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Abstract

Background: Type 1 diabetes is one of the chronic autoimmune diseases. Its features include
the immune-triggered pancreatic beta-cells destruction. Ubiquitin ligases RNF20 and RNF40
have been discovered to participate into beta cells gene expression, insulin secretion, and
expression of vitamin D receptors (VDRs). However, no reports about the role of RNF20/
RNF40 in type 1 diabetes are known till now. The aim of this study was to clarify the role of
RNF20/RNF40 in type 1 diabetes and explore the mechanism.

Methods: In this study, streptozotocin (STZ)-induced mice type 1 diabetes model was used.
The protein expressions of genes were examined through Western blot analysis. Fasting blood
glucose was detected through glucose meter. The plasma insulin was tested through the com-
mercial kit. Hematoxylin and eosin staining was utilized to observe pathological changes of
pancreatic tissues. Immunofluorescence assay was performed to evaluate the level of insulin.
The levels of pro-inflammatory cytokines in serum were assessed by enzyme-linked-immuno-
sorbent serologic assay. The cell apoptosis was measured through terminal deoxynucleotidyl
transferase dUTP nick end labelling assay.

Results: STZ was used to stimulate mice model for type 1 diabetes. At first, both RNF20
and RNF40 expressions were down-regulated in STZ-mediated type 1 diabetes. Additionally,
RNF20/RNF40 improved hyperglycemia in STZ-stimulated mice. Moreover, RNF20/RNF40
relieved pancreatic tissue injury in STZ-induced mice. Further experiments found that RNF20/
RNF40 rescued the strengthened inflammation mediated by STZ treatment. The cell apoptosis
was enhanced in the pancreatic tissues of STZ-triggered mice, but this effect was weakened
by overexpression of RNF20/RNF40. Besides, the VDR expression was positively regulated by
RNF20/RNF40. Finally, VDR knockdown reversed improved hyperglycemia, inflammation, and
cell apoptosis stimulated by overexpression of RNF20/RNF40.

Conclusion: Our findings proved that RNF20/RNF40 activated VDR to relieve type 1 diabe-
tes. This work might highlight the functioning of RNF20/RNF40 in the treatment of type 1
diabetes.
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Introduction

Type 1 diabetes (also called insulin-dependent diabetes
mellitus) is one of the chronic autoimmune diseases. It is
caused by interaction between environmental triggers and
individual genetic factors."? Type 1 diabetes is discovered
in all age groups, and its main features include unusual
autoimmune destruction of islet beta cells, resulting in
complete insufficiency of insulin synthesis.>5 This disease
forces patients with type 1 diabetes to undergo lifelong
hormone replacement therapy.®” Therefore, more studies
are conducted to explore novel molecular markers for the
treatment of type 1 diabetes.

Type 1 diabetes and insulin-resistant individuals are
linked with the deficiency of vitamin D.® In addition, it
is discovered that a simultaneous increase in the preva-
lence of diabetes and the deficiency of vitamin D globally
could be possibly due to inadequate exposure to sunlight
to inhibit vitamin D synthesis in the skin and inadequate
dietary supply.® Vitamin D primarily functions by combining
to vitamin D receptors (VDR), as two single nucleotide poly-
morphisms in VDR are linked with type 1 diabetes.”® These
findings strongly imply the vital functions of the vitamin D/
VDR axis in diabetes.

Ubiquitin ligase RNF20/RNF40 (also called as BRET1
complex) was first authenticated as an E3 ubiquitin ligase
of histone H2B." RNF20 helps in tumor suppression by
regulating certain genes and maintaining genomic stabil-
ity.”»"3 Research studies have demonstrated that lack of
RNF20 or RNF40 affects the expression of key genes in
islet beta cells.” The RNF complex is indispensable for
glucose-stimulated insulin secretion and normal levels of
mitochondrial reactive oxygen species (ROS), demonstrat-
ing that RNF20 and RNF40 regulate expression of genes
and insulin secretion in islet beta cells.” Furthermore, it
has been reported that the deletion of RNF20 or RNF40
reduces the messenger RNA (mRNA) and protein levels
of VDR in inflammatory bowel disease, thereby aggra-
vating intestinal inflammation.'® However, since the roles
and related regulatory mechanisms of RNF20 and RNF40
in type 1 diabetes are still unclear, these are further
investigated.

In this study, the functions and regulatory influ-
ences of RNF20 and RNF40 on the progression of type 1
diabetes are examined. Our results demonstrated that
RNF20 and RNF40 relieved STZ-induced type 1 diabetes by
activating VDR. This work could provide useful bio-targets
in the treatment of type 1 diabetes.

Materials and Methods
Mice model

C57BL/6J male mice (6-8-week old, n = 50) were used
in the present study (Vital River Laboratory Animal
Technology Co. Ltd., Beijing, China). The mice were main-
tained in cages under a 12-h light/dark cycle with free
water and food. All animal experiments were authorized
by the Animal Care and Use Committee of Ordos Central
Hospital, Ordos.

In this study, streptozotocin (STZ) induced mice
type 1 diabetes model was used. Mice were intraperito-
neal injected with 50-mg/kg STZ (Sigma, St. Louis, MO)
in phosphate-buffered saline solution (PBS) once a day for
5 days to create type 1 diabetes model. The blood glucose
level was examined, and 300 mg/dL or more was considered
as diabetes. Mice were anesthetized with 2.5% isoflurane.
Finally, mice were euthanized, and blood and pancreas
were collected for further experiments. In addition, mice
were sacrificed after 10 days following the STZ treatment.

The mice were randomly separated into the following
groups: control, STZ, STZ+vector (the vector plasmid which
did not overexpress any proteins), STZ+RNF20, STZ+RNF40,
STZ+vector+sh-NC (negative control), STZ+RNF20+sh-NC,
STZ+RNF40+sh-NC, STZ+RNF20+sh-VDR, and STZ+RNF40+sh-
VDR (n = 5 in each group). Mice in STZ, STZ+vector,
STZ+RNF20, STZ+RNF40, and STZ+vector+sh-NC groups were
treated with STZ for 10 days. Mice in STZ+RNF20+sh-NC,
STZ+RNF40+sh-NC, STZ+RNF20+sh-VDR, and STZ+RNF40+
sh-VDR groups were treated with STZ and transfected with
indicated plasmids. Plasmid and short hairpin RNA (shRNA,
10 pg) were transfected in vivo using transfection reagents
(10 pL).

Western blot analysis

Proteins were extracted from pancreatic tissues and sub-
jected to 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The proteins were moved
onto polyvinylidene fluoride (PVDF; Beyotime, Shanghai,
China) membranes. Non-fat milk (5%) was utilized for seal-
ing the membranes; then the primary antibodies were
supplemented onto the membranes for 12 h. Next, appro-
priate secondary antibodies (1:2000; ab7090; Abcam,
Shanghai, China) were added for another 2 h. The blots
were evaluated with chemiluminescence detection kit
(Thermo Fisher Scientific Inc., MA). Blots were normal-
ized to B-actin, and quantified with the Image J software
(NIH, Bethesda, MD). Primary antibodies were anti-RNF20
(1 pg/mL, ab32629; Abcam), anti-RNF40 (1:1000, ab191309),
anti-Bcl-2-associated X (Bax, 1:1000, ab32503), anti-cleaved
caspase-3 (1:5000, ab214430), anti-cleaved-poly (ADP-
ribose) polymerase (PARP, 1:1000, ab32064), and anti-B-
actin (1 yg/mL; ab8226).

Detection of fasting blood glucose and
plasma insulin

Blood glucose was determined using the FreeStyle Lite
blood glucose meter (Abbot Diabetes Care Inc. California,
USA). Plasma insulin level was measured by insulin EIA
kit in line with the manufacturer’s instructions (ALPCO
Diagnostics, Salem, NH).

Hematoxylin and eosin (H&E) staining

Pancreas were put in 4% paraformaldehyde and subjected
to paraffin-embedding. Sections, 5-um thick, were cut,
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and stained in H&E solution. Light microscope (Olympus
Corporation, Tokyo, Japan) was used to observe prepared
sections.

Immunofluorescence assay

Pancreatic tissues of the mice were kept in paraformal-
dehyde (4%; Sigma) and Triton X-100 (0.2%; Sigma). Post-
washing, the tissues were sealed with bovine serum
albumin (BSA 4%) overnight at 4°C. Next, the primary anti-
body of insulin (1:200, ab181547; Abcam) was supplemented
overnight at 4°C. The secondary antibodies were added
and incubated. The staining of nucleus was performed with
4’ 6-diamidino-2-phenylindole (DAPI), and observed using
Fluorescence microscope (Olympus).

Terminal deoxynucleotidyl transferase dUTP nick
end labelling (TUNEL) assay

The in situ cell death detection kit (Minneapolis, MN) was
selected for TUNEL assay. Pancreatic tissue sections (5 pm)
were deparaffinized and hydrated, and immersed in protein-
ase K solution. The sections were incubated with 3% H,0,.
Post-rinsing, TUNEL solution (50 pL) was added for 1 h in dark.
The staining of nucleus was done with DAPI. Fluorescence
microscope (Olympus) was used to determine cell apoptosis.

Enzyme-linked-immunosorbent serologic assay
(ELISA)

The levels of inflammation markers, such as interleukin
(IL)-6, monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor-a (TNF-a), IL-1B, IL-8, and interferon gamma
(IFN-y), were inspected in mice serum. Pro-inflammatory
cytokines in serum were measured using the corresponding
kits (Abcam).

Statistical analysis

The GraphPad Prism software, version 8.0 (GraphPad
Software, La Jolla, CA) was employed for analysis. The
data were represented as mean * standard error of mean
(SEM). The analysis of comparisons between two or more
groups was performed through the Student’s t-test or one-
way analysis of variance (ANOVA). P < 0.05 was defined as
statistically significant.

Results

RNF20/RNF40 improved hyperglycemia
in STZ-stimulated mice

The blood glucose tolerance curve is shown in Figure 1A.
As displayed in Figure 1B, the protein expressions of
RNF20 and RNF40 decreased in STZ-induced mice,
but their expressions increased after overexpression

of RNF20 or RNF40. Next, as demonstrated, glu-
cose increased and plasma insulin decreased in STZ-
stimulated mice, but these effects were reversed after
up-regulating RNF20 or RNF40 (Figure 1C). These results
clarified that RNF20/RNF40 improved hyperglycemia in
STZ-stimulated mice.

RNF20/RNF 40 ameliorated pancreatic tissue
injury in STZ-induced mice

H&E staining discovered decrease in the morphology of
the pancreas, reduction in the islets, and appearance of
inflammatory cell infiltration; however, these changes ame-
liorated after RNF20 or RNF40 overexpression (Figure 2A).
Additionally, the insulin level was reduced in STZ-mediated
mice, but this effect was offset after the overexpression of
RNF20 or RNF40 (Figure 2B). Taken together, RNF20/RNF40
ameliorated pancreatic tissue injury in STZ-induced mice.

RNF20/RNF40 relieved inflammation
in STZ-mediated mice

Furthermore, ELISA showed that the levels of IL-6, MCP-1,
TNF-a, IL-1B, IL-8, and INF-y (pro-inflammatory cytokines)
were enhanced in STZ-induced mice, but these changes
were attenuated after the overexpression of RNF20 or
RNF40 (Figure 3). In general, RNF20/RNF40 relieved inflam-
mation in STZ-mediated mice.

RNF20/RNF40 improved cell apoptosis in
the pancreatic tissues of STZ-triggered mice

TUNEL assay results revealed that cell apoptosis was pro-
moted in STZ-triggered mice, but this effect was relieved
after enhancing RNF20 or RNF40 (Figure 4A). In addition,
the increased protein expression of Bax, cleaved caspase-3,
and cleaved-PARP mediated by STZ treatment was weak-
ened after RNF20 or RNF40 overexpression (Figure 4B).
These findings confirmed that RNF20/RNF40 stimuated cell
apoptosis in the pancreatic tissues of STZ-triggered mice.

RNF20/RNF40 activated vitamin D receptors to
ameliorate type 1 diabetes

In Figure 5A, the decreased protein expression of VDR
induced by STZ treatment was saved after enhancing RNF20
or RNF40. Further investigations demonstrated that in the
STZ-stimulated mice, glucose decreased and plasma insulin
increased after up-regulating RNF20 or RNF40, but these
effects were reversed after suppressing VDR (Figure 5B).
In the STZ-induced mice, the levels of IL-6, MCP-1, TNF-q,
IL-1p, IL-8, and INF-y were reduced following the overex-
pression of RNF20 or RNF40; however, these changes were
neutralized after inhibiting VDR (Figure 5C). Besides, in
the STZ-stimulated mice, the protein expressions of Bax,
cleaved caspase-3, and cleaved-PARP were decreased
after overexpression of RNF20 or RNF40, but these effects
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Figure 1 RNF20/RNF40 improved hyperglycemia in STZ-stimulated mice. Mice were divided into the following groups: Control,

STZ, STZ+vector, STZ+RNF20, and STZ+RNF40, with 6 mice in each group. (A) Blood glucose was observed in the indicated groups
at 0, 30, 60, 90, and 120 min. (B) The protein expressions of RNF20 and RNF40 were examined through Western blot analysis.
(C) Fasting blood glucose level was measured using glucose meter, and plasma insulin was evaluated by commercial kit. ***P <

0.001 vs the control group; ##P < 0.001 vs the STZ+vector group.

improved after suppressing VDR (Figure 5D). Therefore,
RNF20/RNF40 activated vitamin D receptors to relieve type
1 diabetes.

Discussion

RNF20/RNF40 has been examined to take part in various
biological processes to result in diseased states. For exam-
ple, ubiquitin ligase RNF20/RNF40 stabilizes motor protein
Eg5 to accelerate spindle assembly, and facilitates breast
cancer tumorigenesis.” Additionally, the RNF20/RNF40
complex affects mRNA splicing and gene transcription by
regulating tumor protein p53."® Besides, RNF20/RNF40 trig-
gers the transcription of heat shock-responsive genes by
modulating eEF1BSL monoubiquitylation.” However, the
functioning of RNF20/RNF40 in type 1 diabetes remains
unclear. In this work, first, STZ (50 mg/kg) was utilized to

stimulate mice model for type 1 diabetes. It was discov-
ered that both RNF20 and RNF40 expressions were down-
regulated in STZ-mediated type 1 diabetes. In addition,
RNF20/RNF40 improved hyperglycemia in STZ-stimulated
mice. Moreover, RNF20/RNF40 lessened pancreatic tissue
injury in STZ-induced mice.

Inflammation is a crucial process in the progression
of type 1 diabetes. For instance, adipose-derived stem
cells suppress mitochondrial stress and inflammation to
lessen injury of the liver in type 1 diabetes mellitus.?
Moreover, circular RNA (circRNA) Hsa_circ_0060450
wipes off miR-199-5p to relieve type | interferon-
stimulated inflammation in type 1 diabetes mellitus.?' In
addition, circRNA circPPM1F accelerates pancreatic islet
inflammation and M1 macrophage activation in type 1
diabetes mellitus.??

In the present work, further experiments uncovered
that RNF20/RNF40 relieved the strengthened inflammation
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Figure 2 RNF20/RNF40 ameliorated pancreatic tissue injury in STZ-induced mice. Mice were divided into the following groups:
Control, STZ, STZ+vector, STZ+RNF20, and STZ+RNF40. (A) H&E staining was used to observe pathological changes in pancreatic
tissues. (B) Immunofluorescence was performed to evaluate the level of insulin.
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Figure 3 RNF20/RNF40 relieved inflammation in STZ-mediated mice. Mice were divided into the following groups: Control, STZ,
STZ+vector, STZ+RNF20, and STZ+RNF40. The levels of IL-6, MCP-1, TNF-a, IL-1f, IL-8, and INF-y in serum were assessed by ELISA.
#kP < 0,001 vs the control group; ##P < 0.001 vs the STZ+vector group.
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Figure 4 RNF20/RNF40 improved pancreatic tissue cell apoptosis in STZ-triggered mice. Mice were divided into the following
groups: Control, STZ, STZ+vector, STZ+RNF20, and STZ+RNF40. (A) Cell apoptosis in pancreatic tissues was measured through
TUNEL assay. (B) The protein expressions of Bax, cleaved caspase-3, and cleaved-PARP were discovered through Western blot
analysis. “"P < 0.001 vs the control group; ##P < 0.001 vs the STZ+vector group.

mediated by STZ treatment. Cell apoptosis was enhanced in
the pancreatic tissues of STZ-triggered mice, but this effect
was attenuated by the overexpression of RNF20/RNF40.

Vitamin D receptors have been demonstrated as a key
regulatory factor in type 1 diabetes. For example, VDR
exhibits lower expression in type 2 diabetes, and is closely
linked to the severity of albuminuria.?* Furthermore, the
H19/miR-675/EGR1 axis down-regulates VDR to participate
in the progression of diabetic nephropathy.

A short of calcium facilitates type 1 diabetes in non-
obese diabetic (NOD) mice with lacking VDR.?> Besides,
enhancement of VDR in B-cells ameliorates diabetes in
mice.?¢ Importantly, one report indicated that in inflamma-
tory bowel disease, RNF20 and RNF40 can modulate VDR-
dependent signaling.’® In this study, the VDR expression
was positively regulated by RNF20/RNF40. Finally, it was
disclosed that knockdown of VDR reversed the lessened

hyperglycemia, inflammation, and cell apoptosis stimulated
by the overexpression of RNF20/RNF40.

Studies have shown that loss of RNF20 or RNF40 affects
the expression of key genes in pancreatic beta cells. RNF
complexes are required for glucose-stimulated insulin
secretion and normal mitochondrial ROS levels, suggesting
that RNF20 and RNF40 regulate beta cell gene expression
and insulin secretion. In addition, it has been shown that
RNF20 and RNF40 deletions reduce VDR mRNA and protein
levels in inflammatory bowel disease, thereby promoting
intestinal inflammation. This study indicated that RNF20/
RNF40 activated VDR to ameliorate type 1 diabetes, which
further affected apoptosis and inflammation.

Limitation of this study was that although it demon-
strated the effect of RNF20/RNF40 on type 1 diabetes pro-
gression, the in-depth molecular mechanism studies were
lacking. Next, we should use a variety of omics disciplines
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STZ, STZ+vector, STZ+RNF20, and STZ+RNF40. (A) The protein expression of VDR was examined through Western blot analysis.
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to screen key signaling pathways and clarify their molecu-
lar mechanisms.

Conclusion

In summary, it was the first study to investigate the func-
tioning of RNF20/RNF40 in type 1 diabetes. Our findings
disclosed that RNF20/RNF40 activated VDR to ameliorate
type 1 diabetes. It established the functioning of RNF20/
RNF40 as a promising target for treating type 1 diabetes.
In the future, more in-depth studies would be required to
explore the regulatory functions of RNF20/RNF40 on other
cellular processes in type 1 diabetes.
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