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Abstract 

Parkin, an E3 ubiquitin ligase, plays an essential role in mitophagy. Emerging evidence indicates that 
mitophagy is involved in various processes closely related to immune diseases, including inflammatory 
bowel diseases (IBD). Here, the authors show that Parkin increases the occurrence of colitis and severe 
inflammation. Deletion of Parkin resulted in marked reductions in colonic inflammation and exhibited 
high resistance to DSS-induced colitis. Mechanism investigation indicated that Parkin interacts with 
Vitamin D receptors (VDR), a critical inhibitory regulator in IBD. Parkin promotes VDR degradation via 
the p62-related autophagy-lysosome pathway. Comparison of colitis in Parkin-/- and Parkin-/-Vdr-/- mice 
showed that the protective effect of Parkin deletion against colitis was abolished by VDR deletion. The 
result suggests that the regulatory effect of Parkin in colitis is a VDR-dependent pathway. Our research 
provides a new role of Parkin in colitis by downregulating VDR, which provides a potential strategy for 
treating IBD. 
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Introduction 
Inflammatory bowel disease (IBD), characterized 

by gastrointestinal inflammation, is a group of 
autoimmune diseases. The two main clinical manifes-
tations are Crohn's disease (CD) and ulcerative colitis 
(UC). The immune pathogenesis of IBD involves the 
immune system's interaction with environmental, 
genetic, vitamin D, and microbial factors (1-4). 
Mitochondrial stress-induced mitophagy plays an 
anti-inflammatory role in IBD (5,6); Paneth cell 
abnormalities have been associated with defective 
mitophagy and autophagy in murine intestinal cells 
(7); Mitophagy also influences intestinal epithelial cell 
(IEC) viability (8). Impaired mitochondrial integrity 

stimulates mitophagy via enhanced intracellular ROS 
in IECs of IBD patients (9). Thus, mitophagy is a 
protective process in IBD by regulating pro-inflam-
matory cytokine production, pathogen clearance, and 
IEC viability. 

Mitochondrial damage is involved in 
Parkinson's disease (PD). Parkin (PARK2) mutations 
are identified in patients with PD and increase the 
susceptibility to Parkinson's disease (10). Parkin is an 
E3 ubiquitin ligase with an amino-terminal ubiquitin- 
like (Ubl) domain and a carboxyl-terminal ubiquitin 
ligase domain (11). PINK1 accumulates on the outer 
membrane of damaged mitochondria, activates 
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Parkin's E3 ubiquitin ligase activity, and recruits 
Parkin to the dysfunctional mitochondrion (12). When 
mitochondria are damaged or depolarized, Pink1 
phosphorylates the Parkin Ubl domain Ser65 to 
activate Parkin, and Parkin modifies many cytosolic 
and OMM (mitochondrial outer membrane) proteins 
with K48- and K63-linked ubiquitin chains. 
Ubiquitinated OMM proteins containing K63-linked 
polyubiquitin chains are recognized by the specific 
autophagy receptor P62, which recruits LC3 and 
triggers mitophagy (12). Pink1-Parkin regulates 
mitochondrial homeostasis, anti-oxidative stress, and 
mitophagy (13). At ten months of age, Parkin KO mice 
displayed multiple signs of inflammation, and Parkin 
deficiency enhanced inflammation via potentiating 
the RIPK1-RIPK3 interaction in necroptosis (14). The 
role of Parkin in the pathogenesis of IBD is poorly 
understood.  

To reveal the possible role of Parkin contributing 
to IBD, we screened the proteins associated with 
Parkin in the epithelial cells of the intestine. In this 
study, we report that VDR (Vitamin D receptor) is a 
novel Parkin-associated protein. VDR is highly 
expressed in intestinal epithelial cells (IECs) and 
regulates the biological activity of vitamin D 
(1,25-dihydroxy vitamin D) (15). Gut epithelial VDR 
signaling inhibits colitis by protecting the mucosal 
epithelial barrier (16). Clinical evidence has shown 
that Vitamin D receptors (VDR) signals are closely 
related to IBD development (17). VDR deficiency in 
the intestine increases the susceptibility to 
experimental colitis (18). Our results indicated that 
Parkin promotes VDR degradation via the 
autophagy-lysosome pathway. The Parkin-VDR axis 
plays a critical regulation in the IECs involved in the 
pathogenesis of IBD. 

Materials and Methods  
Mice 

Vdr-/- and Parkin-/- mice have been described 
previously (19,20). Vdr-/- mice were crossed with 
Parkin-/-mice to generate Vdr-/- Parkin-/- 
homozygous knockouts. The Institutional Animal 
Care and Use Committee of Nanjing Medical 
University approved all animal handling and 
procedures performed in this study. Mice were used 
at 8-12 weeks of age. All efforts were made to 
minimize animal suffering and reduce the number of 
animals used. 

Antibodies and reagents 
Anti-VDR (sc-13133), Anti-Parkin (sc-32282), and 

Anti-β-Actin (sc-8432) were brought from Sigma- 
Aldrich. Anti-HA-Tag (#2367) and Anti-LC3 (#4108) 
were from Cell Signaling Technology. Anti-MYC-tag 

(10828-1-AP), Anti-GAPDH (60004-1-Ig), and Anti- 
P62 (18420-1-AP) were from Proteintech. Anti-FLAG 
was brought from Sigma(F7425). Anti-laminB 
(AF1408) was brought from Beyotime Biotechnology. 
DSS (DB001-38) was from TdB Consultancy. 
Anti-Cy3-AffiniPureGoat Anti-Mouse IgG (H+L), 
Anti-Cy3-AffiniPure Goat Anti-Rabbit IgG (H+L), 
Anti- FITC-AffiniPure Goat Anti-Mouse IgG (H+L), 
and Anti- FITC-AffiniPure Goat Anti-Rabbit IgG 
(H+L) were from Jackson ImmunoResearch. 

Bone marrow chimeras 
C57BL/6 WT mice or Parkin-/-mice at six weeks 

were reconstituted with 5× 10 6 bone marrow cells 
from WT mice or Parkin-/-mice. Recipient mice 
received two 5.5Gy irradiation three h apart and were 
treated with Neomycin for three weeks. After 
irradiation12 weeks, mice were treated with DSS. 

Parkin-associated proteins Mass Spectrometry 
analysis 

HCT116 cells were transfected with empty Flag 
vector or Flag-Parkin for 24 hrs, then collected and 
resuspended in lysis buffer (2% (w/v) SDS,50 mM 
Tris-HCl (pH 6.8), 100 mM DTT (dithiothreitol), 0.1% 
(w/v) bromophenol blue and 10% (v/v) glycerol). 
Extracts were immunoprecipitated with anti-Flag 
antibody and Protein A/G-Agarose beads, and the IP 
pulldown protein complex was separated with 
SDS-PAGE, visualized by coomassie blue staining, 
then excised in-gel digestion with trypsin. The 
peptides extracted from gel bands were subject to 
LC-MS/MS analysis. The original MS/MS data were 
analyzed with Protein Pilot Software (version 4.5 AB 
Sciex) and searched in the UniProt database against 
Homo sapiens. 

Immunofluorescence Staining  
For fluorescence colocalization analysis, Hela 

was plated on coverslips. The cells were fixed for 
20min with 4% paraformaldehyde and then permea-
bilized with 0.2% NP-40/PBS for 10min. The cells 
were incubated overnight, followed by anti-rabbit 
Cy3-conjugated AffiniPure (Jackson Immuno-
Research). DAPI (4′,6′-diamidino-2-phenylindole 
hydrochloride; Sigma-Aldrich) stained Nuclei. 
HEK293T cells transiently transfected with plasmids 
encoding, cultured for 24 h. The cells were incubated 
overnight with antibodies and then with fluorescent 
secondary antibodies using confocal laser microscopy 
(LSM710, Carl Zeiss, Germany) to examine. 

Immunoprecipitation and Immunoblot  
For whole-cell lysate analysis, the cell lysis buffer 

is SDS [50 mM Tris-HCl (pH 6.8), 0.1% (w/v) blue 
bromophenol, 10% (w/v) Glycerol, 2% (w/v) SDS, 
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and 100 mM DTT]. For immunoprecipitation, treat the 
cells as directed and place the cells in 500 µl RIPA 
[50 mM Tris (pH 7.4) lysis buffer, 150 mM NaCl, 1% 
NP-40, and 0.25% sodium deoxycholate]. Collect and 
collect within 30 minutes at 4°C. Centrifuge at 
12,000 g for 10 minutes, then collect the supernatant 
and incubate with the appropriate antibody 
overnight. Add 10 µl of Protein A/G Magnetic Beads 
(MCE HY-K0202) and spin gently for 90 minutes at 
four °C to capture immune complexes. 

Furthermore, spin gently for 90 minutes at 4 °C 
to capture immune complexes, then centrifuge at 1000 
rpm for 3 minutes to collect the agarose beads. The 
supernatant was discarded, and then washing the 
beads were three times with 1000 µl ice-cold RIPA 
buffer and two times with PBS. Then, resuspend the 
agarose beads in 50 µl SDS Loading Buffer and mix 
gently. Separating sample with SDS-PAGE, trans-
ferred sample to a polyvinylidene fluoride (PVDF) 
membrane (Millipore), and analyzed by immuno-
blotting. The Tanon imaging system visualizes the 
immune response.  

DSS-induced colitis 
WT and Parkin-/-mice were treated with 2.5% 

DSS for seven days to induce acute experimental 
colitis, then drank water for two days. During the 
experiment, monitor the body weight, stool, and body 
posture daily to assess the disease activity index 
(DAI). DAI is a total score of weight loss and starting 
weight, stool stability, and body posture. The scores 
are as follows: weight loss: 0 (no loss), 1 (5 to 10%), 2 
(10 to 15%), and 3 (> 15%); stool consistency: 0 
(standard), 1 (soft stool), 2 (Soft stool and blood in the 
stool) and 3 (diarrhea and blood in the stool); body 
posture: 0 (thicken without smooth hair), 1 (light hair 
and crutches), 2 (medium hair and crutches), and 3 
(heavy hair and heavy flushing). The mice were 
euthanized on the ninth day and immediately 
collected for colon length measurement, cytokines 
analysis, and histological analysis. 

Real-time quantitative polymerase chain 
reaction 

Total RNA was extracted using TRIzol (Life) 
reagent, and complementary DNA synthesis was 
performed. The reverse transcript of the various 
samples was used by StepOnePlus (Applied 
Biosystems) under the direction of the Brilliant SYBR 
Green QPCR Master Mix (Vazyme) manufacturer. 
The primers used are listed in Table 1. 

shRNA-mediated gene silencing 
shParkin5'GGATCAGCAGAGCATTGTTCA 3' 

and ShP62 5'GCAGATGAGAAAGATCGCCTT 3' 
were generated into vector pRNA-U6.1, then 

transfected them into HCT116 cells with PolyJetTM 
(SignaGen) in OPTI-MEM. The medium was changed 
6 h later, and the cells were cultured for 48 h in 
DMEM medium supplemented with 10% FBS. 

 

Table 1: Primers 

mGAPDH-1 5-GGGTGTGAACCACGAGAAATATG-3 
mGAPDH -2 5-TGTGAGGGAGATGCTCAGTGTTG-3 
mTNF-alpha -1 5-TCAGCCTCTTCTCATTCCTG-3 
mTNF-alpha -2 5-CAGGCTTGTCACTCGAATTT-3 
mIL-6-1 5-CCTCTCTGCAAGAGACTTCCA-3 
mIL-6-2 5-AGAATTGCCATTGCACAACTCT-3 
mOccludin-1 5-CCTCCAATGGCAAAGTGAAT-3 
mOccludin-2 5-CTCCCCACCTGTCGTGTAGT-3 
mClaudin1-1 
mClaudin1-2 

5- GATGTGGATGGCTCTCATTC-3 
5-CGTGGTGTTGGGTAAGAGGT-3 

  

Histological analysis and 
immunohistochemical staining 

Freshly dissected colon or colon biopsies were 
fixed overnight with 4% formaldehyde in PBS (pH 
7.2), processed, and embedded in paraffin wax. 
Tissues were cut into 4-μm sections. Colonic 
morphology was examined by H&E staining. To 
examine VDR localization in the colon, we stained the 
slices with anti-VDR (Santa Cruz Biotechnology Inc.) 
as primary antibodies, followed by staining with 
horseradish peroxidase-conjugated anti-IgG as second 
antibodies. Antigen was then visualized with the 
3,3′-diaminobenzidine substrate (Sigma-Aldrich) and 
observed under a light microscope. 

Cytoplasmic protein and nuclear protein 
extraction 

The nuclear protein and Cytosol protein were 
prepared using the nuclear/Cytosol protein 
extraction kit (BeyotimeP0027).  

Statistical analyses 
The data were analyzed by GraphPad Prism 8.0 

software and expressed as mean±SEM. Using 
two-sided unpaired t-tests or multiple-group 
two-way analysis of variance (ANOVA) to analyze 
statistical data. P-value is expressed as *P < 0.05; **P < 
0.01; *** P < 0.001. 

Results 
Parkin-/- mouse attenuates DSS-induced 
colitis  

To examine the role of Parkin in IBD, we 
assessed the occurrence of IBD in the experimental 
model of DSS-induced colitis in WT and Parkin-/- 
mice. The loss of body weight and shortening of the 
colon were consistently alleviated in Parkin-/- mice 
compared with WT mice (Fig. 1A and 1B). The disease 
activity index (DAI) and histological examination also 



Int. J. Biol. Sci. 2023, Vol. 19 
 

 
https://www.ijbs.com 

1636 

showed the relief of colitis in Parkin-/- mice (Fig. 1C 
and 1D). Similarly, colonic pro-inflammatory 
cytokines (TNFa and IL-6) in Parkin-/- mice were 
lower in WT mice with DSS-induced colitis (Fig.1E 
and 1F). Furthermore, we detected the tight 
junction-related proteins Occludin and Claudin-1, 
which are essential for the integrity of the intestinal 
barrier. The result showed that Occludin and 
Claudin-1 mRNA were significantly upregulated in 
Parkin-/- mice (Fig. 1G, 1H), suggesting that loss of 
Parkin has a protective effect in DSS-induced colitis. 

Parkin-/- reduces DSS-induced colitis 
independent of immune cells 

Next, we examined whether alleviative colitis is 
related to the immune system of Parkin-/- mice. The 
donor bone marrow cells (BMCs) derived from Parkin 
deficiency mice were transplanted to recipes mice 

(WT or Parkin KO), or the donor BMCs derived from 
WT mice to recipes mice (WT or Pakin KO). These 
mice received seven days of DSS treatment in 
drinking water and two days containing water, and 
we recorded the body weight and clinical scores daily 
(Fig. 2A,2B). Colon length and Histological analysis 
showed no significant differences in these mice (Fig 
2C-2E). These results indicate that Parkin-/- derived 
bone marrow does not affect the sensitivity of mice to 
DSS-induced colitis and that loss of Parkin reduces 
colitis independent of immune cells.  

Parkin interacts with VDR 
To find the possible mechanism of Parkin 

involved in IBD, we screened for potential 
Parkin-interacting proteins in the intestinal epithelial 
cell line HCT116. Parkin-associated protein complexes 
were immunoprecipitated and subjected to liquid 

 

 
Figure 1. Parkin-/- mouse attenuates DSS induced colitis. WT and Parkin-/-mice were given 2.5% (w/v) DSS for six days, followed by normal drinking water for three 
days, and disease severity was measured according to a percentage weight loss(A), colon length(B), Disease activity index (DAI)(C), H&E-stained sections of the colon(D) and 
histology score (E), scale bar=1mm. Quantitating pro-inflammatory cytokines TNFɑ(F), IL-6(G), and tight junction protein Occludin(H), Claudin-1(I) in colonic mucosa from 
control and DSS-treated WT and Parkin-/-mice on day 9 with Real-time RT-PCR. Results are presented as means±SEM.*P < 0.05, **P < 0.01, *** P < 0.001 versus the 
corresponding WT. n = 6-7 in each genotype. 
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chromatography-mass spectrometry for protein 
identification. One candidate protein of our interest is 
VDR (p11473), which is reported to inhibit colitis by 
protecting the mucosal epithelial barrier (Fig. 3A). 
Co-immunoprecipitation (co-IP) was used to confirm 
the interaction between endogenous VDR and Parkin 
in IECs (Fig. 3B). The overexpression of Flag-Vdr and 
HA-Parkin confirmed similar result in 293T cells (Fig. 
S1A-B). By immunofluorescence assays, the colocali-
zation of VDR and Parkin was observed in the 
cytoplasm (Fig. 3C), which was further confirmed by 
co-IP analysis of cytoplasmic and nuclear components 
(Fig. 3D). Moreover, GST pull-down assay indicated 
that Parkin directly interacted with VDR (Fig. 3E). To 
map the domain of Parkin or VDR required for their 
interaction, a series of co-IP assays were performed 
with truncated Parkin or VDR overexpressed in 293T 
cells (Fig. 3F and 3G). The results indicated that the C 
terminal of Parkin (including RING and IBR domain) 

and the ligand-binding domain (LBD) of VDR were 
sufficient for Parkin-VDR association. Collectively, 
these data fully demonstrate that Parkin interacts with 
VDR.  

Parkin downregulates the protein level of VDR 
For Parkin is an E3 ubiquitin ligase, we 

examined the effect of Parkin on VDR protein 
expression. In HCT116 cells, overexpression of Parkin 
decreased VDR protein level in a dose-dependent 
manner (Fig. 4A), and knockdown of Parkin increased 
VDR level (Fig. 4B). Similar result was also validated 
in CaCo2 cells (Fig. S2A) and Hela cells (Fig. S2B). 
Next, we detected VDR protein levels in IECs from 
Parkin-/- and WT mice. Data showed that VDR was 
highly expressed in colonic epithelial cells from 
Parkin-/- mice by western blotting and 
immunohistochemistry staining on colonic sections 
(Fig. 4C, 4D). Further examinations of tissues from 

 

 
Figure 2. Parkin-/- reduces colitis in a DSS-induced colitis model is independent of immune cells. Lethally irradiated WT and Parkin-/- mice were reconstituted 
with WT and Parkin-/- bone marrow for 12 weeks, then were given 2.5 % DSS for six days, followed by normal drinking water for three days. Disease severity was measured by 
percentage weight loss(A), Disease activity index (DAI)(B), colon length (C), H&E-stained sections of the colon(D), scale bar=50μm, and histology score (E). Results are 
presented as means±SEM.*P < 0.05, **P < 0.01, *** P < 0.001 versus the corresponding WT>WT or Parkin-/->Parkin-/-. n = 6-7 in each genotype. 
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ascending colon to the transverse colon in WT mice 
showed a negative correlation expression of Parkin 
and VDR in vivo. In contrast, in Parkin-/- mice, VDR 
protein level showed no apparent changes (Fig. 4E). In 
turn, Parkin protein level was similar in IECs from 

Vdr-/- and WT mice, suggesting that VDR does not 
regulate the protein expression of Parkin (Fig. S3). 
Together, these results indicate that Parkin negatively 
regulates VDR levels in the colonic epithelial cells. 

 

 
Figure 3. Parkin interacts with VDR. (A) Mass spectrometry analysis of Parkin and VDR peptides after immunoprecipitation with anti-Flag to pull down Parkin-associated 
proteins in Flag-Parkin over-expressed HCT116 cells. (B) Mice IECs lysates were immunoprecipitated (IP) and immunoblotted (IB) with the indicated antibodies. (C) 
Immunofluorescent staining for VDR and Parkin in HCT116. Scale bar: 20 μM. (D) Cytoplasm and nucleus of HCT116 were isolated, then immunoprecipitated (IP) and 
immunoblotted (IB) with the indicated antibodies. (E) Purified GST-VDR was incubated with purified His-Parkin for two h. His-Parkin bound to GST-VDR was pulled down by 
glutathione beads and subjected to immunoblot analysis with the indicated antibodies. (F) WT or mutant HA-VDR (DBD or LBD) and Myc-Parkin were expressed in HEK293T 
cells, immunoprecipitated, and analyzed by immunoblotting with the indicated antibodies. (G) WT or mutant Myc-Parkin (UB1 and Ring) and HA-VDR were transfected in 
HEK293T cells, immunoprecipitated, and analyzed by immunoblotting with the indicated antibodies. Data are representative of three independent experiments. 



Int. J. Biol. Sci. 2023, Vol. 19 
 

 
https://www.ijbs.com 

1639 

Parkin promotes VDR degradation via the 
autophagy-lysosome pathway 

To determine the function of Parkin in regulating 
VDR, we examined the transcriptional expression of 
VDR in the colon or HCT116 cells. The results showed 
that overexpression or knockdown of Parkin did not 
affect the level of Vdr mRNA (Fig. S4A, S4B). CHX 
treatment led to rapid degradation of VDR when 
Parkin overexpression and Parkin knockdown 
attenuated the decrease of VDR (Fig. 5A). Considering 
that Parkin is an E3 ligase, we hypothesize that Parkin 
promotes VDR degradation in a ubiquitinated- 
dependent way. To prove this presupposition, we 
constructed Parkin mutants as S65A (21), T173A, and 
C431A (22), lacking the enzymatic activity of E3 
ligase. However, these mutations could still 
downregulate the protein level of VDR, indicating 
that Parkin downregulates VDR, not through the 
ubiquitinated degradation pathway (Fig. S5A). By 
co-IP assays, we confirmed that Parkin does not 
directly ubiquitinate VDR (Fig. S5B). Then we 
examined the protein level of VDR in the treatment of 
proteasome inhibitor MG132, lysosome inhibitor 
CHQ, or autophagy inhibitor 3MA, respectively (Fig. 
5B). The decrease of VDR mediated by Parkin 
overexpression was effectively inhibited by CHQ and 
3MA treatment (Fig. 5C), suggesting Parkin-induced 
VDR degradation is related to the autophagy- 
lysosome pathway. By immunofluorescence assay, we 

observed that Parkin overexpression promoted the 
recruitment of VDR into lysosome (Fig. 5D); on the 
contrary, the localization of VDR into lysosome was 
reduced by Parkin knockdown (Fig. 5E). These data 
suggest that Parkin induces VDR degradation via an 
autophagy-lysosome pathway.  

Parkin decreases VDR protein via P62 
p62 is an adaptor that binds proteins or damaged 

organelles for their clearances utilizing autophagy- 
lysosome (12). In our experiments, the knockdown of 
p62 blocked the Parkin-mediated degradation of VDR 
(Fig. 6A). Consistently, overexpression of p62 
enhanced the degradation of VDR induced by Parkin 
overexpression (Fig. 6B). To verify the involvement of 
p62 in the degradation of VDR mediated by Parkin, 
we performed co-IP experiments to validate the 
interaction between p62 and VDR. The results showed 
that Parkin overexpression effectively increased the 
VDR-p62 association, even endogenous VDR and p62 
interaction (Fig. 6C, 6D). By co-IP analysis of 
cytoplasmic and nuclear extracts, the VDR-p62 asso-
ciation was observed in the cytoplasm (Fig. 6E). 
Similar result was also confirmed by immuno-
fluorescence assays (Fig. 6F). Together, these results 
indicate that the Parkin-mediated VDR degradation is 
through the autophagy-lysosomal pathway by 
promoting the binding of VDR to p62. 

 

 
Figure 4. Parkin downregulates VDR protein levels in intestinal epithelium cells. (A) Varying amounts of HA-Parkin or empty control vectors were transfected into 
HCT116 cells and immunoblotted analysis with the indicated antibodies. (B) shRNA Parkin or control-shRNA was transfected into HCT116 cells and immunoblotted analysis 
with the indicated antibodies. (C) VDR expression in the colon of WT and Parkin-/- mice were analyzed by immunoblotting with the antibodies indicated. (D) Detecting VDR 
expression in the colon of WT and Parkin-/- mice by immunohistochemistry with anti-VDR; Scale bar=50μm. (E) Ascending colon and transverse colon were isolated from WT 
mice and analyzed by immunoblotting with the indicated antibodies. 
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Figure 5. Parkin decreases VDR protein expression via lysosome degradation. (A) 50µg/ml CHX stimulated for indicated periods in HCT116 cells transfected with 
Myc-Parkin, shParkin, or control vector (Vect) into cells, then analyzed by immunoblotting with indicated antibodies. (B) MG132, CHQ, 3MA or control regent (Vehicle) 
pre-treated 30mins before CHX stimulated in HCT 116 cells, then CHX treatment for indicated period and detected endogenous VDR expression by Western blot. (C) MG132, 
CHQ, 3MA or control regent (Vehicle) treated HCT 116 cells transfected with Myc-Parkin or empty vector, then detected endogenous VDR expression by Western blot. (D) 
VDR and lysosomes were stained with anti-VDR (green) and Lyso-Tracker Red (C1046) in control shRNA or shParkin transfected HCT116 cells. Western blot assays detected 
Parkin and VDR expression; Scale bar=10 μM. (E) VDR and lysosomes were stained with anti-VDR (green) and Lyso-Tracker Red (C1046) in empty vector or Myc-Parkin 
transfected HCT116 cells. Western blot assays detected Parkin and VDR expression; Scale bar=10 μM. 
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Figure 6. Parkin decreases VDR protein via P62. (A) shRNA P62 or Myc-Parkin was transfected into HCT116 cells as indicated and analyzed by immunoblotting with the 
indicated antibodies. (B) Myc-Parkin or HA-P62 was transfected into HCT116 cells as indicated and analyzed by immunoblotting with the indicated antibodies. (C) Flag-VDR, 
HA-P62, and Myc-Parkin were transfected into HCT116 cells as indicated, and HCT116 lysates were immunoprecipitated (IP) and immunoblotted (IB) with the indicated 
antibodies. (D) Myc-Parkin or control vector (Vect) was transfected into Hela cells, and cell lysates were immunoprecipitated (IP) and immunoblotted (IB) with the indicated 
antibodies. (E) Myc-Parkin or control vector (Vect) was transfected into HCT116 cells, isolated cytoplasm, nucleus, immunoprecipitated (IP), and immunoblotted (IB) with the 
indicated antibodies. Cy: cytoplasm; Nu: nuclear. (F) Myc-Parkin or control vector (Vect) was transfected into HCT116 cells and immunofluorescent stained VDR and P62 with 
anti-VDR and anti-P62; Scale bar=20 μM. 

 

The role of Parkin in DSS-induced colitis via 
regulating VDR 

To investigate the role of Parkin-VDR pathway 
in the occurrence of colitis, we constructed 
Vdr-/-/Parkin-/- mice. DSS-induced colitis model 
was established in the following group: WT, Vdr-/-, 
Parkin-/-, and Vdr-/-/Parkin-/- mice. Compared 
with the WT group, Vdr-/- mice exhibited severe 
colitis with more significant body weight loss, shorter 
colons length, higher disease activity index (DAI), and 
histological scores (Fig. 7A-E). Meanwhile, Parkin-/- 
mice exhibited reduced inflammatory symptoms, but 
the symptoms of Vdr-/-Parkin-/-mice were the same 
as Vdr-/- mice, suggesting that VDR is the downs-
tream target of Parkin (Fig. 7A-E). Consistent with 
these observations, the Vdr-/-Parkin-/- group 
increased the production of inflammatory cytokines 
and decreased tight junction proteins (Fig. 7F-I), 
completely reversing the effects caused by Parkin 
deficiency. Together, our data suggest the patholo-
gical role of Parkin in IBD via its regulation of VDR. 

Discussion 
Preliminary studies indicate an anti-inflam-

matory effect of mitophagy on the gut micro- 
environment in IBD. The defect in Parkin-mediated 
mitophagy contributes to the accumulation of 
damaged mitochondria and drives inflammation (13). 

Here, we report a novel role of Parkin involved in the 
pathology of IBD by downregulation of VDR via 
p62-mediated autophagy-lysosome degradation. In 
experimental colitis models, Parkin-/- mice were 
highly resistant to colitis, but Vdr -/-Parkin -/- mice 
showed as severe inflammation as Vdr -/-mice. Our 
data demonstrate that the increased expression of 
VDR induced by Parkin-/- in epithelial cells protects 
the colonic mucosal barrier and attenuates colitis.  

Many studies explore the Vdr gene as a known 
IBD risk gene (23,24). Vitamin D and VDR signaling 
play essential roles in the intestinal epithelium, where 
VDR signaling is linked to several crucial processes, 
such as cell proliferation, differentiation, immuno-
modulation, and maintenance of the gut microbiome 
(18,25,26). Since VDR is abundantly expressed in 
intestinal epithelial cells and plays a protective role in 
intestinal barrier integrity (25,27), the finding of 
Parkin-mediated degradation of VDR in IECs 
supports an additional role of Parkin in IBD, distinct 
from mitophagy. Notably, Parkin KO mice displayed 
multiple signs of inflammation and initial hyperplasia 
at 10 months old (14). We found that parkin KO mice 
aged 8-12 weeks were highly resistant to experimental 
colitis. This seemingly contradictory phenotype of 
Parkin deficiency in the IBD model is explicable. 
Compared with mice at 10 months old, VDR is highly 
expressed in young mice (28-30), so Parkin's 
regulation of VDR expression may take a leading role 
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in the occurrence of enteritis prior to its role in 
mitophagy. These data indicate that the Parkin -VDR 

pathway in epithelial cells is the primary way for 
Parkin to be involved in IBD pathology. 

 

 
Figure 7. Parkin inhibits DSS-induced colitis through VDR regulation. WT, Vdr-/-, Parkin-/-, and Vdr-/-/Parkin-/- mice were given 2.5% (w/v) DSS for six days followed 
by normal drinking water for three days, and disease severity was measured according to a percentage weight loss(A), colon length(B), Disease activity index (DAI)(C), 
H&E-stained sections of the colon(D) and histology score (E), scale bar=50μm. Real-time RT-PCR quantitation of pro-inflammatory cytokines TNFɑ(F), IL-6(G), and tight junction 
protein Occludin(H), Claudin-1(I) in colonic mucosa from control and DSS-treated WT and Parkin-/-mice on day 9. Results are presented as means±SEM.*P < 0.05, **P < 0.01, 
*** P < 0.001 versus the corresponding WT. n = 6-7 in each genotype. 

 
Figure 8. Model for the role of Parkin in regulating VDR degradation. 
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We previously reported that TNF-α-induced 
downregulation of epithelial VDR was mediated by 
microRNA-346 (31). However, more information on 
regulating epithelial VDR expression is largely 
unknown. This study reveals a novel mechanism for 
the regulation of VDR degradation. Parkin can 
function as an E3 ubiquitin ligase to ubiquitinate and 
degrade substrate proteins such as HIF-1ɑ (22), 
CDCrel-1 (32), and synphilin-1 (33). Here, we identify 
a novel pathway where Parkin does not depend on 
ubiquitination to induce VDR degradation via the 
autophagy-lysosome pathway. Angeles Duran has 
reported that p62 binds to VDR (34). Consistently, we 
found that the enhanced VDR-p62 interaction induced 
by Parkin was observed in the cytoplasm. The 
increased recruitment of p62 by the Parkin-VDR 
association helps to translocate the autophagy- 
lysosome. Therefore, Parkin induces VDR degrada-
tion through p62-mediated autophagy lysosomes, 
independent of ubiquitin-proteome degradation. 

In conclusion, we provide evidence on the 
epithelial Parkin-VDR signaling in the pathogenesis 
of colitis (Fig. 8). For VDR level is related to many 
disease formations, monitoring Parkin expression 
might be an adjunct to the treatment of VDR-related 
diseases (such as fibrosis and cancer). 

Abbreviations 
IBD: inflammatory bowel diseases; VDR: Vita-

min D receptors; CD: Crohn's disease; UC: ulcerative 
colitis; IEC: intestinal epithelial cell; PD: Parkinson's 
disease; Ubl: ubiquitin-like; OMM: mitochondrial 
outer membrane; BMCs: bone marrow cells; LBD: 
ligand-binding domain; WT: wild type; IP: 
Immunoprecipitation; IB: Immunoblot; DAI: Disease 
activity index.  

Supplementary Material 
Supplementary figures.  
https://www.ijbs.com/v19p1633s1.pdf 

Acknowledgments 
We would also like to express our appreciation 

to the Analysis and testing center of the Basic Medical 
College of Nanjing Medical University. 

Funding 
This work was supported by the National 

Nature Science Foundation of China (NSFC) 
(82171723,81871310 and 81371759 to YC), the Natural 
Science Foundation of Jiangsu province of China 
(BK20221305), the Natural Science Foundation of 
Jiangsu Higher Education Institutions of China 
(17KJA310002), the Key Project of Science and 
Technology Development Fund from Nanjing 

Medical University (2017NJMUCX003), the Research 
Start-up Fund from Nanjing Medical University 
(2014RC02), and the National Natural Science 
Foundation of China (81771773,91742116 and 
81570499 to SY), the National Natural Science 
Foundation of China (82103328 to YW). 

Ethics approval and consent to participate 
All animal handling and procedures performed 

in this study were approved by the Institutional 
Animal Care and Use Committee of Nanjing Medical 
University, following the guidelines for the ethical 
treatment of animals. 

Availability of data and material 
The datasets used and/or analysed during the 

current study are available from the corresponding 
authors on reasonable request. 

Author contributions 
YC, ZM, JW and YW designed the research, 

analyzed data, and wrote the paper. ZR, ZZ, JL, YF, 
NS, MX, and XS provided research reagents and 
technical assistance. CH, DD, HY, HZ, JZ, and SY 
assisted in data analysis and manuscript preparation. 
YC was responsible for the overall research design, 
data analysis, and paper preparation. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Mentella MC, Scaldaferri F, Pizzoferrato M, Gasbarrini A, Miggiano GAD. 

Nutrition, IBD and Gut Microbiota: A Review. Nutrients. 2020; 12. 
2. Tolia M, Zygogianni A, Kouvaris JR, Tsoukalas N, Kokakis I, Kyrgias G, et al. 

Irradiation Toxicity and Inflammatory Bowel Diseases (IBD): Review. Reviews 
on recent clinical trials. 2014; 9: 31-6. 

3. Colombel JF. Decade in review-IBD: IBD-genes, bacteria and new therapeutic 
strategies. Nature reviews Gastroenterology & hepatology. 2014; 11: 652-4. 

4. Wheat CL, Ko CW, Clark-Snustad K, Grembowski D, Thornton TA, Devine B. 
Inflammatory Bowel Disease (IBD) pharmacotherapy and the risk of serious 
infection: a systematic review and network meta-analysis. BMC 
gastroenterology. 2017; 17: 52. 

5. Xu Y, Shen J, Ran Z. Emerging views of mitophagy in immunity and 
autoimmune diseases. Autophagy. 2020; 16: 3-17. 

6. Dombi E, Mortiboys H, Poulton J. Modulating Mitophagy in Mitochondrial 
Disease. Current medicinal chemistry. 2018; 25: 5597-612. 

7. Singh SB, Ornatowski W, Vergne I, Naylor J, Delgado M, Roberts E, et al. 
Human IRGM regulates autophagy and cell-autonomous immunity functions 
through mitochondria. Nature cell biology. 2010; 12: 1154-65. 

8. Vincent G, Novak EA, Siow VS, Cunningham KE, Griffith BD, Comerford TE, 
et al. Nix-Mediated Mitophagy Modulates Mitochondrial Damage During 
Intestinal Inflammation. Antioxidants & redox signaling. 2020; 33: 1-19. 

9. Kathiria AS, Butcher LD, Feagins LA, Souza RF, Boland CR, Theiss AL. 
Prohibitin 1 modulates mitochondrial stress-related autophagy in human 
colonic epithelial cells. PloS one. 2012; 7: e31231. 

10. Alves da Costa C, Duplan E, Rouland L, Checler F. The Transcription Factor 
Function of Parkin: Breaking the Dogma. Frontiers in neuroscience. 2018; 12: 
965. 

11. McWilliams TG, Muqit MM. PINK1 and Parkin: emerging themes in 
mitochondrial homeostasis. Current opinion in cell biology. 2017; 45: 83-91. 

12. Geisler S, Holmstrom KM, Skujat D, Fiesel FC, Rothfuss OC, Kahle PJ, et al. 
PINK1/Parkin-mediated mitophagy is dependent on VDAC1 and 
p62/SQSTM1. Nature cell biology. 2010; 12: 119-31. 

13. Newman LE, Shadel GS. Pink1/Parkin link inflammation, mitochondrial 
stress, and neurodegeneration. The Journal of cell biology. 2018; 217: 3327-9. 



Int. J. Biol. Sci. 2023, Vol. 19 
 

 
https://www.ijbs.com 

1644 

14. Lee SB, Kim JJ, Han SA, Fan Y, Guo LS, Aziz K, et al. The AMPK-Parkin axis 
negatively regulates necroptosis and tumorigenesis by inhibiting the 
necrosome. Nature cell biology. 2019; 21: 940-51. 

15. Carlberg C, Campbell MJ. Vitamin D receptor signaling mechanisms: 
integrated actions of a well-defined transcription factor. Steroids. 2013; 78: 
127-36. 

16. Liu W, Chen Y, Golan MA, Annunziata ML, Du J, Dougherty U, et al. 
Intestinal epithelial vitamin D receptor signaling inhibits experimental colitis. 
The Journal of clinical investigation. 2013; 123: 3983-96. 

17. Chetcuti Zammit S, Ellul P, Girardin G, Valpiani D, Nielsen KR, Olsen J, et al. 
Vitamin D deficiency in a European inflammatory bowel disease inception 
cohort: an Epi-IBD study. European journal of gastroenterology & hepatology. 
2018; 30: 1297-303. 

18. Dimitrov V, White JH. Vitamin D signaling in intestinal innate immunity and 
homeostasis. Molecular and cellular endocrinology. 2017; 453: 68-78. 

19. Rao Z, Chen X, Wu J, Xiao M, Zhang J, Wang B, et al. Vitamin D Receptor 
Inhibits NLRP3 Activation by Impeding Its BRCC3-Mediated 
Deubiquitination. Frontiers in immunology. 2019; 10: 2783. 

20. Li J, Ma C, Long F, Yang D, Liu X, Hu Y, et al. Parkin Impairs Antiviral 
Immunity by Suppressing the Mitochondrial Reactive Oxygen Species-Nlrp3 
Axis and Antiviral Inflammation. iScience. 2019; 16: 468-84. 

21. Kondapalli C, Kazlauskaite A, Zhang N, Woodroof HI, Campbell DG, Gourlay 
R, et al. PINK1 is activated by mitochondrial membrane potential 
depolarization and stimulates Parkin E3 ligase activity by phosphorylating 
Serine 65. Open biology. 2012; 2: 120080. 

22. Liu J, Zhang C, Zhao Y, Yue X, Wu H, Huang S, et al. Parkin targets 
HIF-1alpha for ubiquitination and degradation to inhibit breast tumor 
progression. Nature communications. 2017; 8: 1823. 

23. Garg M, Royce SG, Tikellis C, Shallue C, Sluka P, Wardan H, et al. The 
intestinal vitamin D receptor in inflammatory bowel disease: inverse 
correlation with inflammation but no relationship with circulating vitamin D 
status. Therapeutic advances in gastroenterology. 2019; 12: 1756284818822566. 

24. Li YC. Investigating the Role of Vitamin D in IBD Pathophysiology and 
Treatment. Gastroenterology & hepatology. 2008; 4: 20-1. 

25. Bakke D, Sun J. Ancient Nuclear Receptor VDR With New Functions: 
Microbiome and Inflammation. Inflammatory bowel diseases. 2018; 24: 
1149-54. 

26. Leslie WD, Miller N, Rogala L, Bernstein CN. Vitamin D status and bone 
density in recently diagnosed inflammatory bowel disease: the Manitoba IBD 
Cohort Study. The American journal of gastroenterology. 2008; 103: 1451-9. 

27. Kellermann L, Jensen KB, Bergenheim F, Gubatan J, Chou ND, Moss A, et al. 
Mucosal vitamin D signaling in inflammatory bowel disease. Autoimmunity 
reviews. 2020; 19: 102672. 

28. Bischoff-Ferrari HA, Borchers M, Gudat F, Durmuller U, Stahelin HB, Dick W. 
Vitamin D receptor expression in human muscle tissue decreases with age. 
Journal of bone and mineral research : the official journal of the American 
Society for Bone and Mineral Research. 2004; 19: 265-9. 

29. Yao X, Ei-Samahy MA, Yang H, Feng X, Li F, Meng F, et al. Age-associated 
expression of vitamin D receptor and vitamin D-metabolizing enzymes in the 
male reproductive tract and sperm of Hu sheep. Animal reproduction science. 
2018; 190: 27-38. 

30. Tong T, Liu Z, Zhang H, Sun J, Zhang D, Wang F, et al. Age-dependent 
expression of the vitamin D receptor and the protective effect of vitamin D 
receptor activation on H2O2-induced apoptosis in rat intervertebral disc cells. 
The Journal of steroid biochemistry and molecular biology. 2019; 190: 126-38. 

31. Chen Y, Du J, Zhang Z, Liu T, Shi Y, Ge X, et al. MicroRNA-346 mediates 
tumor necrosis factor alpha-induced downregulation of gut epithelial vitamin 
D receptor in inflammatory bowel diseases. Inflammatory bowel diseases. 
2014; 20: 1910-8. 

32. Zhang Y, Gao J, Chung KK, Huang H, Dawson VL, Dawson TM. Parkin 
functions as an E2-dependent ubiquitin- protein ligase and promotes the 
degradation of the synaptic vesicle-associated protein, CDCrel-1. Proceedings 
of the National Academy of Sciences of the United States of America. 2000; 97: 
13354-9. 

33. Chung KK, Zhang Y, Lim KL, Tanaka Y, Huang H, Gao J, et al. Parkin 
ubiquitinates the alpha-synuclein-interacting protein, synphilin-1: 
implications for Lewy-body formation in Parkinson disease. Nature medicine. 
2001; 7: 1144-50. 

34. Duran A, Hernandez ED, Reina-Campos M, Castilla EA, Subramaniam S, 
Raghunandan S, et al. p62/SQSTM1 by Binding to Vitamin D Receptor 
Inhibits Hepatic Stellate Cell Activity, Fibrosis, and Liver Cancer. Cancer cell. 
2016; 30: 595-609. 

 


