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Studies related to pharmacogenomics have considerably increased in recent years in India. The interests shown by our
researchers are largely reflecting the global trend towards the multi-omics approach comprising transcriptomics, proteomics,
metabolomics and microbiomics techniques which could help in accomplishing the most precise and personalized way of
disease management. Pharmacogenetic trials related to bronchial asthma, breast cancer, acute lymphoblastic leukemia,
chronic myeloid leukemia, colorectal candeead and neck canceheumatoid arthritis, epilepsgchizophrenia, major
depressive disorder, bipolar disorder, diabetes mellitus, acquired immune deficiency syndrome (AIDS) and tuberculosis are
included in this review; pharmacogenetic studies involving drug-groups like anticoagulants, antiplatelets, statins and others
are also reviewed. Conditions like breast cancer and drugs such as warfarin, acenocoumarol and clopidogrel were found to
be studied more extensively than others. On the other hand, a minimal number of pharmacogenetic studies were done in the
field of diabetes, bronchial asthma, tuberculosis AdB&.
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Introduction Indian populations can be enormoushat if utilized

judiciously can be the hub of rational pharmacothera
The current definition of ‘precision medicine’ — ] y P 4

“Understanding disease at a deeper level idler In the last decade, the country has witnessed a
to develop mar tamgeted therapy”— clearly rise in the number of studies related to
requires the armamentarium of pharmacogenomicspharmacogenetics. This review collates data for the
to succeed optimallyAshley, 2016). Though the  past 5 years (from January 2012 to July 2017) on
science of precision or personalized medicine is gainingpharmacogenetic and pharmacogenomic trials done
momentum in the recent years, its clinical application in the fields of bronchial asthma, breast caraeunte

at point-of-care settings is still largely limited lymphoblastic leukemia, chronic myeloid leukemia,
worldwide and in India (Chang et a2015). colorectal cancehead and neck can¢eneumatoid
arthritis, epilepsyschizophrenia, major depressive
disorderbipolar disordediabetes mellitus, acquired
immune deficiency syndrome (AIDS), tuberculosis,

charalctgrlstlcs. :ct IS th_usdllkely to_have within it and also in drug-groups like anticoagulants, antiplatelets,
populations of varied genetic structures .. o among others.

(Umamaheswaran and Shewade, 2014). Hence, the
genetic knowledge base gathered from studies on

India is a country with extremely diverse cultures,
religions, languages, social and biological
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Respiratory Disorders Corticosteroids

Bronchial Asthma Systemic corticosteroids are given to patients who do
Salbutamol: Asthma is a chronic inflammatory not respond completely to initial doses of SABA
disease décting bronchial airways. Currentlhere therapy and patients who have moderate or severe
are around 25 to 30 million people diagnosed with exacerbations. Corticotrophin releasing hormone
bronchial asthma living in India as per the National receptorl CRHRJ gene encoding for the CRHR1
Family Health Survey (NFHS)-3. Short-acting beta- receptor has been studiefiwfasthiet al, 2015)

2 agonists (SABAs) form the cornerstone of They concluded that the SNP rs242941 (G>T) was
bronchodilator therapy in asthma though there areassociated with better therapeutic response in Indian
multiple treatment options for the management of asthmatic children during acute exacerbation (n = 68).

asthma.
The SNPs in genes related to inhaled

ADRB2 (adrenergic receptor beta-2) gene corticosteroid (ICS) response, vizGRHR1
polymorphisms have been found to be associated witirs242941] has been reported (Revathgl, 2016);
the variability in treatment response in asthmatic Fc fragment of IgE receptor FCER2 [rs28364072]
patients on salbutamol. and glucocorticoid induced IGLCCI]) [rs37972]
, _ _ _ were the other genes studigédter following up 111
In South Indian patients with bronchial asthma healthy volunteers, the minor allele frequency of the
(n=112), the SNPs, rs1042713 GI6Gly A285G) SNPs was established (51% in rs242941, 33% in
and rs1042714 (GIn27Glu, C318G)ADRB2geNne 58364072 and 38% in rs37972). They also found no
was not associated with salbutamol response (Shatpelation between the studied SNPs and asthma

et al, 2015). The increase in Forced EXpiratory ., qation in 78 asthmatics on ICSs frgamilian
Volume in ®'second (FEY), Forcedvital Capacity population

(FVC) and Peak Expiratory Flow Rate (PEFR) were
similar across various genotypes and haplotypes inC
both the polymorphisms. ancers

On similar lines, a study concluded that the SNP Breast Cancer
rs1042713 (Arg16Gly) iMDRB2gene cannot be  neq adjuvant Chemotherapy (NACTPne out of
utilized as a predictive marker to bronchodilator 55 \yomen in India is likely to have breast cancer and
response in South Indian population with bronchial o 5t of every two newly diagnosed breast cancer
asthma (n = 398) (Bandae al, 2015). patients in India eventually succumb to it (Maleta
Around 6 to 13% of the Indian children are @al-, 2017).Treatment failure or recurrence of the

affected with asthma. Like in adults, SABAs do play disease is one of the main reasons for breast cancer
a major role in the pharmacotherapy of bronchial mortality. Chemotherapy plays a major role in
asthma in childrenA cross-sectional study revealed Management of breast cancer patients. In breast
that there is no correlation between salbutamol ¢@ncers, chemotherapy is initiated either following the

responsiveness amDRB2 (rs1042713, c.46A>G primary surgery called as a_Ldjuvant chemotherap_y <_)r
p.Arg16Gly) genotype in North Indian children (n = €Vven before the surgery is undertaken when it is
120) with asthma with mild-to moderate exacerbation Known as neo-adjuvant chemotherapy (NACT).
(p=0.55). Howevethose children withA genotype NACT is usually provided for patients with

had a better bronchodilator response compared 1q,c4)1y advanced breast cancers (LABC) or large
those with GG genotype. L\/Iedlan chs(a)mg_e In percent,harable breast cancers (LOBC). Cyclophosphamide,
predicted FEY were 14.5% and 7.5% A and 5'-fluorouracil (5-FU), anthracyclines, and taxanes

GG genotypes, respectivefgahiet al, 2016). are the fundamental part of systemic treatment of
Hence, the above studies revealed that the SNFPreast cancer patients. There is a profound variability

rs1042713 inrADRB2gene does not determine the in both the treatment response and adverse effect
treatment response to salbutamol in the IndianProfile with respect to the genetic make-up of an

population. individual.
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P-glycoprotein The allele and genotype frequencie$s&TT1

| . q dent druafd (Null Allele) andGSTP1(lle105\al) variants in South
P-glycoprotein (P-gp), aNTP-dependent drugfefx Indian populations (n = 212) have been established

pump, transports various exogenous SUbStrateTylw_akkakulaet al, 2013). Previous|ya similar study

mcludlng'the chemotherapeutic agents used as Pafh 504 healthy unrelated volunteers of Gujarat origin
of NACT n the management of breast canbéit- was performed (Senthilkumar and Thirumurugan,
drug resistance-1IMDR1) gene also known as 2012). They found that the frequencies of the

ABCBlCOqu fqr the P-gfter studying 48 breast_ homozygous null genotypes GISTM1andGSTT1
cancer patients it has been reported that those patients. 50, (95% Cl: 16.7 to 23.9) and 35.5% (95% ClI:

with high P-gp expression had 3.6 times more c':ha.nce31.4 to 39.9), respectiveljThe frequency of
of _havmg poor response to NACT by WHO criteria homozygous null type o6STT1of the studied
(Vishnukumaret al, 2013).They also added that population differed significantly from that of other

those patients with high _P-gp expression had 14'4Indian ethnicities in sharp contrast to thaG8TM1
times more chance of having poor response to NACTnuII frequency which was similar in all Indian

when compar'ed with those having low e_xpres'sio_n ethnicities including the studied one.
levels, according to the Response Evaluation Criteria

in SolidTumors (RECIST)The genotype distribution  Other Proteins

of MDR12677T (60.3%), 2677A (3.7%) and 3435T

(61.6%) in the South Indian population was reported Combination of genetic variants, vizQCT4
previously (Umamaheswarat al, 2012). (rs3130932) NANOG (rs11055786), andSOX2

(rs11915160) were found to negatively influence the
It was reported that the patients with CT/TT response to NACT in North Indian LOBC or LABC
genotypes oABCB1gene (C1236T) showed better patients (n = 128)OCT4 (octamer-binding
tumor response than those with CC genotype [Oddsiranscription factor 4NANOGandSOX2are genes
Ratio (OR): 2.94, 95% Confidence Interval (Cl): 1.15 encoding the factors necessary for the self-renewal

to 7.52p=0.032] (Priyadarshirt al, 2016). Plasma  capacity of embryonic cancer stem cellaléjanet
levels of docetaxel were also in line with the tumor g 2014a).

response i.e., the mean of the plasma concentration ) o o
ratios (G/C,) of docetaxel in CT/TT genotypes (13.49 Haplotype analysis found a significant association
+ 6.48 ng/mL) were significantly higher than those of N Gis10500681" Lrs1799853 S rs1057916 Crsaza428s Of

the CC genotype (8.19 + 3.10 ng/mp){0.003).The ~ CYP2C8%3 (14500651 CYP2C9%2, (1799553
study population included 129 LABC patients of South CYP2C9%31057916CYP2C19%2 /544085

India. (chromosome 10) with overall toxicity & 0.024)
and grade 2—4 leucopenia=£ 0.03)Tulsyanet al.,
Glutathione-S-transferase 2014b) The study population includedlll breast

cancer patients on cyclophosphamide-based NACT

A multi-analytical approach was employedilyan vy p>cg+3(rs10509681)CYP2C9*2(rs1799853),
et al, 2013) on theaGSTMland GSTT1deletion CYP2C9*3 (rs1057910) and CYP2C19*2

polymorphisms, andzSTP1l1lel%val (rs1695) (rs4244285) were the SNPs studied.
polymorphisms in 207 North Indian cases of histology-

proven invasive breast carcinoma who received 251 healthy unrelated North Indians were studied
anthracycline-based chemotherapTM1 GSTT1  and the frequencies @fYP2C8*2 CYP2C8*3 and
and GSTPlare members of the glutathiol®e- CYP2C8*4as 3, 4, and 4%, respectively were
transferase (GST) super family of the phase Il reported (Minhaset al, 2013). The genotype and
metabolic enzymes. The results showed that theallele frequencies differed from that of South Indian
patients witleSTM1null-GSTP1lle/Val had better  and other global population.

response rates to NACPH & 0.032) and patients
with lle/Val and lle/\al + Val/Val genotypes of the
GSTP1lel%val (rs1695) polymorphism were more tetrahydrofolate reductas®THFR) and NADH-

commonly associated with grade 2-4anenfiae quinone oxidoreductaseNQOJ) genes were
0.019,p :36 027) g s ( analysed (Chaturvedt al, 2015) in 1L5 breast cancer

Genetic polymorphisms in methylene
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patients receiving FECAC/FMC (5-FU, epirubicin/  The observed frequencies of tB&P19A1minor
adriamycin/methotrexate, and cyclophosphamide) alleles for the SNPs rs4646 (T), rs10046 (T), rs700519
combination NACT They concluded that patients (T), rs700518 (G), rs727479 (G), rs4775936 (T),
with TT genotype oNQO1 (609C>T variant) had  rs10459592 (G), rs749292 (A), rs6493497 (T), and
more chances of getting chemotherapy-inducedrs7176005 (A) were 41.1 (35.8-46.4), 20.0 (15.6-24.3),
toxicity of grade 2-4 (OR: 0.33,95% CI: 0.13-0.88, 33.7 (28.6-38.9), 17.8 (13.6-21.9), 25.8 (21.0-30.5),
=0.027) and anemia of grade 2-4 (OR: 0.34,95% CI:19.9 (15.6-24.3), 33.7 (28.6-38.9), 24.9 (20.2-29.5),
0.12 to 0.95p = 0.041). Howeverno association  35.9 (30.7 41.1), and 35.9 (30.7-41.1), respectively
was seen with either response to NACT or drug- The most common haplotype (H1) was
induced toxicity in patients with polymorphisms in  GCTATCTGTG with a frequency of about 17.8%.

MTHFR gene (677C>T).
g ( ) Similarly, T-cell leukemia 1A(TCL1A gene,

It has been reported that clinical response towhich was found to be associated with
LABC patients (n = 170) on anthracycline-based musculoskeletal toxicity risk while oAls, waslso
NACT could be partially determined by the p53 tumor evaluated (Umamaheswara al.,, 2014). By
suppressor gene 72 codon polymorphism (P5379G>A)studying 247 unrelated healthy South Indians, the
(RR: 0.2972, 95% CI: 0.078 to 1.122,= 0.03) incidence of polymorphic variant allele (G) frequencies

(Gopinathet al,, 2017). of rs7158782, rs7159713, rs2369049 and849538
_ was determined as 22.1%, 23.5%, 18.2% and 22.9%,
Tamoxifen respectively

Tamoxifen is a selective estrogen receptor modulator Also reported the allele and genotype frequency
used as an adjuvant hormonal therapy to prevenijistripution ofCYP19AlandTCL1Agenes iffamil
recurrence in estrogen receptor positive (ER +ye) population was also reported (Umamaheswatan
b_reast cancer and to prevent breast cancer in highy| 2015a). The polymorphic variant allele frequencies
risk women. CYP2D6 enzyme, encoded by the genegf cyp19AWwere 42.3% (rs4646, T), 18% (rs10046,
CYP2DG6 plays a key role in the biotransformation of T), 36% (rs700519, T), 16.7% (rs700518, G), 26.1%
tamoxifen to 4-hydroxytamoxifen and endoxifen (rs727479, G), 18% (rs4775936, T), 32% (1510459592,
which possess 30 to 100 times more potent anti-G), 15.3% (rs1062033, C), 33.8% (rs749282,
estrogenic activity than tamoxifen. 40.1% (rs6493497, T) and 40.1% (rs7176005, G).
CYP2D6alleles*1 *2 *4. *5 and*10 in breast TCL1A gene aIIeIeOfrequenmes were 26.1‘:)/0
cancer patients (n = 141) on adjuvant tamoxifen ('S7158782, G), 27/"0(r57159713' G), 21.2%
therapy have been studied (Damodaseal, 2012).  (r$2369049, G) and 27.5% (0849538, G).
It was determined that patients with reduced

CYP2D6 activity due to genetic polymorphisms were
more commonly associated with increased risk of Acute lymphoblastic leukaemia (ALL) is one of the

Acute Lymphoblastic Leukemia

recurrence of breast cancer most common childhood cancers. In India,
o approximately 10,000 neWLL cases are being
Aromatase Inhibitors diagnosed every yeaThough cure rates have

improved drasticallythe number of children relapsing

Aromatase (CYP19A1) is involved in the )
after initial control has also increased.

bioconversion of androgens to estrogexsastrazole,
letrozole and exemestane are some of the aromatase  \aintenance therapy @fLL encompasses 6-
inhibitors (Als) which are the preferred anti-estrogen mercaptopurine (6-MP) as a major drligegenetic
agents for treating postmenopausal women with breasholymorphisms in thiopurin&methyltransferase
cancer (TPMT) gene and genes in relation to the folate
metabolic pathway have been studied (Doraketbu
al., 2012).The following genetic variants, vizCPII
C1561T (rs61886492RFC1 G80A (rs1051266),
CSHMTC1420T (rs1979277)YMS5-UTR 2R3R,

Haplotype structures and functional polymorphic
variants of the drug target enzyme aromatase
(CYP19A) were determineth 163 healthy subjects
of South Indian origin (Umamaheswastral, 2013).
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TYMS3'-UTR ins6/del6MTHFRC677T(rs180133) pathway The children were treated with a 4-week
andMTRA2756G (rs1805087) of the folate pathway induction therapy with intravenous vincristine and
and also the SNPsTPMTwerealsostudied. TPMT  daunomycin (on days 0, 7, 14 and 21), oral
catalyzes th&methylation of 6-MP which accounts prednisolone (days 0-28) and L-asparaginase (days
for the efficacy and toxicity of 6-MP treatment. 2, 4, 6, 8, 10, 12, 14, 16 and 18) and intrathecal
GCPII codes for GCPIlI which acts as folate methotrexate (days 0, 7 and 28) following the uniform
hydrolase that converts folyl polyglutamate into folyl Children’s Cancer Group (CCG)-1961 based
monoglutamates, thereby facilitating intestinal chemotherapy protocol.

absorption of folate. RFC1 (reduced folate carrier-1, _ . _ _
SLC29A1) determines the transport of folate, 6-MP | The antlcaqcer activity of Mix IS due to its
and methotrexate (Mtx) across red blood cell inhibitory potential of the enzyme dihydrofolate

membranes. Thymidylate synthase (TYMS) catalyzeserU(:t""si/l(DL_:FR)(;I ShOUIh Indmih"‘ patients V,th
the synthesis of thymidylate from uridylate in the WE'® 0N Mix-based therapy (n = #@gre recruite

presence of 5,10-methylefféHF. Ninety sixALL and it wasfgﬁr;dR%ulgilaéthoge patients W'th G(;
children who were receiving maintenance therapy g(_errllo'typeo q '-k oA > vlar|ant Werg assomatoe
with 6-MP and Mtx were recruited. The results WIth Increased ris LL relapse (RR: 2.25, 95%

portrayed independent associatioG@P!l C1561T Cl: 1.38to 3.6p'= 0.02)' and Ipwer overall survival
with 6-MP-mediated toxicity [Adjusted OR: 5.14 (1.2g 2nd also the patients with variants -34¥ and -680

to 20.67)]With the aid of multifactor dimensionality CA of DHFR gene were associated with severe
reduction analysis it was found that the following leucopeniajf < 0.05) (Kodidelzet al, 2015).
interactions synergistically increased the toxicity of The normative allele and genotype distribution
6-MP, such asTPMT*12 x RFC1 G80A; TPMT  of DHFR variants in unrelated healthy Indian
CTTAT haplotype xRFC1 G80A; TPMT CTTAT  population (n = 235) were also reported The frequency
haplotype x RFC1 G80A ¥YMS2R3R. of DHFR -317G and -68@ alleles was found to be

Thegenotype distribution afPMTwas reported 33'3?’ anzcé 569'8%’ respectively (Kodidela and
after following 72 children with newly diagnosétL; Pradhan, 2016).

three (4.2%) of them were heterozygousTemT A subset of high-riskLL children receive higher
(Lingaetal, 2014)Among the heterozygous variants doses of Mtx of more than 1000 m@/rasulting in
one each (33.3%) were heterozygous for 2A (G238C),more pronounced toxicities of Mtx. Genetic mutations
3B (G460A), 3C (A719G). can predict the occurrence of Mtx toxiciGhildren

A novel genetic variant in nucleoside with ALL on high-dose Mtx therapy (n = 2jere

diphosphate-linked moiety X-type motif 18YDT15 studiedandit was concluded that there were more
gene was found to be strongly associated Withreq'uirem(_ent for packed red cell f[ransfusions in
thiopurine intolerance (Shaal, 2017). In the stugy pafuer_lts WI'[H\/|THFR].298 polymorphlsr_ns (3.4 _3'6

it was noted that 6 out of 9 patients who NagDT15 units in 1298 mutationss.0.9 + _1.6 units in 1298 wild
variant developed thiopurine-induced leukopenia genotypep = 0.03) (Roy Mouliket al, 2016).
whereas none of the other 60 pgtients without ~honic Myeloid Leukemia

NUDT15variant developed leukopenja< 0.0001);

total number of subjects were 69. Chronic myeloid leukemia (CML) is a
myeloproliferative disease in which there is neoplastic
proliferation of pluripotent hematopoietic stem cell. It
is characterized by the presence of Philadelphia
chromosome (Ph) that occurs following a balanced
reciprocal translocation between chromosomes 9

150 children wittALL were studied and it was
reported that children wittMTHFR 677C>T
polymorphisms and1298A>C polymorphisms had a
greater incidence of febrile neutropernpa<(0.0001)

and mucositisg(< 0.007), respectively (Roy Moulik ¢ nt4ining thébelson murine leukemia\BL) gene

et al, 2015). MTHFR catalyzesAb-dependent 5,455 containing the breakpoint cluster reg&@R)
reduction of 5,10-methylene THF to 5-methyl THF gene [t (9; 22) (q34: d}]. The consequerBCR-

which is an important step in the folate metabolic g 1 fysion gene codes for BCR-ABL1 fusion
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protein (p210), which has intrinsic tyrosine kinase A study on chronic phase CML patients (n =
activity and plays a key role in the pathogenesis of 160) revealed that patients wiBLCO1B3334TT
CML. genotype had a higher risk of failure of cytogenetic
. . response (OR: 13.36, 95% CI: 0.622 to 28p.2,
Imatinib mesylate, a specific small molecule 0.04), compared to those W CO1BB34GT/GG

competitive tyrosine kinase inhibit@ the current drug genotype; rather patients wigh CO1BB34GT/GG
of choice for CML.TheATP-binding cassette (ABC) (OR: 0 1’27 95% CI: 0.016 to 1.008,= 0.04)

transmembrane Riix transporter P-glycoprotein 1 genotype was found to be associated with a lower

(P-gp) functions as a substrate to imatinib. The gene.\ association to cytogenetic response (L,

forwhich is Iocat(_ad on chromosome 7 (7921.1), viz., 2017). TheSLCO1B3gene codes for the organic
the multidrug resistance-MDR1) gene also known anion-transporting polypeptide 1B3 (DALB3) which
asABCB1gene. plays a pivotal role in the influx transport of imatinib.

ABCB13435 C>T (rs1045642ABCB12677
G>T/A (rs2032582)ABCG2421 C>A(rs2231.442)
andOCT11022 C>T(rs2282143)0CT11222A>G

It was concluded in a studigat chronic-phase
CML patients with CC genotype fMDR1-C1236T
polymorphism were at significantly higher risk for
(rs628031),0CT1 1386 C>A (rs622342) were the cytogenetic relapse (OR: 4.382, 95% CI: 1.145 to

SN_PS studied .(Francist a!.2015a) in 11 CML 16.774p=0.022), while those with TT genotype for
patients (chronic phase) with a stable dose (400 rng)l\/IDRl-C3435T polymorphism had significantly lower

of :;n:gg'g Nong\ _ofﬂthe SNCF_I)_S in the effluk§CB1 risk of relapse (OR: 0.309, 95% CI: 0.134 to 0.708,
an 2 and influx OCT]) transporter genes =0.005). The study patients were on imatinib therapy

was found to be associated with imatinib mesylate ;1,2 completed five years of follow-up, after
induced thrombocytopenia. starting with imatinib (Harivenkatest al, 2017a).

It has also been reportatiat only ABCB1

Another study by the above authors propounded
C3435T =0.001) was found to influence the overall y oy prop

valin C . a p dvina th that the plasma trough levels of imatinib was
survivatin MLpatlents (n=11) after studying t ? significantly higher in patients with GG genotype of
polymorphisms ilABCBJ OCT], andABCGgenes;  ~yp3a5a6986G p = 0.016) and TT genotype of

the gatienti with T alIeIZ hadhbetter_(:]v(e:ralll| SlurVi\éa;MDRl-03435T b = 0.013) SNPs (Harivenkatesh
(54. hmorI:[ ) Con;lpa;i“;\%éggzz\qnc Asah ele 514 “al., 2017b). Their results also showed that there was
months). Howevethe >ASNOWED 4 higher risk for failure of imatinib therapy in patients

a significant association Wi_th complete cytogenetic with AA genotype ofCYP3A5A6986G (RR: 1.448,
responsef(= 0.035) (Francigt al, 2015b). 95% Cl:1.126 to 1.86( = 0.029) and CC genotype

CML patients (n = 86) were recruited and of MDR1-C1236T (RR: 1.397, 95% CI: 1.066 to
genotyped for C12361G2677Tand C3435TSNPs  1.831,p=0.06) &MDR1-C3435T (RR: 1.508, 95%
of ABCB1gene. Imatinib resistance was found to be Cl: 1.186 to 1.917p = 0.018). CYP3A5 is involved
more frequent in patients with TT genotype of C1236T in the bio-activation of imatinib to CGP74588.

tg?]r;],:(n thos? VZV(i)tTSCT/ CC genotypes=0.003) A large study in 652 unrelated healthy volunteers
( Ikaraet al., )- of South Indian origin (Andhra Pradesh, Karnataka,

Healthy unrelated Maharashtrian individuals (n Kerala andTamil Nadu) was performed to assess
= 222) residing in theidarbha region of central India  the genetic polymorphisms of drug-metabolizing phase
were enrolled for assessing the allele and genotypd €nzymes CYP2E1, CYP2A6 and CYP3AS.
frequency distribution okBCB1gene polymorphisms ~CYP2E1*1B CYP2E1*5Band CYP2E1*6alleles
(C3435T and C1236T) (Pramarekal, 2014). The  Were noted to be in 14.3, 1.3 and 22.4% of the
results showed that the genotype distributions of Population, respectively; the frequencies of
Maharashtrians did not differ significantly from that CYP2A6*2 CYP2A6*4Aand CYP2A6*5alleles

of Guijarati Indians in Houstorfexas (as per the Wwere found to be 1, 8.9 and 0.7%, respectively;
HapMap database). CYP3A5*3allele was seen in 63.5% of the patients.

The variant alleles o€YP3A5*2 CYP3A5*4and
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CYP3A5*6were absent in South Indian population 500 male HNSCC patienté North Indian origin

(Krishna Kumaret al, 2012). receiving chemotherapy (cisplatin and 5-FU) or
combination of chemotherapy and radio thenapye

Colorectal Cancer recruited (Dhawanet al, 2017). The trial results

Colorectal cancer is place# dmong the deaths due SNowed that patients with variant genotypes of
to cancer worldwide. Capecitabine, an oral pro-drug | PMT*38 TPMT*3Cor DPD [VS14+1G>A were

of 5-FU, along with oxaliplatin (CAPOX) is a standard "€SPonding poorly

treatment option in advanced CRC and as an adjuvanM iscellaneous Cancers

therapy in colon cancemlDihydropyrimidine

dehydrogenase (DPD), encodedDRYD gene, is  Gemcitabine, a pyrimidine antimetabolite, is widely

the metabolizing enzyme involved in the breakdown used for treatment of solid breast, colon, lung and
of 5-FU. colorectal tumors in India. Gemcitabine after exerting

its cytotoxic effects on cancer cells undergoes rapid

The genotype and allelic frequencies of 22 gegradation by virtue of the enzyme cytidine
intronic, synonymous and nonsynonymous SNPS ingeaminase (CDA). CDA activity determines the
the DPYDgene has been documenbsdevaluating  ccurrence of toxicity with gemcitabine; lower activity
a healthy Indian cohort of 50 [66% Maharashtrians of cpA leads to disproportionate accumulation of
(Southwest Indians), 18% South Indians, 12% North active metabolites therefore leading to adverse effects.
Indians and 4% Gujarat is @st)] (lyeret al, 2015). The genotype distribution of the SNPGIDA gene,
i.e., the variants in 79A>C and ¢.325-209T>C were

the association OMITHFR genetic polymorphisms found to be 14% and 6% in the studied healthy
between normal and tumor tissues (Bail.,2014).  volunteers (n = 50) (lyest al, 2013).
They reported that the allele and genotype frequencies A study revealed that patients with non-
of C677TandA1298C inMTHFR gene difered  synonymous coding variant 79A>CQDAgene were
significantly between tumour tissues and matchedassociated with cytarabine (Ara-C) induced-
normal tissues in 155 colon cancer patients. The studycytotoxicity after studying 100 adult patients i
results emphasize the importance of tissue-specificnovo acute myeloid leukemia (AML) (Abrahagt
genotyping. al., 2012) AML is commonly managed withra-C
The effect of SNPhas been studieth TS in combination with daunorubicin. Like discussed

MTHFR DPYD and GSTP1genes on toxicity and ?:bove, CDAcauses the systemic deaminatioArai-
efficacy in CRC patients on CAPOX therafjhey '

observed that patients will52R/2R genotypes were North Indian cancer patients (n = 33) who were
not good responders to CAPOX theraplpwever on carboplatin-based chemotherapy for various
there was no association between the studied SNPsancers were genotyped BSTT 1null andMPO -

and occurrence of CAPOX-induced toxicities. Sample 463G>A polymorphisms (Baget al.2013).
size (n = 16) was a major limitation of this study Carboplatin, like other platinum compounds, act

An intriguing study was conducted to divulge

(Ramalakshmet al, 2016). through the genes involved in DNA detoxification.
One such gene is tihdPO gene which codes for the
Head and Neck Cancer lysosomal enzyme myeloperoxidase (MPO). MPO

has the propensity to generate reactive oxygen species

common cancers worldwida.study was conducted (ROS) which can exert CthtOXiC a_Lction on tissues.
in 100 male cases of head and neck squamous ceIThe results showed that patients wﬂh_var/ﬁatlele
carcinoma (HNSCC) on cisplatinum-based sequentialOf MPO '.463G?A had a lesser incidence of
chemo-radiotherapy and was concluded that thehematologlcal toxicity

polymorphisms in the gene coding for CYP2D6 could The genotype distribution of SNPs rs2740574
influence the chemotherapeutic respo@&P2D6*4 in CYP3A4*1Band rs776746 iilCYP3A5*3after
and CYP2D6*10were the variants which showed studying 126 South Indian lung cancer patients was
poor response in the study (Shuktaal, 2012). established (Subhaat al.,2015).

Head and neck cancer stand% &mong the most
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For the chemotherapy of high-risk (rs1045642) and the clinical phenotype and adverse
neuroblastoma, 18is retinoic acid (13-cisRA) has events to Mtx in the South Indian patients with RA (n
become an essential component. CYP3A5, CYP2C8= 336; 122 good responders and 107 each of partial
and UDP glucuronyl transferase (UGT) are enzymesé& non-responders) (Muralidharat al, 2015). The
involved in the metabolism of 13-cisRA. The SNPs MDR1 3435T allele was found to be associated with
in UGT2B7 CYP2C8*2/*3/*4 or CYP3A5*3 high RA disease activity (OR: 1.50, 95%CI: 1.06 to
genotype did not have any effect on 13-cisRA 2.13,p = 0.02). The heterozygolDR1 3435CT
pharmacokinetics. The study population included 36 genotype was associated with deforming disease (OR:
children less than 16 years of age on 160 rifglay 1.79,95% ClI: 1.1to0 2.88p = 0.02) and Mtx-induced

of 13-cisRA (Gotaet al.2016). adverse events (OR: 2.01, 95% CI: 1.15 to 352,
_ _ 0.01); howeverthe RApatients with this genotype
Immunological Disorders had lesser chance of developing infections (OR: 0.05,

0 . =
Rheumatoid Arthritis 95% CI: 0.006 to 0.46( = 0.002).

Indian RA patients (n = 322yere studiedor
12 SNPs in nine candidate genes of folate-Mtx
pathway The polymorphisms iiGGH (rs3758149),
SHMT1(rs1979277) and'S (rs34489327) were
associated with Mtx-related adverse events (Ghodke-
dPuraniket al.,2015). Patients withA allele inMTHFR
rs180131 (OR: 2.6, 95% CI: 1.1 to 587 0.02) and
RFC1rs1051266 (OR: 2.2, 95% CI: 1.1 to 445
457 North Indian RA patients (297 good and 0.03) were found to respond betteligher plasma
160 poor responders) on Mtx monotherapgre levels of Mtx were observed in patientssgessing
recruitedfor the first ever genome-wide analysis on TS’S’ UTR andSHMT1polymorphismsGGH coding
Mtx treatment response in RA patients (Senagtati  for\-glutamyl hydrolase is involved in the regeneration
al., 2014). They reported 10 new risk loci on the genesof Mtx from Mtx-PG andSHMT1coding for serine
related to Mtx response. The associations ofhydroxymethyltransferase-1 is involved in the
candidate genes, ViDHFR (OR: 1.44, 95% CI: 1.08  tetrahydrofolate (THF) to 5'10’-methylene THF
t0 1.93p=0.014) FPGS(OR: 0.73,95% Cl: 0.54 to  convesion reactions.
0.98,p=0.035), and YMS(OR: 1.48, 95% CI: 1.12
to 1.94,p = 0.005) with poor response to Mtx were
reaffirmed. FPGS codes for the enzyme folylpolyglut
amyl synthase which aids in the conversion of Mtx to
methotrexate polyglutamates (Mtx-PG).

The first choice of disease-modifying antirheumatic
drug (DMARD) for the management of rheumatoid
arthritis (RA) is Mtx owing to its high &tacy, low
toxicity, and long-term &brdability. But around 40%
of the patients initiated with Mtx do not respond
optimally. Hence, pharmacogenetic markers are nee
of the hour for predicting Mtx response to RA.

In another studyit was found that theATIC
347C>G gene polymorphism (rs2372536) was
associated with the development of Mtx-induced
gastrointestinal adversdegts in South Indiamamil
patients with RA (n = 319) (Muralidharast al.,

The RFC-1 80G>A gene polymorphism 2016b). Those patients with G allele (OR: 2.60, 95%
(rs1051266) was evaluated in 649 South Indiamil Cl: 1.27 10 5.35 = 0.01) or GG genotype (OR: 4.46,
population (327 patients with RA and 322 healthy 95% CI: 1.28 to 15.52p = 0.02) were found to
controls) (Muralidharaet al, 2016a)As discussed  experience gastrointestinal adverse effects of Mtx
earlief RFC-1 is a bidirectional anion exchanger which more frequently ATIC codes for the enzyme 5-
transports Mtx and folinic acid. They found that people aminoimidazole-4-carboxamide ribonucleotide
with heterozygousRFC-180 GA genotype less (AICAR) transformylase which is involved in the
frequently develop RA (OR: 0.69, 95 % CI: 0.50 to conversion oAICAR to 10-formyl-AICAR.
0.95,p=0.02). Howevemone of the genotypes were

: : . Recently it was also reported that the 28-bp
associated with neither Mtx treatment response nor, .
. tandem repeat polymorphism (rs34743033) and 6-bp
Mtx-induced adverse effects.

insertion/deletion polymorphism (rs34489327) ¥MS
However a positive relation was exposed gene were not found to influence the treatment
between theVIDR1 3435C>T gene polymorphism response to Mtx or the occurrence of Mtx-induced



Satus of Pharmacogenomics Res#ain India During the Last Fiveedrs 203

adverse effects. Their study included 254 patients withacetylators based on the genotypeN&{T2 gene.
RA of South IndiarTamil origin on Mtx (Muralidharan ~ Phenytoin metabolism can be inhibited by INH owing

et al, 2017). to its enzyme inhibiting propert trial divulged that
the patients with homozygous mutant alleles of the

Neurological Disorders variants, rs1041983 (C282T), rs1799929 (C481T),

Epilepsy rs1799931 (G857A), rs1799930 (G590A), rs1208
(A803G) and rs1801280 (T341C)NAT2gene were

Epilepsy affects six persons out of 1000 people in more prone for phenytoin toxicity (Adaé al.,2016).
India. Numerous anti-epileptic drugs (AEDs) with
different mechanisms of action are currently available.
However about 33% of the patients are found not to ggdium valproate being a broad-spectdED is
respond optimally t?AEDs and others experience effective against absence, myoclonic, and primarily
AEDs-associated adverse effects in excess.generalized tonic-clonic seizures. Uridine 5'-diphospho
th_ar_mac_ogenetlcs could be responsible for thes%lucuronosyl transferases (U§Tplay a major role
deficiencies. in the biotransformation reactions of valproate; as
glucuronidation is a key pathway in valproate
metabolism. UGT1 and UGT2 are the two main sub-
Indian patients with epilepsy on phenytoin (n = 259) families of the Phase Il UGTamily. The
were studied and significant association (OR: 2.6, polymorphism inUGT 1A6was studiedand found
95% CI: 1.19 to 5.7p = 0.008) between toxic thatthe North Indian epileptic patients (n = 100) with
phenytoin levels and the polymorphic variant alleles allelic mutants 541A>Gp(= 0.000§ or 552A>C p
CYP2C9*2and*3 was reported. It should be noted = 0.0002 in UGT1A6had a significant association
that phenytoin is predominantly metabolized by with sodium valproate toxicity (Munisamst al,
CYP2C9 enzymes (90%) and hence, variations in the2013). They also reported that elimination half-life of

CYP2C%ene influence the phenytoin plasma levels valproic acid was longep¢ 0.01) and the clearance
(Thakkaret al., 2012). rate was lowerpg< 0.01) in the poor metabolizers

o _ _ group of UGT1A6 (552A>C) polymorphism who
A similar study revealed that epilepsy patients showed comparatively more toxicity than in the

of ethnic Kashmiri population (n = 92) had a positive jiermediate metabolizers group or the extensive
association betwee@dYP2C9genotype (2 and*3) metabolizers group.

polymorphism and phenytoidUC,,. The

Valproate

Phenytoin

frequencies ofCYP2C9 *1 *2, and*3 alleles as Recentlythe genotype and allele distribution of
64%, 6.6% and 29.3% in healthy controls (n = 121) UGT1A6 SNPs in children (n = 80) aged 3 to 12
were also determined in that study (Kousaml., years diagnosed with epilepsy on valproate
2015). monotherapy for at least 1 month were studied (Jain

et al, 2015). They estimated the frequency of

The genotypic association with the phenytoin yGT1A6 T19GUGT1A6A541G andUGT1A6
plasma levels was reaffirmed in another study (Thakerassoc as TT (45%), TG (38.8%), and GG (16.3%);

etal.,2017).Toxic plasma concentrations of phenytoin 5 5 (48.8%) AG (38.8%), and GG (12.5%); aAd\

were seen more commqnly in patients with (43.8%),AC (40%), and CC (16.3%), respectively
CYP2C9*1/*3genotype (Adjusted OR: 3.36; 95%

Cl: 1.61t07.01). Other Genes Affecting AEDs Response

Patients with tuberculous meningitis (TBM) or A pilot study in 120 North Indian persons with epilepsy
tuberculoma develop seizures as a primary proposed that the genetic polymorphisms of the
complication in more than 50% of the cases. In thesepromoter regions df.-13-511C>T (rs16944) TNF-
neurological tuberculosis patients, isoniazid (INH) and «-308G>A (rs1800629) andlL-6-174G>C
phenytoin are often co-prescribed. INH is catalyzed (rs1800795) genes could influence the therapeutic
by N-acetyltransferase 2 (N2&) which exhibits two  response in patients with drug refractory epilepbg
distinct phenotype groups, viz., the slow and rapid results portrayed that the patients with 308G>A
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(rs1800629) SNP imMNF-« gene had a strong had a significant association with occurrence of foetal

association with drug refractory epilepgy<0.05) malformations§ = 0.0032). Similarlythe incidence

(Tiwari et al, 2012). of malformations was more in patients with poor
metabolizer allel&2 (p=0.007) and2*2 (p=0.005)

The genetic exprgssion of the .drug-efflux genotype ofCYP2C*19(Joseet al, 2014).
transporter P-glycoprotein (P-gp) can influence the

response t&ED therapy as P-gp is involved in the Carbamazepine (18.2%) and phenytoin (13.4%)
transport oAEDs. P-gp is a product &fT P-Binding were the common causative drugs in the occurrence
Cassette Subfamily B MembeKECBJ also known  of Stevens—Johnson syndrome (SJS) and toxic
as multi-drug resistance MPR1) gene.After epidermal necrolysis (TEN) in Indian populatién.
studying 220 newly diagnosed epileptic patiénisgs study concluded thaHLA-B*1502 is a strong
revealed that the risk of drug resistance wasdeterminant of occurrence of carbamazepine-induced
significantly higher in patients possessing TT genotype SJS/TEN in North Indian population (Aggarwet
when compared to carriers of the homozygous CCal., 2014).HLA gene codes for the human leukocyte
genotype of SNP C3435T ABCB1gene (OR: 2.34, antigen molecules which are crucial for antigen

95% CI: 1.942 to 1.32;p = 0.001) (Shaheest al, presentation to T cell receptor and responsible for
2014). subsequent triggering of immune response
On the similar lines, a study corroborated that Likewise, by following up 192 patients with

the ABCB134535CC genotype (OR: 4.5, 95% CI: epilepsy who were on carbamazepine as monotherapy
1.04 to 20.99) andBCB13435C allele (OR: 1.73; or in combination therapy it was ascertained that the
95% CI: 1.02 to 2.95) were significantly associated HLA-A*3101 can function as a marker for
with the treatment response. The enrolled patientscarbamazepine-induced adverse effects (Duraivel
with epilepsy were on phenytoin and/or phenobarbital al., 2015).

and/or carbamazepine (n £5) (Tauret al, 2014). A major studywas undertakeby recruiting 408

Along with MDR1 transporteranother  North Indian patients with epilepsy and genotyping
transporter by name Breast Cancer Related Proteirl55 SNPs in 12 genes from the ion channels and
(BCRP) is involved in the #fix of AEDs. BCRPis related gene sets and seven genes from synaptic
encoded by the gendBCG2 A study included  vesicle cycle (SVC). The subjects were on phenytoin,
patients of Malayalam speaking South Indian ancestrycarbamazepine, valproate, phenobarbitone, or their
comprising of mesial temporal lobe epilepsy with combinations/multi-therapy (Bagtetlal, 2016). The
hippocampal sclerosis (n = 259) (prototypeX&D- noteworthy findings were that patients wiéABRA1
resistant epilepsy); juvenile myoclonic epilepsy (n = andSCN1Agenetic variants showed robust haplotypic
201) (prototype foAED-responsive epilepsy); and and diplotypic associations with response to phenytoin.
healthy non-epileptic controls. None of the studied Diplotype analysis ofGABRAlvariants revealed
SNPs in neitheABCB1 (rs3213619, rs2214102, association of rs12658835|rs7735530(AG/AG) (
rs1202168, rsli28503, rs1922242, rs2032582 and valug, .. 0-034, OR: 3.75, 95% CI: 1.36 th.Q5)
rs1045642) noABCG2(rs223137 and rs22342) and rs12658835|rs7735530|rs7732641|rs2279020
genes were associated wAED-resistance (Balan (AGCA/AGCA) (p-valug, .5 0-035, OR: 2.48,
et al, 2014). 95% CI: 0.96 to 6.41) with recurrent seizui®@EN1A

haplotype rs6432860|rs3812718 (f@alu =
~ Theteratogenic potential of women akAEDS 050 O 5 75 950/<|J Cl: 1.39to (&5) a%é"ceﬁbefcratype
is two to three times more than their normal (ACIAC:p-value, = 0.034, OR: 6.42, 95% CI:
counterparts. Hence, the polymorphismaBCB, 1.10to 65.76) were further observed to be associated
CYP2C9CYP2C1%nd methylene tetrahydrpfolate with recurrent seizures’GABRALcodes for the
reductase NITHFR) genes were studied in 266 GABA and glutamate receptors aS€CN1Acodes

women with epilepgy; re_cruited either in the pre- ¢, e voltage-gated sodium channels(bunit type
pregnant stage or first trimester of pregnaridye 1). It should be noted that phenytoin exerts its
results showed that the patients with CC genotype of

antiepileptic effect by acting on the voltage-dependent
ABCB1Ex07 + 139C/T (rs1202168) polymorphism piep y 9 ge-dep



Satus of Pharmacogenomics Res#ain India During the Last Fiveedrs 205

sodium channels and also by potentiation of antipsychotics, atypical antipsychotic (AAPS) drugs
GABAergic neurotransmission. are the preferred choice for the treatment of
North Indi _ 351 it A schizophrenialt has beerdemonstrated that the
ort ‘n lan women (n = _ ) possessing % patients with the genotypic combination of four SNPs,
allele and ‘AA genotype of variant rs2606345 in  5ecqa7 DRD1)-rs10934254 DRD3)-rs878567
CYP1Algene with epilepsy were fou_nql to be poor (HTR1A-rs1176744 HTR3B would not show
requnders tAEDSZ CYPIAL enzymes involved in favorable response £AP therapyThe present study
the biotransformation of estrogens, i.e., estrone (El)Comlorised of three hundred and seventy one
and estradiol (E2) into hydroxylated derivatives, namely schizophrenia patients of South Indian orighRD

2-OH-E1 and 2-OH-E2, respectivelyaivaret al, andHTRare dopaminergic and serotonergic receptors

2016). And, E2 has been found to increase the genes; dopamine receptos &nd serotonin receptor

neuronal excitability in women with epilepsy and hence, 5-HT, , are the primary taets of most of thAAPS
2A

accentufation in th_e occurrence of seizuﬁe:toss_- (M. Guptaet al, 2013).

of-function mutation inCYP1Alcould result in

increased blood levels of E2 leading to drug refractory The clinical significance of antipsychotic
epilepsy response to clozapineas beendemonstrated

(Rajkumaret al, 2012); the study population included

Regentlyit waspropour!ded that the_re Was o 101 treatment-resistant schizophrenia (TRS) patients.
association wittHLA genotyping and levetiracetam- The minor alleles of both the SNPs on HER3A

?nduced cutan_eous adver;e drug reactions (CADRS)gene, viz., T allele in rs1062613 and G allele in
in North Indian epileptic patients (Bhargavi
Ramanujanet al.,2016). Out of 589 patients, there
were five patients with maculopapular exanthema
(MPE), two with SJS, and 1 with drug reaction It has beerestablished that the 120 base-pairs
eosinophilia and systemic symptoms (DRESS); so, in(bp) tandem duplication in tHeRD4 gene greatly
total therewere 8 cases of cCADRs. It was also notedinfluenced the occurrence of clozapine-induced
that patients withHLA-A*33:01were more prone to  sialorrhea in patients of South Indian ethnicity (n =

rs2276302, were significantly associated with good
clinical responses to clozaping= 0.02).

MPE though statistically insignificant. 95), who had been diagnosed with treatment-resistant
_ . schizophrenia (Rajagopet al, 2014). The patients
Schizophrenia who were on stable doses of clozapine for at least 12

The pharmacological management of schizophreniaVe€ks were recruited.

follows a trial and error method, as almost 70% of The synergistic associationPiKA (rs165854)
the patients do not show even a minimal therapeuticandGRM3(rs1468412) genetic polymorphisms with
response early on in treatment. Pharmacogenetic:boor antipsychotic response in South Indian
does play a role in these differential therapeutic schizophrenia patients with low severity of illness (OR:
responses. 12.4;95% CI: 3.69 to 41.68as beerlucidated (Kaur

et al, 2014). They genotyped 423 schizophrenia
clozapine, haloperidol and quetiapine also act asPatients for 48 SNPs from 5 different genes to confirm

substrates to the P-gp (MDR&)studycharacterized ~ NiS €pistasis. The patients were on typical
the favourable influence of the homozygous genotypesant'pSyChOt'Cs such as chlorpromazine, fluphenazine
of C3435T(rs1045642) (C@sTT; p = 0.0053) and or flupenthixol and atypical antipsychotics such as
G2677T/A(rs2032582) (G&/sTT: p = 0.0093) in clozapine, risperidone, olanzapine, ziprasidone,
ABCB1 The study subjects were Malayalam- guetiapine, aripiprazole, amisulpride, or levosulipride
speaking genetically homogenous Dravidian or combination of two or more typical/atypical

populations, particularly from the state of Kerala (n = @ntipsychotic - drugs. The biosynthesis of
192) (Mjayanet al, 2012). phosphatidylinositol-4, 5-bisphosphate is regulated by

PI14AKAwhose expression is necessary for exocytotic
Owing to less severe adverse reactions asfusion of synaptic vesicles (glutamate, dopamine) with
compared to the previously prescribed typical the plasma membrane thereby regulating the duration

Antipsychotics like risperidone, olanzapine,



206 Rekha Priyadarshini et al

of signal transduction of GPCRs. Wheré&aRM3 SLC6A4(44 base-pair insertion/deletion &t
regulates glutamate and dopamine transmission.  HTTLPR)] evaluated and response to escitalopram
in North Indian MDD patients (n = 55) was reported
(Basuet al, 2015). Howevethey found a significant
association between the side effect of memory loss
and the variant rs631(p = 0.03). SLC6A4(5-
HTTLPR codes for the serotonin transporter

However no significant associations were found
between the genotype, allele, or haplotype distributions
of the SNPs inGRIN1 ABCB1 andDRD4 genes
with antipsychotic drug respon&RINIcodes for the
glutamate receptor ionotropi-methyl D-aspartate
1 (Paiet al, 2015). Majority of the study subjects South Indian major depression patients with LL
were on either risperidone or olanzapine. genotype and kL, haplotype ofSLC6A4were

, _ _ _ . associated with a favorable treatment response to

Schizophrenia patients were studied from Indian fluoxetine. The promoter region of the serotonin
popu_lgtions of Indo-European (North Indian) and transporter geneSL.CB6AS encompasses a common
P raw_d@n (South_ Indla_m) descent (n = 742). Th_ey biallelic polymorphism, i.e., serotonin transporter gene-
identified that patients in the low severity group with linked polymorphic regionscHTTLPR (Manoharan
SNPsIinCCL2(rs4795893: OR = 1.79, 95% ClI: 1.27 et al, 2016). The biallelic variants are the short S
to 2.562,p = 7.62 x 16f; rs4586: OR = 1.74, 95% CI: allele and the long L allele consequent to the insertion/
1.2410 2.43 = 1.13 x 1) andGRIA4rs2513265: deletion. rs25531 (A > G) is a functional polymorphism

OR :.0'53’ 95% Cl: 0.36 10 0.7, .1'44 X 10] . within the L allele leading on to a triallelic variation
experienced incomplete responses with antipsychotic L, L.S)
A ! '

therapy (Jajodiat al, 2016). Similarlythe patients

in the high severity group were found to respond poorly Bipolar Disorder

if they possessed the SNPsADCY?2(rs1544938: ) _

OR =0.36,95% Cl: 0.19t0 0.65= 7.68 x 16/ and ~ One hundred and twenty two bipolar | disorder (BD)
NRG1(rs13250975: OR = 0.42, 95% CI: 0.23 to 0.79, Patients of Indian origin were included in a trial to

p=6.81x 16%; rs17716295: OR = 1.78, 95% Cl: 1.15 €xplore the association of serotonin transporter triallelic
t0 2.75p =8.71 x 169). 5-HTTLPRandSTn2 VNTR polymorphisms with

lithium prophylaxisSTin2 VNTR stands for variable
The influence of genetic varianBRD2(-141  number tandem repeats in the second intron of the
C Ins/Del; rs1799732) and SHTR2C (=759 C>T serotonin transporter gene. They elucidated that the
rs3813929) on the safety profile of risperidone was STin2 polymorphism strongly influenced the response
inquired After investigating 289 schizophrenic patients  to lithium (p = 0.02). Similarlythe haplotype consisting
on a risperidone-based therapy (4 to 8 mg/day; for aof the 10 repeat allele &Tin2 and the S allele &-

minimum period of 4 weeks), they opined that these HTTLPRwas associated with lithium responge=(
mutants were strongly associated with the rise inQ.01) (Tharooet al, 2013).

serum prolactin levels (OR: 10.45, 95% CI: 1.29 to

84.89,p = 0.004) (Alladiet al.,2017). The SNPs (rs17026688 and rs17026651) in the
geneGADLYJ, encoding the glutamate decarboxylase-
Major Depressive Disorder like protein 1, were not found to be associated with

Selecti : ke inhibi ss response to lithium therapy in BD patients of Indian
© e(':tlve.serotomn reuptake inhibitors (SSRIs) _areancestry; the trial was conducted in 151 BD patients
the first-line drugs for the management of major (Kotambailet al, 2015)

depressive disorder (MDD) patients. Howegadmost

35% of the patients have been found not to respondendocrine Disorders
optimally to SSRIs and also the time lag to significant

therapeutic outcome was substantial (more than 3Diabetes Méellitus

weeks). Hence, the necessity for identification of Around 415 million diabetes mellitus patients are

pharmacogenetlc markers for SSRI-based therapeu“%stimated to be present globally and India harbors
response in MDD patients arose.

around 69.2 million of them. Inter-individual genetic
No significant association between the SNPs composition has been shown to influence the variability
[HTR1A(rs6295),HTR2A(rs631 and rs6313) and  in the glycemic response. Polymorphismsin in genes
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encoding various diabetic drug metabolizing enzymes,events in South Indian patients with type 2 diabetes
drug transporters and receptors have been found tanellitus (n = 80).ABCB1gene codes for the P-
be associated with the efficacy and toxicity of various glycoprotein for which the substrate is glibenclamide
antidiabetic drugs. (Surendiraret al, 2015).

Metformin CYP enzymes, particularly CYP2C8 and
CYP2C9 are involved in the metabolism of
The clinical significance of the organic cation gntidiabetic drugs. Drugs like pioglitazone and
transporter 1 (OCT1) also known as SLC22A1, repaglinide are metabolized by CYP2C8; glimepiride
encoded by th&LC22Al1gene has beeiillustrated and glipizide are metabolized by CYP2CY¥.P2C8*3
(Umamaheswaraet al., 2915b) They studied the (rs10509681) an@YP2C9*2(rs1799853) genotype
SNP rs6223423L.C22A} in a cohort of 122 South  frequencies were determined in North Indian type 2

Indian type 2 diabetes mellitus patients on metformin gigpetes mellitus patients (n = 360) (Maldial.,
monotherapy Patients with the variant C allele 2016). The frequencies were found to be 0%, 92.8%
responded poorly compared to those véithllele, and 7.2% for CC, TT and CT genotypes of

i.e., metformin responders (ACI 22.6%; CC: 4.3%) CYP2C8*3and 3.1%, 12.5% and 84.4% for GX&
possessed lesser number of C alleles compared tgng CA genotypes @BYP2C9*2

non-responders (AC: 44.8%; CC: 13.8%). Metformin
being a monovalent cation depends on theseMiscellaneous
transporters (OGT) for the hepatic uptake and renal

transport. Two SNPs, viz.T-786C and G894Were genotyped

in the endothelial nitric oxide synthagNO$ gene

Recently the genotypic and allelic frequencies and a variable number tandem repeat polymorphism
of the SLC47A1rs2289669) andSLC47A2 (aa 27VNTR bb) in North Indian type 2 diabetic
(rs12943590) gene polymorphisms in South Indian mellitus patients (Cheeng al, 2013). It was a case
population (n = 102) were establish&d.C47Aland control study with cases (n = 320) having diabetic
SLC47A2are the genes coding for the transporters nephropathy (DN) and controls (n = 490) without DN.
MATE1 (multidrug and toxin extrusion protein) and All the subjects were on angiotensin converting
MATEZ2/2-K, respectively; involved in the flefx enzyme inhibitors (ACEI) or angiotensin receptor
transport of metformin across the liver and kidney blockers (ARB) therapyThe results showed that
The unique finding was that, in contrast to other those patients witeNOS-786 CC genotype and
populations, the minor allele BLC47Algene was  haplotypes C-b-G and C-b-T had a lesser
found to be G with a frequency of 46.6% in South renoprotective responseAGEI and the same genetic
Indian population (Ragt al, 2017). subset of patients on the contrary had a better
renoprotective response ACEI/ARB if they are

The allele and genotype frequency of the genetic macroalbuminuric.

variant rs1212617 in ataxia telangiectasia mutated
(ATM) gene was determined ifWanathanet al, Infectious Diseases
2014).The ATM gene is involved in the functioning

of 5’-adenosine monophosphate activated proteinAIDS

kinase (AMPK) the major target of metformin. In
the studied healthy volunteers from South India (n =
112), the frequency of majd allele was 65% and
the minor C allele was 35%.

The management of patients with HIV/AIDS infection
relies heavily on the highly active antiretroviral (AR
therapy (HAAR). The ARV drugs are highly toxic
and are associated with numerous adverse drug
Sulfonylureas and Others reactions owing to which many patients require
withdrawal of the drug or even discontinue the
It has beemeported that there was no association treatment resulting in treatment failuRVs are
betweemABCB1C3435T genetic polymorphismand commonly associated with hepatotoxicity due to
therapeutic response to glibenclamide, plasmaintensified oxidative stress to the hepatocytes; genetic
glibenclamide levels and the occurrence of adversepolymorphisms in the Phase 1 and Phase 2 drug
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metabolizing enzymes could be one of the determinanteven in the combined hetero-muta@tyP2C9*1*2
of occurrence of hepatotoxicity and CYP2C9*1*3 and homo-mutantQYP2C

. . _ 9*3*3) patients the CYP2C9 enzyme was found to
As discussed previouslyglutathioneS be inducedjf < 0.05)

transferase (GST) family of enzymes are Phase Il

conjugating enzymes involved in the detoxification of In the similar way the influence oATT on
ARVs by catalyzing the oxidation of glutathione. CYP2C19 enzyme activity in genetically polymorphic
GSTM1null, GSTT1null and GSTP1313A/G newly diagnosed tuberculosis South Indiamilian
polymorphisms in 165 HRpositive patients oART patients (n = 125)as describe@Xavieret al, 2016).
werestudiedThese patients were on non-nucleoside The patients were genotyped f@yP2C19*2
reverse transcriptase inhibitor (NNR basedARV (rs4244285),CYP2C19*3 (rs4986893) and
therapy (AR) regimen (Efavirenz, n = 23; CYP2C19*17lleles (rs12248560)Vith omeprazole
Nevirapine, n =142). Patients wi@STM21null and (20 mg) as the probe drug, the findings revealed that
GSTTInull were significantly associated with the risk the percentage reduction in omeprazole hydroxylation
of hepatotoxicity j§ = 0.004, OR = 2.67) owing to a index (OHI) was highest with poor metabolizers (84.1,
synergistic gene-gene interaction (Sieghl, 2017a). IQR: 74.6 to 86.6), compared to that of ultra-rapid
metabolizers (39.6, IQR: 12.7 to 54.7) in whom it was
lowest. OHI tells about the phenotype of CYP2C19
enzyme. Howevelike in the above studthe authors
conclude that the genetic polymorphisms in the
CYP2C1%ould not account for the interindividual
differences in induction.

The influence oCYPgene (Phase | enzymes)
polymorphisms on NNRs-associated hepatotoxicity
has also been describéu the same population.
rs4646903 (3801T/C i€YP1A1m}, rs1799853
(c.430C/T inCYP2C9*2, and rs1057910 (c.1075A/
C inCYP2C9*3 were the polymorphisms genotyped

(Singhet al, 2017b). Howevemone of the variants The frequency distribution €€YP2C19*17(-
were associated with th&RV-induced risk of  806C>T) allele and genotypess reporteéh South
development or severity of hepatotoxicity IndianTamilian population (n = 206); the occurrence
_ of this variant was high in the studied population
Tuberculosis (19.2%, 95% CI: 15.4 to 23.0%) (Anichaveehal,

The current incidence and prevalence of tuberculosis20122)- In another stugihe absence of copy number
(TB) in Indiais 171 and Zlper 1,00,000 population variations ofCYP2C19n the South Indian population

respectively Around 3 lakh patients succumb®s ~ Was also described (Anichavestial, 2012b).

in India every yearThe standard of care is Currently the prognosis 6fB has improved a
antituberculosis therapy A) which comprises ot due to the development offettive ATT with
rifampicin, isoniazid, pyrazinamide, ethambutol, and ghorterduration treatment regimens. Howe&¥ T-
streptomycin as the first line drugs. The minimal (g|ated adverse effects, especially the incidence of
duration of treatment is 6 months and during this periOdhepatotoxicity have plagued the successAdT.
the patient can be initiated on other noftAdrugs  Genetic make-up of an individual can determine the
for the management of co-existing diseases leadingjeyelopment of these side effects which are prevalent
on to drug-drug interactions. Rifampicin is a strong in the range from 1 to 36%. In a study comprising
pleiotropic CYP enzyme inducer while isoniazid isa 244 North IndianTB patients receivind\TT were
potent CYRenzyme inhibitar studied for the genetic polymorphisms @STM1
Newly diagnosed tuberculosis patients (n = 48) _GSTTlandCYPZE_lgenes and their fefct onAT T-
induced hepatotoxicity (Ambreet al, 2014). They

were recruiteé@nd phenytoin 300 mg was utilized as : _
found out that patients witBSTT1null genotype are

a probe drug for phenotyping CYP2C9 activity : A _
(Georgeet al, 2012). The patients were on rifampicin Mre prone tATT-induced hepatotoxicity (Adjusted-

10 mg/kg, isoniazid 5 mg/kg, pyrazinamide 25 mg/kg OR: 2-39; 95% CI: 1.06 t0 5.3p;= 0.04).

and ethambutol 15 mg/kg per dahe point of - Previouslyin a similar study iestern Indian

was induced irrespective of the genotype status, i.e.patients with eithe@STM1-nuligenotype§ < 0.02)
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or GSTTIgenotypef < 0.007) were associated with NorthIndia, South India, East Indi/est India,
the occurrence &TT-induced hepatotoxicity (\H. Central India and Northeast India were the six
Guptaet al, 2013). different geographic zones. In total SBT2 alleles

were identified and out of which 27 acetylator alleles

N-a_lcetyltra_nsferase ('\W) Is 'the_ pr_imary were noted; howevethe frequency distribution of
enzyme involved in the metabolism of isoniazid. It helps .\ (47+2.5%) and fast (53+2.3%) acetylators in

in the conversion of isoniazid into acetyl-isoniazid, ;..

which is further hydrolysed to produce this study was equal (Khat al, 2013).
acetylhydrazine. NA2 is also involved in the Cardiovascular Disorders
subsequent conversion of acetylhydrazine to

diacetylhydrazine, a non-toxic compouddpart of ~ Warfarin and Acenocoumarol
acetylhydrazine is also oxidized into hepatotoxic
intermediaries by CYP2EL. 33 Indian patients were
enrolled with antituberculosis drug hepatotoxicity
(ATDH) in a case-control study to identify the
influence of variants iMNNAT2 gene (rs1799929,
14240C>T rs1799930, 14349G>And rs1799931,
14616G>A) an€CYP2EIgene (rs2031920, 3979C>T)
OonATDH. The patients who contained the mutant
allele for the SNIPs1799930 ilNAT2 gene were found

to be positively associated withTDH (OR: 2.24,
95% CI: 1.31 to 3.84 = 0.007); whereas the other
variants were not found to influence the occurrence Cytochrome P450 family 2, subfamily C,
of ATDH. However it was also found that patients polypeptide 9 (CYP2C9) is the major enzyme involved
with two or more mutant alleles, a marker of slow in the metabolism of warfarin: almost 90% of

For the prevention and treatment of thromboembolic
events in patients with deep vein thrombosis, atrial
fibrillation, pulmonary embolism or mechanical valve
replacements anticoagulation therapy is necessary and
warfarin is the most commonly used agent for this
purpose Warfarin has a narrow safety mgar and
exerts a broad inter individual variability in dose
requirements; overestimation of dose causes bleeding
events and underestimation of dose results in
thromboembolic episodes.

acetylator status, had more incidencA®DH (OR:  warfarin's biotransformation into inactive derivatives
3.23,95% CI: 1.45t0 7.19,= 0.004) (Mishr@tal, is by CYP2C9Vitamin K epoxide reductase complex
2013). 1 (VKORC1) is the pharmacodynamic target for

warfarin. Variations in the warfarin dosage
grequirement for achieving the target therapeutic
anticoagulation in different populations is generally
due to the genetic polymorphisms in @éP2C%nd

entlrety_ b_y assessing an adult llnd|an populatlor_l (n :VKORC1genesWarfarin is one of the few drugs
181) originating in different regions [Maharashtrians . ) o
for which genetic testing is recommended before

E?lg’al\rll?jrglalrnsoelzlzg:lzl(i?ihs?:Lc])tl:lnl'[rsgil;irgi\}gr,]?lﬂlirsatls initiating therapy as per the United States Food and

n theNAT2gene, iz, S0 G 906, deaC > DUOATISIRon (o8 e
T, 341T> C, 282C =T, and 191G A were studied 9

and the overall frequency of the slow acetylator Pharmacogenomics Implementation Consortium

haplotypes was 65%, followed by 26% and 9% of (CPIC) gwdelmesf&nd in Indla numerous trials ha_lve
. . . . been undertaken in this field of pharmacogenetics of
intermediate and rapid acetylators, respectively

all the haplotypes studied, tH¢AT2*5B/*6A warfarin in the last few years.

haplotype, a slow acetylator allele, was of the highest The frequency distribution o€YP2C9*2
frequency (25%) (ifak et al, 2013). (C430T, rs1799853),CYP2C9*3 (A1075C,
rs1057910)VKORC1(-1639G>A, rs9923231) and
VKORC1(1173C>T, rs9934438) in the Indian
population (n = 100) was reported (Shatial, 2012).

By following up 83 patients (aortic or mitral valve
replacement) on warfarin anticoagulation they sy
propounded that the warfarin dosage requirement was

As discussed above, the emphasis of evaluatin
theNAT2 genetic status in the Indian population was
realized.The NAT2 gene wasequencedn its

A similar study in the same year was conducted
wherein 250 Indians from six different geographic
zones [including three tribes inhabiting Odisha (East
India)] were genotyped for the SNPs 282C>T
341T>C, 481C>590G>A, 803A>G and 857G>A
NATZ2 gene.
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decreasing proportionately from the wild type

In males, warfarin dose =-(0.1013885349 x age)

genotypes to heterozygous genotypes in all the four+ (1.449999606 x BMI) + (8.054730665 x
studied SNPs. The actual stable therapeutic dos€CYP2C9*9 + (1.726919455 >CYP2C9*3 -
reached and the calculated dose for each group waé4.437335987 ®WKORC1*3 - (2.771903482 x

found to be correlated (r = 0.51< 0.001). Based on
the international normalized ratio (INR) data available

VKORC1*) + (1.511628517 xVKORC1-1639) +

(1.570215716 €YP4F2V433M) +(2.409742997 x

for 26 patients, it was noted that higher the incidenceGGCX + (11.05198035 X YP2C9*§ + 7.970140851

of variant alleles in individual patients more was the

INR; hence, the implication is warfarin dose has to

be reduced in these patients.

An Indian population-specific pharmacogenomic
algorithm to optimize warfarin dosing was put forward
(Pavaniet al., (2012a); a total of 240 patients on
warfarin were included in the studg€YP2C9*2
(Arg144Cys),CYP2C9*3(lle359Leu),VKORC1*3
(9041 G>A),VKORC1*4(6009 C>T),VKORC1
p.D36Y (5417 G4T) and/KORC1(-1639 G>A)

In females, warfarin dose = - (0.05440552061
x age) - (0.2938201651 x BMI) - (1.576151039 x
CYP2C9*) - (5.950436495 xCYP2C9*3 +
(2.983528309 »KORC1*3 + (8.699010214 x
VKORC1*4 - (11.00733747 xWKORC1-1639) -
(2.282918521 €YP4F2V433M) - (4.097105716 x
GGCX - (2.96671589 £€YP2C9*§ + 44.53497515

The current pharmacogenomic algorithms had
the ability to account for 61% of the variability in

were the explored variants. The algorithm postulatedwarfarin dose requirements compared to their previous

by them is as follows,

Predicted warfarin dose (mg per week) = -

algorithm (44.9%). Like in the above stydye
pharmacogenomic predicted dose showed greater
accuracy sensitivity specificity and lower rate of

(0.1850797953 x age) + (8.107223532 x male gender)pverestimation and underestimation compared to that
+(0.1390121899 x body mass index) + (6.6977698560f standard empirical dosing. The model was also

x CYP2C9*3 - (8.275810018 >CYP2C9*3 -
(10.72676854 YKORC1*3 + (8.873462677 x
VKORC1*4 + (11.14958922 ¥ KORC1-1639 G>A)
- (4.824633754 x vitamin K intake) + 34.9588747.

The dose predicted by them had a significantly
positive correlation with other algorithms, such as the

Wadelius algorithm (r = 0.5@y< 0.0001), the Gage
algorithm (r = 0.23p = 0.004) and the IWPC
algorithm (r = 0.31p < 0.005) And also the predicted
dose of warfarin correlated well with the therapeutic
dose (r = 0.64p < 0.0001). The newly developed

found to prolong time in therapeutic range and
minimize out-of-range INRs. The ge@P4F2is
involved in the functioning of vitamin K mono-oxidase
and GGCX gene is responsible for vitamin K-
dependent carboxylation.

Later, it was found that the pharmacogenomic
algorithm for warfarin dosing extrapolated by multiple
polynomial regression (MPR) was superior to multiple
linear regression (MLR) (Pavast al, 2014). The
predicted dose computed by MPR model was better
correlated to therapeutic dose (r = 0¥820.52);

algorithm also possessed better characteristicsexhibited better diagnostic utility in differentiating the
compared to that of dosing based on the clinical datawarfarin-sensitive and warfarin-resistant patients

like in overall accuracy in predicting warfarin dose
(89% vs 51%), sensitivity (87%vs 52%) and
specificity (93%vs 50%); similarly the rate of
overestimation (6%s 50%) and underestimation
(13% vs 48%) were considerably lower with the
algorithm.

An expanded genetic algorithm for warfarin
dosinghas also been describeglstudying 243 South
Indian patients on warfarin therapy for valve
replacement, deep vein thrombosis or atrial fibrillation
(Pavankt al, 2012b)The algorithms given by them
are,

(area under the receiver operating characteristic
curves: 0.89vs 0.81) and lower rate of
underestimation (13.9s 20%) compared with the
MLR model.

Warfarin along with acenocoumarol and
phenprocoumon come under the coumarin class of
anticoagulants known as ‘coumarinic oral-
anticoagulants{COAs). Acenocoumarol is more
commonly used than warfarin as anticoagulant therapy
in North India. Hence, a population (North Indians, n
= 225) specific pharmacogenetic dosing algorithm for
acenocoumarol was proposed (Ratletral.,2012).
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By means of multiple regression analysis the daily start codon) along witiKORC1-1639G>A variation
warfarin dose can be predicted as, were on a higher dosage (> 7 mg/day) of warfarin

Shuklaet al, 2013).
Dose (mg/day) = 3.082-0.013 (smoking status, <2t 2 )

1 for smoker and O for non-smoker) — 0.433 (sex, 1 On similar lines, theolymorphismVKORC1-
for male and O for female)68-004 (age in years) + 1639 G>A was deduced to be a major determinant of
indication (0.327 for double valve replacement and —acenocoumarol dose requirement in South Indian
0.092 for atrial valve replacement) + 0.026 (height in population (Krishna Kumagt al, 2013). Their trial
centimetres) + 0.151 (weight in kilograms) — 7.660 included 170 patients on acenocoumarol therapy
(body surface area in @&n- 0.862 YKORC1GA) — following heart valve replacement gery. Subjects
2.257 YKORC1AA) — 0.049 CYP2C9*2CT) — who contained at least one variant allele of CYP2C9
0.456 CYP2C9*3AC) + 0.449 CYP4F2GA) + (*1*2 or *1*3) required a lower daily maintenance
0.230 CYP4F2AA) + 0.245 GGCXCG) + 1.055 dose of acenocoumarol (2.0 mg and 2.5 mg,
(GGCXGG). respectively) than those with normal CYP2CA
L _ genotype group (3.4 mgp & 0.05). InVKORC1
41.1% of the dosage variation with gene, the patients with wild GG genotype required

acenocoumarol could be explained by this dosinghigher dose (3.3 mg) as compared to those with the
algorithm < 0.001). There was also an improvement mutant genotypes G(®.3 mg) and\A (1.0 mg) p<

in various performance measures like sensitivity (76%0'001)_ In summarypatients with botYP2C9*1%2/

vs 51%), specificity (64%vs 49%), rate of .43 4ndyKORC1GA genotype required a lower
overestimation (22%s27%), rate of underestimation dose (2.46 mg) than those wig¥YP2C9*1*1and

(15% vs 2_3%), overa_ll_ accuracy (63%s 50%), VKORC1GG genotype (3.52 mgp & 0.0001).
accuracy in dug sensitive cases (60851%) and
accuracy in drug resistant cases (A2849%) with The ethno-geographically distinct North (n =209)
the new predictive model compared to the clinical and South Indian (n = 82) populations were studied
data. Only the variaMKORC1-1639G>A was found  for predicting the genetic variations influencing
to be strongly associated with acenocoumarolwarfarin response (Nahat al, 2013). The minor
sensitivity according to recessive model (OR: 4.42, allele frequency of South Indians (SI) and North
95% CI: 2.44 to 7.99). Indians (NI) were 0.6%v/s 5% (p < 0.001) in
CYP2C9*2 9% vs. 11% (p > 0.05) inCYP2C9*3
AsCYPAF21347 G>AandsGCX12970 C>G 14 1404ys. 19% p > 0.05) inVKORCL 1639A.

polymorphisms were part of the algorithm,. it was Owing to the increased frequency@YP2C9*2and
proposed to identify these SNP frequency in North .3\ ariants in NI (30.6%) compared to SI (15.9%)
Ilnodzlaas ??\d th?'r effect ondagggocogmarol do_s'ng'considerably larger proportion of NI were genetically
ealthy volunteers an . patients rece'\”n(~:’predisposed to warfarin-induced bleeding episodes or
acenocoumarol after cardiac valve replacementOver anticoagulation (INR > 3) as compared to S

surgery were included; the minor allele frequencies (RR: 1.93: 95% CI- 1.13 t0 3.30.= 0.012)
for the SNPs ilCYP4F2and GGCX were 43.1% T T et .

and 1.4%, respectively in the healthy population. Patients with wild typ& KORC1genotype (4.72
However the studied SNPs were not found to mg) had more warfarin dose requirements compared
influence the acenocoumarol dosing (Ratleiral, to both heterozygous (3.74 mg) and homozygous (2.07
2014). mg) mutantsg§ = 0.02). It was also deciphered that
_ _ . . patients witlvKORC1variants had 13.96 times more
South Indian patients on stabilized warfarin chance of developing a supra therapeutic INR than

therapy (n = 136vere recruitedaind genotyped for the patients with wild genotypes (OR: 13.96, 95% CI:
rs9923231 YKORCZ11639G>A), rs9934438 4.85 to 44.65) (Natarajazt al, 2013)

(VKORC11173C>T), rs1799853QYP2C9*3 and

rs1057910 CYP2C9*3 variants. They concluded A major study on six genetic variants [rs1799853
that those patients who had a novel mutation in the(CYP2C9*3, rs1057910 CYP2C9*3, rs2108622
promoter region of the KORC1gene, viz., insertion  (CYP4F2*3,rs7294,rs9923231 and rs99344380] in
of G at 3725 position (Ins-Ge1586 with respect to the three important genes involving 2680 individuals across
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24 ethnically diverse Indian sub-populations revealed About 62% of the variability in acenocoumarol
that majority of Indian subpopulations (except, the dosing could be attributed to the factors in the above
Tibeto-Burmans) may require higher doses of warfarin algorithm (adjusted R= 0.615p < 0.0001)Among

for attaining therapeutic INR or stable anticoagulation. the studied eight factors for acenocoumarol dosage
TheVKORC1-1639G>A displayed a higher degree prediction, the variant¥ KORC1(rs9923231) and

of variation across Indian subpopulations, with CYP2C9*3were the major decisive factors as they
frequencies as low as 6.5% in an out-group accounted for 28.6% and 16.4%, respectiveiyhe
subpopulation to >70% ifibeto-BurmansThe dosage variationWVild-type carriers o€YP2Cqi.e.,
frequency ofCYP4F2*3(V433M) was higher in  CYP2C9*1*1) 4.1mg had a higher daily
North Indians (30% to 44%) compared to other world acenocoumarol maintenanace dosage requirement
populations; similarlycompared to most otha&sian compared taCYP2C9*1*2(2.0 mg),CYP2C9*1*3
populations the frequency @YP2C9*3(I359L) in (1.6 mg), andCYP2C9*2*3 (1.5 mg) variant
North Indians was found to be greater (@iial, genotypesi{ < 0.0001).

2014a).
3) The genotype and allele frequencies of eight

A 49-year-old patient on low dose warfarin (2.5 SNPs inVKORC] viz., rs9923231 (G), rs7196161
mg/day) for the past 8 years presented with a lethal(T), rs2884737 (T), rs17708472 (C), rs9934438 (C),
subdural hematoma. The patient was found to possess8050894 (G), rs23596121 (C) and rs7294 (A) by
CYP2CQene polymorphism (*1/*3) with a PINR studying 204 healthy volunteersTdmilian descent
of 9 (Karniket al, 2014). was previously established. The frequency of the
_ _ haplotype HAP1 (GTTCCGCA) was found to be

Anqther pharmacoggnetlc algorithm for considerably higher (80%) compared to other 17
expllca_tlng v_varfarln maintenance dose was haplotypes which had a frequency of less than 8%
synthesizegKrishna Kumaret al, 2014), (Krishna Kumaret al, 2013a). In another studiy

Log,, dose = 0.656 — 0.18YKORC1 Was ascertained that the variant allele rs7294 in

rs9923231) + 0.003 (#ight) — 0.196CYP2C9*3 — VKORC1was (80.1%) more frequent and the variant
0.144 CYP2C9*3 + 0.083KORC1rs7294) — 0.003 allele CYP4F2*3was found to be 41.8% in South
(Age) + 0.033CYP4F2s 2108622) + 0.037 (Clinical  Indians. The study included 470 unrelated healthy
condition) — 0.074(KORC1rs 9934438) — 0.097 volunteers of South India (Krishna Kumar al.,
(VKORC1rs 2359612) — 0.13@GGCXrs 11676382)  2013D).

They studied 240 South Indian patients receiving Acenocoumarol-treated cerebral venous
stabilized warfarin therapyhe above algorithm could ~ thrombosis (CVT) patients (n = 476) were genotyped
explain for 62.1% of the overall inter-individual for CYP2C9*2andCYP2C9*3polymorphisms. Both
variation in warfarin daily maintenance dose. Patientsduring the initiation and maintenance phase of
with wild-type CYP2C9*1/*1 genotype (5.2 mg) anticoagulation the acenocoumarol dose requirement

required a higher daily maintenance dose comparedvas low in patients carryin@€YP2C9*2 or
to those withCYP2C9*1/*2(2.8 mg),*1/*3 (2.3 CYP2C9*3variant alleles. The adjusted ORs for the

mg) and*2/*3 (22 mg) variant genotype$)@ association of theCYP2C9*2variant with the
0.0001). likelihood of requiring a low acenocoumarol dose in
the initiation and maintenance phase were 5.38 (95%
An acenocoumarol-based pharmacogeneticCy: 1.65 to 17.49) and 19.67 (95% ClI: 2.46 to 157.19),
dosing algorithm for South Indian (Dravidian) respectively; similarlyfor theCYP2C9*3variant they
population (n = 230) was postulated by the samewere 12.79 (95% CI: 4.74 to 34.57) arid9B (95%
authors (Krishna Kumaet al, 2015). Cl: 2.61 to 55.08), respectively (¢ al, 2014).

Log,,dose = 0.436 —0.004 (age) + 0.018 (BMI) High prevalence o/KORC1*3(G9041A)
—0.239 YKORC1rs9923231) -0.163QYP2C9*3  genetic polymorphism in North Indians was
—-0.293 CYP2C9*3 + 0.043 CYP4F) -0.142  ascertained (Sehget al.,2015); the frequency was
(GGCX + 0.057 YKORC1rs7294). found to be 72%. The study population included 53
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patients with cardiac valve replacement and on clopidogrel into active metabolites; CYP2G49.9%),
acenocoumarol with stable INRcenocoumarol CYP1A2 (35.8%) and CYP2B6 (19.4%) aid in the
dosing requirements were lesser in patients with conversion of clopidogrel to 2-oxoclopidogrel. In the
CYP2C9*3(p = 0.03) orVKORC1*2(p = 0.02) next step, conversion of 2-oxoclopidogrel to its active
gene polymorphisms. thiol metabolite takes place in the presence of enzymes
viz., CYP3A4 and CYP3A5 (39.8%); CYP2B6

Recently another warfarin dosing prediction (32.9%): CYP2C19 (20.6%) and CYP2C9

algorithm was put forward by studying 300 warfarin-
treated Indian patients. The following equation was After analyzing 149 ischemic heart disease
generated based on the multiple regression analysispatients on clopidogrel maintenance therapy (75 mg
Square root of dose (mg) = 2.61 — 0.41 daily dose) it was revealed that the patients with
- o 2T CYP2C19*20r CYP2C19*3gene polymorphisms

(()Vé(BOEQZC;}?: 155?())9%6_ 93/2,% (ilé*géz_ 2‘58.(*1/ *3) __ had higher values of platelet impedance denoting
.86 ( ; )—0.86 ( )-0. (Age in years) higher residual platelet activities and hence, reduced

0.08 (diet) anti-platelet response to clopidogrel (Subetjal,

The above regression model was found to 2013). They divided patients into two groups viz.,
account for 67% of dose variability with warfari?(R ~ Group 1 comprising poor metabolizers (PM) &

= 0.67,p = 0.001) (Gaikwaet al, 2017). Intermediate metabolizers (IM) and Group 2
comprising extensive metabolizers (EM) & Ultra-rapid

Very recentlythe genetically diverseYP2C9 metabolizers (URM). CYP2C19*2/*2 and
variants in the Indian-subcontinent were studied usingcyp2C19*2/*3constitute PMCYP2C19*1/*2and

1278 subjects from 36 populations. The 36 populationscyp2C19*2/*17constitute IM: CYP2C19*1/*1
comprised subjects from the States of Jharkhand¢constitutes EM andCYP2C19*1/*17 and

Chhattisgarh, Madhya Pradesimdhra Pradesh, cyp2C19*17/*17constitute URM.

Tamilnadu, Karnataka, Uttar Pradesh, Jammu

Kashmir, Gujarat, Uttarakhand, Maharashtra, In a study on 102 healthy individuals and 26
Haryana, Nagaland and Mizoram; the studied variantsclopidogrel naive acute myocardial infarction (AMI)
were compared with the populations of 1000 genomepatients it was propounded that the patients with 3435T
project (Nizamuddiret al, 2017). The frequency of 0f MDR1 (52.4%),CYP2C19*2(681A, 35.2%), i-
CYP2C9*3(rs1057910ATT>CTT, 1359L) was  744C ofP,Y,, (8.8%) as well as wild type allele
observed to be higher (0 to 0.179) compared to othelCYP2C19*17(C806, 89.7%) were associated with
populations including the Europeans and the frequencydecreased response to clopidogrel (Sleakd, 2013).

of CYP2C9*3/*3was 0 to 0.05 in the Indian sub- And also the variant genotypes ©¥P2C19*2and
continent. They observed a novel non-synonymousi-T744C of P,Y,, were associated with impaired
mutation of L362V (rs57814497) DYP2C9*3 the response of clopidogrel to inhibit platelet aggregation
allele, heterozygous (L/V) and homozygous (V/V) compared to wild genotypes. The subjects were
mutant genotype frequencies were 0 to 5.6%, 0 toMaharashtrian, Gujarati and Marwadi in decreasing

3.7% and 0 to 3.7%, respectively number representing thiéestern region of India based
out of Mumbai. BY , is receptor folrADP which

Clopidogrel plays a major role in platelet activation and aggregation.

Patients with acute myocardial infarction and to One hundred and forty seven patients on 75 mg/

patients undergoing percutaneous coronaryday of clopidogrel as maintenance dose were recruited
intervention (PCI), clopidogrel, a platelet¥r,, and genotyped faZYP3A5*3(6986A>G). CYP3A5
receptor inhibitor is commonly administered to prevent accounts for the conversion of 2-oxoclopidogrel to its
the occurrence of adverse cardiovascular eventsactive thiol metaboliteRriyadharsiniet al, 2014)
There is a great interindividual variability in clopidogrel Clopidogrel resistance was assessediby-induced
response and more than 80% of which can beplatelet aggregation inhibition response; impedance
explained by genetic polymorphisms. The CYP values of >5 ohms at the end of 6 min were considered
enzyme system is involved in the bio-activation of as clopidogrel resistance. The risk of developing
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clopidogrel resistance was more in homomutants (OR:aggregation; whereas, t#BCB1 variant was not
2.78,p<0.05) and heteromutants (OR: 224 0.05) found to influence platelet aggregation.

of CYP3A5*3gene. _
Satins
Very recentlya significant associatiop € 0.05)

between the risk of development of coronary artery Statins are the most commonly prescribed
disease and the presence of i744T>C polymorphismcardiovascular drug worldwide and are indicated for

in P,Y,, gene was ascertained (Priyadharsinal, ~ the primary and secondary prevention of
2017). The study population included 221 healthy atherosclerotic cardiovascular diseases. Howéver
volunteers and 150 patientsTaimilian origin. therapeutic response to statins is not the same in all

individuals; this inter individual variability can be

A largest population-scale genetic epidemiology accounted by the genes related to pharmacokinetics
study was undertaken in 2128 Indo-Europeans [Punjakor pharmacodynamics of statins.

(225), Haryana (108), Delhi (207), Uttar Pradesh
(1098) and Bihar (267)] residing in North India for Indian patients (n = 177) treated with 10 mg of
presence of mutants associated with pharmacciiorvastatin for 8 weeks were recruiwad it was
genetics of clopidogrel (Gigt al, 2014b). Genetic ~ found that the patients possessing wild-type genotypes
variants OCYPZCQ*KI’S 1799853, C>prp2c9*3 of CYP7A1(rs3808607),CYP3A4(r32740574),
(rs1057910A>C) andP2RY1(rs 701265A>G) were SLCO1B1(rs2306283) and variant allele-carrying
found to occur more commonly in North Indians than 9enotypes oABCB1(rs2032582, rs1045642) showed
in the other world populations (1000 Genome significantly greater LDL-cholesterol reductions in
population & HapMap population). Whereas, the fésponse to atorvastatin therapy (Kaddmil, 2016).
variantsABCB1 (rs 1045642 A>G), CYP1A2 CYP7Al codes for the cholesterol-7-alpha-
(rs762551A>C), CYP2C19*2Qrs12571421A>G), hydroxylase enzyme involved in the cholesterol
CYP3AS(rs 776746, C>T) anBON1(rs 662, T>C) synthesis pathwaySLCO1Blcodes for the
were found to occur less frequentfhe increased ~ transporter solute carrier organic anion transporter
clopidogrel responsiveness seen in North Indian couldf@mily, member 1B1 (SLCO1B1).

be due to the presence of complex functional
interactions in these variants resulting in improved
clopidogrel absorption and active metabolite formation.

The Influence of SNPin ‘Sterol Regulatory
Element-binding Factors Cleavage-activating
Protein’ (SCAP) gene

The genetic distribution @YP2C19n North- 16 |nfluence of SNP in ‘Sterol Regulatory Element-
East population .of India with cardlt_)vascular dlseasesbinding Factors Cleavage-activating Protein’ (SCAP)
(n =60) was delineated (Prasaretial., 2013). They  gone0n lipid-lowering response to rosuvastatin in

found thft the mutant allele frequency for 450 patients with metabolic syndrome (n = 63) was
CYP2C19*2(rs4244285) as 40% and none of the g jied (Rafeeqt al, 2016). Genotyping was done

patients carried the viriants @YP2C19*3 ¢, SCAP2386A>G gene polymorphism in these
(rs4986893) and'YP2C19*11(rs12248560) patients who were on rosuvastatin 5 mg for 3 months.

Recently the genetic influence a€YP2c19  The presence of G allele was positively associated
P,Y,, and ABCB1 polymorphisms on phenotypic With_ rosuvastatin respons@ € 0.043), i.e., the
response to clopidogrel in healthy Indian adults (n = carriers of GG/GA genotypes showed a greater
90) was evaluated single dose of 300 mg clopidogrel  reduction in total cholesterol levels compared to that
(4 tablets of 75 mg clopidogrel) was administered of AA genotypesi= 0.0048).

(Sridharanet al., 201_6). Platelet aggregation was Of late, the allele and genotype frequency
assessed at baseline, 4 hours and 7 days aftedistributions forHMGCR (rs5908, 1912A>G;
clopidogrel administration. From patients with wild rs17238540, 74655498T>G; rs12916, 372CkD),R
genotype (*1/*1) to the ones with mutant genotypes (rs688, 1773C>T), CYP7Al (rs3808607,
(*1/+2,*1/*3, and *2/*2) a decreasing trend in platelet 58500365G>T)ABCB1(rs1128503, 87550285A>G),
aggregation was noted. Y., gene, the patients  andSLCO1BYrs4149056, 521T>C) genetic variants
with H2 haplotype showed an increase in platelet among healthy subjects of South Indifamil
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population (n = 100) has been established (Indumathias genetic predictors of clinical response to
et al., 2017). The frequencies of SNPEVMGCR methotrexate in psoriasip € 0.005) (Indhumathet
rs17238540 andlDLR rs688 differed significantly  al., 2017).They recruited 189 South Indidramil
from that of other ethnicities worldwidéelIMGCR patients with moderate to severe psoriasis out of which
codes for 3-hydroxy-3-methylglutaryl-CoA reductase 132 were found to be responders.

which is the rate-limiting enzyme for cholesterol
synthesis andDLR codes for low-density lipoprotein
receptoy which is involved in endocytosis of LDL
cholesterol.

It was reported that the carriers (19.7%) of the
CYP2C19*17 allele (rapid and ultra-rapid
metabolizers) did not respond to the standard dose of
proton pump inhibitors after evaluating healthy urban
Miscellaneous and tribal subjects (Koya and Naik tribes) from South

. _ _ _India (Deshpandet al, 2016).
Corticosteroids are the main stay of management in

children with Idiopathic Nephrotic Syndrome (INS). Based on &tudy in 69 South Indian patients

It was discovered that the SNP G2677TMPR1 with symptoms of alcohol withdrawal administered
gene was associated with both disease susceptibilityvith both loading (10 mg) and maintenance (20 mg
and resistance to steroid therappe study group  d2h, based on the symptoms) dose of diazepam it was
consisted of 100 healthy volunteers and 150 INS clarified thatCYP2C19olymorphism did not have

patients (Dhandapast al.,2015). any significant effect on the diazepam dose
requirement, time duration for reversal of acute

The success of IVF is determined by the ovarian symptoms or on the persistent symptoms after loading
response to exogenously administered FSH. In a studyjgse of diazepam (Joséal.,2016).

it was propounded that the patients WAtA—Asn/ _ _ _

Asn genotype in g.-29G>A and p.Asn680SeFSER B-thalassemia patients require frequent blood
gene portrayed poorer ovarian response (OR: .92 transfusions resulting in chronic iron overload;
= 0.009) (Desakt al, 2013).A total of 150 deferiprone is used as a chelation agktitalassemia
normogonadotrophic ovulatory women (menstrual Major patients(n = 286) for three most common

cycle length 25 to 35 days) with infertility due to male NONSynonymousJGT1A6*2 polymorphisms, viz.,
or tubal factor or with unexplained infertility were hr181Ala (541A/G), Arg1l84Ser (S52/C) and
included in the study Ser7Ala (19 T/G) were studied. The occurrence of

UGT1A6*2 Thr181Ala polymorphisms differed

The renal transplant patients (n = 25) with mutant significantly between responders and non-responders;
allele CYP3A5*3(A6986G) showed higher plasma |ikewise inUGT1A6*2Ser7Ala polymorphism there
tacrolimus levels compared to other patieAtsl the  was a significant difference between responders with
CYP3A5*1/*1 homozygous patients showed and withoutADRs and non-responders with and
significantly more frequent incidence of acute rejection without ADRs (Dadheeclet al.,2013).
episodes (40%) compared to patients WiP3A5*1/
*3 (20%) orCYP3A5*3/*3(13%) genotypes (Nair
et al.,2015).

A retrospective studyas undertakeim Tamilian
population comprising of three groups, viz., Group 1
consisting of 287 myocardial infarction (MI) patients,

One hundred and seven healthy volunteers fromGroup 2 consisting of 279 risk control patients (i.e.,
North India were administered bupropion 75 mg and patients who had one of the conventional risk factor
genotyped foCYP2B6 It was divulged that 20.56% for coronary heart disease like hypertension) and
individuals in the study population were poor Group 3 with 321 healthy individuals. The results
metabolizers for the category of drugs metabolized showed that patients witBYP2J2*7polymorphism
by CYP2B6 (\arshneyet al.,2012). were significantly associated with the occurrence of

Mtx is still the gold standard for the treatment MI (Arun Kumaret al., 2015).
of moderate to severe psoriasis despite development = However an association betweehNOS gene
of several other novel agenigery recentlyit was polymorphisms (894G>T and -786T>C) and the risk
proposed that the genetic variahtt A-Cw6 and of acute myocardial infarction in the same study
FOXP3(rs3761548]-regulatory gene) could function  populationcould not be identifieArun Kumaret
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al., 2013). Through this reviewit is appreciable that there
is a bias in the category of diseases or drugs studied

Similarly, it has beemeported that the 894G>T for pharmacogenetic variations iffieicy and safety

and 7$6T>dC o_érl:los?k;ane pollymorpkhljms \(/jverr(]a T_Ot Drugs such as warfarin, acenocoumarol, clopidogrel
associated with salbutamol evoked endothelium ,, 4" iseases like breast cancer are studied more
dependent vasodilation in South Indian healthy subject

— 102): 400 mi f salb | ; Sextensively than others; studies on diabetes and
(n=1 ) 4 micrograms of sa utamol was given ponchial asthma pharmacogenetics were found to
through inhalational route (Kumat al.,2013).

be very minimal, ironicallySimilarly, no or meagre
pharmacogenetic studies were done on drugs like
abacaviy irinotecan and capecitabine for which the
The research in the field of pharmacogenetics andtesting of pharmacogenetic markers are already made
pharmacogenomics had flourished in the Indian arenamandatory by the US (FDA) and European (European
in the last few years to such an extent that we couldMedicinesAgency EMEA) drug regulatory agencies
cite more than 130 odd research publications fromand recommended by the Indian drug regulatory
MEDLINE (PubMed) and Google Scholar; we have agency Central Drugs Standard Control Organization
not referred to other databases which could be a(CDSCO).

limitation. Only original research articles conducted ) ] )

in Indian populations and published between January  HOWever more research in the areas involving
2012 and July 2017 are included in this review; we anticancer drugs, anticoagulants and antiplatelets
have not considered other article types. could bejustl_fled by_the fact thgt India is in line with
‘Pharmacogenetig\D India’, ‘pharmacogenomics ptherworIdW|de regions w_herelr! also th_e same tre_nd
AND India’, ‘genetic variationsAND drugsAND is reflected. But having said so, in a nation like India

India’, ‘genetic polymorphismaND drugsAND equal emphasis should be on conditions like
India’, ‘personalized medicin&ND India’ and tuberculosisAIDS and diabetes which are more

‘precision medicineAND India’ are some of the ampant.

search items used. Currently there is a call for a multi-omics
approach, wherein application of pharmacogenomics

various ethnic populations studied. More studies were2/0Ng With transcriptomics, proteomics, metabolomics
from the North and South Indian ethnicities, and microbiomics technigues (“integrative genomics”)

geographically or the Indo-Europeans (Aryans) and Will support in deli_neating the ir_1teracti_ons between
Dravidians, linguistically compared to their 9€ne and environment (including drugs)
counterparts: the ethnically distinct North-Eastern OmMprehensively; hence, making way for the most

Tibeto-Burman populations were studied very sparsely Precise and personalized management of all disease
These racial differences play a major role in conditionsAnd in India with its extreme heterogeneity

determining the diverse genetic make-up of in all forms attaining this state can be an unrelenting
populations task — but not impossible!

Conclusion

There are some disparities with respect to the
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