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SETD2 Deficiency Promotes Inflammatory Bowel Disease via Oxidative

Stress and FasL.-Mediated Apoptosis

Yueduo Wang™!, Shenghai Shen?, Haorui Zhu?

Abstract

Background: SET-domain-containing 2 (SETD2) is known as the
only trimethyltransferase for regulating histone H3 lysine 36 (H3K36)
methylation, being involved in the generation and development of many
diseases. Although SETD2 has been found to modulate oxidative stress
in the intestinal epithelial tissue of inflammatory bowel disease (IBD)
samples, the specific functions of SETD2 in IBD development are yet to
be fully understood.

Methods: Setd2-flox (Setd2"F) mice were crossed with Villin-cre
transgenic (Setd2V'*C) mice to generate intestinal epithelium-specific
deletion of Setd? (Setd2V'"¥°) mice, followed by genotyping with PCR.
RNA-seq expression profiles were gathered from the GEO database for
differential expression analysis. According to gene ontology (GO) analysis,
four genes were selected as indicators for further expression validation.
Total RNA from IBD-induced Setd2V"%° mice intestinal epithelium tissue
was extracted for RT-qPCR. TUNEL assay was conducted for detecting
the apoptotic signaling level, and immunofluorescence was utilized for
detecting the FasL protein expression in IBD-induced Setd2Vi© mice
intestinal epithelium tissue.

Results: Four genes (Cybb, Lpo, FasL, Tnfrsf8) related to oxidation-
reduction and apoptotic process-promotion were identified as indicators.
Compared with wild-type mice, down-regulation of Cybb and Lpo was
detected, as well as the up-regulation of FasL and Tnfrsf8 were up-
regulated in the intestinal epithelial tissue of Setd2V'"*° mice via RT-
gPCR validation. Furthermore, TUNEL assay and immunofluorescence
revealed significant enhancement in apoptotic signaling and FasL protein
expression.

Conclusions: SETD2 deficiency promotes FasL-mediated apoptosis and
oxidative stress in IBD intestinal epithelium tissue and hence plays an
essential role in IBD pathogenesis. Altogether, our research provided new
insights into IBD development.

Keywords: Inflammatory bowel disease; SET-domain-containing 2;
Oxidative stress; Apoptosis

Introduction

Intestinal epithelial tissue is one of the most active self-renewing tissues
in mammals, which is essential for maintaining mucosal barrier homeostasis,
generally affected by multiple factors [1, 2]. Among them, oxidative stress is a
significant factor that initiated by excessive accumulation of reactive oxygen
species (ROS), resulting in promoting cell apoptosis and inflammation, and
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hence promotes intestinal epithelium homeostasis disorder,
such as IBD [2, 3]. As a chronic and recurrent inflammatory
disorder in mucosal barriers, IBD is typically sub-classified as
Crohn's disease (CD) and ulcerative colitis (UC) [1, 4]. Since
long-term IBD has been proven to be more likely to generate
colorectal cancer (CRC) [2], it is necessary to prevent IBD
deterioration.

Epigenetic regulation, such as histone modification
and nucleosome remodeling, plays a key role in many
biological processes and disease pathogenesis, including
IBD [2, 5]. As an important way of epigenetic regulation,
histone methylation has been proven to be related to mucosal
barrier disorder and IBD generation. For example, EZH2
inactivates the trimethylation of histone H3 lysine 27, which
overexpression promotes inflammatory response and cell
apoptosis in intestinal epithelial tissues [1, 6]. Intriguingly,
SETD2 was found to have a high mutation rate (17%) in
IBD samples, while acting as the only known factor for
altering the trimethylation states of H3K36 in mammalian
cells [2, 6]. It has been proven that SETD2 plays an essential
role in maintaining genomic stability functions, such as
transcriptional regulation, DNA damage repair, chromosome
segregation, and alternative splicing [7, 8]. Therefore,
SETD2 has recently been extensively investigated in a
variety of tumors, including prostate cancer metastasis [6],
hepatocarcinoma [9], and pancreatic cancer [2]. Although
SETD2 has been found to reduce oxidative stress in the
intestinal epithelial tissue of IBD samples, the specific
functions of SETD2 in IBD development are yet to be fully
understood. In this study, RNA-seq expression datasets were
gathered to investigate the possible role of SETD2, and
Setd2V-%° mice were generated as IBD pathological models
to validate the differential expression results. Accordingly,
our findings provided theoretical support for the pathogenesis
mechanism of IBD.

Materials and Methods

RNA-seq datasets collection and differential expres-
sion analysis

Two RNA-seq microarray datasets (GSE112366,
GSE151968) were collected from the NCBI Gene Expression
Omnibus (GEO) database (http://www.ncbi.nih.gov/geo)
as MINIML files. Differential expression analysis was
conducted using R package limma. Wilcoxon t-tests were
used to calculate inter-group differences.

IBD mice model establishment and genotyping

Setd?"® and Villin-Cre transgenic mice (C57BL6J;
Shanghai Biomodel Organism Co.,) were bred and maintained
under pathogen-free conditions in an accredited animal
facility. The IBD mice pathological model was established
as follows:
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1) Setd?™ and Villin-Cre mice were crossed to generate
Setd2V"KO mice.

2) For the first 7 days, wild-type mice and Setd2V1%° mice
were given drinking water containing 3% dextran sodium
sulfate (DSS) daily, respectively.

3) For the subsequent 5 days, wild-type mice and Setd2Vi-k0
mice were given drinking water without DSS daily.

4) Then wild-type mice and Setd2V"%° mice were both given
drinking water containing 2% DSS for 5 days daily,
respectively.

5) For the subsequent 5 days, wild-type mice and Setd2Vik©
mice were given drinking water without DSS daily.

6) The tail tips of mice were gathered, adding 100 pL
solution of 25 mM NaOH and 0.2 mM EDTA as alkaline
lysis reagent, followed by boiling at 95°C for 1 hour.
Subsequently, 100 pL of 40mM Tris HCI (pH=5.5) was
added, followed by centrifuging at 12000 g for 5 minutes.
The supernatant sample was collected for PCR and

genotyping.
RNA extraction and Real-Time PCR

Total RNA of the intestinal epithelium tissues of
Setd2ViO mice was extracted with a Trizol kit (Invitrogen)
according to the manufacturer's instructions. 2 g total RNA
and SuperScript II (Invitrogen) were applied to synthesize
first-strand cDNA. Then, SYBR Green Universal Master Mix
reagent (Roche) was used to perform the reaction. 3-actin was
selected as a reference gene, and all samples were exposed
to three parallel experimental replicates. A p < 0.05 was
considered significant.

TUNEL assay and immunofluorescence

The intestinal epithelium tissues of Setd2V™¥© mice
were handled according to Swiss roll technique and 4%
paraformaldehyde was then applied as a fixative overnight.
Treated tissues were embedded in paraffin, and cut into
5-mm pieces, and paraffin sections were rehydrated and
heated to induce antigen retrieval. Apoptotic signaling
in the intestinal epithelial tissues of Setd2ViX© mice was
detected by the TUNEL staining assay kit (Fluorescence,
488 nm #25879 CST). Primary antibodies applied for
immunofluorescence were anti-FasL (sc-19681,200ug/ml). A
fluorescence microscope was applied to observe both TUNEL
assay and immunofluorescence.

Results

SETD?2 deficiency altered antioxidative and apopto-
sis gene expression in IBD

To explore the possible role of SETD2 in IBD, we
collected two microarray expression datasets from the GEO
database. Among the differential expression results in dataset

Citation: Yueduo Wang, Shenghai Shen, Haorui Zhu. SETD2 Deficiency Promotes Inflammatory Bowel Disease via Oxidative Stress and FasL-
Mediated Apoptosis. Fortune Journal of Health Sciences. 6 (2023): 397-402.


http://www.ncbi.nih.gov/geo

Wang Y., Fortune J Health Sci 2023
DOI:10.26502/fjhs.141

fortune

ournals

GSE112366, SETD2 was found significantly down-regulated
inIBD samples (Figure 1A), which indicates that SETD2 might
be a protective factor in IBD generation and deterioration.
Since Li et al. have found that SETD2 modulates oxidative
stress in IBD [%], we conducted differential expression
analysis for dataset GSE151968. According to Li et al.’s
conclusion, differential genes related to apoptosis regulation,
inflammatory response, and antioxidation were significantly
enriched in GO analysis. Thus, we selected four genes as the
indicators of these biological process, based on the maximum
absolute value of log,FC, as shown in Figure 1B. Among
them, antioxidative genes cytochrome b-245 heavy chain
(Cybb) and lactoperoxidase (Lpo) presented down-regulated.
while, the expression of two other cell apoptosis-related
genes Fas ligand (FasL) and tumor necrosis factor receptor
superfamily member 8 (7nfrsf8) were enhanced compared
with wild-type mice This further suggests that SETD2 might
be a protective factor for IBD development.
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SETD?2 deficiency altered antioxidative and apopto-
sis gene expression in IBD

To validate these results, we generated and genotyped
IBD mice, as shown in Figure 1C. The expression of four
indicator genes was detected via RT-qPCR, wherein the
results were consistent with Li et al.’s, as shown in Figure
2A. The relative expression levels of Cybb and Lpo were
decreased about 3 and 4 times, while FasL and Tnfrsf8 were
enhanced about 3 and 0.7 times, respectively. These results
indicated that SETD2 loss was indeed responsible for the
down-regulation of Cybb and Lpo, al well as the up-regulation
of FasL and TnfrsfS.

SETD2 deficiency promotes FasL-mediated apopto-
sis in Setd2vX° mice

Since the significant up-regulation of FasL and
Tnfrsf8 expression was detected in RT-qPCR, we further
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Figure 1: Expression level alternations and IBD mice model establishment.

(A) SETD2 expression level was significantly down-regulated in IBD samples.
(B) The expression differences of four indicator genes.
(C) An overview of the establishment of Setd2""%° IBD mice in this study, followed by genotyping.
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Figure 2: The validation of the four indicator genes in both transcription and translation levels.

(A) Relative expression level the four indicator genes in Setd2V1"X° mice, validated via RT-qPCR
analysis. Student's t-test was applied for the determination of the statistical significance of mean +

S.EM. (, (*) p < 0.05, (**) p < 0.01.)

(B) The TUNEL assay (Scale Bars: 50 pm.) and immunofluorescence (Scale Bars: 100 pm.) of
the Setd2V"X® mice intestinal epithelial tissue. Blue fluorescence represents DAPI dye, and green

fluorescence represents target signaling.

evaluated the relevance between cell apoptosis and Setd?
deficiency in IBD samples. Through the TUNEL assays
and immunofluorescence, the apoptotic signaling and FasL
protein expression levels in the Setd2Vi™¥© mice intestinal
epithelium tissue were detected. In line with our previous
findings, both apoptotic signaling and FasL protein expression
were found significantly up-regulated, as shown in Figure
2B. Altogether, these results showed that SETD2 deficiency
leads to the enhancement of FasL-mediated apoptosis in the
intestinal epithelial tissues of IBD Setd2V-*© mice.

Discussion

IBD is a chronic inflammatory disorder in mucosal barriers
with multiple triggers, among which epigenetic regulation
plays a key role in IBD development. As an essential
epigenetic regulator, SETD2 is known as the unique histone
H3K36 trimethyltransferase, which has been found frequently
mutated in IBD patients. However, the specific functions of
SETD?2 in IBD development remain unclear. In this study,

we revealed that SETD2 deficiency in intestinal epithelium
tissues was responsible for the increase of oxidative stress as
well as the enhancement of FasL-mediated apoptosis in IBD
samples. These results supported the fact that SETD2 was
frequently mutated in IBD patients.

ROS contributes to the development of many diseases,
such as cardiovascular disease, inflammation, and cancer
[10, 11]. Significant down-regulation of Cybb and Lpo were
found via RT-qPCR, CYBB is a primary component of the
phagocyte NADPH oxidase (NOX) system, which disorder
is highly likely leads to cause granulomatous disease (GCD),
and about one-third of GCD patients develop IBD [12, 13].
Meanwhile, lactoperoxidase (Lpo) is also responsible for
ROS scavenging thus the down-regulation of Cybb and Lpo
indicates the reduction of antioxidant capacity promoting
oxidative stress levels in the intestinal epithelium of Setd2Vl"
KO mice [14]. These findings were also consistent with the
study of Min et al., among which a total of 906 antioxidative
genes, including Prdx3, Prdx6, Gclm, and Srxnl, were
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significantly down-regulated after SETD2 knockout in the
intestinal epithelium tissue [2]. Therefore, these results
demonstrated that SETD2 deficiency was mainly responsible
for the enhancement of oxidative stress levels.

Cell apoptosis is critical for the elimination of damaged,
senescent, or useless cells without causing microenvironment
damage and inflammation [15], which has been found to
accelerate in IBD patients [16]. The up-regulation of FasL
and Tnfrsf8 was also detected via RT-qPCR, wherein FasL
is a crucial death factor belonging to the tumor necrosis
factor (TNF) family, responsible for the receptor-triggered
programmed apoptosis process [17]. Typically, the FasL gene
is low expressed in IECs [18]. However, the overexpression
of FasL was detected in UC patients, while maintaining
at a normal level in CD patients [19, 20]. Furthermore,
both apoptotic signaling and FasL protein expression were
found enhanced in the Setd2V™%° mice intestinal epithelium
tissue. Therefore, our findings revealed for the first time that
SETD2 deficiency resulted in FasL-mediated apoptosis and
uncovered part of the potential association of epigenetics
regulation with apoptosis in IBD pathogenesis.

It is worth mentioning that the tumor necrosis factor
(TNF) family appears to play an essential role in SETD2 loss
IBD mice. Noteworthy, both Tnfisf8 and FasL belong to the
TNF superfamily [17, 21], and Tnfrsf8 signaling has been
found to up-regulate the expression of the Fas gene [22].
Nevertheless, little is known about the specific functions of
TNF family members in SETD2 deficiency IBD patients.
Considering that apoptosis is a complicated biological
process with multiple types and triggers, it therefore remains
unclear whether SETD2 loss would lead to other types of
cell apoptosis in IBD development. Thus, the mechanism of
epigenetic regulation triggered by SETD2 loss in IBD has
also not been fully understood yet. Overall, this study first
determined the relationship between Setd2 mutation and cell
apoptosis in the context of IBD. Considering that SETD2
mutation accounted for a higher risk of development into
CRC in IBD patients (about 17%), our findings provided
theoretical support and a basis at the molecular level for the
mechanism, therapy, and prevention of such diseases.
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