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ABSTRACT

Background and aim: Genome wide association studies have scaled up both in terms of sample size and
range of complex disorders investigated, but these have explained relatively little phenotypic variance. Of
the several reasons, phenotypic heterogeneity seems to be a likely contributor for missing out genetic
associations of large effects. Ayurveda, the traditional Indian system of medicine is one such tool which
adopts a holistic deep phenotyping approach and classifies individuals based on their body constitution/
prakriti. We hypothesized that Ayurveda based phenotypic stratification of healthy and diseased in-
dividuals will allow us to achieve much desired homogeneous cohorts which would facilitate detection
of genetic association of large effects. In this proof of concept study, we performed a genome wide as-
sociation testing of clinically diagnosed rheumatoid arthritis patients and healthy controls, who were re-
phenotyped into Vata, Pitta and Kapha predominant prakriti sub-groups.
Experimental procedure: Genotypes of rheumatoid arthritis cases (Vata = 49; Pitta = 117; Kapha = 78)
and controls (Vata = 33; Pitta = 175; Kapha = 85) were retrieved from the total genotype data, used in a
recent genome-wide association study performed in our laboratory. A total of 528461 SNPs were
included after quality control. Prakriti-wise genome-wide association analysis was employed.
Results and conclusion: This study identified (i) prakriti-specific novel disease risk genes of high effect
sizes; (ii) putative candidates of novel therapeutic potential; and (iii) a good correlation between genetic
findings and clinical knowledge in Ayurveda. Adopting Ayurveda based deep phenotyping may facilitate
explaining hitherto undiscovered heritability in complex traits and may propel much needed progress in
personalized medicine.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Abbreviations: GWAS, Genome-wide association study; RA, Rheumatoid

arthritis; P4 medicine, Predictive, Preventive, Personalized and Participatory med-
icine; SNPs, Single nucleotide polymorphisms; Trx, Thioredoxin; Cul3, Cullin E3
ubiquitin ligase; IncRNA, Long intergenic non-coding RNA; MAF, Minor allele fre-
quency; HWE, Hardy-Weinberg equilibrium; QC, Quality control.
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The inherent goal of Predictive, Preventive, Personalized and
Participatory (P4) Medicine is to shift the paradigm in medicine
from reactive and generalized to proactive and personalized and
hence from disease to wellness. This transformation in healthcare
can be achieved by (i) predicting an individual's predisposition to a
disease; (ii) stratifying patients to facilitate potential personalized
nutritional and drug treatment strategies; (iii) reducing adverse
drug reactions; (iv) identifying new druggable targets and their
development; and (v) reducing the time, cost, and also failure rate

0975-9476/© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
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of clinical trials for new therapies. Past decade witnessed explosion
of genome-wide association studies (GWASSs) of clinically defined
cases against non-compromised individuals as controls with a hope
that discovering risk genes in large cohorts would provide insights
into patient stratification and further aid towards achieving P4
medicine goal. Despite the apparent success of this approach in
complex traits, this technology-driven GWAS strategy which pri-
marily relied on large sample sizes has witnessed serious limita-
tions such as non-identification of disease associated genes of large
effects which contribute to missing heritability and also non-
replication of observed associations across studies. This limitation
has been largely due to the inherent heterogeneity owing to
endogenous and exogenous factors involved in complex disorders,
and by increasing sample sizes, led to inadvertent scaling up of
heterogeneity in parallel and hence reduced the statistical power to
detect real associations. Different strategies are now being used to
overcome the GWAS related limitations and these include turning
the emphasis on to rare variants, epigenetic modifications, miRNA
etc [1]. Phenotype resolution however seems a likely major deter-
minant of the success or failure of GWAS to date. The importance of
accurate phenotyping over increasing sample size to detect true
associations has been addressed in a recent study. The authors used
both simulated and GWAS data for Type I and Type II diabetes and
demonstrated that statistical power to detect real association was
reduced when the study cohort was heterogeneous. In other words,
if GWAS were carried out in more homogeneous sample sets the
magnitude of risk conferred by the marginally/modestly significant
risk variants would have been larger [2].

Phenotype definitions in modern medicine largely depend on
quantifiable parameters and ignore the underlying heterogeneity in
disease pathogenesis. Therefore, we believe it is time to revisit and
adopt newer non-conventional phenotyping approaches which
may be able to capture molecular variability underlying the disease.
Similar to personalized medicine, Ayurveda is not a 'one-size-fits-
all' approach but on the contrary addresses inter-individual vari-
ability effectively. It adopts a holistic approach toward healthy
living on the basis of the concepts of Tridosha and Prakriti. Ac-
cording to Ayurveda, all matter is comprised of the five basic ele-
ments or building blocks of nature: Earth, Air, Water, Fire, and
Space. Varying combinations of these elements form the three basic
humors/forces of the human body namely Vata Dosha, Pitta Dosha
and Kapha Dosha collectively called as Tridoshas [3]. Each of these
Doshas have distinct properties and when there is balance between
the constituents, they work in harmony through the body to
maintain homeostasis. In other words, according to Ayurveda,
maintenance of this balance is health and imbalance is disease. The
innate proportion of Doshas that a zygote acquires at the time of
conception determines its Prakriti, and this represents a summed-
up phenotype or basic constitution type of an individual [3].
Prakriti defines physical, physiological, and psychological traits of
an individual and is the template for individualized diet, lifestyle
counselling and disease treatment. A few salient Prakriti specific
phenotypes are dryness, lightness, coldness (physical), low
strength, irregular digestion (physiological), unstable/confused
mind (psychological) for Vata Prakriti [4]; Burning sensation,
excessive sweating (physical), excessive appetite, intolerance to
heat (psychological), bold, short tempered, irritable (psychological)
for Pitta Prakriti [5]; and heaviness in the body, over weight
(physical), lethargy, slow movements (physiological), calm, relaxed
mind (psychological) for Kapha Prakriti [G]. To this extent one's
Prakriti may be considered as the Ayurvedic equivalent of
describing the unique genetic constitution (genome) of each indi-
vidual in modern biology. However, Ayurveda doctrines go further
and according to Tridosha theory, depending upon the individual or
combinatorial proportions of Tridosha in each person, there are
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seven possible Prakriti types namely Vata, Pitta, Kapha, Vata-Pitta,
Pitta-Kapha, Vata-Kapha and Vata-Pitta-Kapha contributing to wide
phenotypic diversity highlighting their practice of deep pheno-
typing. Furthermore, according to its doctrines and practice, each of
these Prakriti types is the determinant of its own characteristic
features such as metabolic profiles, disease predisposition, and
natural history in individuals with respective Prakriti [7,8]. This
Dosha type is also postulated to be responsible for disease charac-
teristics such as severity, therapeutic recommendations, and
treatment outcome in individuals.

An empirical validation of this concept has been provided by our
previous pilot study on candidate gene associations with rheuma-
toid arthritis (RA; termed Amavata in Ayurveda), among three
subgroups that were based on Ayurveda based phenotyping [9].
This study revealed association of inflammatory genes with RA
among Vata predominant Prakriti subjects whereas oxidative stress
genes were associated with Pitta subgroup. Further, severity of RA
in the patients of Vata Prakriti was significantly higher compared to
Pitta and Kapha predominant subgroups which is in agreement
with what is known for Amavata in Ayurveda literature.

Significant correlations have also been established between
Prakriti and single nucleotide polymorphisms (SNPs) in genes such
as HLA in healthy individuals and EGLNT1 in patients suffering from
high-altitude pulmonary edema [10,11]. Apropos to the above evi-
dence, differences in genome wide expression and biochemical
profiles have been observed between the three extreme Prakriti
types [12]. Interestingly, a genome-wide analysis has revealed 52
Prakriti differentiating SNPs in healthy individuals across the three
predominant Prakriti groups [13]. Of note, another recent study
utilized modelling methods using the phenotyping data and was
able to classify healthy individuals into three distinct clusters,
which matched with the extreme Prakriti groups as classified by
clinicians [14].

With this background, we hypothesize that GWAS carried out on
homogeneous but small cohorts obtained by deep phenotyping
based on Ayurveda doctrines will be more insightful since Ayurveda
has comprehensive criteria to stratify not only controls but also
cases. This approach would facilitate identification of genetic as-
sociations of large effect sizes which may enable filling the present
knowledge gap in complex disease biology. In the present study, an
Ayurgenomics approach was adopted wherein we carried out a
GWAS on RA patients and healthy controls who were re-
phenotyped for their Prakriti type. Genome-wide analysis of Prak-
riti matched RA cases and controls revealed potential Prakriti-spe-
cific genetic associations. We believe this Ayurgenomics approach
offers itself as a novel tool to perform Prakriti based deep pheno-
typing of study cohorts prior to their inclusion in contemporary
GWASs to obtain homogeneous cohorts and consequently identify
true genetic associations with large effect sizes.

2. Materials and methods
2.1. Study cohort

244 RA cases [49 Vata; 117 Pitta; 78 Kapha] and 293 controls [33
Vata; 175 Pitta; 85 Kapha] sub-grouped based on their predominant
Prakriti type (briefly described below) were recruited from
Department of Ayurveda, Holy family hospital, New Delhi. Both
cases and controls were matched for age [18—50 years], gender and
ethnicity. DNA from venous blood drawn from study subjects was
extracted according to routine phenol-chloroform protocol. This
cohort has been used in two previous studies [9,15]. Institutional
ethics committee clearance was obtained from Ayurveda Depart-
ment, Holy Family Hospital and Department of Genetics, University
of Delhi South Campus, New Delhi, prior to initiation of this study
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and the protocol were carried out in accordance with the approved
guidelines. Written informed consent was obtained from each
participant.

2.2. Ayurveda based phenotyping

The Prakriti of each subject was assessed independently by two
Ayurveda physicians using a validated questionnaire based on
physical, physiological and psychological characteristics recom-
mended by the Central Council for Research in Ayurveda and Sid-
dha, Department of AYUSH, Ministry of health and family welfare,
Government of India, New Delhi (http://www.ccras.nic.in/).
Physique, skin texture, hunger, thirst, digestive capacity, tempera-
ment and memory are some of the major attributes evaluated to
determine an individual's Prakriti. Predominant Prakriti was
allotted if > 70% dominance of a single Dosha score was obtained.
Only individuals with predominance of either Vata, Pitta or Kapha
Doshas were included in the study as described previously [9].
Objective parameters like height, weight, body mass index, blood
pressure, swelling, blood/serum examination, X-rays and magnetic
resonance imaging were used in the clinical assessment of cases. In
addition, visual analogue scale [16] was used for most of the sub-
jective features like pain, swelling, burning sensation, heaviness
etc. Blood was drawn and used for analysis of haemoglobin%,
erythrocyte sedimentation rate, rheumatoid factor and anti-cyclic
citrullinated peptide antibody levels as described elsewhere [9].
RA diagnosis of all the patients thus enrolled were independently
confirmed by an orthopaedic surgeon.

2.3. Genotyping and quality control

Genotype information of above mentioned total cohort (n = 244
cases, 293 controls) was retrieved from the total genotype data
generated on [llumina Human660W Quad BeadChip v1.C (655 216
markers) genotyping platform, as described before [15]. Briefly,
DNA isolated from venous blood of the study cohort was genotyped
at a commercial facility. Genome studio software was used to
perform initial quality control (QC). Genomic data was then filtered
using standard quality control steps on PLINK (v1.9beta3) [17].
Samples with a call rate of <90%, individuals with discordant/
ambiguous sex, putative inbreeding/contaminated samples (het-
erozygosity rate >4 + standard deviation), ethnic outliers, cryptic
relatedness (pi_hat>0.25) were removed. Cryptic relatedness was
determined by identity-by-descent analysis using PLINK V.1.07.18.
Before SNP QC, markers for which no intensity peaks were detec-
ted, copy number variations and non-autosomal chromosomes
were excluded from the analysis. Inclusion criteria comprised of
call rate >90%; minor allele frequency (MAF) >0.01;
Hardy—Weinberg equilibrium (HWE) tests (p < 5 E-06) in controls.

2.4. Statistical analysis

Association was tested for total cohort as well as for three
separate Prakriti matched case—control samples. Allele frequencies
between cases and controls in each of these categories were
compared using Fisher's exact test on PLINK. A p-value threshold of
1 E-05 and a Bonferroni-corrected p-value threshold of 9.46 E-08
were considered suggestive and genome-wide significant, respec-
tively. To identify potential link between the novel genetic variants
identified with RA subgroups in this study and RA based on liter-
ature evidence, p-values were retrieved from Open Targets plat-
form [18]. Biological interactions between genes were inferred
using GeneMANIA prediction server which provides interactive
functional association network [19].
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3. Results

Power analysis performed with Quanto software showed >80%
power in Vata, Pitta, and Kapha sub-groups.

3.1. Association findings

A total of 444 individuals [229 cases (45 Vata, 113 Pitta, 71
Kapha) and 215 controls (24 Vata, 131 Pitta, 60 Kapha)] and 528461
SNPs remained for downstream analysis after QC. A total number of
SNPs and individuals removed after each QC step has been
described in Supplementary Fig. 1. GWA analysis was performed for
the total study cohort as well as for the three predominant Prakriti
groups separately. Novel SNPs with suggestive p-value 1 E-05
[Table 1] were found to be associated with the three RA sub-groups.
However, none of the SNPs surpassed Bonferroni-corrected p-
value. Manhattan and Q—Q plots are shown in Fig. 1. It was notable
that all the associated markers/genes were unique to each of the
groups. Broad function of the gene/nearest gene identified in
Prakriti-wise analysis are also described below.

3.1.1. Total cases vs controls

TMEM179, TMEM18, NUAK1, TBC1D8, and LEF1-AS1, together
with MZT1 (downstream of rs340575) and TCERG1 (downstream of
rs10056189) were identified to be associated when analyzing total
RA cases and controls. All six genes, except for the RNA gene LEF1-
AS1, were associated with musculoskeletal system disease (Open
Targets, p-value 0.02), which includes conditions that affect joints,
such as osteoarthritis, rheumatoid arthritis, psoriatic arthritis, gout,
ankylosing spondylitis among others. Of note, we also found that all
these six genes physically and genetically interact with each other
and are co-expressed (Fig. 2). Furthermore, LEF1-AS1, NUAK1, and
TBC1D8 were seen to be associated with systemic juvenile idio-
pathic arthritis (Open Targets, p-value 0.002), and a genomic
marker located at C140rf180 (overlapped with TMEM179),
rs4264325, was also seen to be significant for RA susceptibility. Of
note, all these genes were also seen to be associated in all the three
subgroups but at lower significance level [Table 1].

3.1.2. Vata sub-group

Test of association between RA cases and controls categorized
under Vata predominant Prakriti identified one SNP (rs1953175) in
RP11-536018.1 and two SNPs (rs4352629 and rs7448716) in CTC-
498M16.4 [Table 1]. None of these three Vata-specific SNPs showed
association in the total group, or in Pitta and Kapha cohorts
[Table 1].

3.1.3. Pitta sub-group

In Pitta group, we found six genes namely TXNDCI16
(rs11625685;  rs11623917), PCDH8  (rs9527038), KLHL25
(rs4620912) NTF3 (rs10849264), RP11-93121.3 (rs1390079), and
SERTM1 (rs7323558) significantly associated [Table 1] and all of
which were functionally relevant. Additionally, physical interac-
tion, co-expression or their presence in common pathways were
found among these genes (Fig. 2, Supplementary Table 1).

3.1.4. Kapha sub-group

Three genes namely ZBTB34 (rs3120029), ITGB8 (rs11762117),
and GPR12 (rs9512378) were found to be significantly associated in
Kapha group but not in Vata and Pitta [Table 1]. All three genes were
found to be physically interacting or were part of common path-
ways [Fig. 2, Supplementary Table 1]. Genomic markers in all three
genes were associated with scoliosis (Open Targets, p-value 0.002),
fat body mass (Open Targets, p-value 0.01), and also rheumatic
disease (Open Targets, p-value 0.01).
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Table 1

Genome-wide suggestive significant (p-value < 1 E-05) variants associated with RA in total study cohort and Prakriti specific RA groups. The significance status of these SNPs in other groups are also shown. Positions refer to
assembly GRCh37.

SNP Chr Position Location Gene/Nearest gene Risk allele PgwasTotal OR (95% CI)* PcwasVata OR (95% CI)* PowasPitta  OR (95% CI)* Pcwas Kapha OR (95% CI)*

Total study cohort

15340575 (C>A) 13 72876358 intergenic MZT1 C 9.707E-08  6.52(2.91-14.62) 0.21 2E-05 0.003

rs10056189 (C>T) 5 145804118 intergenic TCERG1 C 1.394E-06  3.41(2.02-5.78)  0.05 0.0008 0.01

rs4956041 (C>T) 4 109113914 intron LEF1-AS1 T 2.105E-06  1.92(1.47-2.51) 0.01 0.01 0.006

rs4983599 (G>A) 14 105011436 intron TMEM179 A 2.591E-06  2.13(1.55-2.93) 0.05 0.0005 0.06

1s2867116 (C>A) 2 682363 upstream TMEM18 C 4.734E-06  4.56 (2.26-9.23)  0.0001 0.02 0.02

1s7556762 (T>G) 2 101765922 intron TBC1D8 T 6.651E-06  2.41(1.63-3.55) 0.01 0.002 0.06

rs4548807 (G>A) 14 105040988 intron TMEM179 A 7.633E-06  2.12 (1.53- 2.96) 0.003 0.007 0.06

rs3782690 (T>G) 12 106464063 intron NUAK1 T 8.948E-06 1.84(1.41-242) 0.2 0.005 0.0008

Vata

rs1953175 (G>T) 9 13505851 intergenic RP11-536018.1 T 0.2 3.684E-06 6.41(2.87-14.34) 0.2 0.3

1s4352629 (C>T) 5 87756821  intron CTC-498M16.4 T 0.3 7.028E-06 5.64 (2.63-12.08) 0.7 0.1

rs7448716 (A>G) 5 87752695  intron CTC-498M16.4 G 0.2 7.028E-06 5.64 (2.63-12.08) 0.7 0.1

Pitta

rs11625685 (T>C) 14 52931884 intron TXNDC16 C 5E-05 04 1E-06 4.50 (2.35-8.61) 0.2

rs11623917 (A>G) 14 52921896 intron TXNDC16 G 0.0001 0.5 2E-06 4.37(2.28-838) 0.3

rs9527038 (A>G) 13 53503775 intergenic PCDH8 G 0.003 0.5 4E-06 2.48 (1.69-3.64) 0.8

rs4620912 (C>T) 15 86389516 intergenic KLHL25 T 4E-05 0.5 5E-06 2.80(1.8-4.37) 0.5

rs10849264 (A>G) 12 5531307 intergenic NTF3 G 0.0003 0.3 5E-06 2.35(1.62-3.39) 0.7

rs1390079 (T>C) 4 125523042 intergenic RP11-93121.3 C 0.007 0.5 5E-06 13.32 (3.09-57.45) 0.3

1s7323558 (C>T) 13 37250048 intron SERTM1 T 0.002 0.9 9E-06 2.305(1.60-3.33) 0.7

Kapha

rs3120029 (G>A) 9 129649356 downstream ZBTB34 A 0.2 0.4 0.2 6E-06 4.243 (2.21-8.16)
rs9512378 (A>G) 13 27363688 intergenic GPR12 A 0.01 0.8 0.7 7E-06 4.60 (3.31-9.15)
rs11762117 (C>A) 7 20391383  intron ITGB8 C 0.02 0.3 0.6 9E-06 8.74 (2.93-26.03)

*0dds Ratio (OR) shown for genome-wide suggestively significant SNPs.

‘D 39 DI2UDD “T'S ‘Aapupd °y ‘pAn[ D

825001 (220Z) €1 dupIpajy aa1pISaju] pub bpaaindy Jo jpuinof



G. Juyal, A. Pandey, S.L. Garcia et al.

Manhattan plot: total cohort Q-Q plot of GWAS p-values : log

~logi(p)

0g:0(p)

121 16 18 21 X XY o 1 2 3 ‘ 5
Expected ~log(p)

3 4 5 6780910
Chromosome

Q- plot of GWAS p-values : log
Manhattan plot: PITTA

Obsarved —logiole)

~109u(p)

3 4 5 678910

121416 18 21 X XY o 1 2 3 4 5

Ghvomosome. Expected -I0gle)

)

Journal of Ayurveda and Integrative Medicine 13 (2022) 100578
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Fig. 1. Manhattan plots depicting SNP associations with the (a) total RA cohort and (b—d) Prakriti specific RA sub-groups in the north Indian population, and respective
Q—Q plots. On the Manhattan plot, all SNPs are plotted according to their position on each chromosome on x-axis, against their association (-logyo (p-value)) on y-axis. The red line
represents the Bonferroni-corrected threshold (p-value = 9.46 E-08), while the blue line represents the suggestive association threshold (p = 1E-05). The inset Q—Q plots show the
observed (y-axis) against the expected (x-axis) distribution of GWAS p-values under the null hypothesis for the total RA cohort and Prakriti sub-groups.

4. Discussion

RA is a chronic inflammatory joint disease affecting synovial
tissue in multiple joints but with poorly uncovered etiology. It is a
clinically and biologically heterogeneous disease with respect to
both disease course and treatment outcome suggesting distinct
molecular mechanisms contributing to RA in different patients. For
instance, differences in the activation of the STAT1 pathway be-
tween rheumatoid tissues confirm etiological heterogeneity [20].

Total study cohort
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Continuous efforts are being made to sub-classify clinically diag-
nosed RA on the basis of molecular criteria/signatures using OMICS
or more recently using phenome-wide association study approach
[21]. While we still await their deliverables, exploring non-
conventional phenotyping approaches and providing scientific
validation for their utility as an adjunct could accelerate the prog-
ress in this endeavour. In this proof-of-concept study, we per-
formed a GWAS of RA patients and healthy controls who were
phenotypically sub-classified into three Prakriti groups namely
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Fig. 2. GeneMANIA network showing potential interactions with novel RA genes identified in total study cohort and in Prakriti-specific RA sub-groups. The genes of interest
are represented in the middle with striped circles. Pink lines represent physical interactions; green lines represent genetic interactions; purple lines represent co-expression; blue

lines represent pathways. Thickness of the lines represents interaction strength.
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Vata, Pitta and Kapha predominant by employing the ancient deep
phenotyping principles practiced in Ayurveda system [7,8]. Despite
small numbers in each of the three subgroups, this novel Ayurge-
nomics approach identified Prakriti-specific genes of high effect
sizes [Table 1], most of them not hitherto identified for RA across
multiple GWASs performed in large cohorts or even in meta-
analyses data [22]. The relevance of these novel susceptibility
genes in the context of RA are briefly discussed below.

4.1. Vata sub-group

Although no direct link was found between RA and the two Vata
specific genes, CTC-498M16.4 has been shown to be associated with
attention deficit/hyperactivity disorder (ADHD), rs4916723 (GWAS,
p-value 2.67 E-05) being the lead SNP conditioning the gene [23].
This is important considering that though ADHD is currently
conceptualized as a neurodevelopmental disorder, recent findings
[24] have shown genetic connection between ADHD and immune
alterations/autoimmune disorders. Further, the infective compo-
nent in RA etiology indicates that there could be shared risk
pathways between RA and ADHD with pleiotropic genetic effects.

4.2. Pitta sub-group

TXNDC16 encodes for Thioredoxin (Trx) Domain Containing 16,
which is an endoplasmic reticulum-associated glycoprotein and is
believed to have putative redox activity [25]. A substantial number
of studies have demonstrated the role of oxidative stress in RA
pathogenesis [26]. It has been reported that cytosolic Trx system
has a role in RA and Trx1 has shown to be significantly increased in
the synovial fluid of RA patients [25].

PCDHS8 is a protocadherin involved in neural development and
function and it is shown to be dysregulated in several types of
cancers and playing a critical role in tumor progression. Notably, a
global gene expression profiling of chondrogenic tissues during
in vivo development in mice showed involvement of Pcdh8 in
chondrogenesis [27], a process by which cartilage is formed.

KLHL25 belongs to Kelch family of proteins that function as
substrate-specific adaptors for Cullin E3 ubiquitin ligase (Cul3), a
core component of the ubiquitin-proteasome system to regulate
the protein turnover. It is important to mention here that our earlier
study has shown an association between CULI haplotype and
methotrexate response in a north Indian population [28]. Similar
findings were also observed in a RA cohort of Japanese origin [29].
Our findings lend further support to the role of ubiquitin pathway
in autoimmunity and inflammation. Recent studies have identified
mutations of several Kelch proteins in skeletal muscle disorders
[30]. Though, no direct role of KLHL25 has been implicated in RA, a
recent study has proposed that increase in inflammatory processes
and reactive oxygen species production leads to skeletal muscle
deterioration [31] which in turn contributes to a vicious cycle of
disease activity, muscle inflammatory signalling and disrupted
remodelling, physical inactivity, and disability in patients with RA
[32].

Protein (NT-3) encoded by NTF3 is a member of the neuro-
trophin family which are essential for the development and
maintenance of the vertebrate nervous system. Neutrophins and
their receptors are shown to be expressed in the non-neuronal cells
[33] supporting the role of neurotrophins beyond neurogenesis. A
study has shown that LPS-treated mouse macrophages resulted in
up-regulation of NT-3 leading to overproduction of nitric oxide,
suggesting that NT-3 may play important roles in the function of
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macrophages during inflammatory responses and in tissue repair
[34]. The role of NT-3 in RA has been empirically demonstrated by
recent studies wherein over-expression of NT-3 in serum of RA
patients [35] and high expression of NTF-3 in RA synovial fibro-
blasts compared with healthy synovial fibroblasts under normoxic
conditions has been observed [36]. In a recent study, NT-3 and its
high affinity receptor TrkC were found to be highly induced at the
injury site and endogenous NT-3 was found to promote bone repair
[37]. In addition, NT-3 has also been implicated in neuropathic pain
which is often poorly alleviated by first- and second-line medica-
tions due to lack of efficacy and/or dose-limiting side-effects [38].
Notably, neuropathic pain in substantial number of RA patients has
been associated with vitamin D deficiency [39] or with high disease
activity and weight [40]. These observations are of clinical rele-
vance since a better understanding of neuropathic pain mecha-
nisms will provide a more targeted approach to pain treatment in
RA.

RP11-93121.3 is a long intergenic non-coding RNA (IncRNA).
Though there is no report suggesting direct functional involvement
of RP11-93121.3 in RA pathogenesis, several IncRNAs are shown to
be dysregulated in RA and are correlated with disease activity [41].

SERTM1, is a serine rich and transmembrane domain containing
1 gene and has shown to be downregulated in psoriasis patients,
thereby likely to play an important role in inflammation associated
with RA patients [42].

4.3. Kapha sub-group

ZBTB34, a nuclear protein, is a new member of the BTB/POZ zinc
finger protein family. Although exact role of ZBTB34 is not known,
some of the proteins of this family critically regulate development
of specific lineages in the immune system, promote oncogenesis
and maintain stem cells. It has also been suggested that ZBTB34
might function as a transcriptional repressor [43]. In zebrafish,
ZBTB is predicted to be involved in negative regulation of tran-
scription by RNA polymerase II; regulation of cytokine production;
and regulation of immune system process [44]. ZBTB34 has been
shown to be overexpressed in the whole blood of axial spondy-
larthritis/ankylosing spondylitis patients compared to healthy
controls [45]. Of note, our previous GWAS has shown significant
association of a different SNP (rs561041) closest to ZBTB34 with RA
[15].

GPR12 is classified as an orphan G protein-coupled receptor.
Disruption of Gpri2 gene in mice has shown to provoke changes in
both lipid and carbohydrate metabolism resulting in dyslipidemia
and obesity [46] and therefore considered to be involved in regu-
lating energy expenditure and important for future drugs that
target this receptor. Of note, GPR12 has been identified as a novel
target of Cannabidiol, which is shown to have therapeutic potential
for arthritis pain-related behaviors and inflammation without
evident side-effects [47].

ITGB8 is a member of the integrin beta chain family and has
been involved in angiogenesis deregulation in systemic sclerosis, a
chronic autoimmune rheumatic disorder [48]. Furthermore,
importance of ITGB8 in chondrogenesis has been previously
established [49], suggesting its direct involvement in RA pathology,
as progressive loss of cartilage due to inflammatory response is one
of the disease characteristics. This derives further support from a
gene expression study wherein ITGB8 was shown to be highly
expressed in RA synovial fibroblasts compared with healthy syno-
vial fibroblasts under normoxic conditions suggesting its role in
chronic synovitis [36].



Table 2
List of SNPs in and around HLA region which surpassed genome-wide significance (p < 10~°) in our previous RA GWAS [13] and their significance status in the three Ayurveda sub-groups and total cohort.
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SNP Chr Position Gene Location Minor PcwasTotal OR (95% CI) Total PcwasVata OR (95% CI) Vata Pcwas OR (95% CI) Pitta Pcwas Kapha OR (95% CI)
allele Pitta Kapha

1s9275406 6 32669955  HLA-DQB1 flanking_5UTR T 0.004 1.66 (1.18—2.34) 0.09 2.75 (0.87—8.66) 0.008 1.88 (1.19-2.97) 0.55 1.23 (0.68—2.23)
rs9275388 6 32669084  HLA-DQBI flanking_5UTR  C 0.004 1.65 (1.18—-2.32) 0.09 2.75 (0.87—8.66) 0.01 1.84 (1.17-2.90) 0.46 1.26 (0.70—-2.27)
rs9275390 6 32669156  HLA-DQB1 flanking_5UTR  C 0.004 1.65 (1.18-2.32) 0.09 2.75 (0.87—8.66) 0.01 1.84 (1.17-2.90) 0.46 1.26 (0.70—2.27)
1s9275407 6 32670037  HLA-DQB1 flanking_5UTR T 0.003 1.67 (1.19-2.35) 0.09 2.75 (0.87—8.66) 0.008 1.88 (1.19-2.97) 0.46 1.26 (0.70—2.27)
rs9275393 6 32669439  HLA-DQB1 flanking_5UTR A 0.005 1.63 (1.16—2.29) 0.14 2.63 (0.83—8.34) 0.01 1.82 (1.16—2.88) 0.46 1.26 (0.70—-2.27)
1s9275425 6 32670874  HLA-DQB1 flanking_5UTR A 0.005 1.63 (1.16—2.29) 0.09 2.75 (0.87—8.66) 0.01 1.77 (1.12-2.81) 0.46 1.28 (0.71-2.32)
rs9275439 6 32671521 HLA-DQB1 flanking_5UTR  C 0.003 1.67 (1.19-2.35) 0.09 2.75 (0.87—8.66) 0.01 1.84 (1.17-2.90) 0.46 1.31 (0.72—-2.36)
159275427 6 32670915  HLA-DQB1 flanking_5UTR T — — — — — — - —

1s9275374 6 32668526  HLA-DQBI flanking_5UTR T 0.004 1.65 (1.18—2.32) 0.09 2.75 (0.87—8.66) 0.01 1.84 (1.17—-2.90) 0.46 1.26 (0.70—-2.27)
rs9275418 6 32670244  HLA-DQB1 flanking_5UTR G 0.005 1.64 (1.17-2.30) 0.14 2.63 (0.83—-8.34) 0.01 1.84 (1.17-2.90) 0.46 1.26 (0.70—2.27)
159275428 6 32670978  HLA-DQB1 flanking_5UTR G 0.007 1.62 (1.15-2.27) 0.09 2.75 (0.87—8.66) 0.01 1.79 (1.13-2.83) 0.55 1.23 (0.68—2.23)
1s9275424 6 32670576  HLA-DQBI flanking_5UTR G 0.008 1.57 (1.13-2.19) 0.06 2.94 (0.94-9.22) 0.04 1.62 (1.04—2.54) 0.46 1.30 (0.72—-2.34)
rs9275371 6 32668296  HLA-DQB1 flanking_5UTR  C - — — — — — — —

1s9275595 6 32681355  HLA-DQA2  flanking_5UTR  C 0.007 1.63 (1.14—2.34) 0.20 2.38 (0.75—7.57) 0.01 1.94 (1.19-3.16) 0.75 1.14 (0.62—-2.12)
159275582 6 32680070  HLA-DQA2  flanking_5UTR T 0.007 1.63 (1.14—2.34) 0.20 2.38 (0.75—7.57) 0.01 1.94 (1.19-3.16) 0.75 1.14 (0.62—-2.12)
1s2856725 6 32666738  HLA-DQB1 flanking_5UTR  C 0.09 0.78 (0.59—1.04) 0.14 0.57 (0.28—1.18) 0.77 0.93 (0.63—-1.37) 0.10 0.62 (0.36—1.07)
1s2647012 6 32664458  HLA-DQB1 flanking_5UTR T 0.08 0.77 (0.58—1.02) 0.13 0.55 (0.27—1.14) 0.70 0.91 (0.62—1.34) 0.11 0.63 (0.37—1.07)
152858305 6 32670464  HLA-DQB1 flanking_5UTR G 0.08 0.78 (0.58—1.03) 0.13 0.55 (0.27—1.14) 0.69 0.92 (0.62—1.35) 0.11 0.64 (0.38—1.08)
rs2856717 6 32670308  HLA-DQB1 flanking_5UTR A 0.10 0.78 (0.59—1.04) 0.13 0.55(0.27-1.14) 0.77 0.94 (0.64—1.36) 0.11 0.63 (0.37—1.07)
rs10484561 6 32665420  HLA-DQB1 flanking_5UTR G 0.004 1.99 (1.24-3.2) 0.06 6.54 (0.82—52.32)  0.00 2.5(1.31-4.78) 1.00 1.06 (0.48—2.37)
157774434 6 32657578  HLA-DQB1 flanking_5UTR T 0.02 0.72 (0.55—0.94) 0.05 0.47 (0.23—0.97) 0.23 0.79 (0.55—1.14) 0.11 0.65 (0.40—1.07)
1513192471 6 32671103  HLA-DQB1 flanking_5UTR  C 0.01 1.74 (1.12—-2.70) 0.03 7.94 (1.01-62.64) 0.03 1.89 (1.06—3.34) 1.00 1.06 (0.48—2.37)
1s9275572 6 32678999  HLA-DQA2  flanking_5UTR A 0.09 0.78 (0.59—1.03) 0.20 0.6 (0.30—1.26) 0.63 0.90 (0.62—-1.32) 0.11 0.63 (0.37—1.07)
1s9275596 6 32681631 HLA-DQA2  flanking_5UTR  C 0.01 0.65 (0.47—0.9) 0.01 0.36 (0.16—0.80) 1.00 0.97 (0.63—1.52) 0.00 0.38 (0.20—0.71)
rs13209234 6 32415975  HLA-DRA flanking_3UTR A 0.06 1.43 (0.99—-2.06) 0.14 2.56 (0.81—-8.10) 0.16 1.45 (0.88—2.39) 0.75 1.12 (0.59-2.12)
1s7755224 6 32652317  HLA-DQB1 flanking_5UTR G 0.006 1.93 (1.21-3.08) 0.06 6.54 (0.82—-52.32)  0.01 2.35(1.25—4.44) 1.00 1.06 (0.48—2.37)
rs9391858 6 32341398  C6orf10 flanking_5UTR G 0.06 1.42 (0.99—-2.03) 0.09 2.75 (0.87—8.66) 0.26 1.35 (0.83-2.20) rs9391858 1.20 (0.64—2.27)
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It is important to mention here that even the interacting part-
ners of genes associated with Pitta and Kapha subgroups such as
BDNF, NGFR, ITGAV [Fig. 2, Supplementary Table 1] were also found
to be very relevant in disease pathogenesis [50]. Besides these, the
involvement of some of the genes evidenced in different pathways
strengthens our findings. For example, KLH25 in Class I MHC
mediated antigen processing and presentation pathway; NTF3 and
ITGB8 in Apoptotic pathways in synovial fibroblasts.

Our results also highlight the striking difference in the genetic
associations identified in the total group versus those in each of the
three Prakriti based subgroups [Table 1]. These findings imply that
even small sample size of tightly defined cases and controls or just
precise phenotyping may have led to comparatively more geneti-
cally homogeneous groups which were sufficient to maximize the
detection of common alleles conferring high risk and minimize
statistical noise. That P-values of genes are largely driven by sample
size is further exemplified by HLA associations which are more
significant in the total cohort (n = 229 cases and 215 controls) and
Pitta subgroup (n = 117 cases and n = 175 controls) compared to
Vata and Kapha in our study [Table 2]. This may also explain limited
genetic associations that we observed in the Vata group in this
study compared to Pitta and Kapha subgroups. Nevertheless, a
recent report wherein a locus with genome-wide significance was
identified near the gene encoding parathyroid hormone-like hor-
mone in a GWAS performed in a cohort of only 40 patients with
peripartum cardiomyopathy [51] supports the power of sample
homogeneity in association studies.

Taken together, the novel study findings lend credence that
association studies conducted on homogeneous subgroups ob-
tained by Ayurveda based deep phenotyping enable identification
of disease specific genes of major effect size. Of the genes identified
in the different subgroups in our study, NTF3, KLH25, TXNDCI6,
PCDHS8, ITGBS8, and GPR12 [Table 1] are promising and may provide a
new perspective and prompt us to explore their active involvement
and therapeutic potential in chronic inflammatory arthritis. How-
ever, with the limited data on the functions of most of the genes, it
may be difficult to establish direct genotype and Prakriti-associated
phenotype (physical/physiological/psychological traits) correla-
tions; and to also comment on Prakriti-specific disease mechanism.
Yet Ayurveda wisdom (explained briefly below) supports utility of
Ayurgenomics approach to understand heterogeneity in disease
biology to some extent.

4.4. Insights into RA biology from Ayurveda

Stratifying healthy individuals into seven constitution types or
Prakriti for predicting Prakriti-specific disease susceptibilities and
clinical outcomes such as treatment response forms the basis of
Ayurveda medical practice and also explains inter-individual vari-
ability. To elaborate this further, individuals with Vata Prakriti are
more predisposed to RA and are the most difficult group to treat
compared to the Pitta subgroup who are less prone, manifest mild
to moderate symptoms and are also easier to treat with better
outcome [52]. Furthermore, disease severity is more pronounced in
RA patients with Vata Prakriti, who suffer severe throbbing pain,
which worsens in cold weather; Pitta patients experience burning
sensation, redness, swelling, and inflammation, which worsens
with hot weather; and Kapha patients show loss of movement,
itching, joint swelling and edema (without inflammation), with
other symptoms including dullness, heaviness and aches [53].

As for treatment, Ayurveda believes that RA (Amavata) is a
problem of the gut, or in other words, a metabolic disorder, and
therefore improving the digestive capacity which varies according
to individual's Prakriti is the primary focus of its treatment regime.
This is in line with the emerging role of gut microbiome dysbiosis in
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RA. According to Ayurveda, Mandagni [hypofunctioning] of Agni/
digestive power (corresponding to enzymes, chemicals, hormones,
neurotransmitters and cytokines known to modern medicine) re-
sults in impaired digestion and absorption of food, which leads to
the formation of immunologic and toxic substances called “Ama”
[54]. This Ama when circulates in the body lodges in the joints and
leads to inflammation. Of note, Agni which is responsible for
metabolism, absorption, etc is believed to be Prakriti specific with
best/strong digestive/metabolic power in Pitta followed by Kapha
and then Vata sub-groups [55]. Therefore, the treatment of Amavata
focuses primarily on improving the digestive capacity, and removal
of Ama which in other words is treating the cause of the disease.
Reducing the pain/inflammation is a secondary treatment based on
the disease symptoms and as mentioned above, this treatment is
also Prakriti specific.

5. Conclusions

Identification of novel Prakriti specific and more importantly,
functionally relevant susceptibility genes of intermediate/high ef-
fect size for RA, suggest that Ayurveda based deep phenotyping
could be an effective approach to achieve the highly desirable
sample homogeneity in complex trait genetics. This may propel i) a
better development of multi-omics signature based prognostic and
diagnostic markers and ii) allow Prakriti specific nutritional and
therapeutic intervention strategies. Further, such homogeneous
cohorts will catalyse rare variant identification as the focus of ge-
netic studies turns from common to rare variants. We strongly
believe that using non-conventional phenotyping approaches
practiced in complementary systems of medicine such as Ayurveda,
Unani, and Chinese traditional medicine along with modern med-
icine diagnostic/therapeutic knowledge will broaden our horizon of
disease biology and provide insights into disease genetics, which
remains an urgent unmet need to break ground in complex traits
and fulfil the P4 medicine goal. However, these novel findings
endorse replication in independent cohorts.
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