epithelium and can
lead to aberrant gut microbiota and immune cell infiltration.!2
The clinical symptoms of IBD encompass abdominal pain,
diarrhea, mucus, pus, bloody stool, and weight loss. In the long
term, the development of IBD increases the risk of disability
and cancer. Although the etiology of IBD is still elusive, re-
search has shown that genetic, environmental and gut micro-
bial factors are potential contributors to its development.3->

Over the past decades, a variety of IBD models, such
as spontaneous colitis models, adoptive transfer models,
genetically modified models, and inducible colitis mod-
els, have been successfully developed.® Animals, including
mice, rats, dogs, and rabbits, have been used to establish
these models.” The C57BL/6] inbred mouse strain is com-
monly employed in dextran sulfate sodium (DSS)-induced
IBD models and is found to be more suitable for chronic
colitis induction than the BALB/c mouse strain.?

Among various animals and methods used for modeling
IBD, establishing a C57BL/6] mouse model using DSS is rel-
atively simple and therefore widely used. Perse and Cerar
reported that adding 2.0% or 5.0% DSS to drinking water
for 4-9 days was sufficient to induce acute colitis.® How-
ever, reports on model differences after DSS administration
within this concentration range are scarce. Hence, DSS was
used in this study at 3 different concentrations (2.0%, 2.5%
and 3.0%) to establish a C57BL/6] mouse model of IBD and
to observe changes in symptoms and cytokine levels.

Objectives

This study aimed to compare models of IBD in C57BL/6]
mice given free access to drinking water containing DSS
at concentrations of 2.0%, 2.5% or 3.0% for 5, 7 or 10 days.

Materials and methods
Ethics statement

All experimental procedures involving animals were
approved by the Laboratory Animal Care (approval No.
SCXK-2018-0003) and Institutional Animal Care Use
Committee (IACUC) at Shanghai University of Traditional
Chinese Medicine (approval No. PZSHUTCM210416003).

Animals
The 9-week-old C57BL/6] wide-type (WT) female mice

(weight >20 g) were purchased (Shanghai Lingchang
Biology Science and Technology Co. Ltd., Shanghai,
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China) and housed in the animal facility of Longhua
Hospital, Shanghai University of Traditional Chinese
Medicine (Shanghai, China). All experiments were per-
formed according to the local, institutional and federal
regulations for vertebrate animal research. Mice were
reared in a normal environment (temperature 22 +2°C,
humidity 40-60%), with a 12-hour light/dark cycle, and
fed ad libitum for 1 week. The animals (n = 75) were
divided into a 2.0% DSS group, 2.5% DSS group, 3.0%
DSS group, and a control group (n = 21 mice in each
DSS group and n = 12 in the control group). To induce
colitis, 10-week-old female mice were administered DSS
of different concentrations via drinking water, and their
body weight, activities and condition (such as diarrhea
and bloody stools) were observed and recorded. After
5 days of induction, 3 mice from each IBD group and
4 mice from the control group were euthanized. After
7 and 10 days of induction, 6 mice from each IBD group
and 4 mice from the control group were euthanized.
Decisions on the experimental protocol were reached
through simple random sampling.

Dextran sulfate sodium administration

The molecular weight of DSS (MP Biomedicals Inc.,
Santa Ana, USA) ranged from 36 kDa to 50 kDa.? Dex-
tran sulfate sodium solutions (2.0%, 2.5% and 3%) were
prepared using sterile drinking water and 100 mL of DSS
was given to 5—6 mice per cage for 2 days. Before re-

plenishing the DSS solutions, the remaining liquid was
discarded.

Experimental design

After 1 week of acclimation, the 10-week-old mice were
randomized into 4 groups and given access to distilled
water containing 2.0%, 2.5% or 3.0% DSS, or distilled wa-
ter for 10 days. Their body weight, excrement and fecal
bleeding were monitored daily. Three or 6 mice from dif-
ferent groups were euthanized using pentobarbital sodium
(0.1-0.2 mL, 0.1%) via intraperitoneal injection on the 5%,
7" and 10" day. Serum samples were collected for subse-
quent testing, the entire large intestine was harvested and
the colon length was measured (Fig. 1).

Weight and disease activity index

Body weight was recorded and a small fecal sample was
collected from each mouse every day. Three major physi-
cal endpoints, including weight loss, diarrhea and rectal
bleeding, were assessed using the disease activity index
(DAI) scoring system’ (Table 1). Fecal samples were exam-
ined for consistency and tested for blood using the Fecal
Occult Blood Complete test kit (BASO Diagnostics Inc.,
Zhuhai, China).
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Fig. 1. Experimental design

DSS - dextran sulfate sodium.

Table 1. Assessment of 3 major endpoints by means of disease activity index (DAI)

Rectal bleeding

Stool consistency Weight loss

0 normal stool with normal color no weight loss

1 mildly soft brown stool 5-10% weight loss
2 very soft reddish stool 11-15% weight loss
3 watery bloody stool 16-20% weight loss
4 - - >20% weight loss

DAl score = sum of all items divided by 3.

Histopathological evaluation
of colitis

Mid and distal colon samples were fixed in 4% buff-
ered formalin, dehydrated through a gradient of ethanol,
clarified with xylene, embedded in paraffin, then cut into
4-um-thick sections and stained with hematoxylin and
eosin (H&E). Colonic histopathological evaluation was per-
formed and recorded by 2 blinded investigators. The tissue
sections were assessed using grading standards described
by Morris et al. (Table 2) and Scheiffele et al. (Table 3).1%1!

Table 2. Pathological score

Meso scale discovery

Meso Scale Discovery (MSD) was carried out using com-
mercially available kits (K15048D and K0081254; Lab Ex.,
Shanghai, China). Mouse serum samples were thawed
on ice, diluted twice, centrifuged (3000 g at 4°C for 5 min),
and left at room temperature for 20 min. Then, 1000 pL
diluent was added and samples were left to sit for 20 min
before being mixed thoroughly. Next, the antibody diluent
(3 mL with 60 pL of each test antibody), a washing solution
(0.05% phosphate-buffered saline (PBS) and Tween-20)

Morphological manifestations of colonic mucosa | Score
Basically normal 0
Local congestion without ulcer 1
Ulcer, but no congestion 2
Only 1 ulcer and inflammation 3
More than 2 ulcers and inflammation 4
Ulcer length greater than 2 cm 5
The ulcer length greater than 2 cm and adding 1 point to the total score for each additional 1 cm 6-10

Table 3. Histological score
Pathological manifestations | Score

No significant inflammation 0
Mild lymphocyte infiltration (high visual field: <10%) and no structural change of intestinal wall 1
Moderate lymphocyte infiltration (observed using high visual field: 10-25%), thickened intestinal wall, and longer intestinal crypt, but no 5
ulcer penetrating mucous membrane
Significant lymphocyte infiltration (observed using high visual field: 25-50%), thickened intestinal wall and increased blood vessel density 3
A large number of lymphocytes in the intestinal wall (high visual field: >50%), lengthened and twisted intestinal crypt, ulcers, thickened 4
intestinal wall, and increased blood vessel density
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and a plate reading solution were prepared. The washing
solution (150 puL/well) was used to wash each well 3 times.
Then, 50 pL of sample and detection antibody were added
to each well, and the plate was sealed with sealing film and
shaken at room temperature for 2 h. The washing process
was repeated 3 times. Next, detection antibody (25 pL)
was added to each well, the plate was sealed with sealing
film and shaken at room temperature for 2 h. Once again,
the washing process was repeated 3 times. Finally, 150 puL
of plate reading solution was added to each well, and plates
were read using the Meso QuickPlex SQ 120 (Meso Scale
Discovery, Rockville, USA).

Statistical analyses

The IBM SPSS v. 22.0 (IBM Corp., Armonk, USA) and
GraphPad Prism 9 (GraphPad Software, San Diego, USA)
software were used for all analyses. The normality of data
was initially assessed using the Shapiro—Wilk method.
Normally distributed data are presented as mean and stan-
dard deviation (M +SD), and non-normal data are pre-
sented as median (Me) and quartiles (Q25, Q75). The Krus-
kal-Wallis H test was used to analyze data that was not
normally distributed, as well as normally distributed data
without homogeneity of variance. For data that had normal
distribution and homogeneity of variance, the compari-
sons between the 2 groups were made using the Student’s
unpaired t-test. The multi-group comparisons and trends
were analyzed with repeated measures analysis of variance
(rm-ANOVA). The value of p < 0.05 represented a statisti-
cally significant difference.

Results
Body weight

Weight loss is a sufficient, objective and economical indica-
tor of DSS-induced colitis in mice.!? Loss of >20% of initial
body weight is a physiological indicator of animal stress and
imminent demise.!3 After 3 days of ad libitum access to DSS-
spiked water, the weight of the 3 treatment groups decreased.
Weight loss in the 2.0% and 2.5% groups did not differ; how-
ever, significantly different weight loss was found between
the DSS groups and the control group. Furthermore, weight
loss decreased at a faster rate in the 3.0% DSS group. After
10 days, the DSS-spiked water was removed and replaced with
distilled water. However, mice in the 3.0% DSS group contin-
ued to lose weight and eventually died. On the 7 day after
DSS removal, body weight in the 2.0% and 2.5% groups had
gradually increased and returned to pre-DSS weight (Fig. 2).

Disease activity index scores

Disease activity index scores between DSS groups were not
significantly different, although significant differences were
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Fig. 2. Changes in body weight during dextran sulfate sodium (DSS)
administration

Female C57BL/6J mice (10 weeks old) were administered DSS (2.0%,

2.5% or 3.0%) in drinking water for 5, 7 or 10 days. Samples were taken

on the 5™, 7" and 10" day after DSS administration. The red values
represent the current number of mice in the control group, and the black
values represent the current number of mice in each of the DSS groups.
Red points represent the mean value for the control group. The Kruskal—
Wallis H rank sum test was used for the analysis. In panels A and B,

the results indicate that there were statistical differences between the DSS
groups and the control group on the final day (p = 0.000). Weight loss rates
of mice were different in each group, with the largest rate of decline found
in the 3.0% DSS group; repeated measures analysis of variance (rm-ANOVA)
was performed and panel C shows that the weight of mice in the 2.0%
DSS group and the 2.5% DSS group recovered to the level before exposure
7 days after the DSS administration was discontinued. Moreover, there was
no significant difference in body weight between the 2.0% DSS group and
the 2.5% DSS group over the full time course of the study (p = 0.0739).
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Fig. 3. Changes in disease activity index (DAI) score after exposure

to dextran sulfate sodium (DSS). Female C57BL/6J mice (10 weeks old)
were administered DSS (2.0%, 2.5% or 3.0%) in drinking water for 5, 7

or 10 days. Samples were taken on the 5™, 7 and 10™" day after DSS
administration. The red values represent the current number of mice

in the control group, and the black values represent the current number
of mice in each of the DSS groups. The Kruskal-Wallis H rank sum test was
used for the analysis. The final results showed that there were statistical
differences between the DSS groups and the control group on the final
day (p = 0.000). Weight loss rates of mice in each group were different,
with the largest rate increase found in the 3.0% DSS group

observed between the 3 DSS groups and the control group.
Scores increased most rapidly in the 3.0% DSS group (Fig. 3).

Colon length

A dose-dependent decrease in colon length was found
in mice exposed to DSS when compared to the control.
However, when the colon shortened to approx. 6 cm, there
were no differences found among the 3 groups. Shortened
colon length was observed in all 3 treatment groups after
5 days of exposure to DSS. After 7 days of DSS exposure,
the change of colon length of mice in each group became

shorter (Fig. 4,5) (Table 4,5). This suggests that 2.5% DSS
induces a stable model of IBD.

Pathological and histological score

Significantly increased pathological and histological
scores were found in the 3.0% DSS group on day 5. Com-
pared with the control group, the scores for the 2.5% DSS
group were significantly higher on the 7" day. On the 10"
day, scores had increased in all 3 DSS groups, though there
was no difference between them (Fig. 6) (Table 6-9).

Cytokines

Ten serological markers, including interferon-y
(IEN-y), interleukin (IL)-1p, IL-2, IL-4, IL-5, IL-6, IL-
10, IL-12p70, platelet-derived growth factor-inducible
protein KC/growth-regulated oneogene (KC/GRO), and
tumor necrosis factor alpha (TNF-a), were determined
with MSD (Fig. 7). The IL-4 decreased in the treatment
groups to below the detection threshold of MSD, yet
it could be detected in the control group (0.15 +0.13 pg/
mL). The IFN-y and IL-5 levels increased as the con-
centration and exposure time to DSS increased in each
treatment group. However, there was no statistical dif-
ference between the mice exposed to DSS and the con-
trol group, which indicated that the activity of IFN-y
and IL-5 had little significance on the model. Similarly,
the levels of the anti-inflammatory marker IL-10 were
higher in the treatment groups compared to the control
group, though the increase was not significant, which
suggests that this cytokine was not central to the devel-
opment of the IBD model. Furthermore, IL-10, IL-12p70,
KC/GRO, and TNF-a were all significantly elevated
after 5 days of exposure to DSS, though there was no

Fig. 4. Colon length of mice observed on different time points of dextran sulfate sodium (DSS) administration
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Fig. 5. Changes in colon length during dextran sulfate sodium (DSS) administration. Female C57BL/6J mice (10 weeks old) were administered DSS (2.0%,
2.5% or 3.0%) in drinking water for 5, 7 or 10 days. Intergroup differences were found in colon length. Each value represents the mean + 95% confidence
interval (95% Cl) for 3 or 6 mice. Red values represent the number of mice in the control group currently sampled, and black values represent the number
of mice in the DSS groups currently sampled

*p < 0.05 (Student’s t-test).

Table 4. Colon length (numerical value and overall comparison)

Overall
Control [cm]
2.0% [cm] 2.5% [cm] 3.0% [cm]
5 8.50 (7.85,9.00) 7.50 (7.50, 8.00) 7.50 (7.50, 7.80) 6.00 (6.00, 6.70) 8.198 3 0.042
7 8.80 (8.45,9.00) 6.60 (5.40, 6.00) 5.70 (540, 6.00) 6.00 (6.00, 6.30) 11421 3 0.010
10 835 (7.75, 8.85) 6.55 (6.40, 6.00) 6.30 (5.80, 6.50) 6.05 (6.00, 6.30) 11516 3 0.009

df — degrees of freedom. Data are presented as median (M) and quartiles (925, Q75).

Table 5. Colon length (comparison between groups)

A vs. control B vs. control Cvs. control

5 2000 | 1 0.157 2000 1 0.157 4500 @1 0034 0048 1 0.827 3857 | 1 0050 3857 | 1 0.495
7 6.545 | 1 0.011 6.545 | 1 0.011 6.545 | 1 0.011 1444 | 1 0.230 0010 | 1 0.749 3103 | 1 0.078
10 | 6545 | 1 0.011 6.545 | 1 0.011 6.545 1 0.011 0923 | 1 0.337 3391 1 0066 0314 1 0575

df - degrees of freedom. Data are presented as median (M) and quartiles (Q25, Q75).

Table 6. Pathological scoring (numerical value and overall comparison)

Overall
Control
[em]
5 0(0,0) 1(0,1) 1(0,2) 1(1,3) 5.703 3 0.127
7 0(0,0) 1(0,3) 35(1,4) 35(1,4) 11.028 3 0.012
10 0(0,0) 4(3,4) 4(3,4) 4 (4,4) 9.605 3 0.022

df — degrees of freedom. Data are presented as median (M) and quartiles (925, Q75).

Table 7. Pathological scoring (comparison between groups)

A vs. control B vs. control Cvs. control

5 2000 | 1 0.157 2000 1 0.157 4500 1 0034  0.190 | 1 0.663 1190 | 1 0.275 0429 | 1 0513
7 2909 | 1 0.088 6.545 | 1 0.011 6.545 | 1 0.011 3103 | 1 0.078 3103 | 1 0.078 | 0.000 | 1 1.000
10 | 6545 1 0.011 6.545 | 1 0.011 6.545 | 1 0.011 0.000 | 1 1.000 | 0231 1 0.631 0231 | 1 0.631

df - degrees of freedom.
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Fig. 6. Changes in colon length following dextran sulfate sodium (DSS) administration (x100 magnification (200 um))

difference between the groups after 7 days. Nonetheless,
the levels of IL-6 significantly increased, which indicates
that it is a useful biomarker of the IBD model.

Mortality

Six mice remained in each of the DSS groups after
the 10t day of the experimental protocol, except for the 3%
DSS group, in which 1 mouse died on the 9" day. After
the DSS-spiked water was removed and the mice were
given access to distilled water, all mice in the 3% DSS group
died. There was no mortality in the other 2 DSS groups.

Discussion

This study showed differences in a mouse model of IBD
induced using 2.0%, 2.5% and 3.0% DSS added to drinking
water. After 10 days of exposure to DSS-spiked drink-
ing water, animals from 3 concentration groups displayed
an IBD model phenotype. These model-related changes
occurred fastest in the mice exposed to 3% DSS, though
the differences between the 3% and 2.5% fed mice were
subtle before the 7" day. Furthermore, 10 days of expo-
sure to 3% DSS led to a >20% decrease in body weight and
an increased mortality rate.
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Table 8. Histological scoring (numerical value and overall comparison)

Control [cm] 2 <
2.0% [cm] 2.5% [cm] 3.0% [cm]
5 0(0,0.5) 1(1,3) 2(0,2) 32,4 7.043 3 0.071
7 05(0,1) 15(1,3) 2.5(2,3) 25(2,3) 6.506 3 0.089
10 050, 1) 3(23) 3(3,3) 33,4 9.779 3 0.021

df - degrees of freedom. Data are presented as median (M) and quartiles (Q25, Q75).

Table 9. Histological scoring (comparison between groups)

B vs. control

A vs. control

Cvs. control

5 3125 | 1 0.077 1.531 | 1 0.126 4500 @1 0.034
7 2227 | 1 0.136 3682 | 1 0.055 5500 | 1 0.020
10 | 6545 | 1 0.011 6.545 | 1 0.011 6.545 1 0.011

0.048 @ 1 0.827 1.714 | 1 0.190 | 2333 | 1 0.127
0519 | 1 0471 1256 | 1 0.262 0.103 | 1 0.749
0.160 | 1 0689 0519 1 0471 0.160 @ 1 0.689

df — degrees of freedom.

Serological testing revealed that the cytokine IL-6
is a good indicator for the development of the IBD model
phenotype. The IL-6 is produced by T cells, B cells, mono-
cytes, and polymorphonuclear leukocytes (PMNs), and
plays a role in both pro-inflammatory and anti-inflam-
matory immune responses.'* Most inflammatory markers
were upregulated after 5 days of DSS exposure, though
the fact that there were significant differences among
the treatment groups indicated that the IBD model had yet
to be established. However, the differences in serological
markers were similar between the DSS groups after 7 days,
and the IBD model was established in the 3.0% group. After
afurther 3 days of DSS exposure, the model had developed
also in the 2.0% and 2.5% groups.

Results regarding colon length could be an important
indicator for the development of the IBD mouse model,
as colon length decreased in line with increased cytokine
levels. Generally, IBD is related to dysregulated mucosal
immune responses and barrier function of the intestinal
epithelium.! Indeed, interleukins are typically used to ex-
plore the etiology of IBD and observe the therapeutic ef-
fect of drugs. Also, IFN-y, IL-1p, IL-12p70, and TNF-a are
thought to promote inflammation and injury,'>® while
IL-4, IL-5 and IL-10 are related to the inhibition of inflam-
mation.!”!8 Secreted by T cells, IL-2 is a cytokine that can
regulate CD4, CD8, natural killer (NK), and B cells, and
increased IL-2 is used as a marker to signal the develop-
ment of colonic intestinal inflammation.! At the same
time, IL-5 is related to type 2 immune responses. It can act
on eosinophils and basophils during the immune-mediated
mechanisms in IBD,?’ and has been found in patients after
intestinal surgery.!? The chemokine CXC motif chemokine
ligand 1 (CXCLI) participates in the migration of inflam-
matory cells to the sites of injury, and its levels have been
shown to be elevated in Crohn’s disease (CD) patients
compared to healthy controls. Indeed, the correlation be-
tween CXCL1 and disease activity is even stronger than
it is for C-reactive protein (CRP).2! In summary, a higher

DSS concentration was associated with increased cytokine
levels, yet no significant differences were found among
the treatment groups as the time of exposure to DSS was
prolonged.

Dextran sulfate sodium is widely used to establish IBD
models. Many factors, including the molecular weight
of DSS, age, sex, the strain of mice, and the administration
method, are conventionally considered to exert influence
on the model of IBD. Furthermore, microorganisms, espe-
cially intestinal flora, have been shown to have an impact
on the model. Some microorganisms are thought to be
favorable for modeling, and the onset of IBD is understood
to result from a combination of microorganisms and in-
nate intestinal immunity.!? A previous study showed that
CD was driven by Th1/Th17 cells (through the production
of IFN-y and IL-12) and ulcerative colitis (UC) by Th2
cells (through the production of IL-4, IL-5, IL-10, and
IL-13). Dextran sulfate sodium-induced colitis, though
not a typical Thl-like model, more closely matches UC
in humans.?? Indeed, the induction of DSS is more likely
to cause colorectal damage in the distal regions, which
is similar to the intestinal changes found in human UC
patients in clinical practice.

In this study, factors that may interfere with the model-
ing of IBD were selected to create a protocol that would
allow for the exploration of the effects of DSS concentra-
tion and time. Therefore, all of the investigated factors
should be taken into consideration when using the study
as a modeling reference resource. Based on the cytokine
expression profile of the model, researchers could modify
the DSS concentration and exposure time to match their
research goals.

Limitations
The limitations of the study include the small num-

ber of animals, and the use of a single mouse strain and
of female mice only. The addition of more animals, varied
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Fig. 7. Changes in inflammatory cytokines following
dextran sulfate sodium (DSS) exposure. Female
C57BL/6J mice (10 weeks old) were administered
DSS (2.0%, 2.5% or 3.0%) in drinking water for 5, 7
or 10 days. Each value represents the mean + 95%
confidence interval (95% Cl) for 3 or 6 mice

*p <0.05and **p < 0.01 (Student’s t-test);

IL - interleukin; IFN-y — interferon gamma;
TNF-a - tumor necrosis factor alpha; KC/GRO —
platelet-derived growth factor-inducible protein
KC/growth-regulated oneogene.
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strains and the use of both sexes in future studies would
provide more insight and more reliable results. In addi-
tion, further research should include mice that have been
allowed to recover naturally from DSS-induced intestinal
inflammation. Such mice would allow researchers to eval-
uate the efficacy of drugs for IBD.

Conclusions

The present study investigated the impact of a nar-
row range of DSS concentrations on the IBD modeling
in mice. This provided an accurate and safe modeling
concentration, as well as a suitable time period over which
to expose the mice to DSS. Exposure to drinking water
spiked with 2.5% DSS for 10 days seems to be a com-
promise that resulted in a higher success rate and lower
intragroup differences. After removing DSS, the mice
recovered slowly through self-regulation. However, a con-
tinuous use of DSS at a high concentration led to a high
mortality rate. The periodic use of such DSS doses could
be used in the development of the chronic mouse model
of inflammatory bowel disease.

The physiological and cytokine profile changes that
were observed in the DSS-induced IBD model are use-
ful markers for exploring the etiology of IBD and for ob-
serving the effects of putative therapeutics. Furthermore,
the results of this study can provide a useful resource for
researchers attempting to establish an IBD mouse model
that can match their own research needs.

A mouse model of IBD was successfully established
using DSS at different concentrations and with different
exposure times. It took 10 days for the 2.0% DSS group,
5 days for the 3.0% DSS group and 7 days for the 2.5% DSS
group to develop observable changes indicative of IBD.
Furthermore, intragroup differences (within 10 days) could
be reduced by prolonging the exposure time. However,
excessive DSS concentration and longer exposure time
(exceeding 7 days) led to increased mortality.

Supplementary files

The supplementary files are available at https://doi.org/10.
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of each observation index in the study.
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Abstract

Background. Liver cancer, the vast majority of cases being hepatocellular carcinoma (HCC), is now the most
malignant tumor in the world. Recurrence and metastasis remain the major obstacles on the way to the suc-
cessful treatment of HCC. In recent years, the vital function of microRNAs (miRNAs) in human health and
disease have been demonstrated. Large amounts of evidence demonstrate that miRNAS play an important
role in the occurrence and progression of HCC.

Objectives. To find new targets for improving the early diagnosis, treatment and clinical prognosis of liver
cancer.

Materials and methods. We used quantitative reverse transcription-polymerase chain reaction (qRT-P(R)
to analyze the expression of miR-29a-5p. A cell counting kit-8 (CCK-8) assay was used to measure the prolif-
eration of liver cancer cells. Wound healing and transwell assays were used to detect migration and invasion
in vitro. Western blot was used to detect the expression of the related protein.

Results. The miR-29a-5p was identified as a tumor-related miRNA. It is uprequlated in HCC. The overex-
pression of miR-29a-5p contributes to the proliferation, invasion and metastasis of HCC cells. Furthermore,
the downregulation of miR-29a-5p inhibited the growth, migration and invasion of HCC cells in vitro. Subse-
quently, we used bioinformatics methods to predict that AT-rich interaction domain 2 (ARID2) is the down-
stream target gene of miR-29a-5p. The downregulation of ARID2 could reverse the tumor suppressive effect
caused by the knockdown of miR-29a-5p. Similarly, the epithelial—mesenchymal transition (EMT)-related
protein epithelial marker E-cadherin expression increased and the mesenchymal marker Vimentin decreased
when we downregulated the expression of miR-29a-5p. Interestingly, the knockdown of ARID2 could reverse
this phenomenon.

Conclusions. Our study demonstrated that miRNA-29a-5p was overexpressed in HCC cells. It promotes
the progression of HCC by targeting ARID2 in an EMT manner.

Key words: liver cancer, metastasis, proliferation, invasion, miR-29a-5p
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Background

Hepatocellular carcinoma (HCC) is the 2" leading cause
of cancer-related deaths globally."? The 5-year overall
survival rate of HCC patients was less than 10%3 Despite
the extensive application of early diagnosis techniques
and continuous improvement in treatment strategies such
as surgical intervention and targeted chemoradiother-
apy,*® HCC recurrence and metastasis remain the main
challenges leading to poor prognosis.® Therefore, more
precise targets for diagnosing and treating liver cancer are
urgently required to improve the early detection rate and
clinical treatment effect of liver cancer.

MicroRNAs (miRNAs) are small noncoding RNAs con-
taining approx. 22 nucleotides. In recent decades, many
researchers have focused on the critical role of miR-
NAs in human health and disease, as miRNA regulation
is a common pathway for epigenetic regulation. The miR-
NAs exert post-transcriptional or translational control
on the expression of various genes involved in cancer
progression.”® They can regulate the migration, prolifera-
tion, apoptosis, and other malignant biological behaviors
of tumor cells in various ways. Several studies have demon-
strated that miRNAs are overexpressed in many malignant
tumors, including liver cancer. Tumor occurrence and pro-
gression often coincide with abnormal miRNA expression.
They function as both tumor suppressors and oncogenes,
and are critical in tumor development and progression.”~13
The miRNAs have also been crucial in cancer development
and epithelial-mesenchymal transition (EMT).!4

Epithelial-mesenchymal transition is a unique mor-
phological transformation process; its main mechanism
is to transform inactive epithelial cells into active mesen-
chymal cells, enhancing cancer cell metastasis and inva-
sion.!” It can also affect the invasive ability, metastasis
and chemoresistance of malignant tumors.'*~*® Accord-
ing to mounting data, miRNAs play an important role
in the aggressiveness of cancer cells, including EMT-re-
lated cancer metastasis.?

Previous studies have found that miRNA-29a-5p
is closely related to the postoperative recurrence of liver
cancer,?® but the precise mechanism remains unknown.
In this study, we attempted to delve deeper into this spe-
cific mechanism.

Objectives

Due to the significant threat liver cancer poses to hu-
man health and the important role of miRNAs in tumors,
we conducted this study to find a new mechanism by which
miRNAs regulate the progression and development of liver
cancer. We explored the miRNA-29a-5p role in liver cancer
and its specific mechanism of regulating the biological be-
havior of liver cancer. It is anticipated that our research will
yield new ideas for liver cancer prevention and treatment,
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thereby improving the treatment and prognosis of liver
cancer patients.

Materials and methods
Cell lines and culture

The human normal liver cell line (LO2) and the liver
cancer cell lines (Huh-7, LM-3, MHCC97-H, and HepG2)
were purchased from the Institute of Biological Sciences,
Chinese Academy of Sciences (Shanghai, China). The cells
were cultured in high-glucose complete Dulbecco’s modi-
fied Eagle’s medium (DMEM) (containing 10% fetal bovine
serum (FBS)) at 37°C, 5% CO,.

RNA extraction and polymerase
chain reaction

The TRIzol reagent was utilized to separate total RNA
(Invitrogen; Thermo Fisher Scientific, Waltham, USA), and
miRNA was collected using Biospin miRNA Extraction
Kit (GeneCopoeia, Carlsbad, USA). Reverse transcription
of the miRNA into cDNA was performed, and quantita-
tive real-time polymerase chain reaction (QRT-PCR) was
carried out utilizing All-in-One™ miRNA qRT-PCR De-
tection System (GeneCopoeia, Carlsbad, USA). Quantita-
tive reverse transcription-polymerase chain reaction was
performed using SYBR® Premix Ex Taq™ (Takara, Da-
lian, China) and PrimeScript™ RT reagent kit (Takara).
The miR-29a-5p was normalized to U6, and AT-rich in-
teraction domain 2 (ARID2) was normalized to GAPDH.
The quantitative expression levels were measured using
the 2724t method.

Cell transfection

Oligonucleotides for hsa-miR-29a-5p mimics and inhibi-
tors were obtained from Genebiogist (Shanghai, China).
Small interfering RNA for ARID2 knockdown and blank
control siRNA were obtained from GenePharma (Shang-
hai, China). A day before the transfection, cells were
seeded into 6-well plates. When the cell density reached
70—80%, using Lipofectamine 2000 (Invitrogen) at a final
dose of 100 nM, cells underwent transfection with oligo-
nucleotides according to the manufacturer’s specifications.
After 48 h, quantitative reverse transcription-polymerase
chain reaction was used to determine the miR-29a-5p
transfection effectiveness, and the harvested cells were
utilized for subsequent functional and mechanism valida-
tion experiments.

Cell proliferation assay

Cell proliferation capacity was assessed using the Cell
Counting Kit-8 (CCK-8; Dojindo (FBS), Kumamoto, Japan).
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The cells in each treatment group were seeded into 96-well
plates, with 4x103 cells in each well and 3 replicates in each
group. Then, they were cultured at 37°C in 5% CO,, CCK-8
reagent was added at 0 h, 24-h, 48 h, and 72 h, and the ab-
sorbance value was measured at a wavelength of 450 nm.

Wound healing assay

Each treatment group cell was cultured at 37°C in 6-well
plates until the density exceeded 95%. Then, we used
a 10-microliter pipette tip for cell scratching in the 6-well
plate to create an artificial wound. After gently washing
each well 3 times with phosphate-buffered saline (PBS),
the cells were cultured in serum-free high-glucose DMEM
for 24 h. The wound area was visualized and images were
captured at 0 h and 24 h.

Cell migration and invasion assays

We tested the ability of cells to invade and migrate with
transwell chambers (Corning, Corning, USA). Briefly,
cells in each treatment group were trypsin-digested and
suspended in serum-free high-glucose DMEM. Before
seeding cells from each treatment group into an upper
chamber, we added diluted basement Matrigel (BD Biosci-
ences, Franklin Lakes, USA) to each chamber and allowed
it to polymerize for 3 h at 37°C. A total of 200 uL of cell
suspension (total number of 4x10% cells), resuspended
in a serum-free medium, was placed in the top section
of the chamber, and 600 pL of high-glucose DMEM sup-
plemented with 20% FBS was placed in the lower section
of the chamber. Later, cells were cultivated for 24 h and
cells were fixed and stained with 4% paraformaldehyde
for 15 min at room temperature and 0.1% crystal violet
for 20 min at room temperature, respectively. Finally, cells
were counted with a microscope in 5 random fields, and
images were captured.

Western blotting

Total protein was extracted from each group of cells
using phenylmethanesulfonyl fluoride and RIPA lysis
buffer (Beyotime, Shanghai, China). Briefly, cells were
gently washed twice with cold PBS, scraped and lysed for
30 min on ice with lysis buffer. After lysis completion,
centrifugation was performed at 4°C at 12,000 rpm for
15 min, and the supernatant was collected for later use.
To determine protein concentration, we employed a BCA
protein detection kit (Beyotime). The proteins were sepa-
rated on a 10% sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to polyvinylidene
fluoride (PVDF) membranes (EMD Millipore, St. Louis,
USA), and blocked with QuickBlock™ Blocking Buffer
(Beyotime) for 30 min at room temperature. Subsequently,
the membranes were treated overnight at 4°C with pri-
mary antibodies. Then, the membrane was washed 3 times
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with Tris-buffered saline with Tween (TBST) before being
treated with a secondary antibody for 1 h at room tempera-
ture. Next, the membrane was washed 3 times with TBST.
Protein bands were visible using enhanced chemilumines-
cence (ECL; Cell Signaling Technology, Danvers, USA).

Statistical analyses

All observations in this study were made in triplicate.
The results were scrutinized using GraphPad Prism v. 8
(GraphPad Software, San Diego, USA) software. For re-
peated measurements, the general linear model was used
to compare the statistical difference among groups. Before
conducting one-way analysis of variance (ANOVA) and
t-test, the normality and homogeneity of variance of data
or variables were tested. If the data conformed to a normal
distribution and had homogeneity of variance, the one-way
ANOVA and t-test were used to compare the differences
between different treatment groups. The value of p < 0.05
was considered significantly different.

Results

miR-29a-5p is highly expressed in HCC cells
and was successfully knocked down and
upregulated

To detect the differential expression of miR-29a-5p
in HCC, we examined 4 HCC cell lines, including Huh-7,
LM-3, MHCC97-H, HepG2, and the human normal liver
cell line (LO2). Figure 1A illustrates that miR-29a-5p was
present at lower levels in LO2 cells than in all HCC cell lines.
The Huh-7 was selected for the subsequent experiments;
hsa-miR-29a-5p mimics and inhibitors were used to up-
regulate and knock down miR-29a-5p, respectively (Fig. 1B).

miR-29a-5p enhances the proliferation,
migration and invasion of HCC cells

The CCK-8, wound healing and transwell assay data con-
firmed that miR-29a-5p knockdown significantly inhibited
cell proliferation (Fig. 2A). Additionally, we discovered
that miR-29a-5p knockdown HCC cells had less ability
to migrate and invade than control cells (Fig. 2B,C). These
results were reversed when miR-29a-5p was upregulated.

ARID2 is a target gene of miR-29a-5p

Subsequently, we utilized an online prediction database
(TargetScan, https://www.targetscan.org/vert_80/; star-
Base, http://starbase.sysu.edu.cn/) to predict candidate
targets for miR-29a-5p (Fig. 3). As expected, miR-29a-5p
silencing significantly upregulated ARID2 expression;
similarly, ARID2 was downregulated when miR-29a-5p
was overexpressed (Fig. 4).


https://www.targetscan.org/vert_80/
http://starbase.sysu.edu.cn/
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Fig. 1. A. miR-29a-5p expression
levels in 4 hepatocellular
carcinoma (HCC) cell lines
were higher than in the human
normal liver cell line (LO2)
(3 distinct repetitions, one-way
analysis of variance (ANOVA),
] HepG2: p = 0.0207; HU-
u 7:p < 0.0001; LM-3: p = 0.0044;
MHCC97-H: p = 0.0028; ** denotes
p < 0.01); B. miR-29a-5p was
[} knocked down and upregulated
in Huh-7 cells (3 distinct
repetitions, one-way ANOVA,
A mimic: p = 0.0138; inhibitor:
p =0.0314; * denotes p < 0.05)
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miR-29a-5p regulates EMT through
ARID2 and affects HCC cell proliferation,
metastasis and invasion

The miR-29a-5p inhibitor and ARID2 siRNA were co-
transfected into Huh-7 cells to examine whether ARID2
participated in the changes in the proliferation and mi-
gration ability of HCC cells induced by miR-29a-5p
(Fig. 5A). As expected, the effects of miR-29a-5p down-
regulation on cell proliferation and migration were re-
versed by the treatment with ARID2 siRNA co-trans-
fection (Fig. 5B,C). Simultaneously, after co-transfection
with ARID2 siRNA, western blot analysis revealed that
E-cadherin expression was lowered, whereas Vimentin
expression increased, which suggested that the EMT ability
of Huh-7 cell was enhanced (Fig. 5D,E).

Discussion

Primary liver cancer is the 4" most common carcinoma
in China, posing a serious threat to the Chinese people’s
health and life.2! Liver cancer metastasis includes 5 typical
steps: local invasion of adjacent tissues, intravascular inva-
sion, circulatory system survival, extravasation, and abnor-
mal colonization of the liver or distant organs (extrahepatic
colonization). With the increased research into liver cancer
and the advancement of medical technology, liver cancer
now has a precise multidisciplinary treatment model. Cur-
rently, regorafenib, sorafenib and immune checkpoint in-
hibitors are all molecularly targeted medications that have
improved the prognosis of most patients.?>-2> Despite this,
most liver cancer patients have extremely poor prognoses
due to the interaction of multiple factors.?® Most patients
lose the opportunity for surgery due to the extremely high
recurrence rate of liver cancer and the discovery of distant
metastases at the initial diagnosis.?” Therefore, finding

]
nc mimic inhibitor

Huh-7

a specific molecular marker for early disease prediction
and treatment is particularly important.

The abnormal expression of oncogenes often regulates
tumorigenesis and cancer progression. Understanding
the oncogene function is crucial for preventing and treat-
ing carcinoma. Many malignant biological processes, such
as cell proliferation and apoptosis, depend on miRNA
regulation and autophagy. Mounting evidence suggests
that under certain conditions miRNAs act as oncogenes
and antioncogenes in HCC cells and regulate malignant
biological behaviors such as apoptosis, invasiveness, pro-
liferation, and metastatic abilities.?® Many miRNAs, such
as miR-519a and miR-1468 inhibit apoptosis and improve
cell proliferation in liver cancer cells.

Interestingly, other miRNAs, including miR-1296 and
miR-542-3p, inhibited the EMT, decreasing the HCC cell
metastatic capacity. The miR-29a is a conserved miRNA
regulating multiple coordinated post-transcriptional pro-
grams, thereby participating in diverse biological pro-
cesses.” Previous studies have indicated that the overex-
pression of miR-29a inhibits leukemia cell line growth.
However, several other studies have discovered that
the increased miR-29a levels in mice promote leukemia
progression, suggesting that miRNAs may be a double-
edged sword in cancer.?? Similarly, miR-29a regulates
glioblastoma disease progression; in glioma patients, low
miR-29a expression predicts higher tumor aggressiveness
and a worse prognosis.3! Numerous studies have exam-
ined the link between miRNA-29a-5p and early recurrence
of HCC after surgical resection.?’ However, the biological
function of miRNA-29a-5p in HCC has not been thor-
oughly described. In this study, miRNA-29a-5p was overex-
pressed in HCC cells. In vitro functional experiments fur-
ther indicated that the downregulation of miRNA-29a-5p
inhibited HCC cell invasion, migration and proliferation.

The ARID2 is a chromatin-remodeling complex subunit
important in biological processes occurring in various
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Fig. 2. miR-29a-5p controls the malignant biological behavior of hepatocellular carcinoma (HCC) cells. A. The cell counting kit-8 (CCK-8) detection revealed
that HCC cell proliferation could be regulated via miR-29a-5p (Greenhouse-Geisser test, degrees of freedom (df) = 1.608, F = 1115.927, p < 0.0001, n? = 0.995,
** denotes p < 0.01; B,C. miR-29a-5p was shown to influence the ability of HCC cells to migrate and invade using transwell detection and wound healing
assays (3 distinct repetitions, one-way analysis of variance (ANOVA); B. mimic: p = 0.0055; inhibitor: p = 0.0016; C. mimic: p = 0.0205; inhibitor: p = 0.0460; *
and # denote p < 0.05; ** and ## denote p < 0.01)

OD - optical density; NC - negative control.

Predicted consequential pairing of target region (top) Slte Context++ Context++ score Weighted Conserved branch |p oT
and miRNA (bottom) score percentile context++ score length
Position 2430-2437 of ARID2 3' UTR &’ . GAUAAUGUCUUCUCAAAAUCAGA. .

TELEEL 8mer -0.12 0.00
hsa-miR-29a-5p 3 GACUUGUGGUUUUCUUUAGUCA

Fig. 3. The complementary pairing sequences between miR-29a-5p and 3-UTR of AT-rich interaction domain 2 (ARID2)

types of cells, including transcriptional regulation,3? in partial or complete inactivation of the ARID2 pro-
cell cycle modulation,3?3* embryonic development,3® tein.?’3° The chromatin-remodeling complex can per-
and DNA damage repair.3¢ The ARID2 mutations oc- form epigenetic regulation.*’ Similarly, ARID2 sometimes

cur in most cancers, and this mutation usually results participates in DNA and histone regulation in epigenetic
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hsa-miR-29a-5p vs. ARID2, 370 samples (LIHC)

Data Source: starBase v3.0 project

3
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Fig. 4. A. Online prediction of the interaction between miR-29a-5p and AT-rich interaction domain 2 (ARID2); B. miR-29a-5p inhibitors or analogs were

transfected into Huh-7 cells; mir-29a-5p negatively regulates ARID2 expression

NC - negative control.

regulation. Numerous studies have reported that ARID2
may become an antioncogene by regulating epigenetics,
but its specific regulatory mechanism in tumors remains
unknown.

The EMT regulates several malignant tumor behav-
iors, including proliferation, invasion and metastasis.
In many cases, tumor migration and invasion are closely
related to EMT, which refers to a specific morphologic
transformation process in which an epithelial phenotype
transforms into a mesenchymal phenotype, improving
the ability of the cells to metastasize and invade. The key
features of EMT are the reduced expression of cell adhe-
sion molecules (such as E-cadherin), the transition from
a cytokeratin to a Vimentin cytoskeleton, and the mor-
phological properties of mesenchymal cells. Since EMT
is a critical biological mechanism that enhances invasion
and metastasis, identifying key molecules involved in this
phenomenon is critical for studying the mechanism of tu-
mor cell metastasis. Most notably, previous research has
established that miRNAs play a critical role in EMT re-
modeling. Understanding the relationship between EMT-
related miRNAs and cancer progression will benefit our
clinical and basic research.

Limitations

We investigated the molecular mechanism of miRNA-29a-
5p regulating the invasion and metastasis of liver cancer

cells in vitro. However, in vivo functional experiments are
required in the future to more comprehensively demon-
strate the regulatory role of miRNA-29a-5p in the inva-
sion and metastasis of liver cancer. We should also collect
clinical specimens for validation to combine our research
with clinical trials. Another point is that the sample size
used in our previous work is modest, and we may encoun-
ter difficulties in choosing the statistical analysis method.
In the future experimental design, we may need to increase
the sample size.

Conclusions

Our study demonstrated that miRNA-29a-5p was over-
expressed in HCC cells. In vitro experiments further
indicated that the downregulation of miRNA-29a-5p at-
tenuated the ability of HCC cells to invade, migrate and
proliferate. The miRNA-29a-5p promotes HCC progres-
sion by targeting ARID2 through EMT. Our study proved
that miRNA-29a-5p could potentially be used as a bio-
marker and therapeutic target for HCC. Due to the regu-
latory role of miRNA-29a-5p in HCC, it is expected that
miRNA can be used as an early diagnosis and prognostic
indicator of HCC. The miRNA-29a-5p—ARID-EMT axis
can regulate the metastasis and proliferation of HCC, and
itis hoped that a new therapeutic strategy for HCC can be
found through this pathway.
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Abstract

Background. As a tumor suppressor, p16 can competitively block the cyclin D1-CDK4/6 complex to arrest
the cell cyclein the G1 phase. Lack of p76 gene expression can lead to infinite cell proliferation and malignant
transformation.

Objectives. To determine whether the hepatitis B virus X protein (HBx) requlates the methylation and
expression of the p16 gene.

Materials and methods. We constructed a eukaryotic expression vector carrying the HBx gene and
green fluorescent protein (GFP), and transfected it into HepGz2 cells to build cell lines stably expressing GFP
and GFP-HBx. The p16 protein level and p76 gene methylation were measured in these cell lines. We further
detected the mRNA expression of DNA methyltransferases (DNMTs) 1, 3A and 3B. The DNMTT, DNMT3A and
DNMT3B gene promoter sequences were inserted into a reporter vector (pGL3-Basic) to build recombinant
vectors, which were then transiently transfected into different cell lines. After 48 h, the luciferase activity
was measured.

Results. The level of p16 protein in GFP-HBx/HepG2 cells was significantly lower than in HepG2 and GFP/
HepG2 cells. The CpG methylation was present in the p76 gene promoter region of GFP-HBx/HepG2 cells.
The DNMT1 and DNMT3A mRNA levels in GFP-HBx/Hep(2 cells were significantly elevated compared to that
in the HepGz2 cells (p = 0.0495). The luciferase activity in GFP-HBx/HepG2 cells transfected with the pGL3-
DNMT1/3A pro plasmid was significantly higher than in HepG2 and GFP/Hep(2 cells (both p < 0.05).

Conclusions. The HBx can induce p76 gene promoter methylation and inhibit the expression of p16 in HepG2
cells. This occurs due to HBx activation of DNMT1 and DNMT3A promoters and the induction of p16 promoter
methylation, which downregulates the expression of p16 protein.

Key words: DNA methylation, p16, hepatitis B X protein, DNA methylation transferase
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Background

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors in the world. Chronic hepatitis
B virus (HBV) infection is the main risk factor for HCC.
There are about 296 million HBV-infected persons around
the world and approx. 820,000 deaths in this group every
year.! The risk of HCC is significantly higher in hepati-
tis B surface antigen (HBsAg)-positive individuals than
in uninfected persons. In China, 80% of HCC cases are
related to HBV infection.? Hepatitis B virus is the small-
est double-stranded DNA virus known to infect humans,
and it has been discovered that hepatitis B virus X protein
(HBx) plays an important role in the development and
progression of HBV-related HCC.3—°

Tumor suppressor gene pl6 is an important cell cycle
negative regulatory factor, and lack of p16 gene expres-
sion can lead to infinite cell proliferation and malignant
transformation.® Studies have shown that there is a cor-
relation between the regulation of p16 gene expression
and HBx.” There are currently 2 proposed mechanisms
how HBx regulates the expression of p16. One is that HBx
can induce pl6 mutation, which leads to loss of hetero-
zygosity and of expression.® The other is that HBx can
activate various transcription factors and signal pathways
through transactivation; this process can abnormally
activate the enzyme system regulating DNA methylation,
induce hypermethylation of the tumor suppressor gene
and downregulate its expression.® Recent studies have
shown that HBx is a very effective epigenetic modifier
that can induce methylation and inactivation of the pro-
moters of tumor suppressor genes, including p53, PTEN
and E-cadherin, and this is closely related to the develop-
ment and progression of HBV-related HCC.!%1!

As a transactivator, HBx can combine many factors
related to transcription and gene regulation. The DNA
methylation is maintained under the action of DNA
methyltransferase (DNMT). Currently, 3 DNMTs that
exhibit transmethylation activity have been identified:
DNMTI1, DNMT3A and DNMT3B. The main func-
tion of DNMT1 is to maintain methylation. The DN-
MT3A and DNMTS3B interact to cause de novo meth-
ylation of DNA sequences. At present, the role of HBx
transactivation with respect to DNMTs is unclear. Jung
et al. reported that HBx can upregulate the expression
of DNMT1 and DNMT3A, which induce methylation
of the retinoic acid receptor (RAR) -promoter and thus
inhibit its expression.!? The inhibition of its expression
results in a failure of the tumor suppressor protein RA
to combine with RAR-B, which results in the malignant
transformation of hepatocytes.!? In our prior work, we re-
ported that HBx upregulates DNMT1 and DNMT3A
mRNA and protein expression; however, the underlying
molecular mechanism of this effect is unclear.!®

W. Gan et al. Upregulation of DNMTs by HBx

Objectives

The current study aims to investigate the molecular
mechanism underlying HBx regulates the expression
of the p16 gene and if HBx regulates p16 expressions indi-
rectly through methylation.

Materials and methods
Plasmid construction

The pHBV plasmid containing 1.3 copies of the HBV
genome (adr serum type) that can cause the develop-
ment of HBV virus particles was previously developed
by our group and is maintained in our laboratory. Green
fluorescent protein (GFP) eukaryotic expression vec-
tor pEGFP-C1 was purchased from Biotech Company
(Bergisch Gladbach, Germany). The pGL3-Basic and
pRL-TK vectors were purchased from Promega (Madi-
son, USA). To construct the pEGFP-HBx recombinant
plasmid, the HBx gene was amplified using the pHBV
plasmid as a template and then cloned into the BglII
and Kpnl sites of the pEGFP-C1 vector. To construct
the pGL3-DNMT1 pro-recombinant plasmid, a human
DNMT1 promoter sequence (ENST00000340748)'* was
amplified from normal human genomic DNA (Bio-
Chain, Newark, USA), and then cloned into the Xhol
and HindIII sites of the pGL3-Basic vector. To con-
struct pGL3-DNMT3A/B pro-recombinant plasmids,
human DNMT3A and DNMT3B promoter sequences
(ENST00000264709, ENST00000328111)'>'¢ were ampli-
fied and cloned into the KpnI and BglII sites of the pGL3-
Basic vector.

Primers used for all of the constructs are shown
in Table 1. All constructs were confirmed using 1.2% aga-
rose gel electrophoresis (Biowest, Nuaillé, France) and
DNA sequencing (Takara, Kusatsu, Japan).

Cell cultures and transfections

The human hepatoma cell line HepG2 was maintained
in our laboratory. The HepG2 cell line was propagated
and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Waltham, USA) supplemented with 10%
fetal bovine serum (FBS) (HyClone, Logan, USA). Cultures
were incubated in a humidified atmosphere at 37°C with
5% CO,.

All transfections were performed with Lipofectamine™
2000 Reagent (Invitrogen, Carlsbad, USA), according
to the manufacturer’s recommendations. Transfected cells
were observed with an inverted fluorescence microscope
(Nikon Eclipse TS100/100F; Nikon Corp., Tokyo, Japan)
6 h after transfection.
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Table 1. Primers used in the construction of plasmids and RT-PCR

Use

Construction of pGFP-HBx

RT-PCR for HBx

RT-PCR for GAPDH
Methylation-specific PCR
Non-methylation-specific PCR
RT-gPCR for DNMT1

RT-gPCR for DNMT3A

RT-gPCR for DNMT3B

RT-gPCR for GAPDH

Construction of pGL3-DNMT1 pro
Construction of pGL.3-DNMT3A pro

Construction of pGL3-DNMT38B pro

Primer name

pHBx forward
pHBx reverse

HBx forward
HBx reverse

GAPDH forward
GAPDH reverse

p16-m forward
p16-m reverse

p16-nm forward
p16-nm reverse

DNMT1 forward
DNMTT reverse

DNMT3A forward
DNMT3A reverse

DNMT3B forward
DNMT3B reverse

gGAPDH forward
qGAPDH reverse

DNMT1pro forward
DNMT1pro reverse

DNMT3Apro forward
DNMT3Apro reverse

DNMT3Bpro forward
DNMT3Bpro reverse
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| Sequence (5'-3)

GGAAGATCTATGGCTGCTAGGGTGTGCTG
CGGGGTACCTTAGGCAGAGGTGAAAAAGT

ATGGCTGCTAGGGTGTGCTG
TTAGGCAGAGGTGAAAAAGT

CATCACCATCTTCCAGGAGCGAG
GTGCTCAGTGTAGCCCAGGATGC

AGAGGGTGGGGCGGATCG
CTACCCGACCCCGAACCG

GTTATTAGAGGGTGGGGTGGATTG
CCTCTACCCAACCCCAAACCA

GCCAACGAGTCTGGCTTTGAG
GTGTCGATGGGACACAGGTGA

GCATCCACTGTGAATGATAAGC
GGTCTTTGCCCTGCTTTATG

CCAACAACACGCAACCAG
GCTCTGATCTTCATCCCCTC

GCACCGTCAAGGCTGAGAAC
TGGTGAAGACGCCAGTGGA

CCGCTCGAGGCATGGGCCTCTATACACTGTG
CCCAAGCTTCCAGGGAGCTACGGGGGAAT

CACGGTACCCTACTTGGACACCTCAAGGTA
GAAGATCTCGCTCATTACCGTATGGCCG

CACGGTACCGGTCTGGAACCCAGGTAGCCA
AGAAGATCTCACCTGCCGCAGGGCTGGCT

GFP — green fluorescent protein; HBx — hepatitis B virus X protein; DNMT — DNA methylation transferases; RT-qPCR — reverse transcription quantitative
polymerase chain reaction; GAPDH - glyceraldehyde 3-phosphate dehydrogenase.

Screening of stably transfected cell lines
- G418 (geneticin) screening experiment

The HepG2 cells (2000 cells/mL) were placed in 96-well
plates. The G418 was added on days 1, 2, 3, and 4, re-
spectively, at concentrations of 0, 200, 400, 600, 800, and
1000 pg/mL. At 20 days of culture, the lowest concentra-
tion that resulted in the death of all cells was 600 pg/mL.
Therefore, 800 pg/mL was selected for day 2 screening.
The HepG2 cells were transfected with pEGFP-HBXx, and
after 24 h of transfection the culture medium was re-
moved, the cells were washed with phosphate-buffered
saline (PBS) 3 times, treated with trypsin, and centrifuged
at 1500 rpm for 5 min. The G418 (800 pg/mL) was added
to 5 mL of complete DMEM culture medium and placed
in a 25-mL ventilated culture bottle; the solution was
changed daily. The HepG2 cells transfected with empty
vector pEGFP-C1 were used as a control. The 800 pg/mL
concentration of G418 was screened for 20 days.

An inverted fluorescence microscope (Nikon Eclipse
TS100/100F) was used to visualize monoclonal cells ex-
pressing GFP. The cells were washed 3 times with PBS
and treated with trypsin. Under microscopic visualiza-
tion, the monoclonal cells were carefully aspirated with
a pointed pipette and placed into a 25-mL ventilated

culture bottle. Complete DMEM with a G418 concentra-
tion of 800 pg/mL was added, and after the culture bottle
was full of cell clones, it was amplified in vitro. The cells
were named GFP/HepG2 (transfected with pEGFP-C1)
and GFP-HBx/HepG2 (transfected with pEGFP-HBx).

Reverse transcription polymerase
chain reaction (RT-PCR)

The RNA was isolated from harvested cells using
an RNA Isolation Kit (TianGen, Beijing, China), accord-
ing to the manufacturer’s instructions. The cDNA was
then synthesized from the RNA using a PrimeScript®
RT Reagent Kit with gDNA Eraser (Takara). Polymerase
chain reaction was performed at 95°C for 5 min, followed
by 35 cycles of 98°C for 10 s, 68°C for 10 s, and 72°C for
5 min. The subsequent PCR products were visualized with
1.2% agarose gel electrophoresis.

An SYBR® Premix ExTaq™ II Kit (Takara) was used
to perform quantitative PCR (qQPCR) of human DNMT1,
DNMT3A and DNMT3B. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used for normalization.
The primers are shown in Table 1. The PCR conditions
were 95°C for 30 s, followed by 40 cycles of 95°C for 5 s
and then 60°C for 20 s.
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Methylation-specific PCR (MSP)

The promoter sequence of the human pl6 gene
(ENST000004494) was was obtained University of Califor-
nia Santa Cruz Genome Browser (http://genome.ucsc.edu).
The CpG islands were predicted using MetaPrime (Supple-
mentary Figure 1). Methylation and non-methylation primers
were designed using the Methyl Primer Express v. 1.0 soft-
ware (Applied Biosystems Inc., Carlsbad, USA), MethPrimer
(http://www.urogene.org/methprimer/), Primer Premier
5.0 (PREMIER Biosoft, San Francisco, USA), and Oligo 7.0
(Molecular Biology Insights, Inc., Cascade, USA) (Table 1).
Methylation-specific PCR was conducted using an EpiTect
MSP Kit (Qiagen, Hilden, Germany), according to the manu-
facturer’s instructions. The PCR conditions were 95°C for
10 min, followed by 40 cycles of 94°C for 15 s, 55°C for 30's,
72°C for 30's,and 72°C for 10 min. The subsequent PCR prod-
ucts were visualized using 1.2% agarose gel electrophoresis.

Western blotting

The M-PER™ Mammalian Protein Extraction Reagent
(Pierce, Rockford, USA) was used to extract the total pro-
tein from the transfected cells, and protein concentra-
tion was determined using BCA Protein Assay Reagent
A (Pierce) according to the manufacturer’s instruction.
Proteins were separated with 10% sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), trans-
ferred to nitrocellulose membranes, and then detected
using the appropriate antibodies, with 12 h incubation time
for primary antibody and 2 h for secondary antibody. Rab-
bit anti-GAPDH was purchased from Xianzhi Company
(Guangzhou, China), anti-HBx was purchased from Santa
Cruz Biotechnology (Dallas, USA) and anti-pl6 was pur-
chased from Cell Signaling Technology (Danvers, USA).

Determination of DNMT1, DNMT3A
and DNMT3B gene promoter activity

The stably transfected cells GFP/HepG2, GFP-HBx/HepG2
and HepG2 were transiently transfected with pGL3-DNMT1
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pro, pGL3-DNMT3A pro, pGL3-DNMT3B pro, and pGL-
3-Basic (control) together with the Renilla luciferase plasmid
phRL-tk. The double-luciferase reporter assay system (Pro-
mega) was used to detect the activity of luciferase.

Statistical analyses

With alimited sample size (3—9), the assumption of normal-
ity was not adopted to the continuous variables in this study,
and only nonparametric statistical tests were used. For all com-
parisons among HepG2, GFP/HepG2 and GFP-HBx/HepG2
groups, the results were indicated using a dot-plot with medi-
ans, and the significance was tested using the Kruskal-Wallis
test and Dunn’s test with Bonferroni adjustment as post hoc
test. The Mann—Whitney U test was used in the comparison
between the 2 groups. The detailed statistics, p-value, sample
size, and testing method were reported in Supplementary
Tables. All analyses were done using IBM SPSS v. 25 software
(IBM Corp., Armonk, USA). The statistical significance level
for all the tests was set at a p 0.05 (two-tailed).

Results

Construction and identification
of the pEGFP-HBXx eukaryotic expression
vector

Based on the designed target gene primers, the HBx gene
fragment was approx. 470 bp long and this finding was consis-
tent with the prediction (Fig. 1A). The recombinant plasmid
pEGFP-HBx was treated with rapid restriction endonucleases
Bgll and Kpnl. The products were subjected to 1% agarose
gel electrophoresis, and the empty plasmid (pEGFP-C1) was
used as a control. The DNA bands of 4700 bp were observed
for both, while a DNA band of 470 bp was only observed for
the recombinant vector (Fig. 1B). Sequencing results of the re-
combinant plasmid confirmed that HBx was inserted between
the BglIl and Kpnl digestion sites of the pEGFP-C1 empty
vector. Blast homology comparison using the National Center
for Biotechnology Information (NCBI) database showed that

Fig. 1. Gel electrophoresis. A. Polymerase chain
reaction (PCR) product of hepatitis B virus X protein
(HBx) gene (470 bp). M — marker, 1 — HBx gene cDNA,
2 - negative control; B. Plasmids treated with Bglll and
Kpnl. M = marker, 1 — pEGFP-HBx, 2 — pEGFP-C1

4700bp

470bp
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the HBx gene was forwardly connected to the pEGFP-C1
eukaryotic vector, and was named pEGFP-HBx for this study.

Construction of pGL3-DNMTs
pro-recombinant plasmids

The electrophoresis showed a band of approx. 850 bp
for DNMT1, 1000 bp for DNMT3A and 900 bp for DN-
MT3B, which implied that the amplification was successful
(Fig. 2A,B). The digestion of the pGL3-DNMT pro-recombi-
nant plasmids by relative restriction endonucleases showed
a size of 850 bp for DNMT1, 1000 bp for DNMT3A and
900 bp for DNMT3B, indicating that the connections were
successful (Fig. 2C,D). The sequence analysis of the recom-
binant plasmids confirmed that the DNMT1, DNMT3A and
DNMT3B promoters were positively inserted into the pGL3-
Basic vector, and were respectively named pGL3-DNMT1
pro, pGL3-DNMT3A pro and pGL3-DNMTS3B pro.

Establishment of HepG2 cell lines stably
expressing GFP and GFP-HBx protein

The HepG2 cells were transfected with pEGFP-C1
or pPEGFP-HBx and screened for about 20 days with
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G418. All HepG2 cells in the blank control died. Re-
sistant cell clones were observed in the pEGFP-C1 and
pEGFP-HBx plasmid transfection groups. Cell clones
expressing GFP were carefully selected under the in-
verted fluorescence microscope. Cells stably expressing
GFP were screened out under white light and fluores-
cence, and named GFP/HepG2 and GFP-HBx/HepG2,
respectively (Fig. 3).

Detection of HBx gene expression
using RT-PCR and western blotting

Reverse transcription polymerase chain reaction was
used to detect the expression of HBx based on the mRNA
isolated from the different stable cell lines. The results
showed that the gene fragments of GFP-HBx/HepG2
cells were the expected size, while the RT-PCR prod-
ucts of HepG2 and GFP/HepG2 cells exhibited no bands
on electrophoresis, indicating that HBx gene transcription
was present in GFP-HBx/HepG2 cells (Fig. 4A). The detec-
tion of HBx protein expression in stably transfected cells
using western blotting showed that HBx could be detected
in GFP-HBx/HepG2 cells but not GFP/HepG2 or HepG2
cells (Fig. 4B).

Fig. 2. Gel electrophoresis. A. Polymerase chain
reaction (PCR) product of DNMT1 promoter.

M = marker, 1 - DNMT1 promoter cDNA, 2 - negative
control; B. PCR product of DNMT3A and DNMT3B
promoters. M — marker, 1 = DNMT3A promoter cDNA,
2 - negative control, 3 - DNMT3B promoter cDNA;

C. Plasmids treated using western Xhol and Hindlll.

M —marker, T = pGL3-DNMT1 pro, 2 — pGL3-Basic;

D. Plasmids treated using western Kpnl and Bglll.

M —marker, 1 — pGL3-DNMT3A pro, 2 — pGL3-Basic,

1kb 3 - pGL3-DNMT3B-pro
900bp

4.8kbp

1kbp
900bp
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GFP-HBx/HepG2

Fig. 3. HepG2 cells stably expressing green fluorescent protein (GFP) and GFP-hepatitis B virus X protein (HBx) fusion protein. A. Light microscopy

(x200 magnification); B. Fluorescence microscopy (x200 magnification)

A M 1 2 3

bp

1200
900

500
300
100

GAPDH
HBx

Fig. 4. A. Detection of hepatitis B virus X protein (HBx) gene mRNA with
gel electrophoresis. M — marker, 1 - HepG2, 2 — green fluorescent protein
(GFP)/Hep@G2, 3 - GFP-HBx/HepG2; B. Detection of HBx with western
blotting. 1 — HepG2, 2 — GFP/HepG2, 3 — GFP-HBx/HepG2

GAPDH - glyceraldehyde 3-phosphate dehydrogenase; HBx — hepatitis
B virus X protein.

p16 protein levels in different cell types

After the Kruskal-Wallis test, no significant difference
of pl6 relative gray value was found among HepG2, GFP/
HepG2 and GFP-HBx/HepG2 groups (as indicated in Sup-
plementary Table 1,2). However, the level of pl6 protein
in GFP-HBx/HepG2 cells was significantly lower than
in GFP/HepG2 cells and HepG2 cells (p = 0.049, p = 0.049)

A 1 = 3
PI6 o s— 16Kda
GAPDH S 31Kda
B
© 150
©
o p = 0.076 (ns)
L ———————
(<}
5 1004 o .
>
5
50~
2
E A
e N,
4 1 1 1
HepG2 GFP/HepG2 GFP-HBx/HepG2

Fig. 5. A. Detection of p16 protein with western blotting. 1 - HepG2;
2 - green fluorescent protein (GFP)/HepG2; 3 — GFP-HBx/HepG2;
B. Relative gray value of p16; *p < 0.05

GAPDH - glyceraldehyde 3-phosphate dehydrogenase; HBx — hepatitis
B virus X protein.

in separate Mann—Whitney U tests, while there was no sig-
nificant difference in the pl6 protein level between GFP/
HepG2 and HepG2 cells (Fig. 5A,B). Since the authors believe
that the differences in p16 protein levels were worthy of in-
terpretation, both the Kruskal-Wallis test and the Mann—
Whitney U test results were reported.

The methylation products and demethylation products
in the promoter region of the p16 gene were detected with
MSP. Only the demethylation products were amplified
in HepG2 cells and GFP/HepG2 cells, while both the de-
methylation and methylation products were amplified
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Fig. 6. Gel electrophoresis. Detection

in GFP-HBx/HepG2 cells (Fig. 6). Methylation products
were not detected in GFP-HBx/HepG2 cells 3 days after
the addition of 5-Aza-2'-deoxycytidine (20 umol/L) (Fig. 6).

The impact of HBx on the transcription
of DNMTs

The expression level of DNMT mRNA in HepG2 cells
was set at 1.00. The expressions of DNMT1 and DNMT3A
mRNA in GFP-HBx/HepGz2 cells were significantly higher
than in the GFP/HepG2 cells (p = 0.0495), while there
was no difference in DNMT3B mRNA (p > 0.05) (Fig. 7).
Detailed statistics and p-values were reported in Supple-
mentary Table 3.

Impact of HBx on DNMT promoter activity

The relative activity of luciferase in each group was
compared among the different cell lines transfected with
different plasmids. The activity of luciferase in HepG2
cells transfected with pGL3-Basic was set at 1.0. There
was no statistical difference in luciferase activity among
the 3 blank groups transfected with the pGL3-Basic vec-
tor. The relative luciferase activity in GFP-HBx/HepG2
cells transfected with the pGL3-DNMT1 pro and pGL3-
DNMT3A pro plasmids was significantly higher than
in the GFP/HepG2 and HepG2 cells (p < 0.05). There
was no difference in activity among the 3 groups when
transfected with pGL3-Basic or pGL3-DNMT3B plasmids
(the relative activity was transformed using log10 to level
down the disparity of scale) (Fig. 8 and Supplementary
Table 1,2).

Discussion

In this study, we found that HBx can induce p16 gene
promoter methylation and inhibit the expression of the p16
gene. Importantly, the results showed that the mechanism
by which HBx regulates the expression of the p16 gene
is through the upregulation of DNMT1 and DNMT3A

of p16 promoter methylation using
methylation-specific polymerase
chain reaction (MSP). m — marker;

M - methylation polymerase chain
reaction (PCR), U — demethylation
polymerase chain reaction (PCR);

1 - negative control; 2 - HepG2;

3 - green fluorescent protein
(GFP)/HepG2; 4 — GFP-HBx/HepG2;

5 — GFP-HBx/HepG2 plus 5-Aza-2"-DC
(20 umol/L for 3 days); 6 — methylation
positive control; 7 - demethylation
positive control
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Fig. 7. A. Detection of DNMT1 mRNA using real-time polymerase chain
reaction (PCR); B. Detection of DNMT3A mRNA using real-time PCR;

C. Detection of DNMT3B mRNA using real-time PCR; *p < 0.05 compared
with the other 2 groups

GFP - green fluorescent protein; HBx — hepatitis B virus X protein.
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gene promoter activity, which enhances their transcrip-
tion and expression. The DNMT1 and DNMT3A belong
to a family of DNA methyltransferase enzymes that cata-
lyze the transfer of methyl groups to specific CpG struc-
tures in DNA, alter chromatin structure and regulate gene
expression.l” This subsequently results in methylation
of the p16 gene promoter and the downregulation of gene
expression.

The HBx gene is the smallest and most conservative
gene among the 4 open reading frames of the HBV ge-
nome.'® The HBx can activate a variety of oncogenes and
transcription factors, including C-myc, AP-1, NF-«B, and
AP-2.8 The HBx is involved in tumor cell metabolism,
proliferation, apoptosis, invasion, and metastasis.!*?° Cur-
rent research has also suggested that HBx is an effective
epigenetic modifier, which may activate various transcrip-
tion factors via transactivation, and downregulate the ex-
pression of tumor suppressor genes by hypermethylation.

The fusion expression of an exogenous target protein
and GFP can facilitate real-time monitoring and intracel-
lular localization of a target gene®!; hence, GFP expression
of the pEGFP-C1 vector was used in this study. The HBx
gene was inserted into pEGFP-C1 to construct the recom-
binant plasmid pEGFP-HBx. The pEGFP-C1 empty vector
and pEGFP-HBx were transfected into the human hepatic
carcinoma cell line HepG2. The results showed that both
transfected cells effectively expressed GFP. After G418
screening, HepG2 cells with stable expression of GFP
and GFP-HBx were obtained, and after 40 generations
of culture, the cells still expressed strong fluorescence.

The RT-PCR and western blotting showed that HepG2
cells transfected with pEGFP-HBx expressed the HBx
gene. These results showed that HepG2 cell lines stably
expressing GFP and GFP-HBx fusion protein were suc-
cessfully established, and provided a platform for subse-
quent studies.

As the most important negative regulator of the cell
cycle, tumor suppressor gene pl6 regulates cell growth
and differentiation by binding and inhibiting cell cycle-
dependent protein kinases CDK4 and CDK6, and reduces
retinoblastoma protein phosphorylation. The loss of p16
gene expression can cause infinite cell proliferation and
induce malignant transformation of cells. Our results
showed that there was a significant negative correlation
between p16 and HBx expression in GFP-HBx/HepG2 cells.
Therefore, we speculated that there might be a mecha-
nism by which HBx downregulates p16 expression. Many
viruses, including HBV, can induce methylation of tumor
suppressor genes, and thus downregulate their expres-
sion.?? It has been reported that pl6 promoter methyla-
tion in HCC is significantly related to HBV infection.?3*
There are several causes of p16 gene inactivation, such
as gene loss, gene mutation, promoter hypermethylation,
and homozygous deletion. Prior studies have focused
on tumor suppressor gene mutations, while recent studies
have shown that epigenetic abnormalities of tumor sup-
pressor gene methylation are common causes for the de-
velopment and progression of malignant tumors.?> Im-
portantly, HBx is a multi-functional viral protein closely
related to the development of HCC, and recent studies have
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suggested that HBx is an effective epigenetic modifier that
can inactivate tumor suppressor genes by inducing meth-
ylation. Our results showed that the exogenous transfec-
tion of the HBx gene resulted in the methylation of some
CpG sites in the pI16 gene promoter sequence in HepG2
cells. The treatment of GFP-HBx/HepG2 cells with 5-Aza-
2'-deoxycytidine resulted in the recovery of the demethyl-
ated state of the pI16 gene promoter, indicating that DNA
methylation was one of the reasons for the downregulation
of the p16 gene by HBx.

The upregulation of the expression of DNMTs has been
found in many malignant tumors, including HCC.?® Ab-
normally high expression of DNMTT1 is closely related
to the occurrence of ovarian cancer, cervical cancer, lung
cancer, gastric cancer, and liver cancer.?® The DNMT1
participates in characteristics of tumor cells such as un-
limited proliferation, migration and invasion, and plays
an important role in the maintenance of a continuous
methylation state of tumor-related genes.?”?® However,
the specific mechanisms by which DNMTs promote liver
cancer have not been elucidated. Recent studies have
shown that many viruses, including HBV, can upregulate
the expression of DNMTs, thus causing the methylation
of tumor suppressor genes and downregulation of their
expression.??3? Jung et al. reported that HBx can induce
the methylation of the RAR-B promoter by upregulating
the expression of DNMT1 and DNMT3A.!?2 This results
in the failure of tumor suppressor RA to combine with
RAR-fB, which leads to the failure of tumor suppressor ac-
tivity and the subsequent malignant transformation of he-
patocytes.'? At present, the role of DNMTs in the process
of HBx-induced pl6 methylation is not clear. Therefore,
we designed specific primers to amplify DNA fragments,
including DNMT1, DNMT3A and DNMT3B promoter
regions, and constructed corresponding promoter reporter
vectors, in order to study the effect of HBx on DNMTs
at the promoter level.

Limitations

We found that HBx significantly upregulated the pro-
moter transcription activity of DNMT1 and DNMT3A.
In addition, the mRNA expression of the DNMTI and
DNMT3A genes was also increased, while HBx had no
significant effect on DNMT3B at the promoter level and
the mRNA level. Therefore, we speculate that DNMT1
and DNMT3A may play a catalytic role in the methyla-
tion of the pI6 gene promoter induced by HBx, probably
via the mechanism of extensive transactivation. Previous
studies have shown that HBx is a powerful transactiva-
tor.3! Although HBx in the nucleus cannot directly bind
to DNA, it can interact with a variety of transfer factor
proteins, resulting in the increase of transcription activity
of specific genes. However, how HBx regulates the ex-
pression of DNMTs is still unclear, and further research
is needed.
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Conclusions

In conclusion, we successfully constructed the eukary-
otic expression vector pEGFP-HBx carrying the HBx
gene, and stably transfected it into HepG2 cells. We found
that HBx can induce p16 gene promoter methylation and
inhibit the expression of the pI6 gene. The mechanism
by which HBx regulates the expression of the p16 gene
is the upregulation of DNMT1 and DNMT3A gene pro-
moter activity, which enhances their transcription and
expression. This subsequently results in the methylation
of the p16 gene promoter and the downregulation of gene
expression.

Supplementary data

The supplementary files are available at https://doi.org/10.
5281/zenodo.7332522. The package consists of the fol-
lowing files:

Supplementary Figure 1. p16 CpG island prediction through
Metaprime.

Supplementary Table 1. Kruskal-Wallis test results for
Fig. 5 and Fig. 8.

Supplementary Table 2. Dunn’s test with Bonferroni ad-
justment as post hoc comparison results for Fig. 5 and Fig. 8.

Supplementary Table 3. Mann—Whitney U test results
for Fig. 7.
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Abstract

Background. A keloid is a benign fibroproliferative skin tumor whose formation is requlated by circular
RNAs (circRNAs). However, the effect and requlatory mechanism of hsa_circ_0038382 on keloid formation
have not been investigated.

Objectives. This study aimed to identify the function and mechanism of hsa_circ_0038382 in keloid
formation.

Materials and methods. The expression levels of hsa_circ_0038382, microRNA-940 (miR-940) and T-box
transcription factor 5 (TBX5) were measured using real-time quantitative reverse transcription polymerase
chain reaction (qRT-PCR). After cell transfection of keloid fibroblasts, the effect of the hsa_circ_0038382/
miR-940/TBX5 axis on keloid formation was assessed using cell function tools such as the cell count-
ing kit-8 (CCK-8) assay, transwell migration assay and transwell invasion assay. The binding sites among
hsa_circ_0038382, miR-940 and 7BX5 were predicted with CircInteractome and TargetScan, and further
identified using luciferase assays.

Results. The levels of hsa_circ_0038382 and 7BX5 were reduced, whereas the level of miR-940 was elevated
in keloid samples. Cell function experiments confirmed that hsa_circ_0038382 can inhibit keloid forma-
tion by suppressing proliferation, migration and invasion of keloid fibroblasts. Luciferase assays proved that
hsa_circ_0038382 can absorb miR-940 to requlate 7BX5 expression in keloids. Additionally, the overexpres-
sion of TBXS restored the effect of hsa_circ_0038382 knockdown on keloid fibroblasts.

Conclusions. This study suggests that hsa_circ_0038382 attenuates keloid formation by requlating the miR-
940/TBX5 axis, which might provide a potential therapeutic target in the treatment of keloid formation.

Key words: keloid, hsa_circ_0038382, miR-940, TBX5
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Background

A keloid, characterized by the hyperproliferation of fibro-
blasts and abnormal deposition of collagen fibers, is a be-
nign fibroproliferative skin tumor.'? Keloid formation
is caused by cutaneous injuries, including trauma, burns
and surgery,® and involves multiple regulators, including
cytokines, gene regulators and inflammatory factors.*
The overproliferation of fibroblast, overproduction of col-
lagen and abnormal extracellular matrix remodeling are key
factors in keloid formation.® For keloid therapy, the mainstay
of treatment is conservative therapy, such as surgery alone
or in combination with depot steroids. However, a high
recurrence rate often leads to unsatisfactory outcomes.®’
Hence, an in-depth investigation of the mechanisms behind
keloid formation is urgently required for keloid treatment.

Circular RNAs (circRNAs), which are non-coding
RNAs, are more stable than linear RNAs because they
form a continuous circle.® Accumulating evidence reveals
that aberrantly expressed circRNAs in keloids play key
roles in regulating keloid formation.’~! For example, cir-
cRNA nuclear receptor-interacting protein 1 (circNRIPI)
is overexpressed in keloid tissues, and the downregula-
tion of circNRIP1 expression inhibited the proliferation
of keloid-derived fibroblasts.! The overexpression of an-
other circRNA, circ_101238, has been shown to promote
the proliferation and inhibit the apoptosis of keloid fibro-
blasts.” We identified a novel circRNA, hsa_circ_0038382,
by analyzing a keloid circRNA microarray from the Gene
Expression Omnibus (GEO) database. Because of the lack
of knowledge regarding the effects of hsa_circ_0038382
on keloids, this study is the first to investigate the function
of hsa_circ_0038382 in keloids.

The circRNAs that interact with microRNAs (miRNAs)
to regulate downstream target genes have been confirmed
in multiple human diseases, such as cancer, osteoporosis
and cardiac hypertrophy.!>~** In keloids, circRNA protein
tyrosine phosphatase non-receptor type 12 (PTPN12) has
been reported to target the miR-21-5p/SMA D7 axis, thereby
inhibiting keloid fibroblast growth.!> Our study predicted
that miR-940 might be the downstream miRNA of hsa_
circ_0038382 using CircInteractome (https://circinterac-
tome.nia.nih.gov/) analysis. The miR-940 has been reported
as a tumor promoter in breast cancer'® and endometrial car-
cinoma,'” and as an antitumor factor in non-small cell lung
carcinoma'® and esophageal squamous cell carcinoma.t’
However, the effects of miR-940 on keloids remain unknown.
Here, we explored the influence of miR-940 and the interac-
tion between hsa_circ_0038382 and miR-940 on keloids.

T-box transcription factor 5 (TBX5), containing a DNA-
binding domain T-box sequence, can induce cell apoptosis.?
Previous studies have confirmed the antitumor function
of TBX5 in colon cancer,” non-small cell lung carcinoma??
and cutaneous melanoma.?® Nevertheless, the mechanism
of action of TBX5 in keloids remains unclear. Using Tar-
getScan (https://www.targetscan.org), TBXS was predicted
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to be the target gene of miR-940; however, the relationship
between TBX5 and miR-940 has not been reported. There-
fore, we explored the function and mechanism of action
of TBXS in keloids.

Objectives

Based on a bioinformatic analysis and a literature review,
we speculated that hsa_circ_0038382 might affect keloid
formation through the miR-940/TBX5 axis. Therefore,
the present study aimed to identify the function of the hsa_
circ_0038382/miR-940/TBXS5 axis on keloids, and assess
whether it could be a novel therapeutic target for keloid
treatment.

Materials and methods
Microarray analysis

The GSE184097 from the GEO database is a circRNA
expression microarray containing keloid and normal skin
samples. The ASCRP3013082 is the ID of hsa_circ_0038382
in GSE184097. The GEO2R was used to identify hsa_
circ_0038382 expression in keloids and normal skin samples.
The binding sites of hsa_circ_0038382, miR-940 and TBX5
were predicted using CircInteractome and TargetScan.

Clinical sample collection

Keloids and paired normal skin tissues (>5 cm from
the keloid) were collected from 28 patients in our hospi-
tal. None of the patients had received radiotherapy, che-
motherapy or laser treatment before surgery. Our study
was approved by the Ethics Committee of Wuhan Wuch-
ang Hospital, China (approval No. 2022006). All patients
signed an informed consent form. The clinical character-
istics of the patients are presented in Table 1.

Real-time quantitative reverse
transcription polymerase chain reaction
(qRT-PCR)

Total RNA was isolated using RNAiso Plus (TaKaRa,
Tokyo, Japan), and miRNA was isolated using the miRNeasy
FFPE Kit (BioTeke, Wuxi, China). Reverse transcription
was performed using a PrimeScript RT kit (TaKaRa). Real-
time quantitative reverse transcription polymerase chain
reaction was performed using SYBR™ Green PCR Master
Mix (TaKaRa) with the following primer sequences: hsa_
circ_0038382: forward, 5-CGGGCCTATATGGAGAA-
CAA-3 andreverse, 5-TCTCTCCTCACTGCCCAACT-3};
miR-940: forward, 5-GTATAAAGGGCCCCCGCT-3’
and reverse, 5~ AGGGTCCGAGGTATTCGCACT-3’; and
TBXS: forward, 5-CTCAAGCTCACCAACAACCA-3 and
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Table 1. Clinical characteristics of 28 patients with keloid

Variable | Number (total = 28)
Age, median (range) [years] 36 (26-48)
Sex
Male, n 13
Female, n 15

Number of keloid nodules

2-4 9

=5 8
Location

Face, neck 5

Trunk, shoulder 17

Extremities 6
Symptom

Itching 10

Pain 1

Itching & pain 17

reverse, 5-CAGGAAAGACGTGAGTGCAG-3’. The rela-
tive expression was calculated using the 2-24¢T method?*
with glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and U6 as internal references.

Cell culture and transfection

Human keloid fibroblasts (HKFs; CP-H235) were pur-
chased from Procell Life Science and Technology Co.,
Ltd. (Wuhan, China), whereas normal human dermal
fibroblasts (HDFs; BNCC358600) were purchased from
the BeNa Culture Collection (Beijing, China). All cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS), 1% penicillin and
1% streptomycin under 5% CO, and at 37°C.

Silencing RNAs (siRNAs) targeting hsa_circ_0038382
(si-hsa_circ_0038382), negative control (NC) of siRNAs,
miR-940 mimic, and mimic-NC were constructed by Ri-
boBio (Guangzhou, China). The hsa_circ_0038382 and
TBXS5 overexpression vectors were also constructed by Ri-
boBio using pcDNA3.1-circRNA or pcDNA3.1 vectors.
The corresponding empty vector (pcDNA3.1-circRNA
or pcDNA3.1) was used as the NC of the overexpression
vector. For cell transfection, the 50 nM vectors mentioned
above were transfected into HKFs at 50% confluence. After
transfection for 48 h, qRT-PCR was performed to assess
the transfection efficiency.

CCK-8 assay

Human dermal fibroblasts were seeded in a 96-well cell
culture plate (3000/well). After transfection for 0, 24, 48,
and 72 h, 10 pL of cell counting kit-8 (CCK-8) solution
(Dojindo, Kumamoto, Japan) was pipetted into each well
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and incubated for another 2 h at 37°C. Finally, the optical
density (OD) value was recorded at 450 nm using a micro-
plate reader (YK-SY96A; Yunke, Beijing, China).

EdU assay

The 5-ethynyl-2’-deoxyuridine (EdU) assays were per-
formed to assess cell proliferation using an EdU cell pro-
liferation kit (Solarbio Science & Technology Co., Ltd.,
Beijing, China). Transfected HKFs (1 x 10* cells/well)
were seeded in 96-well plates and incubated overnight.
The next day, 100 pL of 50 uM EdU solution was added
to the HKFs and incubated for 2 h. After washing the HKFs
with phosphate-buffered saline (PBS), the cells were fixed
with fixative, treated with 0.1% Triton X-100, washed with
PBS, and incubated with 100 pL of Apollo staining reac-
tion solution. Then, the cells were incubated with 100 uL
of 1 x Hoechst 33342. Finally, they were observed and
photographed using a fluorescence microscope (Olympus
BX51; Olympus Corp., Tokyo, Japan).

Transwell migration and invasion assays

Matrigel diluted with a serum-free medium at a ratio of 1:8
was added to the polycarbonate film and incubated over-
night for the invasion assay, but not for the migration assay.
After transfection, 1 x 10° HKFs were added to the upper
chamber with 200 pL of serum-free medium. Simultane-
ously, 600 pL of medium containing 10% FBS was added
to the lower chamber. After incubation for 24 h, migratory
and invasive HKFs were fixed using 4% paraformaldehyde
and stained with 0.05% crystal violet. The cells were ob-
served under an optical microscope (Olympus CX21; Olym-
pus Corp., Tokyo, Japan). The number of cells was calculated
in 5 random fields in each transwell chamber using Image]
software (National Institutes of Health, Bethesda, USA).

Luciferase assay

Wild-type vectors of hsa_circ_0038382/TBX5 (hsa_
circ_0038382-WT/TBX5-WT) and mutant vectors
of hsa_circ_0038382/TBX5 (hsa_circ_0038382-MUT/
TBX5-MUT) were constructed by RiboBio using pMIR-
REPORT™ (Ambion, Austin, USA) vectors. Subsequently,
each of the constructed luciferase reporter vectors was
transfected into HKFs at 70% confluence along with
miR-940 mimic or mimic-NC. After transfection for 48 h,
luciferase activity was evaluated using a dual-luciferase
reporter assay kit (Promega, Madison, USA).

Western blotting

Total protein was obtained from HKFs using a Total Pro-
tein Extraction Kit (P1250; Applygen Technologies Inc., Bei-
jing, China). After determining the protein concentration
with the aid of a BCA kit (Pierce, Rockford, USA), sodium
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dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) gels (10%) were used to separate 20 ug of protein.
The separated proteins were transferred onto polyvinylidene
fluoride (PVDF) membranes. The membranes were blocked
with 5% skim milk and incubated with TBX4 antibody
(ab137833; Abcam, Cambridge, USA) or GAPDH antibody
(ab9485; Abcam) at 4°C overnight, followed by the incuba-
tion with a fluorescent rabbit antibody (LI-COR Biosci-
ences, Bad Homburg vor der Hohe, Germany) for 3 h at 37°C.
The protein blots were acquired using Odyssey 3.2 (LI-COR
Biosciences).

Statistical analyses

All experiments were performed in triplicate, and
the data were analyzed using GraphPad Prism v. 8 (Graph-
Pad Software, San Diego, USA) with a paired or unpaired
Student’s t-test (between the 2 groups) or analysis of vari-
ance (ANOVA) test (>2 groups), followed by the Tukey’s
multiple comparisons test. All data were identified as nor-
mally distributed using the Shapiro—Wilk test. Data are pre-
sented as a mean + standard deviation (M £SD). The value
of p < 0.05 was considered statistically significant.

Results

hsa_circ_0038382
was downregulated in keloid

The GSE184097, a circRNA microarray, was down-
loaded from GEO DataSets, and differentially expressed

A GSE184097: Keloid vs Normal B

[z}
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circRNAs were compared in keloid samples (n = 4) to nor-
mal skin samples (n = 4) with an adjusted p-value < 0.05
(Fig. 1A). In the GSE184097 microarray, GSM5577905,
GSM5577906, GSM5577907, and GSM5577908 were
the keloid samples, whereas GSM5577909, GSM 5577910,
GSM5577911, and GSM5577912 were the adjacent nor-
mal skin samples. The hsa_circ_0038382 expression was
reduced in the 4 keloid samples compared to the 4 adja-
cent normal skin samples (Fig. 1B and Table 2). We col-
lected keloid and adjacent normal tissues from 28 patients
to identify the expression of hsa_circ_0038382 in our
clinical samples. Our qRT-PCR data further showed that
hsa_circ_0038382 levels were reduced by 50% in keloid
tissues compared with paired normal skin tissues (Fig. 1C).
Similarly, the expression of hsa_circ_0038382 in HKFs
was downregulated by more than 50% compared to that
in normal HDFs (Fig. 1D). The bioinformatics analysis
and qRT-PCR experiments confirmed the downregulation
of hsa_circ_0038382 in keloids.

Table 2. Sample values for hsa_circ_0038382 in GSE184097

Source | Sample | Value
GSM5577905 518
Keloid dermal GSM5577906 542
fibroblasts GSM5577907 546
GSM5577908 540
GSM5577909 681
Normal dermal GSM5577910 6.82
fibroblasts GSM5577911 5.94
GSM5577912 6.03

Fig. 1. The hsa_circ_0038382 was

GSE184037 / GPLZ1625 / ASCRPAI01I062 downregulated in keloid. A. Differentially
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of hsa_circ_0038382 in keloid samples;

C. hsa_circ_0038382 expression was

reduced in keloid tissues as identified using
real-time quantitative reverse transcription
polymerase chain reaction (QRT-PCR), n = 28;
D. hsa_circ_0038382 expression was reduced
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hsa_circ_0038382 attenuates keloid
formation in vitro

To verify the function of hsa_circ_0038382 in keloids,
we transfected HKFs with hsa_circ_0038382 overex-
pression or knockdown vectors. The qRT-PCR was used
to determine the transfection efficiency, which showed
that the hsa_circ_0038382 overexpression vector in-
duced > 6-fold increase in hsa_circ_0038382 expres-
sion in HKFs, and si-hsa_circ_0038382 caused a 70%
decrease in its expression in HKFs (Fig. 2A). The CCK-8
assay demonstrated that the proliferation of HKFs was
impaired in the hsa_circ_0038382 overexpression group,
whereas it was enhanced in the si-hsa_circ_0038382 group
(Fig. 2B). The EdU assay was used to confirm the change
in the proliferation of transfected HKFs. The results re-
vealed that the hsa_circ_0038382 overexpression vector
led to >60% decrease in the EdU-positive rate, whereas
hsa_circ_0038382 knockdown resulted in a 1.8-fold in-
crease in the EdU-positive rate (Fig. 2C). Transwell migra-
tion and invasion assays revealed that the overexpression
of hsa_circ_0038382 promoted migration and invasion
of HKFs, whereas hsa_circ_0038382 knockdown inhibited
the migration and invasion of HKFs (Fig. 2D). These data
indicate that hsa_circ_0038382 attenuates keloid forma-
tion in vitro.
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miR-940 targeted by hsa_circ_0038382
promotes HKF proliferation

To identify the key miRNA binding to hsa_circ_0038382,
an online tool, CircInteractome, was used to predict
miRNA binding to hsa_circ_0038382. Based on the Cir-
cInteractome prediction, 2 binding sites were found be-
tween hsa_circ_0038382 and miR-940 (Fig. 3A). After
performing a luciferase assay to identify the binding sites,
the miR-940 mimic induced a 50% decrease in lucifer-
ase activity in the hsa_circ_0038382-WT group, a 40%
decrease in the hsa_circ_0038382-MUT1 group, and
a 25% decrease in the hsa_circ_0038382-MUT2 group
(Fig. 3B). However, the luciferase activity in the co-hsa_
circ_0038382-MUT group was affected by the miR-940
mimic. Compared to normal skin tissues, the expres-
sion of miR-940 in keloid tissues showed a 5-fold eleva-
tion (Fig. 3C). The Pearson’s correlation analysis showed
that the expression of hsa_circ_0038382 was negatively
correlated with miR-940 expression in keloid tissues
(R = -0.6620, Fig. 3D). After the transfection of HKFs
with the miR-940 mimic, the proliferation of HKFs was
enhanced (Fig. 3E). These results prove that miR-940
could be targeted by hsa_circ_0038382 and contribute
to the proliferation of HKFs.

Fig. 2. The hsa_circ_0038382
attenuates keloid formation in vitro.
A. Real-time quantitative reverse
transcription polymerase chain
reaction (QRT-PCR) identified

the high transfection efficiency

of hsa_circ_0038382 overexpression
vectors and si-hsa_circ_0038382
vectors in human keloid fibroblasts
(HKFs); B. Cell counting kit-8 (CCK-8)
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Fig. 3. The miR-940 targeted by hsa_
circ_0038382 promotes human

keloid fibroblast (HKF) proliferation.

A. CircInteractome predicted the binding
sites between hsa_circ_0038382 and miR-
940; B. Luciferase assay confirmed the binding
sites between hsa_circ_0038382 and miR-940
in HKFs; C. Real-time quantitative reverse
transcription polymerase chain reaction
(RT-PCR) confirmed the upregulation of miR-
940 in keloid tissues, n = 28; D. Pearson’s
correlation analysis confirmed the negative
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TBX5, a target gene of miR-940,
inhibits HKF proliferation

To explore the downstream regulators of miR-940,
TargetScan, an online tool, was used to predict the tar-
get genes of miR-940. According to TargetScan predic-
tions, there is a binding site between TBX5 and miR-940
(Fig. 4A). The luciferase assay further confirmed the bind-
ing site between TBX5 and miR-940, because the miR-940
mimic reduced the luciferase activity in the TBX5-WT
group but did not affect the luciferase activity in the TBX5-
MUT group (Fig. 4B). Compared with normal skin tis-
sues, TBXS expression was significantly reduced in ke-
loid tissues (p < 0.01, Fig. 4C). The Pearson’s correlation
analysis revealed a negative correlation between TBX5
and miR-940 expression in keloid tissues (R = -0.7279,
Fig. 4D), and a positive correlation between TBX5 and
hsa_circ_0038382 expression in keloid tissues (R = 0.7335,
Fig. 4E). After the transfection with the TBX5 overexpres-
sion vectors, the proliferation of HKFs declined (Fig. 4F).
These data confirm that 7BXS5 targeted by miR-940 pro-
motes the proliferation of HKFs.

TBX5 overexpression reversed the effect
of hsa_circ_0038382 knockdown on HKFs

Since TBXS acts downstream of the hsa_circ_0038382/
miR-940 axis, we transfected HKFs with hsa_circ_0038382
knockdown with or without the TBXS overexpression vec-
tors. Western blotting showed that the TBX5 protein expres-
sion was inhibited by 50% in HKFs with hsa_circ_0038382
knockdown. However, TBX5 overexpression vectors recov-
ered the effects of hsa_circ_0038382 knockdown on TBX5
protein expression (Fig. 5A). We performed cell functional
experiments to explore whether TBX5 could recover the ef-
fect of hsa_circ_0038382 on the proliferation, migration
and invasion of HKFs. As shown in Fig. 5B, the increase
in proliferation induced by si-hsa_circ_0038382 was
reversed by the co-transfection with TBX5 overexpres-
sion vectors in HKFs. The EdU assay further confirmed
that the overexpression of TBX5 recovered the increase
in the EdU-positive rate caused by si-hsa_circ_0038382
(Fig. 5C). Similarly, the enhanced migration and invasion
abilities of HKFs caused by hsa_circ_0038382 knockdown
were impaired by the co-transfection with TBX5 overex-
pression vectors (Fig. 5D). Cell function experiments identi-
fied that the positive effect of hsa_circ_0038382 downregu-
lation on HKFs was reversed by the overexpression of TBX5.



Adv Clin Exp Med. 2023;32(5):593-601

N
T

*%

N
[6)]
1

T
(—

relative expression of
miR-940
T

)
x
m
l_
N
5]
c
Kl
&
o 1.0
a
X
()
o
=
=
o
0]
[

B 215 = miR-NC
= = miR-940 mimic
P *k
2101 o =
QL
‘S
=]
o 0.5 -
=
E H
o
T

T
TBX5-WT  TBX5-MUT

. r=-0.7279
p < 0.0001

0.5 T 24 o
0.0 T T 0 T T 1
normal skin keloids 0.0 0.5 1.0 1.5
n=28 n=28 relative expression of TBX5
E 915 F
@ r=0.7335 €129 - OE-NC
% p < 0.0001 S’Ea OE-TBX5
[ ]
107 0.8 ”
2 a
o ¢]
o
%0.57 % 0.4
2 £
[] =
©0.0 . . T ] 8 0.0 T T . T
0.0 0.2 04 0.6 0.8 0 24_ 48 72
relative expression of hsa_circ_0038382 time [h]
Discussion

Recently, the circRNAs have been reported to partici-
pate in keloid formation.!®12> This study revealed that
the novel circRNA, hsa_circ_0038382, was downregulated
in keloid tissues and fibroblasts, and it enhanced the pro-
liferation, migration and invasion abilities of keloid fibro-
blasts. Moreover, we showed that hsa_circ_0038382, miR-
940 and TBXS5 form a circRNA-miRNA-mRNA regulatory
network to regulate keloid formation.

The circRNAs play key roles in multiple human diseases,
although they do not code protein.2°=2¢ Due to the rapid
development of RNA sequencing technology, microar-
ray analysis has been a good method for identifying key
circRNAs in human diseases.? Zhang et al. applied high-
throughput RNA sequencing technology and bioinfor-
matic analysis and confirmed that the key circRNAs in ke-
loids were hsa_circRNA_0008259, hsa_circRNA_0005480
and hsa_circRNA_0002198.3° In this study, we achieved
a circRNA microarray of keloids (GSE184097) from
the GEO database and confirmed that hsa_circ_0038382
was downregulated in keloid samples. After transfect-
ing hsa_circ_0038382 overexpression vectors or si-hsa_
circ_0038382 into keloid fibroblasts, hsa_circ_0038382
was found to inhibit keloid formation, which uncovered
the function of hsa_circ_0038382 in keloids for the first
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Fig. 4. T-box transcription factor 5
(TBX5), a target gene of miR-940,
inhibits human keloid fibroblast
(HKF) proliferation. A. TargetScan
predicted the binding site between
TBX5 and miR-940; B. Luciferase
assay confirmed the binding

site between TBX5 and miR-940

in HKFs; C. Real-time quantitative
reverse transcription polymerase
chain reaction (gRT-PCR) confirmed
the downregulation of TBX5

in keloid tissues, n = 28; D. Pearson'’s
correlation analysis revealed

the negative correlation between
TBX5 and miR-940 in keloid tissues;
E. Pearson'’s correlation analysis
revealed the positive correlation
between TBX5 and hsa_circ_0038382
in keloid tissues; F. Cell counting kit-8
(CCK-8) assays proved the negative
effect of miR-940 on the proliferation
of HKFs

TBX5-WT — wild-type TBX5 3'UTR;
TBX5-MUT — mutant TBX5 3'UTR;
miR-NC - negative control of miR-
940 mimic; OE-NC - negative control
of TBX5 overexpression vectors;
OE-TBX5 — TBX5 overexpression
vectors; OD - optical density;

**p < 0.01.

time. Currently, the treatment of keloids includes surgi-
cal excision combined with radiotherapy, corticosteroids,
pressure therapy, and other treatments.! However, because
of the high recurrence rate, no single treatment has been
proven to be the most effective.® We identified the abnor-
mal expression of hsa_circ_0038382 in keloids. Its overex-
pression inhibited keloid formation. Our results suggested
that hsa_circ_0038382 may be a biomarker for keloid prog-
nosis, and emerging drugs targeting hsa_circ_0038382
may effectively inhibit keloid formation.

An increasing number of studies have reported that
the regulatory network formed by circRNAs, miRNAs and
mRNAs participates in biological processes such as cell
proliferation,?” cell apoptosis®? and cell differentiation.
Liu et al. confirmed the regulatory network formed by cir-
c¢PTPN12, miR-21-5p and SMAD? in keloid fibroblasts,
showing that circPTPN12 inhibits the growth of ke-
loid fibroblasts by targeting miR-21-5p/AMAD?7 axis.'®
The circ_101238 targets the miR-138-5p/CDK6 axis,
promoting the proliferation and inhibiting the apopto-
sis of keloid fibroblasts.” In this study, we used keloid
fibroblasts to confirm that hsa_circ_0038382 could bind
miR-940 to upregulate the target gene (TBXS5) of miR-
940. In other words, hsa_circ_0038382, miR-940 and
TBXS formed the regulatory network to regulate keloid

formation.
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Fig. 5. Overexpression of T-box
A TBXS B -~ si-NC -+ si-circ+OE-NC transcription factor 5 (TBX5) reversed
GAPDH “s «ib i o> Si-Gifc  —= si-Girc+OE-TBX5 the effect of hsa_cwrc_0038382
2O . o 6»0 '(6\/‘6 knockdown on human keloid
Q 1.5+ o 5\.\‘0:(0 N \ 73 =15 fibroblasts (HKFs). A. Western blotting
@ ’ o é\,c;\‘c’ E : detected the expression of TBX5
5 *% ox S protein in transfected HKFs;
S 104 =L T{' 1 o4 B,C. Cell counting kit-8 (CCK-8) assay
2 a (B) and 5-ethynyl-2-deoxyuridine
© o (EdU) assay (C) detected
% 0.5 — _ 2 05 the proliferation of transfected
o % ' HKFs; D. Transwell migration
% S and invasion assays measured
T o @ 0.0 the abilities of migration and
’ ' (') 2'4 4|8 7'2 invasion of transfected HKFs with
time [h] the quantification of cell number
at x200 magnification
C si-circ+ si-circ+ 100+ %k % si-NC — negative control
OE_TBX5 = T T of si-hsa_circ_0038382;
5 = 807 si-circ — si-hsa_circ_0038382;
a © OE-NC - negative control
o of TBX5 overexpression vector;
E=] T - 5- 5 overexpression
= OE-TBX5 - TBX
% 087. vector; GAPDH - glyceraldehyde
3 S 3-phosphate dehydrogenase;
T 8 OD - optical density; **p < 0.01.
1
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The role of miR-940 has been reported in multiple dis-
eases, such as sepsis,* spinal cord injury®® and cancer.
The overexpression of miR-940 has been shown to induce
the progression of cervical cancer. However, its overexpres-
sion inhibits the malignancy of lung cancer.?” These previ-
ous studies suggest different roles of miR-940 in various
cancers. The effect of miR-940 on keloids as benign skin fi-
broproliferative tumors should be explored. Here, we con-
firmed that miR-940, downstream of hsa_circ_0038382,
contributes to the proliferation of keloid fibroblasts. In ad-
dition, our study identified 7BXS5 as the target gene of miR-
940 in keloid fibroblasts.

The overexpression of TBX5 inhibits colony forma-
tion but induces cell apoptosis, thereby attenuating cell
proliferation and invasion in tumor cells.?®?! In non-
small cell lung carcinoma cells, low levels of TBX5 indi-
cated poor tumor-node-metastasis (TNM) stages, his-
topathologic type and lymph node status. Additionally,
the overexpression of TBX5 suppressed tumor growth
in vivo.?? In cutaneous melanoma, TBX5 knockdown

promotes cutaneous melanoma cell proliferation, migra-
tion and invasion, suggesting an antitumor role of TBX5
in cutaneous melanoma. Similar to a previous study
on TBX5 in other cancers, our study confirmed that
the overexpression of TBX5 inhibits the proliferation
of keloid fibroblasts. In addition, in hsa_circ_0038382
knockdown experiments, the overexpression of TBX5
restored the promotive effect of hsa_circ_0038382 in ke-
loid fibroblasts.

Limitations

There are some limitations to our study. The study used
the microarray analysis and cell function experiments
to evaluate the effects of keloid formation, but the effect
of the hsa_circ_0038382/miR-940/TBXS5 axis on keloid
formation in vivo needs to be further investigated. More-
over, the clinical value of the hsa_circ_0038382/miR-940/
TBXS axis needs to be explored by collecting more clinical
samples.
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Conclusions

This study, for the first time, demonstrated the inhibi-
tory effect of hsa_circ_0038382 on keloids by suppressing
the proliferation, migration and invasion of keloid fibroblasts.
The miR-940/TBX5 was identified as the downstream regu-
lator of hsa_circ_0038382 in keloid formation. Our results
provide novel therapeutic targets in keloid prevention.
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