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Calcitriol Ameliorates AngiotensinII-Induced Renal Injury
Partly via Upregulating A20

Hongfei Zhao,1 Yunfeng Xia,1 and Hua Gan1,2

Abstract—Inflammation and reactive oxygen species (ROS) play crucial roles in the progression of
chronic kidney diseases. Vitamin D has been shown anti-inflammatory effects, but the underlying
mechanism is not fully understood. Here, we investigated whether calcitriol exerts protective effects
via upregulating A20 in angiotensinII (AngII)-induced renal injury. Male C57BL/6 mice were infused
with vehicle or AngII for 10 days. Calcitriol reduced infiltration of T lymphocytes and macrophages.
This reduction of inflammatory cells was accompanied by elevated A20 and decreased pro-
inflammatory cytokines (PICs) and reactive oxygen species (ROS). Calcitriol could inhibit NF-κB
activation and necroptotic pathway. Induction of A20was located primarily to the tubular epithelial cells.
In rat proximal tubular epithelial cells (NRK-52E), calcitriol stably upregulated A20 and reduced the
PICs and ROS. Inhibitory effect of A20 on PICs and ROS depended on suppressingNF-κB pathway and
necroptotic pathway, respectively. A20 knockdown diminished the effect of calcitriol on suppressing
NF-κB and necroptotic pathways. However, A20 deficiency could not abrogate the inhibitory effect of
calcitriol on NF-κB and necroptotic pathways. Our results established that A20 is involved in the
renoprotective effect by calcitriol via negatively modulating the NF-κB pathway and necroptotic
pathway in AngII-induced renal injury.
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INTRODUCTION

Chronic kidney disease (CKD) progression to end
stage renal disease (ESRD) has become a worldwide health
problem. Inflammation and oxidative stress are regarded as
underlying mechanisms in the progression of chronic kid-
ney disease (CKD) [1, 2]. AngiotensinII (AngII)-induced
pro-inflammatory cytokines (PICs) and reactive oxygen
species (ROS) in renal cells cause injuries in an autocrine
or paracrine way [3, 4].

Zinc finger protein A20, the product of TNFAIP3
gene, is a potent NF-κB pathway negative regulator and

necroptosis inhibitor [5, 6]. Studies have exhibited A20 can
function as both a ubiquitin ligase and a deubiquitinating
enzyme [7].The dual roles in ubiquitination and
deubiquitination enable A20 to disrupt the necroptotic
pathway activation and NF-κB activation including phos-
phorylation of IKKβ [6, 8, 9]. Overexpressed or upregu-
lated A20 achieves protection of renal cells against inflam-
mation by suppressing NF-κB activation and necroptotic
pathway in ischemia/reperfusion model, cytokine-induced
inflammation, and LPS-mediated sepsis [10–13].

Active vitamin D is widely used to counteract loss of
bone mass caused by glucocorticoids in clinical nephrolo-
gy and in the correction of secondary hyperparathyroidism
in CKD patients [14]. For a long time, vitamin D has been
regarded as a pivotal bone mineral metabolism regulator.
However, a number of studies showed vitamin D or its
analogs reduced albuminuria independent of PTH suppres-
sion or impact on hemodynamics. The renoprotective ef-
fects of vitamin D are due to its pleiotropic functions such
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as downregulating renin gene expression [15], suppressing
inflammation [16], and reducing ROS [17]. Moreover,
active vitamin D was showed to exert cytoprotection
against cytokine-induced apoptosis via upregulating zinc
finger protein A20 [18].

Although vitamin D has been shown remarkable role
in alleviating renal injury, the underlying mechanism is not
fully understood. Considering the inhibitory effects of A20
on NF-κB activation and necroptotic pathway in acute
organ injury and organ transplantation, we aimed to iden-
tify whether calcitriol ameliorates inflammation via A20 in
AngII-induced chronic renal injury.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice aged 7–8 weeks were purchased
from the Experimental Animal Center of Chongqing Med-
ical University. This study was approved by the ethics
committee of Chongqing Medical University. The mice
underwent uninephrectomy (left) under chloralic hydras
anesthesia and were allowed to recover for 1 week. The
mice were assigned randomly into three groups (control,
AngII, and AngII + calcitriol, n = 5 per group). Osmotic
minipumps (Alzet model 2002; USA) were implanted
subcutaneously in the backs to deliver AngII (Abcam,
China) or 0.9% sterile saline at rate of 1500 ng/min/kg.
The control group was given vehicle by gavage. The
AngII-infused mice were orally given vehicle or calcitriol
(5 μg/kg, three times per week; Selleck, China) [19]. All
mice were sacrificed after 10 days.

Cell Culture

The rat renal tubular epithelial cell line NRK-52E was
provided by Department of Nephrology of the First Affil-
iated Hospital of Chongqing Medical University. The cells
were cultured in DMEM high glucose medium (Corning,
USA) supplemented with 5% FBS (Bovogen, Australia) at
37 °C in a humidified incubator with 5% CO2. Cells were
subcultured when confluence reached 80%.

Cell Lentivirus Transfection

An appropriate amount of lentivirus (Genechem Co.
Ltd., China) containing negative control (shCTRL) and
shRNA targeting rat TNFAIP3 (shA20) (multiplicity of
infection: 60) was added into the medium with polybrene
at 5 μg/ml when confluence reached 35–45%. The cells

were again cultured in normal medium after 12 h of incu-
bation. Enhanced-green fluorescent protein (eGFP)-tagged
gene expression was observed under a fluorescence micro-
scope 3–4 days after transfection. Cells with transfection
efficiency >70% were selected for subsequent
experiments.

Cell Treatment

A pilot experiment was performed to choose the best
time-point for 10−6 MAngII (Sigma-Aldrich, USA) [20] to
stimulated cells because AngII can induce compensatory
upregulation of A20 [21]. 10−7 M calcitriol (Sigma-
Aldrich, USA) was selected to treat NRK-52E [22].
ShCTRL cells or A20-knockdown (shA20) cells were
pretreated with 10−7 M calcitriol 0.5 h before AngII
exposure for the following 24 h. All treatments were
done after 12 h of starvation with serum-free medium.

Histopathologic Analysis

The right kidneys were harvested, fixed in 4% para-
formaldehyde then embedded in paraffin and cut at 4 μm.
Hematoxylin and eosin (HE) staining was performed. Im-
munohistochemistry was performed according to PV-9000
kit instructions (ZSGB-BIO, China).The primary antibod-
ies were anti-A20 (Novus, USA), anti-CD3 (Abcam, Chi-
na), anti-F4/80 (Abcam, China), and anti-p65 (Proteintech,
China). CD3+ cells and F4/80+ cells were counted under
×400 magnification observing ten consecutive
nonoverlapping fields per animal.

Enzyme-Linked Immune Sorbent Assay (ELISA)

After treatments, the kidney tissue and cell medium
were harvested. The supernatant was collected and pre-
served at −80 °C after being spun at 2000 RPM for 10 min.
TNF-α and IL-6 in kidney homogenate and supernatant
were determined according to the manufacturer’s instruc-
tions (Cloud-Clone Corp, USA).

Immunofluorescence

Cells were seeded on round glass coverslips. After
treatments, cells were harvested, fixed with 4% parafor-
maldehyde for 15 min, permeabilized with 0.5% TritonX-
100 for 15 min, and blocked with goat serum for 30 min.
The cells were incubated with mouse anti-A20 (Novus,
USA), rabbit anti-NF-κB p65 (Proteintech, China) anti-
bodies at 4 °C overnight, then incubated with goat anti-
rabbit 549-labeled (Abbkine, USA) and goat anti-mouse
FITC-labeled (Proteintech, China) secondary antibodies at
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room temperature for 1 h. After being counterstained with
DAPI, the cells were visualized with laser confocal micro-
scope (Leica TCP SP2, Germany).

Quantitative Real-time PCR

Total RNAwas extracted from kidneys and NRK-52E
cells with TRIzol Reagent (Invitrogen, China) according to
the manufacturer’s instructions. Approximately 1000 ng of
total RNAwas reverse transcribed with the Prime Script®
™ RT Reagent Kit with gDNA Eraser (TaKaRa Biotech-
nology Inc., Japan) and amplified using SYBR Green
(SYBR® Premix Ex TaqTM II, TaKaRa Biotechnology
Inc., Japan). RT-qPCR was performed on an iQ5 Gradient
Real-Time PCR detection system (Bio-Rad, USA). The
primer sequences in Table 1.were used. Target gene ex-
pressions normalized to the β-actin gene were determined
using the 2-ΔΔCt method.

ROS Level

The ROS level in kidney tissue was tested as previ-
ously described [23]. ROS production in NRK-52E was
detected with a Reactive Oxygen Species assay kit
(dihydroethidium, DHE, Beyotime, China) according to
the manufacturer’s instructions.

Renal Function

Blood urea nitrogen and creatinine were determined
according to the manufacturer’s instructions (Leagene,
China).

Albuminuria

Mice were placed into metabolic cages to collect
urine. Albumin and creatinine in the urine were determined
with commercially available kits (Leagene, China) accord-
ing to the manufacturer’s instructions.

Western Blotting

Total protein was extracted using RIPA buffer con-
taining proteinase and phosphatase inhibitors. Cytoplasmic
and nuclear proteins were extracted using a Nuclear and
Cytoplasmic Protein Extraction Kit (Beyotime, China).
Immunoblotting was performed according to standard pro-
cedures with mouse monoclonal anti-A20 (Novus, USA),
rabbit anti-IKKβ (Proteintech, China), rabbit anti-IκBα
(Proteintech, China), rabbit anti-phospho-IKKβ (Abcam,
China), rabbit anti-phospho-IκBα (Abcam, China), rabbit
anti-RIP1 (Cell Signaling Technology, China), rabbit anti-
phospho-RIP3 (Abcam, China), rabbit anti-RIP3 (Abcam,
China), rabbit anti-phospho-MLKL (Abcam, China), goat
anti-MLKL (Santa Cruz, China), and β-actin (ZSGB-BIO,
China) antibodies at 4 °C overnight. Conventional methods
were used to perform the subsequent Western
blotting procedures.

Statistical Analysis

All data were expressed as mean ± SD. Statistical
analysis was performed with SPSS 22.0 using a t test and
a one-way ANOVA test. P < 0.05 was considered statisti-
cally significant.

RESULTS

Upregulation of A20 Accompanied Suppression of
Calcitriol on Inflammation In Vivo

In vivo, we observed that calcitriol induced A20 after
10-day administration of calcitriol primarily in tubular
epithelial cells. In control and AngII groups, immunoblot-
ting and qPCR exhibited A20 expression was low. Upreg-
ulated A20 was observed in calcitriol group. A20 immu-
nohistochemical staining confirmed the immunoblotting
and qPCR results (Fig. 1a).

Table 1. List of Primers Used for qPCR

Species Gene Forward Reverse

Mouse A20 5′-CAGCCTAACGGAATGGGCTT-3′ 5′-CGTATCTTCACAGCTTTCCGC-3′
Mouse TNF-α 5′-GATCGGTCCCCAAAGGGATG-3′ 5′-CCACTTGGTGGTTTGTGAGTG-3′
Mouse IL-6 5′-TGATGGATGCTACCAAACTGGA-3 5′-TCTGTGACTCCAGCTTATCTCTTG-3′
Mouse β-actin 5′-TGGAATCCTGTGGCATCCATGAAAC-3′ 5′-TAAAACGCAGCTCAGTAACAGTCCG-3′
Rat A20 5′-GGCTACGACAGTCAGCACTT-3′ 5′-CAAACCTACCCCGCTCTCTG-3′
Rat TNF-α 5′-GTCGTAGCAAACCACCAAGC-3′ 5′-GAAGAGAACCTGGGAGTAGATAAGG-3′
Rat IL-6 5′- TCCGTTTCTACCTGGAGTTTGT −3′ 5′- GTTGGATGGTCTTGGTCCTTAG −3′
Rat β-actin 5′-ACGGTCAGGTCATCACTATCG-3′ 5′-GGCATAGAGGTCTTTACGGATG-3′
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Fig. 1. Calcitriol alleviates inflammation in vivo accompanied by upregulated A20. a Expression of A20 in vivo after 10 days treatment. bmRNA and protein
expression of TNF-α and IL-6 in vivo. c HE staining, CD3+ lymphocyte and F4/80+ macrophage staining. Values are shown as mean ± SD, n = 5 per group.
**P < 0.01 among groups. ΔΔP < 0.01 versus control.
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TNF-α and IL-6 were drastically elevated by AngII
treatment. Calcitriol decreased TNF-α and IL-6 (Fig. 1b).
Meanwhile, tubulointerstitial inflammation was ameliorat-
ed by calcitriol, which was confirmed by HE staining,
CD3+ lymphocyte and F4/80+ macrophage staining (Fig.
1c).

Decline of serum urea nitrogen, serum creatinine, and
urine albumin/creatinine ratio confirmed calcitrol’s
renoprotection biochemically. Serum calcium cation was
improved by calcitriol than AngII group (Table 2.).

Calcitriol Suppressed NF-κB and Necroptotic Pathway
In Vivo

Immunoblotting showed AngII significantly promot-
ed phosphorylation of IKKβ and IκBα and translocation
of p65 into nucleus. Administration of calcitriol reduced
phosphorylated IKKβ and IκBα and prevented p65 trans-
location (Fig. 2a). Immunohistochemical staining of p65
showed that almost all p65 translocated into nucleus in
AngII group. Calcitriol sequestered p65 in cytoplasm in
some tubular epithelial cells. (Fig. 2b).

We also observed that administration of AngII in-
creased protein level of RIP1 and promoted phosphoryla-
tion of RIP3 and MLKL. Calcitriol decreased protein level
of RIP1. Meanwhile, phosphorylation of RIP3 and MLKL
was disrupted by calcitriol as well (Fig. 2c). The results
showed elevated ROS levels in the AngII group tissue and
noticeable reduction by calcitriol (Fig. 2d).

AngII Induced Transient Upregulation of A20 but
Calcitriol Stably Upregulated A20

In vitro, we investigated the role of A20 in calcitriol’s
renoprotection. In a pilot experiment, we treated NRK-52E
with AngII or calcitriol for 24 h and examined the mRNA
level of A20. We also determined the mRNA of TNF-α
and IL-6 induced by AngII at different time points. A20 in
AngII-treated cells was elevated after 6 h of exposure and

then decreased. At 24 h, the mRNA level of A20 was not
significantly different from the basal level. Meanwhile,
A20 in calcitriol-treated cells gradually increased after
24-h exposure. Accordingly, upregulation of A20 after
24 h was due to calcitriol. There was no significant differ-
ence in the expression of TNF-α and IL-6 between the 6-h
groups and 24-h groups. Thus, 24 h was selected as the
exposure time for the following experiments (Fig. 3a). We
successfully developed A20-knockdown NRK-52E with
approximately 85% knock-down efficacy (Fig. 3b).

Role of A20 in Calcitriol’s Negative Modulation on NF-
κB and Necroptotic Pathway in NRK-52E Cells

We used shCTRL and shA20 cells to investigate the
role of A20 in calcitriol’s renoprotection. The secreted
TNF-α and IL-6 were elevated in AngII-treated cells in
shCTRL NRK-52E. Calcitriol could decrease TNF-α and
IL-6. However, A20-knockdown cells showed higher ex-
pression levels of TNF-α and IL-6 than shCTRL. In terms
of NF-κB signaling, calcitriol could reduce phosphorylated
IKKβ, phosphorylated IκBα, and translocated p65 in
shCTRL cells.Whereas, in A20-knockdown cells,Western
blotting detected more phosphorylated IKKβ, phosphory-
lated IκBα, and more p65 in the nucleus than those in
shCTRL (Fig. 4a).

Immunofluorescence showed A20 expression levels
were low in control and AngII groups in shCTRL NRK-
52E. Calcitriol could significantly upregulate A20 in
shCTRL cells. We could observe that p65 translocation
was triggered by AngII; however, upregulated A20 by
calcitriol sequestered p65 translocation. In the shA20
NRK-52E, due to A20 deficiency, AngII stimulated more
p65 into nucleus (Fig. 4b).

Similar to NF-κB pathway, AngII induced RIP1 pro-
tein expression and promoted phosphorylation of RIP3 and
MLKL. Calcitriol downregulated RIP1 expression and im-
paired phosphorylation of RIP3 andMLKL. A20 deficiency

Table 2. Biochemical Parameters at day 10

Control AngII AngII + calcitriol

Blood urea nitrogen (mg/dl) 21.52 ± 2.14 41.45 ± 2.02** 34.36 ± 3.11**
Blood creatinine
(mg/dl)

0.09 ± 0.01 0.20 ± 0.01** 0.15 ± 0.01**

Urine Albumin/creatinine
(μg/mg)

22.15 ± 2.87 59.45 ± 6.79** 43.58 ± 6.09**

Serum calcium cation (mg/dl) 8.09 ± 0.54 6.01 ± 0.38** 8.04 ± 0.58

Data are means ± SD; n = 5 in each group on day 10. **P < 0.01 versus. control
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diminished calcitirol’s inhibitory effects on necroptotic path-
way (Fig. 4c). Downstream ROS generation indicated by
DHE was decreased by calcitriol. Deficiency of A20 weak-
ened calcitriol’s capability to reduce ROS (Fig. 4d).

DISCUSSION

PICs and ROS induced by overproduced AngII are
deleterious factors to renal cells in the self-sustained pro-
gression of CKD. The results presented in our study dem-
onstrated that calcitriol displayed a potent anti-
inflammatory effect evidenced by inhibited inflammatory
cells infiltration, reduced pro-inflammatory cytokines, and
alleviated ROS production in an AngII-infused mouse
model. Calcitriol induced A20 to disrupt the activation of
IKKβ, thereby suppressing translocation of p65 into nu-
cleus. Necroptotic pathway was also disrupted by upregu-
lated A20 in vivo and in vitro, leading to reduction of ROS.

A20 knockdown did not abrogate inhibitory effect of
calcitriol on NF-κB and necroptotic pathway. Nonetheless,
A20 knockdown diminished the negative modulation of
calcitriol on NF-κB signaling and necroptotic pathway.

In vivo, we found calcitriol ameliorated renal inflam-
mation and renal dysfunction, which was evidenced by
alleviated CD3(+) lymphocyte and F4/80(+) macrophage
infiltration, downregulated TNF-α and IL-6, and reduced
proteinuria. The underlying mechanism of vitamin D or
analogs in renoprotection is quite complex. Evidence has
shown that several pathways contributing to kidney injury,
such as NF-κB [16], RAAS [15], and slit diaphragm pro-
teins [24] are engaged in the protection mechanisms of
calcitriol. However, the viewpoints on how calcitriol or
its analogs disrupts NF-κB activation are discrepant or
even contradictory. Tan et al. showed paricalcitol induced
the formation of a complex containing VDR and NF-κB
p65 components thus reducing p65 binding to target genes
[16], but IκB phosphorylation and p65 translocation were

Fig. 2. Calcitriol suppresses NF-κB signaling and necroptotic pathway in vivo. a Effect of calcitriol on NF-κB pathway. b Immunohistochemical staining of
p65. c Effect of calcitriol on necroptotic pathway. d DHE analysis for the ROS level in the kidney tissue. Values are shown as mean ± SD, n = 5 per group.
**P < 0.01 among groups.
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not disrupted by paricalcitol. Nonetheless, stabilization of
IκB by calcitriol leading to an inhibition of p65 transloca-
tion to the nucleus was also considered to be one mecha-
nism of downregulation of NF-κB signaling pathway [25].
Chen et al. [26] reported VDR-IKKβ interaction blocks
IKK complex formation and IKKβ phosphorylation. They
also pointed out calcitriol enhances the interaction. Similar
to Chen’s finding, we observed suppression of the canon-
ical NF-κB pathway involving phosphorylation of IKKβ
and IκBα by calcitriol in this study. Unlike Tan’s finding,
in our study, administration of calcitriol disrupted IκB
phosphorylation and sequestered p65 in cytoplasm
in vivo and in vitro.

Although the expression of A20 is low in most cells
under basal conditions, it can be induced by a number of
stimuli including AngII and calcitriol [18, 21, 27].We
found A20 in tubular epithelial cells was stably upregulat-
ed by calcitriol in vivo and in vitro. AngII can affect the
transcription of multiple genes via activating NF-κB in-
cluding transiently upregulating A20 gene TNFAIP3. A20
in turn inhibits activation-induced NF-κB to restrict its
overactivation [28]. Thus, finding some means to induce
A20 without initiating an inflammatory response to strug-
gle against inappropriate inflammation is quite significant
in CKD. In our study, Ang II and calcitriol could both
induce A20. However, upregulation of A20 by Ang II
was compensatory because, after the peak at approximately
3–6 h, the expression of A20 decreased gradually to the

basal level. Twenty-four hours was selected for the treat-
ment time course to investigate the effect of calcitriol on
A20.Consistent with Riachy’s study [18], we found
calcitriol could still prominently upregulate A20 at 24 h.

We developed A20-knockdown NRK-52E to deter-
mine the role of A20 in the protection by calcitriol against
PICs and ROS production in NRK-52E. Calcitriol reduced
TNF-α and IL-6 production induced by Ang II in both
shCTRL and shA20 NRK-52E cells. This indicates that
A20 knockdown could not abrogate renoprotection of
calcitriol. Similar to the TNF-α and IL-6, phosphorylations
of IKKβ and IκBαwere disrupted by calcitriol. Meanwhile,
the same occurred in A20-knockdown cells. However, the
significant differences between shCTRL and shA20 groups
revealed that A20 knockdown indeed weakened calcitriol’s
negative role in regulating NF-κB signaling, but A20 was
not the only mediator through which calcitriol suppresses
NF-κB pathway. A20 maintains the balance of inflammato-
ry responses and prevents overactive or prolonged inflam-
mation in the canonical NF-κB signaling pathway. A20 has
been shown to have a renoprotective effect in various renal
injury models, such as ischemia/reperfusion injury [13], and
pristine-induced lupus nephritis [29]. Nonetheless, A20’s
precise inhibitory mechanism still remains poorly under-
stood. Initially, A20 was observed to ubiquitinate or
deubiquitinate upstream adaptors such as RIP1, TRAF6,
and TRADD to negatively regulate the NF-κB pathway.
However, Skaug recently showedA20 even directly inhibits

Fig. 3. AngII induces transient upregulation of A20 and calcitriol stably upregulates A20. a Time-dependent response of A20 to AngII or calcitriol, time-
dependent response of TNF-α and IL-6 to AngII. b A20 knockdown efficacy. Values are shown as mean ± SD. **P < 0.01 versus control or wild type,
***P < 0.001 versus control or wild type.
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IKK activity independently of its deubiquitinase activity in a
manner that depends upon binding to NEMO [30]. In sup-
port of Skaug’s study, Zilberman-Rudenko demonstrated
that failure to recruit A20 due to C-terminal mutations in
NEMO enhanced IKK kinase activity and targeting this
molecular interaction by enhancing A20 expression may
be a therapeutic strategy [31].

In addition to PICs, we observed administering
calcitriol to mice and NRK-52E reduced ROS production.
A20 participated in the reduction of ROS by calcitriol via
inhibiting necroptotic pathway. RIP1 expression was down-
regulated and phosphorylation of RIP3 and MLKL were
impaired in our study. RIP1, RIP3, and MLKL are core

proximal components of necroptotic pathway although
downstream molecular componentry of the pathway is
poorly understood. Activation of necroptotic pathway re-
sults in ROS generation. In necroptotic pathway, multiple
proteins such as glutamate–ammonia ligase (GLUL),
PGAM5, Drp1, and even RIP1/RIP3 themselves were re-
ported to be engaged in ROS generation; however, RIP1,
RIP3, and MLKL play pivotal role [32–34]. ROS produc-
tion via necroptotic pathway has been revealed in CKD as
well as in acute kidney injury [23]. A20 inhibits necroptotic
pathway by adding K48-linked polyubiquitin chains to
RIP1 and targeting it for proteasomal degradation. A recent
study has shown that A20 suppresses activation of

Fig. 4. Role of A20 in calcitriol’s negative modulation on NF-κB signaling and necroptotic pathway in NRK-52E cells. a Effect of calcitriol on TNF-α, IL-6,
A20 and NF-κB pathway in shCTRL and shA20 NRK-52E. b Immunofluorescence of A20 and p65 after treatment in shCTRL and shA20 NRK-52E. c
Effect of calcitriol on necroptotic pathway in shCTRL and shA20 NRK-52E. d Immunofluorescence of ROS indicated by DHE after treatment in shCTRL
and shA20 NRK-52E. Data are representative of three independent experiments. Values are shown as mean ± SD. **P < 0.05, **P < 0.01 among groups.
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necroptotic pathway by restricting RIP3 ubiquitination at
lysine 5 (K5) [6]. The differences between AngII + shCTRL
and AngII + shA20 + calcitriol groups suggest that other
mechanismsmay contribute to inhibitory effects of calcitriol
on necroptotic pathway in addition to A20.

Unveiling the role of A20 in calcitriol’s renoprotection,
we will carry on investigating the role of calcitriol-
upregulated A20 in different CKD model based on our
previous work. Taken together, the current findings suggest
the involvement of zinc finger protein A20 in the
renoprotection of calcitriol against inflammation and ROS
generation in an AngII-induced renal injury model. Vitamin
D deficiency is recognized to be a poorer-outcome predictor
in CKD progression [35]. Accordingly, it is rational to be-
lieve that Vitamin D holds promise to achieve better renal
cell protection.
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