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Genetic Regulatory Network (GRN) of Vitamin D 
Receptor-Centered Hypothesis

An increased risk for complex diseases such as Autoimmune 
Diseases (ADs) and/or cancer is associated with the aging process 
but we are not sure what causes such outcomes. With comparative 
advantages of different model system and recent Genome-Wide 
Association Studies (GWAS), and ChIP-seq/ChIP-chip studies, we 
distilled out one attention-deserved Vitamin D receptor –centered 
hypothesis: the genetic regulatory network of vitamin D receptor 
(VDR, homologue of DAF-12 in Caenorhabditiselegans) may play a 
central role as a common basis preventing some autoimmune diseases 
and associated cancers [1-3]. Further, we predict, similar to DAF-
21 /HSP90VDR may buffer disease-causing genetic mutations and/
or variations the diseases phenotype may come up with polygenic 
genetic mutations and/or variations along with deficiency of vitamin 
D and lacking of UVB and mal-functional DAF-12/VDR with lose 
of its buffering ability as a capacitor [1,3,4]. Decoding the genetics of 
these complex diseases associated with the aging process is helpful 
to understand the controversies the beneficial effects of vitamin D 
supplementation on them [5]. We highlighted that environmental 
factor-induced mal-functional DAF-12/VDR may be postulated to 
cause in situ dys-regulation of expression of an array of its target genes 
(in press, whose citrullination of such in situ dys-regulated genes might 
be tightly mediated by VDR-orchestrated processes and consequently 
ends with autoimmunity. If it were the case, those “loci” identified by 
GWAS collectively have a significance of gene function [1,6].

GRN of VDR (and DAF-12) may Act as a Capacitor
We human beings survive well the challenges of genetic variations 

and environmental factors via the robustness of complex genetic 
regulatory networks in our bodies, possibly including one of VDR as a 
capacitor and probably similar to DAF-12 in C.elegans [7]. Decreases in 
the VDR pathway resulting from of vitamin D deficiency and/or a lack 
of UVB could enhance some disease-causing morphological variants. 
Moreover, GRN of DAF-12/VDR intertwines  microRNA regulations, 
autophagy, longevity and cellular reprogramming, and forward or 
feedback loops [4]. When VDR function is in studys-regulated due to 
genetic defects or by vitamin D unavailability, it may remodel many 
different processes alongside adjustments of multiple signal transducers 
and thereby simultaneously disturbing several developmental 
pathways as DAF-12/VDR if out of its buffering capability, the ADs 
and associated cancers may come to the patients [1,8].

GRN of VDR may be Consider as Common Basis for 
ADs and Associated Cancers?

Although further testing is awaiting for, one GWAS reveals that 
one allelic VDR variant may link to clinical autoimmune antibodies 
including anti-p150 (TRIM33/ TIF-1γ)/p140(TRIM24/TIF-1α) whose 
natural self-antigens may correlate with protein products encoded 
by TIF-1γ/α, whose homologues flt-1 and nhl-2 are direct targets of 
DAF-12/VDR [8,9]. DAF-12/VDR target genes from our ChIP-chip 

screening showed many overlaps with validated homologues identified 
in human VDR studies and significantly enriched near genes that are 
pathologically associated with  ADs and cancer [8]. But it is necessary 
to experimentally test these overlaps in human VDR.

One of our recent experiences is as follow

Once new key regulators for ADs were published online first, 
we predicted, they would act as putative target candidates of DAF-
12/VDR; amazingly, the majority if not all turned out to be the 
case. For instance, key regulator FBN1 responsible for fibrosis and 
autoimmunity in mouse models of scleroderma is found as the 
homolog of fbl-1 in C. elegans, the putative target of DAF-12/VDR 
[10]. Another GWAS identified genetic variants for joint damage 
progression in autoantibody-positive rheumatoid arthritis (RA) and 
three key genes (sperm-associated antigen 16 (SPAG16), and Matrix 
Metallopeptidase1 and 3 (MMP1 and MMP3) [11]. They are among 
human homologue candidates of DAF-12/vitamin D receptor (VDR) 
target genes [2,7,8,12]. However, Miller et al. reporting on GWAS of 
Dermatomyositis (DM), found a genetic overlap with other ADs, as 
the first genetic predispositions towards ADs shared with DM [13]. 
The latest case is rpc-1 responsible for both the scleroderma and 
cancer [14]. Moreover, other patterns of genetic overlap across ADs 
have emerged [13,15]. Likely, a malfunction of VDR could affect the 
pathogenesis of RA and associated cancers expanding to many other 
ADs, Paraneoplastic Neurological Diseases(PND) and DM (Table 1) 
[1,13,14,16,17-24]. In addition, VDR ChIP-seq in primary CD4+ cells 
relates serum 25-hydroxyvitamin D levels to autoimmune disease [25]. 
In closing, the patho-physiology of ADs (at least subgroup) may share 
their common underlying mechanisms of genetic regulatory network 
of VDR.

Perspectives
Before a definitive rejection or acceptance of the hypothesis can 

be made, further studies are warranted including first confirmation 
of VDR in mammalian systems. If being accepted, much attention 
will need pay to preventive effects of vitamin D, particularly if some 
processes under the control of VDR are irreversible like “one-way” 
traffic. However, without a thorough understanding of the mechanisms 
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of ADs and associated cancers, it seems to be too early to claim that the 
majority of Americans and Canadians are receiving adequate amounts 
of both calcium and vitamin D, though it is necessary to warn of the 
toxicity of vitamin D with bigger doses for some populations [26,27]. 
Studies should also classify the different degrees of “at-risk” genotype 
(Zhang Y, in press) in that the vitamin D deficiency likely remains 
under recognised, undetermined and untreated. As we human beings 
are out-breeding, the models may be extremely useful in eventually 
contributing to an understanding of the effects of vitamin D and its 
receptors at complex diseases such as ADs and associated cancers at 
both cellular and organism levels [6,16].
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Aceview mapping of homologues of the DAF-12/VDRtarget genes to key genes described in recent AD or associated cancer-related publications
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TNFAIP3/Y59C1A.1 RA, SLE, UC, SSc [21]
Pxk/ wnk-1 SLE [21]
IKZF1/PRDM16/egl-43,the closest DAF-12/VDR binding loci 15 kb distant from the R53.5, R53.6, R53.7a, R53.8 
regions. CD [21]

BLK/src-1  SLE,RA,DM [13, 21]
RBPj/lag-1    T1D, RA [21]
GOT1/T01C8.5 CD, UC [21]
Jak2/csnk-1/Y106G6E.6 CD, UC [21]
IFIH1/drh-1 Multiple [21]
Jak2/ csnk-1 CD, UC [23]
NKX2.3/ceh-24. CD,UC [23]
SMAD3/daf-3. [23]
PRDM1/blmp-1, the closest DAF-12/VDR binding locus in ChIP-chip online target list <10 kb distant from the 
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Note 1: T1D: Type 1 Diabetes; SLE: Systemic lupus erythematosus; DM: dermatomyositis; SSc: Systemic scleroderma; CD: Crohn's disease; CeLD: Celiac disease; 
MS: multiple sclerosis; RA: Rheumatoid arthritis; PND: Paraneoplastic neurological disorder; UC: Ulcerative colitis. 
Note 2: the original full list for the DAF-12/VDR target genes online target is available in the supplementary materials [8]. See NCBI Aceview for their human 
homologues or vice versa.

Table 1: Representative DAF-12 and VDR -shared/conserved target genes and the type of associated AD and cancers.

file:///E:\JGSGT_BACKUPS\JGSGT\December\Processing\JGSGT Editorial\1 VDR 2 jGSGT editorial.doc#_ENREF_26
file:///E:\JGSGT_BACKUPS\JGSGT\December\Processing\JGSGT Editorial\1 VDR 2 jGSGT editorial.doc#_ENREF_16
http://www.omicsgroup.org/journals/genetic-basis-of-dafvitamin-d-receptor-vdr-in-autoimmune-immunity-autoimmune-diseases-and-associated-cancers-2168-9849.1000e105.php?aid=19207
http://www.omicsgroup.org/journals/genetic-basis-of-dafvitamin-d-receptor-vdr-in-autoimmune-immunity-autoimmune-diseases-and-associated-cancers-2168-9849.1000e105.php?aid=19207
http://www.omicsgroup.org/journals/genetic-basis-of-dafvitamin-d-receptor-vdr-in-autoimmune-immunity-autoimmune-diseases-and-associated-cancers-2168-9849.1000e105.php?aid=19207
http://www.ncbi.nlm.nih.gov/pubmed/23359064
http://www.ncbi.nlm.nih.gov/pubmed/23359064
http://www.ncbi.nlm.nih.gov/pubmed/23359064
http://www.ncbi.nlm.nih.gov/pubmed/24304198
http://www.ncbi.nlm.nih.gov/pubmed/24304198
http://www.ncbi.nlm.nih.gov/pubmed/9845070
http://www.ncbi.nlm.nih.gov/pubmed/9845070
http://www.ncbi.nlm.nih.gov/pubmed/23609334
http://www.ncbi.nlm.nih.gov/pubmed/23609334
http://www.ncbi.nlm.nih.gov/pubmed/24074858
http://www.ncbi.nlm.nih.gov/pubmed/24074858
http://www.ncbi.nlm.nih.gov/pubmed/20555324
http://www.ncbi.nlm.nih.gov/pubmed/20555324
http://www.ncbi.nlm.nih.gov/pubmed/20555324
http://www.ncbi.nlm.nih.gov/pubmed/21814518
http://www.ncbi.nlm.nih.gov/pubmed/21814518
http://www.ncbi.nlm.nih.gov/pubmed/21814518
https://www.escholar.manchester.ac.uk/uk-ac-man-scw:142049
https://www.escholar.manchester.ac.uk/uk-ac-man-scw:142049
https://www.escholar.manchester.ac.uk/uk-ac-man-scw:142049
http://www.ncbi.nlm.nih.gov/pubmed/24107997


Citation: Zhang Y (2013) Emerging Vitamin D Receptor-Centered Patterns of Genetic Overlap across Some Autoimmune Diseases and Associated 
Cancers. J Genet Syndr Gene Ther 4: e123. doi:10.4172/2157-7412.1000e123

Page 3 of 3

Volume 4 • Issue 11 • 1000e123
J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal 

modulating therapy prevents fibrosis and autoimmunity in mouse models of 
scleroderma. Nature 503: 126-130.

11. Knevel R, Klein K, Somers K, Ospelt C, Houwing-Duistermaat JJ, et al. (2013)
Identification of a genetic variant for joint damage progression in autoantibody-
positive rheumatoid arthritis. Ann Rheum Dis.

12.	Motola DL, Cummins CL, Rottiers V, Sharma KK, Li T, et al. (2006) Identification 
of ligands for DAF-12 that govern dauer formation and reproduction in C.
elegans. Cell 124: 1209-1223.

13.	Miller FW, Cooper RG, Vencovský J, Rider LG, Danko K, et al. (2013) Genome-
wide association study of dermatomyositis reveals genetic overlap with other
autoimmune disorders. Arthritis Rheum 65: 3239-3247.

14.	Joseph CG, Darrah E, Shah AA, Skora AD, Casciola-Rosen LA, et al. (2013)
Association of the Autoimmune Disease Scleroderma with an Immunologic
Response to Cancer. Science.

15.	Richard-Miceli C, Criswell LA (2012) Emerging patterns of genetic overlap
across autoimmune disorders. Genome Med 4: 6.

16.	Zhang Y. Gaps (2013) Transgenesis, model organisms, and human diseases.
Clon Transgen 2: 103.

17.	Larman HB, Zhao Z, Laserson U, Li MZ, Ciccia A, et al. (2011) Autoantigen
discovery with a synthetic human peptidome. Nat Biotechnol 29: 535-541.

18.	Fiorentino D, Casciola-Rosen L (2012) Autoantibodies to transcription
intermediary factor 1 in dermatomyositis shed insight into the cancer-myositis
connection. Arthritis Rheum 64: 346-349.

19.	Shah AA, Rosen A, Hummers L, Wigley F, Casciola-Rosen L (2010) Close
temporal relationship between onset of cancer and scleroderma in patients with 
RNA polymerase I/III antibodies. Arthritis Rheum 62: 2787-2795.

20.	Shah AA, Rosen A (2011) Cancer and systemic sclerosis: novel insights into
pathogenesis and clinical implications. Curr Opin Rheumatol 23: 530-535.

21.	Ramos PS, Criswell LA, Moser KL, Comeau ME, Williams AH, et al. (2011) A
comprehensive analysis of shared loci between systemic lupus erythematosus 
(SLE) and sixteen autoimmune diseases reveals limited genetic overlap. PLoS 
Genet 7: e1002406.

22.	Rioux JD, Abbas AK (2005) Paths to understanding the genetic basis of
autoimmune disease. Nature 435: 584-589.

23.	Lees CW, Barrett JC, Parkes M, Satsangi J (2011) New IBD genetics: common 
pathways with other diseases. Gut 60: 1739-1753.

24.	Gregersen PK, Behrens TW (2006) Genetics of autoimmune diseases--
disorders of immune homeostasis. Nat Rev Genet 7: 917-928.

25.	Handel AE, Sandve GK, Disanto G, Berlanga-Taylor AJ, Gallone G, et al.
(2013) Vitamin D receptor ChIP-seq in primary CD4+ cells: relationship to
serum 25-hydroxyvitamin D levels and autoimmune disease. BMC Med 11:
163.

26.	White JH (2013) Vitamin D and human health: more than just bone. Nat Rev
Endocrinol 9: 623.

27.	Tsai WW, Wang Z, Yiu TT, Akdemir KC, Xia W, et al. (2010) TRIM24 links a
non-canonical histone signature to breast cancer. Nature 468: 927-932.

http://www.ncbi.nlm.nih.gov/pubmed/24107997
http://www.ncbi.nlm.nih.gov/pubmed/24107997
http://www.ncbi.nlm.nih.gov/pubmed/23956247
http://www.ncbi.nlm.nih.gov/pubmed/23956247
http://www.ncbi.nlm.nih.gov/pubmed/23956247
http://www.ncbi.nlm.nih.gov/pubmed/16529801
http://www.ncbi.nlm.nih.gov/pubmed/16529801
http://www.ncbi.nlm.nih.gov/pubmed/16529801
http://www.ncbi.nlm.nih.gov/pubmed/23983088
http://www.ncbi.nlm.nih.gov/pubmed/23983088
http://www.ncbi.nlm.nih.gov/pubmed/23983088
http://www.ncbi.nlm.nih.gov/pubmed/24310608
http://www.ncbi.nlm.nih.gov/pubmed/24310608
http://www.ncbi.nlm.nih.gov/pubmed/24310608
http://www.ncbi.nlm.nih.gov/pubmed/22284131
http://www.ncbi.nlm.nih.gov/pubmed/22284131
http://www.omicsgroup.org/journals/gaps-transgenesis-model-organisms-and-human-diseases-2168-9849.1000e103.php?aid=16128
http://www.omicsgroup.org/journals/gaps-transgenesis-model-organisms-and-human-diseases-2168-9849.1000e103.php?aid=16128
http://www.ncbi.nlm.nih.gov/pubmed/21602805
http://www.ncbi.nlm.nih.gov/pubmed/21602805
http://www.ncbi.nlm.nih.gov/pubmed/21987176
http://www.ncbi.nlm.nih.gov/pubmed/21987176
http://www.ncbi.nlm.nih.gov/pubmed/21987176
http://www.ncbi.nlm.nih.gov/pubmed/20506513
http://www.ncbi.nlm.nih.gov/pubmed/20506513
http://www.ncbi.nlm.nih.gov/pubmed/20506513
http://www.ncbi.nlm.nih.gov/pubmed/21825998
http://www.ncbi.nlm.nih.gov/pubmed/21825998
http://www.ncbi.nlm.nih.gov/pubmed/22174698
http://www.ncbi.nlm.nih.gov/pubmed/22174698
http://www.ncbi.nlm.nih.gov/pubmed/22174698
http://www.ncbi.nlm.nih.gov/pubmed/22174698
http://www.ncbi.nlm.nih.gov/pubmed/15931210
http://www.ncbi.nlm.nih.gov/pubmed/15931210
http://www.ncbi.nlm.nih.gov/pubmed/21300624
http://www.ncbi.nlm.nih.gov/pubmed/21300624
http://www.ncbi.nlm.nih.gov/pubmed/17139323
http://www.ncbi.nlm.nih.gov/pubmed/17139323
http://www.ncbi.nlm.nih.gov/pubmed/23849224
http://www.ncbi.nlm.nih.gov/pubmed/23849224
http://www.ncbi.nlm.nih.gov/pubmed/23849224
http://www.ncbi.nlm.nih.gov/pubmed/23849224
http://www.ncbi.nlm.nih.gov/pubmed/23959369
http://www.ncbi.nlm.nih.gov/pubmed/23959369
http://www.ncbi.nlm.nih.gov/pubmed/21164480
http://www.ncbi.nlm.nih.gov/pubmed/21164480

	Title
	Corresponding author
	Genetic Regulatory Network (GRN) of Vitamin D Receptor-Centered Hypothesis 
	GRN of VDR (and DAF-12) may Act as a Capacitor 
	GRN of VDR may be Consider as Common Basis for ADs and Associated Cancers? 
	One of our recent experiences is as follow

	Perspectives 
	Table 1
	References

