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Abstract

Recent progress of genetics has dramatically im-
proved pharmacogenetics for human diseases. Several
pharmacogenetic assays such as TPM7/azathioprine
and CYP2C9/VKORCT1/warfarin have been introduced
in clinical practice at the present time. Rheumatoid
arthritis (RA) is a chronic systemic autoimmune disease
that leads to irreversible joint damage and disability if
it is not adequately treated. Although the introduction
of anti-TNF therapy has improved the outcome of
therapy in RA, a substantial proportion of patients
(approximately 30-40%) fail to respond to the drugs.
Recently, pharmacogenetic studies have widely been
performed to search for genetic and mRNA expression
biomarkers to predict the response of anti-TNF the-
rapy in RA. Other potential serum biomarkers of res-
ponse have also been explored including cytokines
and autoantiboides. None has yet been validated for
biomarkers that predict the response of biologic drugs
in clinical rheumatology practice. However, future

medicine using pharmacogenetic applications in RA
might make personalized therapy possible.
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Table 1. Methods and Examples of Pharmacogenetic Study

Methods Examples

Drug metabolizing enzyme study Debrisoquine adverse effect - cyto-
chrome P450 (CYP2D6)

Drug transporters study Phenytoin drug response - ABCB1

Drug target and related pathway 3 agonist (for asthma) and B blocker
(for heart failure) drug response - 82
adrenergic receptor (ADRB2)

Genome-wide association study  Flucloxacillin adverse effect (hepatitis)
- HLA-B*5701

n]= = HE ALY (National Institutes of Health, NIH)&
Pharmacogenomics Research Network (http:/www.pgrn,
org)2} Pharmacogenomics Knowledge Base (PharmGKB,
http://www,pharmgkb,org)ghi= A& ¥HE0] theksl 7|
Ho] Zofgt erEFde A8 71441 (Clinical Phar-
macogenetics Implementation Consortium, CPIC)E ¢4
st itk o5 Fske 7P fa/okE Zgtel| gk <
A ARARE AEH o2 AgeipiaL qink. olg 3
& &3te] CPICAIM AR (guideline) 2F¢jo] ghsof Wit
Ao 2= &) TPMTthiopurines, CYP2CI9-clopidogrel,
CYP2C9/VKORCI-warfarin, CYP2D6-codeine, HLA-B-
abacavir 5] It} BF % CYP2D6-3H-9-2A, UGTIAI-
irinotecan 50] A& o Holelar g}, flollA] A3 CPIC
W) ALE AR 7] FROB B A 27Nl
A} gk

(1) CYP2CY/'VKORCI-Warfarin
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(2) TPMT-thiopurines

A B HAARNA = AH-E= Thiopurine |G| oFA
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(3) HLA-B-Abacavir

Al Autol#] 2~ (Human immunodeficiency virus)
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tivity) ¥ HLA-B*57012] Q1¥-4do] | AAA] FDAdIA= oF
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2 QIR olefeh FE-R-8t Ak f-8-4d0] T
EIACHS).

(4) Flucloxacillin
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Fig. 1. Simple x-rays of hands of patients with rheumatoid
arthritis shows the ulnar deviation of both hands, joint space
narrowing of wrist and metacarpophalangeal joints, and periarti-
cular osteopenia.

Table 2. Recommended Daily Warfarin doses (mg/day) to Achieve a Therapeutic INR Based on CYP2C9 and VKORC7 Genotype using the
Warfarin Product Insert Approved by the United States Food and Drug Administration. Reproduced from Updated Warfarin (Coumadin®)

Product label [6]

VKORC1 Genotype

(-1639G>A, s0923231) CYP2C9*1/%1 CYP2C9*1/°2 CYP2C9*1/°3 CYP2C972/°2 CYP2C9°2/"3 CYP2C9°3/°3
GG 5-7 5-7 3-4 3-4 3-4 0.5-2
GA 5-7 3-4 3-4 3-4 0.5-2 0.5-2
AA 3-4 3-4 0.5-2 0.5-2 0.5-2 0.5-2

Ref. 6 with permission from Nature Publishing Group
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Fig. 2. Genetic and environmental factors influence on both
stages of rheumatoid arthritis (RA) development, asymptomatic
autoantibody positive preclinical RA and clinical RA.

Table 3. Comparison of Current and Future Medicine in Rheu-
matoid Arthritis

Current medicine Future medicine
Objective - Early diagnosis and early - Predictive and person-
therapy alized medicine

Choice of drugs - Empirical therapy (Try and
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- Individualized therapy

o) W) kg 0|28 Bab Frielanad BEd )

lefelstols] ololdot & B Zolch

) ReEIR ) O o3-S 53 oA 419 B

PR Sl AT A T 2 ShANE
o i ke, e el R Sk
q 7Ho]aﬂ oq] = 01]*_-5]_—; o]_é H} 2 A3} ok;q]
4 AU ] 325, 84 ek 0
ZABAR HAILEIL Q= AL methotrexate T
elu} 30h8e] AP B} 18 A9 2R o
S71slek ek

ol2fgt try and error®] FA| A5 & T HYoprt 1t
W oeg BHY Z10 2 o e dxte] Aol A57H ¥
oo 2 Aggihd 3-0711E St AEEE wdsS v
q S o 7 Qls ol o}27RA] QlellA olzigt
W3S A8l SAN HT ofg] 71| PAIRE ol 85t
of o] oS3t A2A| e 7o 2 At sk AT E
o] Al&EaL ek

32221 Zlo| Fule] A~ matrix risk model 24 27}
S| (FrFE] 20112} HCCPRIAY), Creactive protein, TN
THerosion score)o] X9 o] 83te] FriE| 2R o $E
A3 Aolchia, AR A2 s # Fobel s
o IELAH IR A ok o 4% 24
g3kl A EAE A
Z2) 50 gt ﬁXH '?‘ LHE o3 JX} 23 7HAIaL
VE T AEI AAIE Fojsta aﬁ] 2 gt

O

= FRlEs

r1r

1‘

2 E} oFA(sulfasalazine, leflunomide %
arskar QIeH1l,
el ob 7] o] PFAHREE o] 83 Sl o
2J3} of| % o= 2dlof| genomics, transcriptomics 52 &
2 A a7} wdurd o) B ojEo] 75 Ao
2 A2 ool thigh A77h s Ao R Heltk

) Fohel e
% a7

Aol A& X g Ao tist ke

FobElsEdy BEARe

Ael] Tk 2R



The Role of Genetics in Predictive and Personalized Medicine of Rheumatoid Arthritis 63

FDA &%) 7rFEl 2 &3 Al & 7ol o2
& obAle) /e Fobelseasds] Amis viekdo 2 v
Sioich 2710] 7k 8 TNF oAl ek olue cheket 7]
0l 21431 chkat Ak A7) kslo) B ol
A AR S QU H e wihd A= oRAPE AL §)
o} ot X gA9] thekde vt /NS BtEA]EA] A
g9] 75 Q= vt &gk oefgt SRAlER vk aLvto
H RE 511}7} a7te] A g Aol ¥h-gsk= 22 ofym 4zt
&t Fargo] ol 3101 Ust ok vk of
EFAES 58 e AEBAR A7 dasi

ufzba] @A 71 Eagk Al AEHR] A2 oA
9] Jhte = @3l 7]E kA E Eg o)1 AAF o 2 A
ol 5 9l 3 oFRukg ol27)e) Apolr), oleld 2
2400 Th <1400] Q1A ohfel AAI= thakgl 7))
o] SFAE A AHFEIAE 5w ek e,
VR FrEISR A A5 ok FoA] PTNF oAl
(etanercept, infliximab, adalimumab)2] FEHF-S of|&3}
7] $1gk PFAT, SFEFAA| A7 ol thete] Aur izt
gk,

(1) & TNF oFA] 2|58k o5 g4 A%

At 1004 W7F FINF AAlE Tt 23 Qo] a944?]
A5 o 2 Ae|izlatels etk o} SEES Bl
2 i et 7 A AR T A 5 skt
7F E3dek. ook tiEo] 3 TNF AR & X535k FrE2

¢

Table 4. Clinical Markers to Predict the Response of anti-TNF Therapy
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Predictive of good response

Predictive of poor response

Concurrent use of DMARDs

High levels of disability

Low baseline DAS28 (for EULAR remission)/high baseline DAS28 (for ACR response) Smoking

High body mass index (BMI)
Low baseline HAQ score

DMARD, disease modifying anti-rheumatic drug; DAS28, Disease Activity Score 28; EULAR, The European League Against Rheumatism;  ACR, American

College of Rheumatology; HAQ, Health assessment questionnaire
Ref. 15 with permission from BMJ Publishing Group

Table 5. Serologic Biomarkers for Anti-TNF Therapy

Markers

Results

Rheumatoid factor & anti-CCP antibody
Antibodies against biologics

TNF-alpha levels

Serum cartilage oligomeric matrix protein (COMP)

Poor response

Secondary drug failure
Related to clinical response to infliximab
Low COMP: rapid and high ACR70 (Adalimumab)

Switching to another drug - good response
Low, intermediate, and high TNF levels

COMP, Serum cartilage oligomeric matrix protein; ACR, American College of Rheumatology; TNF-alpha, tumor necrosis factor-alpha
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3 GWASATE WREHY oW o]& Fato] F 77N
o) S ARRXRG, PDZD2, EYA4, ATF71P, TEC, IDH3GL,
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Table 6. Pharmacogenetic study for anti-TNF therapy in rheumatoid arthritis (candidate gene approach) (*E-Etanercept, I-Infliximab,

A-Adalimumab) [19]

Significant association Drug® N (300=<) Response criteria Genes investigated Conclusion Year
Shared epitope E 457 ACR50 DRBT, TNF, LTA, Shared epitope (*0404 &0101): 2004
(HLA-DRBT) TNFRSF1A, TNFRSF1B, increase response
FCRR3A, FCGR3B
TNF E 455  DAS28 TNF TNF-308 AA: poor response 2008
TNF | 450  DAS28 TNF TNF-238 GA: poor response 2008
TNF A 388  ACR50 HLA-DRB1, TNF TNF haplotype (-238G/-308G/- 2008
857C): lower response
E, LA 642  DAS28 SE, PTPN22 No association 2009
TLR and NFKB signaling ~ E,1,A 909  DAS28 EULAR CHUK;, IKBKB, IRAK-3, Association with Anti-TNF response 2010
MyD88, nfkB1B, PTGS2,
TLR2 TLR10/1/6
MAP3KT, MAP3K14 E LA 1070  DAS28 TNFRSF1B, DUSP1, HRB,  MAP3K1 & MAP3K14: Association 2009
IKBKAR, MAP3K1, with Anti-TNF response
MAP3K14, TANK
TNF E LA 692  DAS28 TNF alpha TNF-308 (A): poor response 2009
ACR20
AFF3, CD226 E LA 1,012  DAS28 AFF3, CD226 AFF3(rs10865035, G): 2010
CD226 (5763361, C): good response
poor response
PTPRC (CD45) E LA 1,283 EULARresponse DAS28  PTPRC (CD45) Major (G) allele: improved response 2010
PTPRC (CD45) E LA 1,115 EULARresponse DAS28  PTPRC (CD45) Validation; Major (G) allele: im- 2011
proved response
MAPKAPK2, MAPK14, E, LA 1,102  DAS28 EULAR response  MAPKAPK2, MAPK14, All studied SNPs: association with 2011

RPS6KA4, RPS6KAS,
MAPZK6

RPS6KA4, RPSEKAS,
MAP2K6

response

TNF, Tumor necrosis factor; ACR, American College of Rheumatology; DAS28, Disease Activity Score 28; EULAR, The European League Against

Rheumatism

Ref. 19 with permission from Future Medicine
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(1) Treatment Efficacy and Toxicity in Rheumatoid
Arthritis Database and Repository (TETRAD)
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