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Abstract: Background: Kidney disease is a serious problem that adversely affects human 
health, but critical knowledge is lacking on how to effectively treat established chronic kidney 
disease. Mounting evidence from animal and clinical studies has suggested that Vitamin D Re-
ceptor (VDR) activation has beneficial effects on various renal diseases. 

Methods: A structured search of published research literature regarding VDR structure and 
function, VDR in various renal diseases (e.g., IgA nephropathy, idiopathic nephrotic syndrome, 
renal cell carcinoma, diabetic nephropathy, lupus nephritis) and therapies targeting VDR was 
performed for several databases. 

Result: Included in this study are the results from 177 published research articles. Evidence 
from these papers indicates that VDR activation is involved in the protection against renal in-
jury in kidney diseases by a variety of mechanisms, including suppression of RAS activation, 
anti-inflammation, inhibiting renal fibrogenesis, restoring mitochondrial function, suppression 
of autoimmunity and renal cell apoptosis.  

Conclusion: VDR offers an attractive druggable target for renal diseases. Increasing our under-
standing of VDR in the kidney is a fertile area of research and may provide effective weapons 
in the fight against kidney diseases.  

Keywords: Vitamin D receptor, renal injury, renal tubular epithelial cell, chronic kidney disease, renal osteodystro-

phy , Acute kidney injury.  

1. INTRODUCTION 

Since the discovery of vitamin D in 1920, the vitamin D 

endocrine system has achieved prominence as a central 

regulator to control bone and calcium homeostasis. In 

addition, connections between vitamin D and a broad 

array of pathological processes (e.g., inflammation, 

immunity, apoptosis, autophagy) have been reported in 

a large number of studies [1, 2]. The biological effect of 

vitamin D is mediated by the vitamin D receptor 

(VDR). VDR expression is found in most tissues, in-

cluding those participating in the classic actions of vi-

tamin D, such as the bone, gut and kidney, and other 

non-classic tissues [3, 4]. Mounting evidence from  

animal and clinical studies suggests that vitamin D is  
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involved in various renal diseases (e.g., acute kidney 

injury and diabetic nephropathy) [5, 6]. The therapeutic 

application of vitamin D includes treatment of renal 

osteodystrophy and diabetic nephropathy and preven-

tion of graft rejection [7, 8]. The purpose of this review 

is to summarize the role of VDR in kidney diseases and 

discuss the function of VDR as a therapeutic target in 

the treatment of kidney diseases. 

2. STRUCTURE AND FUNCTION OF VDR 

The VDR is a single-chain polypeptide of approxi-

mately 50,000 Da [3]. VDR is present in over 30 classic 

tissues (e.g., intestine, kidney, cartilage, bone) and non-

classical tissues (e.g., activated B and T lymphocytes). 

To date, VDR cDNAs have been cloned from various 

species, including human, rat, mouse, chicken, Japanese 

quail, and frog, and these cDNA sequences share a sig-

nificant similarity [9]. The structure of VDR consists of 

1875-533X/18 $58.00+.00 © 2018 Bentham Science Publishers 
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an N-terminal domain, a conserved DNA-binding do-

main, a flexible hinge region and a conserved ligand-

binding domain [3]. 

The VDR is a ligand-activated transcription factor 

that belongs to the nuclear receptor superfamily. 1,25-

Dihydroxyvitamin D (1,25(OH)2D3), the hormonal me-

tabolite of vitamin D, is the natural ligand of the VDR. 

After binding to 1,25(OH)2D3, VDR enters the nucleus 

and form a heterodimer with retinoid X receptor 

(RXR), which interacts with response elements in target 

gene promoters to regulate gene transcription [3]. It is 

believed that 1,25(OH)2D3 can exert both genomic and 

rapid non-genomic actions by interacting with VDR. 

The rapid non-genomic activities are mediated by cell 

membrane-associated VDR that is activated by 

1,25(OH)2D3 with different confirmations, which results 

in opening of the voltage-gated calcium channels or 

activation of second messengers (e.g., protein kinase C) 

[10].  

The VDR gene is located on chromosome 12 and 

contains 11 exons that span ~75 kb [3, 4]. More than 

470 single nucleotide polymorphisms (SNPs) have been 

reported in the human VDR gene [11]. Most studies of 

VDR polymorphisms focus on five SNPs (FokI, TaqI, 

BsmI, ApaI, TruI). Some of these polymorphic forms of 

VDR are associated with modified effectiveness of vi-

tamin D, which may lead to a higher risk of endocrine 

and kidney diseases, such as osteoporosis, urolithiasis, 

type 1 diabetes mellitus, and diabetic nephropathy [12-

15]. In addition, ethnic and genetic differences in the 

frequency of the VDR polymorphic genotypes have 

been reported in different populations, which may re-

sult in different disease susceptibility.  

3. VDR AND KIDNEY DISEASES 

Growing evidence suggests that kidney diseases are 

closely tied to inadequate vitamin D levels. The preva-

lence of vitamin D deficiency is very high in patients 

with kidney disease, mainly due to decreased CYP27b1 

activity for 1,25(OH)2D3 synthesis, impaired reabsorp-

tion of 25(OH)D in the proximal tubular cells, and in-

creased levels of fibroblast growth factor 23 that sup-

presses the biosynthesis of 1,25(OH)2D3. As the only 

nuclear receptor that mediates the biological activity of 

1,25(OH)2D3, VDR activity is compromised in vitamin 

D deficiency, which is believed to contribute to the 

pathogenesis of kidney disease. In the kidney, VDR is 

mainly expressed in proximal and distal tubular epithe-

lial cells, podocytes, and collecting duct epithelial cells. 

In addition, VDR is found in the macula densa of the 

juxtaglomerular apparatus, but its expression is low in 

glomerular mesangial cells [16, 17]. Treatment with 

VDR agonists has been shown to reduce albuminuria 

and alleviate glomerular injury in experimental models 

of kidney diseases (Fig. 1). 

4. VDR IN PRIMARY KIDNEY DISEASES 

4.1. VDR in IgA Nephropathy (IgAN) 

IgAN is the most common cause of primary glome-

rulonephritis in Asia. Vitamin D and its analogs are 

known to have profound effects on immune cell bal-

ance [18]; thus, supplementation with vitamin D may 

have renoprotective effects in IgAN patients. The rela-

tionship between vitamin D levels and IgAN prognosis 

has attracted nephrologists’ attention. A study by Yuan 

et al. found that a combination therapy of vitamin D 

and tacrolimus can effectively alleviate renal tissue 

damage in IgAN rats by regulating immune response 

and the NF-κB/TLR4 pathway [19]. Li et al. found that 

25(OH)D deficiency is significantly correlated with 

poorer clinical outcomes, more serious renal pathologi-

cal features and increased risk of renal progression in 

IgAN [20]. Recent clinical trials demonstrated that oral 

calcitriol can decrease proteinuria in IgAN patients with 

only mild side effects [21-23]. This clinical data sug-

gests that vitamin D therapy may exert beneficial ef-

fects through targeting cytokines, immunoglobulin re-

ceptors and leukotriene metabolism.  

4.2. VDR in Idiopathic Nephrotic Syndrome (INS) 

INS is the most common glomerular disorder in 

children. The pathogenesis of INS remains inconclusive 

and controversial. It has been reported that the vitamin 

D status is insufficient in most subjects with INS [24]. 

Vitamin D supplementation can decrease the odds of 

25(OH)D deficiency, prevent bone loss and increase the 

remission rate of nephrotic syndrome [25, 26]. Re-

sponse to initial treatment with glucocorticoid is an in-

dicator of prognosis for INS. Bennett et al. found that 

urinary vitamin D-binding protein is significant associ-

ated with steroid-resistant nephrotic syndrome [27, 28]. 

Some studies have also reported VDR gene polymor-

phisms in INS [29], indicating that VDR gene poly-

morphisms may be used as a predictor for steroid re-

sponsiveness in children with INS. 

4.3. VDR in Renal Cell Carcinoma (RCC) 

Approximately 90% of all kidney cancers are RCC. 

Previous studies show that VDR expression is de-

creased in RCC [30], and altered VDR expression may 

be associated with RCC carcinogenesis [31]. In a case-

control study, the association between VDR variants 
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and RCC risk was analyzed in the Chinese Han popula-

tion, and the results showed that the VDR ApaI variant 

AA and AC genotypes were associated with a signifi-

cantly increased risk of RCC [32]. The association be-

tween VDR gene polymorphism and RCC susceptibil-

ity has also been reported by Pospiech et al. who ob-

served that the haplotype in VDR comprising positions 

BglI, TaqI, ApaI and BsmI is a significant risk factor 

for RCC [33]. The relationship between VDR gene 

polymorphism and RCC may be variable among differ-

ent races. The FokI and BsmI genotypes of VDR gene 

is implicated in the pathogenesis of RCC in the North 

Indian population [34], but in Central and Eastern 

Europe subjects, the overall associations between VDR 

gene polymorphisms (BsmI, FokI, TaqI) and RCC risk 

are not observed [35]. In the Japanese population the 

AA genotype at the ApaI site of the VDR gene may be 

a risk factor for RCC and contribute to a poor prognosis 

[36]. Therefore, the association between VDR gene 

polymorphisms and RCC is still controversial.  

Preclinical experiments suggest that vitamin D may 

have therapeutic potential for RCC. Nagakura et al. 
showed that 1,25(OH)2D3 can inhibit the growth of a 

RCC cell line in vitro [37]. In addition, Dormoy et al. 
found that cholecalciferol supplementation can suppress 

RCC cell proliferation and stimulate cancer cell death 

by inhibition of the SHH-Gli pathway in vitro and in 
vivo [38]. Similarly, 1,25(OH)2D3 can inhibit Akt phos-

phorylation and phosphorylation of its downstream tar-

get, caspase-9, in a mouse xenograft model of renal 

tumor and prevent renal cancer cell proliferation [39]. 

4.4. VDR in Autosomal Dominant Polycystic Kidney 

Disease (ADPKD) 

ADPKD is the most common genetic cause of renal 

failure in the world. Currently, there are no effective 

treatments for ADPKD. Kugita et al. performed a 

global gene expression analysis in a spontaneous rat 

model of polycystic kidney disease and found that 

VDR/RXR-mediated signaling is significantly altered 

 

Fig. (1). Various mechanisms relevant to vitamin D receptor in kidney diseases. 

In various pathogenic conditions, VDRA / VDR could alleviate RAS activity, inhibit EMT, inhibit apoptosis, decrease in-

flammation, activate autophagy, regulate mitochondrial function and induce immune tolerance through various signaling path-

ways. Experimental and clinical evidence showed that pharmacological activation of VDR may offer an attractive druggable 

target for various renal diseases. Note: VDR, Vitamin D Receptor; RAS, Renin Angiotensin System; STZ, Streptozocin; HIV, 

Human Immunodeficiency Virus; LPS, Lipopolysaccharide; AKI, Acute Kidney Injury; DN, Diabetic Nephropathy; HD, 

Hemodialysis; CKD, Chronic Kidney Disease; RCT, Randomized Controlled Trial; IgAN, IgA Nephropathy; INS, Idiopathic 

Membranous Nephropathy; RCC, Renal Cell Carcinoma ; ADPKD, Autosomal Aominant Polycystic Kidney Disease ; CRF, 

Chronic Renal Failure; LN, Lupus Nephritis; HIV-AN, Human Immunodeficiency Virus-Associated Nephropathy. 
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in developing kidneys with polycystic kidney disease 

[40], suggesting that vitamin D/VDR might play an 

important role in the progression of polycystic kidney 

disease. Furthermore, in an open-label observational 

study, Rangan et al. supplemented ADPKD patients 

who were vitamin D deficient or insufficient with oral 

cholecalciferol for 6 months, and showed that cholecal-

ciferol can attenuate hypertension and proteinuria and 

delay the progression of ADPKD [41]. This clinical 

outcome indicates that vitamin D repletion might be a 

novel treatment to prevent renal failure in ADPKD. 

5. VDR IN SECONDARY KIDNEY DISEASES 

5.1. VDR in Diabetic Nephropathy (DN) 

DN is the most common renal complication of dia-

betes and a leading cause of chronic renal failure across 

ethnic groups [42]. A large body of evidence has dem-

onstrated that VDR agonists can effectively attenuate 

the progression of DN. Podocyte injury is a key event 

in the development of DN, which results in proteinuria 

and often leads to progressive renal injury. Verouti et 
al. showed that calcitriol and paricalcitol can maintain 

and reactivate the expression of specialized components 

of podocytes, including podocalyxin, hence providing 

protection against loss of the permselective renal barrier 

[43]. Wang et al. reported that 1,25(OH)2D3 suppresses 

high glucose-induced podocyte apoptosis by blocking 

p38- and ERK-mediated pro-apoptotic pathways, and 

podocyte-specific expression of human VDR in trans-

genic mice protects against diabetic renal injury in ex-

perimental models [44]. VDR can also inhibit podocyte 

apoptosis by targeting the activation of the NF-κB 

pathway [45]. Other studies further showed that treating 

DN rats with calcitriol can normalize the expression of 

podocyte markers including nephrin and podocin [46], 

and that PI3K/p-Akt signaling pathway participates in 

calcitriol amelioration of podocyte injury in DN rats 

[47]. These data provide strong evidence that 

1,25(OH)2D3 -VDR signaling in podocytes plays a 

critical role in the protection of the kidney under diabe-

tes. The renoprotective effect of 1,25(OH)2D3 has also 

been demonstrated in mesangial cells. Zhang et al. re-

ported that 1,25(OH)2D3 blocks high glucose-induced 

MCP-1 expression in mesangial cells by blunting NF-

κB activation [48]. Consistent with these findings, 

Wang et al. found that 1,25(OH)2D3 can effectively in-

hibit rat mesangial cell proliferation induced by high 

glucose via inhibiting the DDIT4/TSC2/mTOR path-

way [49].  

Zhang et al. first reported that a combination ther-

apy with paricalcitol and losartan can achieve a syner-

gistic efficacy in preventing renal injury compared to 

monotherapies, including reduction of glomerulosclero-

sis and albuminuria in diabetic mice [50]. Wang et al. 
demonstrated that 1,25(OH)2D3 treatment can signifi-

cantly reduce albumin excretion, mean glomerular vol-

ume, glomerular basement membrane and total kidney 

volume in DN rats, whereas intravenous injection of a 

recombinant lentivirus carrying shRNAs targeting the 

rat VDR significantly worsens renal injury in STZ-

induced diabetic rats [49]. An increase in heparanase 

can induce proteinuria in experimental DN. Garsen et 
al. showed that VDR can directly bind to the hepara-

nase promoter and suppresses heparanase gene pro-

moter activity in podocytes, leading to decreased prote-

inuria in DN models [51].  

We have investigated the relationship between BsmI 

and ApaI polymorphisms in VDR gene and DN in a 

Han Chinese population and found that the allele B (BB 

or Bb genotype) in VDR gene is correlated with albu-

minuria in type 2 diabetes, which may represent a risk 

factor for early-onset DN [52]. Similarly, Bucan et al. 
found that the VDR gene BsmI genotype is signifi-

cantly associated with cumulative prevalence of DN 

[53]. Comparison of DN and healthy subjects identified 

a statistically significant difference for the FokI poly-

morphism in the VDR gene in DN patients, and the 

BBFFAATt combination is more frequent in DN than 

in healthy subjects [54]. While a case-control study 

showed that the rare VDR gene AGT haplotype is a 

significantly protective factor against DN in individuals 

with type 1 diabetes [55], some meta-analysis studies 

further identified the associations between VDR gene 

polymorphisms and DN risk [56, 57]. These observa-

tions suggest that analyzing VDR genetic markers in 

order to identifying the risk of DN could be important. 

5.2. VDR in Lupus Nephritis (LN) 

LN is a common complication of Systemic Lupus 

Erythematosus (SLE), which is associated with auto-

immune disorders manifesting by proteinuria and renal 

dysfunction, but the exact pathogenesis of LN is still 

unclear. The presence of VDR on immune cells sug-

gests that vitamin D has modulating effects on both the 

innate and adaptive immunity [58]. The suppressive 

immunologic properties of vitamin D have raised 

speculation for the involvement of vitamin D/VDR in 

SLE/LN pathogenesis. Lemire et.al. found that treat-

ment with 1,25(OH)2D3 can reduce the severity of SLE 

and the level of serum anti-ssDNA antibodies in MRL/l 

mice [59]. These antibodies can induce serious LN. In-

deed, vitamin D deficiency is common in SLE/LN pa-
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tients. Sumethkul et al. showed that SLE patients with 

LN have significantly lower vitamin D levels compared 

with inactive SLE and active SLE without LN. Hence, 

vitamin D deficiency may be a significant predictor of 

nephritis in SLE [60]. In line with this, Abdel et.al. 

found that deficiency of 25(OH)D3 has a direct rela-

tionship with increased disease activity and nephritis in 

Egyptian SLE patients [61]. It is well known that heavy 

exposure to sunlight has deleterious effects on SLE, and 

a traditional explanation is that ultraviolet radiation 

damages DNA, which then becomes an immunogenic 

substance. However, Vaisberg et al. suggested that ul-

traviolet radiation from sunlight might aggravate the 

course of SLE by promoting vitamin D3 synthesis [62]. 

Thus, the relationship between vitamin D3 and SLE 

susceptibility needs further investigation.  

Research suggests that VDR genotypes might be 

predictive factors for SLE/LN susceptibility. A case-

control study in Egyptian children and adolescents 

showed that the VDR FokI FF genotype and F allele are 

overexpressed among childhood-onset SLE patients 

compared with the controls. In addition, a significant 

association between VDR FokI FF genotype and LN 

has been found, suggesting that the VDR FokI poly-

morphism might contribute to the susceptibility of SLE 

[63]. However, the association of VDR polymorphisms 

and risk of SLE has often produced conflicting results 

in different ethnic backgrounds. In the Han Chinese 

population Luo et al. found that the frequency of VDR 

B allele is significantly increased in SLE subjects and 

associated with the development of nephritis [64]. 

Similarly, it has been reported that the VDR BB geno-

type is associated with SLE in Taiwanese and Japanese 

patients [65, 66], and there is a significant association 

between VDR BsmI BB genotype and LN, suggesting 

that the VDR BsmI BB genotype is a risk factor for the 

development of nephritis among SLE subjects [67].  

5.3. VDR in Human Immunodeficiency Virus-

Associated Nephropathy (HIV-AN) 

Glomerular podocytes are highly specialized cells 

that play a pivotal role in the pathogenesis of glomeru-

lar sclerosis and the collapsing variant of this entity 

[68], frequently encountered in HIV-AN [69]. Altered 

podocyte phenotypes, reduction in number and efface-

ment of foot processes are associated with HIV-AN. 

Chandel et al. reported that HIV compromises the in-

tegrity of actin cytoskeleton in podocytes by enhancing 

podocyte cathepsin L expression and cleavage of dy-

namin, and VDR activation can effectively protect 

podocyte cytoskeletal integrity [70]. Interestingly, 

emerging reports indicate that African American pa-

tients with HIV infection are vitamin D deficient [71]. 

Rai et al. found that the renal VDR expression is down-

regulated in HIV milieu both in vivo and in vitro [72]. 

Salhan et al. showed that renal tubular cells display 

oxidative stress and DNA damage in the HIV milieu, 

and pretreatment with EB-1089, a VDR agonist, can 

prevent tubular cell DNA injury [73]. These findings 

suggest that VDR might serve as a novel therapeutic 

target for HIV-AN. 

5.4. VDR in Acute Kidney Injury (AKI) 

AKI, defined as a rapid renal dysfunction with se-

vere tubular damage, is a frequent and serious compli-

cation of critical patients. Lai et al. assessed the rela-

tionship between serum vitamin D levels and the prog-

nosis of AKI and showed that the degree of 1,25 

(OH)2D3 deficiency is associated with the severity of 

AKI [74]. Ischemia/reperfusion (IR) is an important 

pathogenic factor for AKI, and it has been shown that 

therapy with the VDR activator paricalcitol can attenu-

ate renal IR injury by improving tubular necrosis and 

medullar congestion [75]. Furthermore, Gonçalves et 
al. reported that vitamin D deficiency aggravates the 

tubulointerstitial damage and renal fibrosis progression 

in IR-induced AKI as a result of activation of pro-

inflammatory pathways and upregulation of TGF-ß1 

[76]. On the other hand, vitamin D supplementation can 

relieve glomerular podocyte loss and reduce proteinuria 

via inhibiting heparanase expression in podocytes in an 

Adriamycin induced AKI rat model [51]. Reactive oxy-

gen species (ROS) plays important roles in AKI. Xu et 
al. demonstrated that vitamin D pretreatment can at-

tenuate renal oxidative stress through regulating 

NADPH oxidase and nitric oxide synthase in an AKI 

mouse model [77]. In addition, studies by Luchi et al. 
suggest that vitamin D deficiency is a risk factor for 

contrast-induced AKI due to imbalance in intrarenal 

vasoactive substances and oxidative stress [78]. 

5.5. VDR in Chronic Renal Failure (CRF) 

CRF is a common outcome of many renal patho-

logical changes, which progresses to End-Stage Renal 

Disease (ESRD) if left untreated. Among CRF patients 

with and without dialysis, reduced levels of vitamin D 

and VDR have been reported [79]. Recent research in-

dicates that vitamin D deficiency is associated with 

vascular calcification, anemia and cardiovascular mor-

tality in patients with ESRD. Although the primary 

purpose for administration of VDR activators is for 

treating secondary hyperparathyroidism in patients with 

ESRD, studies have shown that the active form of vi-
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tamin D agonist calcitriol can improve hematopoiesis 

[80-82]. The relationship between VDR BsmI gene 

polymorphism, hemoglobin levels, and erythropoietin 

(EPO) has been reported among maintenance HD pa-

tients [83, 84]. Left ventricular hypertrophy is a strong 

cardiovascular mortality risk factor in CKD patients, 

the B alleles of VDR gene BsmI polymorphism has 

been correlated with left ventricular hypertrophy [85]. 

Peritoneal dialysis is another type of renal replacement 

therapy for ESRD, and peritoneal fibrosis is a signifi-

cant problem associated with continuous peritoneal di-

alysis. Animal studies show that paricalcitol treatment 

can significantly reduce peritoneal dialysis-induced 

ECM thickening and prevent peritoneal fibrosis [86, 

87]. 

6. RENOPROTECTIVE MECHANISMS OF VDR 

Numerous reports based on animal and clinical stud-

ies have shown beneficial effects of VDR activation on 

renal diseases, and the underlying renoprotective 

mechanisms of VDR-mediated signaling are under in-

tense investigation (Fig. 1). 

6.1. Renin Angiotensin System (RAS) 

Inappropriate activation of the Renin Angiotensin 

System (RAS) is a major risk factor responsible for the 

progression of kidney diseases, and the finding that vi-

tamin D hormone inhibits the RAS generated much ex-

citement in the field. Li et al. first reported that renin 

expression and plasma angiotensin II production are 

greatly increased in VDR-null mutant mice, leading to 

hypertension and cardiac hypertrophy, whereas 

1,25(OH)2D3 treatment suppresses renin expression 

[88]. VDR-null mice with unilateral ureteral obstruction 

(UUO) develop severe renal damage with marked tubu-

lar atrophy, interstitial fibrosis, increased renin expres-

sion, and angiotensin II accumulation in the kidney 

[89]. Consistent with the VDR-null mice, 1-alpha-

hydroxylase [1α(OH)ase] knockout mice also develop 

hypertension due to increased levels of renin and angio-

tensin II, and these abnormalities can be corrected by 

administration of exogenous 1,25(OH)2D3 [90]. Vita-

min D deficiency aggravates tenofovir-induced nephro-

toxicity because of enhanced activation of the RAS in 

the kidney [91]. In vitro studies confirm that VDR 

knockout podocytes display upregulation of angiotensi-

nogen [92]. In rats with diabetes, calcitriol treatment 

attenuates renal pathological abnormalities by blocking 

the activation of the local RAS [93-95]. In 5/6 nephrec-

tomy rat models, treatment with VDR activator parical-

citol is able to ameliorate the glomerular and tubu-

lointerstitial damage and attenuate cardiac hypertrophy 

via blocking the activation of renal and myocardial 

RAS [96, 97]. Moreover, vitamin D hormone can also 

regulate the RAS in organs other than the kidney. For 

example, in the mouse model of glucocorticoid-induced 

osteoporosis, 1,25(OH)2D3 is shown to modulate bone 

metabolism by downregulating the local bone RAS 

[98]. Chronic vitamin D deficiency can promote lung 

fibrosis through activating the RAS [99].  

The inverse relationship between vitamin D status 

and the RAS has also been reported in humans [100]. 

Tiryaki et al. showed that administration of VDR acti-

vator can blunt albuminuria by reducing urinary angio-

tensinogen levels reflecting intra-renal RAS status 

[101]. In a large cohort of 3,316 patients with cardio-

vascular problems, serum 25(OH)D3 and 1,25(OH)2D3 

concentrations were found to be independently and in-

versely correlated to plasma renin activity and angio-

tensin II levels [102]. In addition, a study performed in 

50 newly detected hypertensive patients showed that 

vitamin D deficiency was associated with stimulation of 

the RAS activity. Vitamin D supplementation can re-

duce the tissue RAS activity [103]. Taken together, 

these results demonstrate that VDR provides renopro-

tection through inhibition of the RAS. This is an impor-

tant mechanism that guides clinical studies to treat kid-

ney diseases using vitamin D and its analogues.  

6.2. Inflammation 

Inflammation is a universal initial response of an or-

ganism to any injurious agent. NF-κB regulates a wide 

range of genes involved in inflammation, including 

many involved in the development of kidney disease. 

Xu et al. reported that vitamin D-VDR specifically re-

presses LPS-induced nuclear translocation of NF-κB 

p65 subunit in the renal tubules and attenuates LPS-

induced renal inflammatory cytokines [104]. Studies 

using the mouse model of UUO showed that paricalci-

tol administration attenuates inflammation through 

abolishing the binding of NF-κB p65 to its cognate cis-

acting element in the RANTES gene promoter. VDR 

and p65 form a complex in tubular cells after paricalci-

tol treatment, which inhibits the ability of p65 to trans-

activate gene transcription [105]. It has also been re-

ported that 1,25(OH)2D3 induces VDR expression and 

promotes VDR interaction with p50 subunit of NF-κB, 

thus exerting anti-inflammatory effect on macrophages 

[106].  

Macrophages are closely related to the progression 

of renal disease. Classically activated macrophage (M1) 

is a pro-inflammatory effector, whereas alternatively 
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activated macrophage (M2) exhibits anti-inflammatory 

properties. Increased M1 macrophage infiltration in the 

glomeruli and renal interstitium was reported in DN 

rats, which was attenuated after calcitriol treatment 

[107]. A study by Zhang et al. showed that active vita-

min D promotes M1 phenotype switching to M2 via the 

VDR-PPARγ pathway [108]. In addition, both calcitriol 

and paricalcitol can inhibit IL-6, monocyte chemoat-

tractant protein (MCP)-1 and IL-18 in the kidney, inde-

pendent of albuminuria reduction [109]. In line with 

these observations, Wu et al. reported that 1,25(OH)2D3 

can reverse LPS-induced pro-inflammatory cytokines in 

mononuclear cells from type 2 diabetic and uremia pa-

tients [110]. Yang et al. reported that the anti-

inflammatory effect of VDR is associated with cros-

stalk between STAT5 and VDR, which induces mono-

cyte cytoskeletal rearrangement [111].  

We have shown that TNF-α suppresses VDR ex-

pression by upregulating miR-346 in HK2 cells [112], 

confirming that inflammation per se can inhibit VDR 

expression. In clinical studies, administration of VDR 

agonist can decrease inflammation in patients with kid-

ney disease. Several lines of evidence suggest a poten-

tial anti-inflammatory role for vitamin D in HD patients 

[113, 114], and vitamin D or paricalcitol may prevent 

EPO hyporesponsiveness through an anti-inflammatory 

mechanism in ESRD patients [115]. Oral paricalcitol 

treatment in kidney transplant recipients can signifi-

cantly decrease serum IL-6 levels [116]. Mansouri et al. 
found that paricalcitol treatment for 12 weeks in CKD 

patients reduces cytokines involved in atherosclerosis 

and inflammation [117]. 

6.3. Epithelial–Mesenchymal Transition (EMT) 

Most chronic renal diseases are accompanied by ac-

cumulation of extracellular matrix (ECM) proteins in 

the glomerular region and the renal interstitial com-

partment [118]. When renal interstitial fibrosis devel-

ops, the renal interstitium is occupied predominantly by 

ECM proteins and fibroblasts [119]. It is believed that 

EMT is a major mechanism responsible for the abnor-

mal accumulation of ECM, leading to loss of epithelial 

cell-to-cell basement membrane and acquisition of a 

fibroblastic phenotype [120, 121]. Recent research sug-

gests that VDR may play an important role in inhibiting 

EMT. In human renal proximal tubular epithelial cells, 

paricalcitol has been shown to attenuate 4-hydroxy-2-

hexenal-induced renal tubular cell injury by suppress-

ing EMT processes through targeting the Wnt/beta-

catenin signaling pathway [122]. Vitamin D analogs 

can suppress matrix-producing myofibroblast activation 

by upregulating the expression of anti-fibrotic hepato-

cyte growth factor in renal interstitial fibroblasts [123]. 

In human peritoneal mesothelial cells, inhibitory effects 

of VDR agonists on EMT have also been reported [124, 

125].  

In the UUO model, VDR-null mice develop more 

severe renal damage in the obstructed kidney compared 

with wild-type mice, with marked tubular interstitial 

fibrosis [89], whereas paricalcitol treatment can block 

progressive renal tubulointerstitial fibrosis [126]. Both 

peritubular inflammation and tubular EMT are critical 

events during the pathogenesis of renal fibrosis, but the 

relationship between these two processes is unclear. 

Xiong et al. found that the early loss of VDR expres-

sion in the UUO mouse kidney is likely mediated by 

pro-inflammatory TNF-α, which renders tubular cells 

susceptible to EMT, suggesting that the loss of VDR 

couples these two events in renal fibrogenesis [127]. 

Bienaim et al. reported that patients with lower serum 

25(OH)D3 concentrations at 3 months after transplanta-

tion exhibit a higher risk for the progression of renal 

interstitial fibrosis [128]. EMT also plays an important 

role in the development of DN. We found that 

1,25(OH)2D3 and its analog BXL-628 can attenuate 

high glucose-induced EMT and extracellular matrix 

accumulation in HK-2 cells by suppressing the 

RhoA/ROCK signaling pathway [129]. An interesting 

study performed by Wan et al. showed that a GSK 3β 

inhibitor effectively inhibits high glucose-induced EMT 

in podocytes and the renal cortex due to activation of 

VDR [130]. Thus, vitamin D supplementation may be a 

rational strategy for renal interstitial fibrosis therapy.  

6.4. Autoimmunity 

Autoimmune disorders are an important pathogenic 

factor for kidney disease (e.g., glomerulonephritis). 

Since the discovery of the VDR on blood lymphocytes, 

the effect of vitamin D on immune-related diseases has 

been extensively studied [131]. In Lewis rats of the 

Heymann nephritis model, administration of 

1,25(OH)2D3 can significantly reduce the level of 

autoantibodies in serum, and the immune deposits in 

kidney is markedly suppressed [132]. Lucisano et al. 
found that 25(OH)D3 can regulate immune processes 

through down-regulation of IL-17, IL-6, and IFN-γ in 

cultured human peripheral blood mononuclear cells 

[133]. 

Dendritic cells are a major target of 1,25(OH)2D3-

induced immunosuppressive activity. Calcitriol can in-

hibit the differentiation and maturation of dendritic 

cells and promote their apoptosis, resulting in suppres-
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sion of T-cell activation [134]. Ferreira et al. suggested 

that a metabolic switch toward glycolysis and activation 

of the PI3K-Akt-mTOR pathway are the first steps for 

the generation of tolerogenic dendritic cells by 

1,25(OH)2D3 [135]. It has been found that active vita-

min D can promote an M1 phenotype switch to M2 via 

the VDR-PPARγ pathway, consequently causing an 

anti-inflammatory effect [108]. As pro-inflammatory 

factors secreted by M1 macrophages (e.g., IL-1, IL-6, 

and TNFα) are involved in various autoimmune dis-

eases, 1,25(OH)2D3 may play a role in the inhibition of 

immune responses via regulating macrophage pheno-

type switching. Reports also showed that 1,25(OH)2D3 

can reduce B-cell proliferation and induce their apopto-

sis by preventing nuclear translocation of p65 subunit 

of NF-κB [136, 137]. In addition, 1,25(OH)2D3 can 

modulate cytokine secretion and differentiation of T 

cells [138]. These studies indicate that vitamin D/VDR 

signaling regulates immunoreaction by targeting all 

major immune cells.  

6.5. Apoptosis 

Apoptosis is a process of programmed cell death 

characterized by volume reduction, chromatin conden-

sation and formation of apoptotic bodies. Apoptosis is a 

key pathogenic factor for various renal diseases (e.g., 
AKI, DN) [42, 139]. Experimental evidence supports 

an inhibiting effect of VDR on apoptosis. García et al. 
found that VDR activation by paricalcitol can decrease 

the number of TUNEL-positive apoptotic cells in the 

obstructed renal cortex in a UUO rat model [140], and 

vitamin D treatment can decrease LPS-induced apopto-

sis of podocytes via inhibiting the signaling of NF-κB 

pathway in cultured mouse podocytes [45]. Addition-

ally, 1,25(OH)2D3 treatment can attenuate apoptosis in 

tubular epithelial cells of the cortices of uteroplacental 

perfusion rat models [141]. Therefore, VDR activation 

can alleviate renal injury via inhibiting apoptosis.  

6.6. Autophagy  

Autophagy is an intracellular pathway that delivers 

long-lived proteins and cytoplasmic organelles for 

lysosomal degradation and recycling in response to 

various stress conditions, including cell starvation, hy-

poxia, nutrient deprivation and oxidative injury. It is 

generally believed that autophagy is crucial in main-

taining normal cellular function and morphology [142]. 

Basal autophagy in the kidneys is vital for the normal 

homeostasis of the renal cells, suggesting that auto-

phagy deficiency may contribute to the pathogenesis of 

renal diseases [143-145]. Numerous studies have re-

ported a relationship between vitamin D signaling and 

the autophagy pathway in inflammatory bowel diseases, 

traumatic brain injury and breast cancer [146-148]. It 

has been found that VDR regulates autophagic activity 

through ATG16L1 [149]. In STZ-induced rats, 

1,25(OH)2D3 attenuates myocardial hypertrophy and 

interstitial fibrosis, improved cardiac function and re-

stored impaired cardiac autophagy. Furthermore, it has 

been disclosed that 1,25(OH)2D3 improves diabetic car-

diomyopathy in DN rats by activating autophagy 

through the β-catenin/TCF4/GSK-3β and mTOR path-

ways [150]. In active SLE, which is a common cause of 

LN, Zhao et al. found that vitamin D deficiency affects 

the expression of autophagy-related genes in the pe-

ripheral blood mononuclear cells [151]. These studies 

suggest that VDR may affect renal pathophysiology via 

regulating autophagy.  

6.7. Mitochondria 

Increasing evidence shows that mitochondrial dys-

function plays an important role in the progression of 

kidney diseases [152-154]. Mitochondria participate in 

numerous cellular functions, including steroid synthe-

sis, lipid metabolism, ion homeostasis, calcium signal-

ing transduction and apoptosis [155, 156]. Mitochon-

drial localization of VDR has been recently reported 

[157], and VDR appears to be imported into mitochon-

dria through the permeability transition pore (PTP) in a 

ligand-independent manner [158]. Since the mitochon-

drial PTP plays a vital role in mitochondrial generation 

of ROS and mitochondria-induced apoptosis [159], this 

finding opens new perspectives for VDR’s roles in mi-

tochondria functions. García et al. reported that in a 

UUO rat model, electron microscopy revealed mito-

chondrial swelling between the cristae; when the ani-

mals were treated with paricalcitol, mitochondrial ex-

pansion, dilated crests and wider gaps were inhibited, 

suggesting that vitamin D exerts beneficial effects on 

the kidney in part by protective actions on the mito-

chondria [140]. Indeed, vitamin D induces changes in 

mitochondrial morphology in the renal tissue of sponta-

neously hypertensive rats [160]. The mitochondrial res-

piration chain is an important site for the production of 

ROS. 1,25(OH)2D3/VDR has been shown to suppress 

brown adipocyte mitochondrial respiration [161], indi-

cating that VDR may play a role in inhibiting mito-

chondrial ROS production.  

7. THERAPEUTIC EFFECTS OF VDR ACTIVA-

TION 

VDR agonists (VDRA) are commonly used in pa-

tients with CKD and paricalcitol is the most commonly 
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used vitamin D analog in clinical practice. Recently, 

novel VDRAs have been reported. Sawada et al. 
showed that VS-105 exerts a rapid repressive effect on 

serum PTH, and modulates PTH and VDR gene expres-

sion more effectively than paricalcitol [162]. 2MD is 

another novel and potent VDRA that has a wider thera-

peutic margin in the uremic rat model than calcitriol or 

paricalcitol, and suppresses PTH without hypercalce-

mia in HD patients [163]. A recent study showed that 

maxacalcitol can prevent the development of cardiac 

damage in DN rats, independent of RAS inhibition 

[164]. However, a pooled analysis revealed that there 

are no differences on the efficacy and safety between 

paricalcitol and other VDRAs for treating dialysis pa-

tients [165]. 

Emerging evidence in CKD patients shows that vi-

tamin D can effectively reduce proteinuria. Our previ-

ous study showed that VDR mRNA and protein levels 

in peripheral blood mononuclear cells of T2DM pa-

tients are negatively correlated with urinary albumin 

levels [112]. In a prospective study that enrolled 18 pa-

tients with PD who were given oral paricalcitol treat-

ment at a dose of 1-2 µg/d, the patients whose doses of 

paricalcitol were maintained after 3 months had signifi-

cantly reduced proteinuria [166]. The ViRTUE study is 

a prospective, multicenter, randomized, double-blind 

trial targeting CKD patients with albuminuria of >300 

mg/day due to non-diabetic kidney disease, and the re-

sults showed that paricalcitol therapy can reduce albu-

minuria [167]. VITAL trial is another large multina-

tional trial evaluating the effect of paricalcitol in DN 

patients, and the result showed that treatment with 2 

µg/day paricalcitol in patients already on RAS inhibi-

tors can safely and significantly reduce residual urinary 

albumin levels. This suggests that a combination ther-

apy with a RAS inhibitor and a VDR agonist is a more 

effective therapeutic option for patients with kidney 

diseases [168]. Other small clinical trials have also 

validated the renal protective effect both in patients 

with diabetes and non-diabetic kidney diseases [169, 

170]. However, Keyzer et al. analyzed the resluts of 

ViRTUE-CKD trial and found that 45 nondiabetic CKD 

patients with albuminuria >300 mg/24 h were treated 

for four 8-week periods with paricalcitol (2 µg/d) or 

placebo, each combined with a low-sodium or regular 

sodium diet, and the intention-to-treat analysis and per-

protocol analysis showed that the sodium restriction 

diet substantially reduced albuminuria, while the addi-

tional effect of paricalcitol on albuminuria was small 

and non-significant [171]. Therefore, more long-term 

clinical trials are needed to confirm the benefits of vi-

tamin D analogs in patients with different kidney dis-

eases.  

Left Ventricular Hypertrophy (LVH) is a strong car-

diovascular risk marker in ESRD patients; it has been 

found that vitamin D signaling and VDR gene poly-

morphisms are associated with LVH in ESRD patients 

[85, 172]. Studies in various clinical trials have demon-

strated that VDR stimulation by VDRAs protects 

against cardiovascular death risk in CKD patients. A 

multicenter study with 1,516 patients showed that ad-

ministration of VDRA during predialysis can decrease 

the incidence of cardiovascular disease onset after di-

alysis initiation [173]. Oral calcitriol, even in low 

doses, can reduce overall and cardiovascular mortality 

and increase the survival rates in dialyzed patients [174, 

175]. In a nationwide cohort study including 8,675 di-

alysis patients, the pleiotropic effects of VDRA on car-

diovascular disease, malignancy and infections in dialy-

sis patients were evaluated, and multivariable survival 

analyses revealed that VDRA use was significantly as-

sociated with lower rates of infection- and malignancy-

related deaths but not with cardiovascular death [176]. 

In addition, Naves-Díaz et al. assessed the effects of 

oral calcitriol use on the survival of HD patients from 

six Latin American countries with a median 16-month 

follow-up. Time-dependent Cox regression analysis 

showed that the 7,203 patients who received oral active 

vitamin D had significant reductions in overall, cardio-

vascular, infectious and neoplastic mortality compared 

to the 8,801 patients who had not received vitamin D 

[177]. Collectively, these clinical studies indicate that 

targeting the VDR via VDR activators or agonists can 

produce significant therapeutic benefits in patients with 

kidney diseases (Fig. 1).  

CONCLUSION 

Evidence from both animal and clinical studies has 

demonstrated that VDR activation protects against renal 

injury in various kidney diseases by a variety of 

mechanisms, including suppression of RAS activation, 

renal fibrogenesis, autoimmunity, and renal cell apop-

tosis. Therefore, VDR offers an attractive druggable 

target for renal diseases. Future studies are warranted to 

develop new classes of pharmacological activators of 

VDR that have better therapeutic efficacy but reduced 

side effects for the treatment of kidney diseases. 

LIST OF ABBREVIATIONS 

VDR = Vitamin D Receptor 

cDNA = Complementary Deoxyribonucleic 

Acid 
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RXR = Retinoid X Receptor 

SNPs = Single Nucleotide Polymorphisms 

IgAN = Immunoglobulin A Nephropathy 

INS = Idiopathic Nephrotic Syndrome 

RCC = Renal Cell Carcinomas 

ADPKD = Autosomal Dominant Polycystic Kid-

ney Disease 

DN = Diabetic Nephropathy 

ERK = Extracellular Signal-regulated Kinase 

NF-κB = Nuclear Factor -kappaB 

MCP-1 = Monocyte Chemoattractant Protein-1 

STZ = Streptozocin 

LN = Lupus Nephritis 

SLE = Systemic Lupus Erythematosus 

HIV-AN = Human Immunodeficiency Virus -

Associated Nephropathy 

AKI = Acute Kidney Injury 

CRF = Chronic Renal Failure 

TGF-ß1 = Transforming Growth Factor-ß1 

ROS = Reactive Oxygen Species 

ESRD = End - Stage Renal Disease 

EPO = Erythropoietin 

RAS = Renin Angiotensin System 

UUO = Unilateral Ureteral Occlusion 

EMT = Epithelial–Mesenchymal Transition 

ECM = Extracellular Matrix 

IL = Interleukin 

IFN = Interferon 

mTOR = Mammalian Target of Rapamycin 

PTP = permeability Transition Pore 

VDRA = VDR Agonists 

HD = Hemodialysis 

LVH = Left Ventricular Hypertrophy 
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