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Topics of Immunological Tests for Rheumatoid Arthritis

Shunichi KUMAGAI, MD*1 Kunihiro NISHIMURA, MD*2 and Nobuhide HAYASHI, PhD*3

To prevent joint destruction, it is important to diagnose RA early and to speculate the prognosts. Several
new laboratory tests have been developed for this purpose. In addition to rheumatoid factor (RF}, 1gG-RF,
anti-agalactosyl IgG antibodies (CARF), and matrix metalloproteinase 3 (MMP-3) have become available as
diagnostic tests for RA. Among them, anti-cyclic citrullinated peptide antibodies (anti-CCP antibodies) have
the sensitivity and specificity of 81.0% and 92.4%, respectively, which are superior to other laboratory tests
by ROC analysis. Moreover, the specificity of anti-CCP antibodies to diagnose early RA was much higher
than that of RF, although the sensitivity of CARF was slightly high compared with that of RF.

In contrast, MMP-3 is thought to be an evaluative test for the activity of RA because a significant correlation
was found between MMP-3 and CRP, but MMP-3 has a possibility as a prognostic test to know the joint
damage of RA. We have shown that the progression of joint damage (Sharp score) was faster in MMP-3-
positive patients than negative patients. Anti-CCP antibodies was also reported to associate with the pro-
gression of joint damage and may be used also as a pragnostic test.

We next examined how efficiently was the diagnosis of RA made by combining these laboratory tests.
Although anti-CCP antibodies are highly specific to RA, the specificity of RF was not so high but became up
to 92% when combined with MMP-3. In order to diagnose RA efficiently, we may firstly examine RF, next
MMP-3 if RF is positive, and anti-CCP antibodies if RF is negative.
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Importance of early diagnosis of RA
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Establishment of diagnosis of RA
And prediction of the prognosis

The ACR 1987 criteria There are few ideal blood
for RA is not suitable tests for diagnosing
for early diagnosis of RA. RA earty.
Establishment of the CARE MMP-3
criteria for early RA Anti-CCP antibodies
(JCR) MRI and Echo of joints

Figure 1 Importance of early diagnosis of RA and its strategy.
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RA 2 RHICREEICZMT 2001, B
Wikt EERIRRE N SLATH S (Fig. 1). RA o2
i3 ACR @ 1987 SEEIEHEIZ D Z &L WA, =
DOPRARETREFRE L 0% ELENZLO
ThHoHH, REZHICRTMETHHZ LAERME
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% TR AT X 5T (prognostic tests) DA T E
nNTE,

Table 1127”3 & 5 i29E%k diagnostic tests & LT
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A O RF(IgG-RE) A F 7 b — A K0 1pG Hi{k
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HREMTHRERBL TRV &, MMP-3 A3
EEBEhTWA?, &61Z, RAREEMENEW
diagnostic test & LT, FRIRY bA Y LT F
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FEDTHRINTS,
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DY ywFHERTLEBIREHEND Z &b,
RA DZMICREEZLE-HLE—ATLHSY, IgG
7 7 A RF(IgG-RP) 1%, HIZHEBEOESITIRA OF
MEEREWEZEZON, EEEEHEPT 2D,
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Table 1 Laboratory tests for rheumatoid arthritis

Blood tests RF, IgG-RF, Anti-agalactosyl IgG antibodies
Matrix metalloproteinase-3 (MMP-3)
Diagnostic Anti-CCP antibodies, Anti-calpastatin antibodies
tests Other tests Plain roentgenography , Scintigraphy
MRI, Ultrasonography
Synovial fluid analysis, Arthroscopy
Blood tests ESR, CRP, Serum amyloid-A (SAA)
Evaluative IgG-RF, RF, MMP-3
tests Cartilage oligomeric matrix protein (COMP)
Other tests Plain roentgenography
Blood tests ESR, CRP
Prognostic HLA-DR4, PADI4 polymorphism
tests RF, Anti-CCP antibodies, MMP-3
Other tests Plain roentgenography
Table 2 Positivity of diagnostic tests for RA (%)
RF CARF IgG-RF  Anti-CCP Abs
RA(n=79) 69.6 75.9 27.8 81.0
Healthy subjects {(n==202) 3.5 6.4 2.0 3.0
Non-RA T (n=105) 229 314 114 7.6

Chronic patients $(n=124) 226

- - 0.8

+ non-RA: SLE, §;8, PSS, PM/DM, MCTD.
i Patients with chronic inflammation such as malignancy and viral hepatitis.

RA TOBMRAEL, HFItRHRA OBHICLE
BThadLahi?,

Table 2 (27T X 512, RF i, RABECOBEE
LN LBEETHHM, RAUADY T=FHE
BEH By x— U EEETIEE R
BEL RN, FHRENEEICA2S, EENELE
RTA N ARG EOBEREERBREICET
BEEMERY 226% & BT, IgG-RF(=A F A b
IgG-RF, =XHE) TIERF LIIRAL->THRAT
OEBEEG X A, RA CORBBMEET 27.8% LK
BTHoT, —F, CA-RF(E LI CA-RF, =¥
E)IRABHTOBMRIITBI%E RF LOETFE
Mafedd, Ye—J LU ERBETOMMERX 63% &
ERA DIN—TFTOBREFNE BH BN,

WIZRH RA BE TORERELET 2201,
RABHEZRIE2ERBE 2HEULOZBIZHTT
ZREDOBMERL EE LI (Table 3), XN HE
LR TWa Lk HIZ8BH RA ToO RF B RiT 56.3%
EBENoT-DIZH LT, CA-RFIIRME 2 ERHO
BECEBWTH 5.0%3BETHY, RABEFEOR

Table 3 Comparison of the positivity for various
RA tests between patients with early
and advanced RA (%)

<2 years = 2 years

after the onset after the onset
{(n=16) (n=63)

RF 56.3 73.0
CA-RF 750 76.2
IgG-RF 43.8 238
Anti-CCP Abs 68.8 84.1
MMP-3 75.0 68.3

M coRBAMFHTEINS, —F 1gG-RF (TRIE
2IERMOBERN 438U THINIZHLT, 24
L EDBE R 23.8% & 84> 1, 1gG-RF XI5 E)
MEEHBETIERMONTEY, 2EUEOBEIC
oar ba—LVRFORENRENTDLELL
ha, CA\RFIZIgG*IgA # 5 AN RF LiH+ 5
TEMmE, IgMELSD RF OB EE RA OB
KHERTHIAEELHEAL DN D,



II. #1 CCP #itk

RAIZESRMBEHEE LT, AL ViIRT Z
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VI EEOABICHEST, FONTFRIERTS
TAF=RRA I JESHEZITY MY Db
N hAVALT 4 T 7Y L2 5H, RA BEM
BEZOV MY M7 4 Z 7V oot LTH
RMCRETHZEBHREINLY, 2000 4
Schellekens &%, 74 77V EFING L P Y
YEEAFRIRTFFEERL, IhEUREL
TRE Y b Y ALRK AT F Rk ; $1 CCP
HFR) A RA BEIZBRMNTHL Z L EHE LAY,

Visser 513 524 GlOREERHO L REAMRRAEE
2EMRBHARL, FREEEL R TEMNRA 2R
MICERNT A0, M CCPHMEEED A
DWREHETTAOEMN, ERDO ACR OSH AT
e TRE - BREOSTERLTW - L2 LM
LY, &5 2 BRILINIZBRETA S ohvie o T
BIABAEI R BE 318 £ % 3 ERATM E I follow L7
& A, U CCP HLikEEtEE 249 &P 63 151 (25%) 7%
RA LBzt L, BHEH 69 il TIXEIZ
64 151(93%) 23 RA L2 h ¥, EER, RA R
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FIZBWTHRZ OEERD O CCP #i{s<° RF A5
HchHrIN, Mg/ 7 IC{RE SN ik O/
DHBALPIEINTNDO?, RAREDTRIET
E LTHE STV 2 HLA-DR4 % PADI4 (peptidyl-
arginine deiminase 4) 2874 ¥ OBREAEF, HBH 0
M FHEFORF TH D RF @ odds ratio 232 BET
FEHDIZFH LT, i CCPHIE® odds ratio i 3072
FELIREITELIY,

3k 4 % ELISA % (DIASTAT Anti-CCP, MBL #t)
FROIBRIEZITO, HCCP HukmnikflameE
F~271~(Fig. 2, RABETIIHREIZH/L, 5
Uml %4y bZ7ME LI2RA0O RA BETOBE
R T6.0% L EETHolo, RREFILLEHEEER
ETCOBERIIS% LT THY, HRABE T
HEL 7.6%LELS, BERENEBTLIZEAY
FEtt & 137 572 7= (Table 2), 241 RA TOREK
R, RFEDIEIEWAHCARF X0t EWERTH
7= (Table 3)9, L2xL7A2ds, RFE#EORAR
HF23 DS 5, 8 6(35%) TH CCP AMNEBMET
HY, RFLOHRAICIIEHBM TOERER Y
D EILDS, HCCP R, AMTIIFRIEER
ERTWiRnWeY, EROBEECHTIREEER
FTAHAZEETERWY, RF L~ TRE LB
FCHREIHLMIIEL, RAOCEYERZIEIC
BULHEREIALHTH LYY,
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Figure 2 Levels of anti-CCP Abs in various rheumatic diseases.
Horizontal bars indicate the respective median values and the 25- and 75-percentile values.

OA: Osteoarthritis.
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Figure 3 Levels of serum MMP-3 in various rheumatic diseases.
Only women were examined because the levels were significantly higher in men than women.
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MMP-3 X IL-1 7 EOFIBIZ L v, BINATAR R0k
FHEROEIVE~ I u 7=V VTCHEAKEIN
LEASEMET, R~ Y v 2, BHiZ7B
TATVA R UREREEZEI T & L bi,
RPN M aS5—5 208425 MMP-1 OFH4{L
ERRE L PREMBEMICECBEE LTS, RA
BEMBKICIIARDO MMP-3 25 EhTwnWa D &
BREFEINKLY, 1995 F/MESI2 X Y MMP-3 @
EIA iEAHE I, RABEOLFEDIZ H MMP-3
REML, FUMDEEE LS L, RAGEHD
BB 5 FRAMLETRERERD,

HWAXELISA#E (%2 U7 MMP-3T7L— k],
F—EZIEMIZ LY o MMP-3 BE*8IE L 7=,
BEH A B 63 fl o i MMP-3 #% B i 88.0 +
28.6ng/ml(FH9£8D) &, &> 34.010.1ng/ml (92
F) I~ EFFICEM TH - 72 (p<0.0001), Fr~ i
Fo - BHBRA L BIRBBH 2 L To MMP-3 i
ESfmEENH D8, DO H) % Fig. 3
IZ/RL7®, Fig. 31T+ X512, RABE TIREME
ETRTHNEL OAR Y = — 7 L VIERBEICH T
FEIIBETH-72, L L) iolBEREC
SLE TRflica L, BRI RA LD SLE ok
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Bhole, ZORIZEALT, KiGE¥oOSLE BET
g MMP-3 RR <2<, A7 A FEERMF
MMP-3 M &3 L DBELH Y, Fx DEMF
LEIEAT A KRAMTH Y SHOBRFNEZET
AW Fh, BEBRERETCLELOATEELTRT
ZE&mh, RAOBMRIEEMNOFEICAVWEES
RHEENRLETHS,

Table 3 1257 L7= & 9 i MMP-3 Of3M4ERIE, 2
iE 2 RGO RM RA T 75.0% &, BREAZKTIZEIT
LERAM T ESND, BRIE2FUELOBEFONMKE
A 683% LRV L, WEFICL VB LEFL
EFINTWAEEHEEIGRS,

IV. RA O Evaluative tests &
Prognostic tests

RA OFEBESNELFES -0 0ifERESL L
T3, FEPLCRPAAVELATWS, RUAatH
BICHEBEATHHMIET S a4 FA LIESMEITSLE
THIFT A0, FOMELEHETHET IofF
— Y ARIE & OEBEAZBRZEER S hTunn,
IgG-RF {3IHF RISV - & IR & OBENTE
mANDA, BHEERHEVE L, BECRE
LTH<ITa LT M8,

RA &z T, M MMP-3 12 CRP & H &
D EHET (n=75, r=0556, p<0.0001)%TFL, &



B L TLEEORBE NIRRT IHBEZ VTN
B, MMP-3 3Gt BiE e b LEX bR D,
L LaRsE8%B-oCTHETSE, CRP AR
L L% b MMP-3 HAEE2HTDPILBR END,
F & 1241 TNF a(Infliximab) ##iE & 17 - 72 9 fHliZ 20
THEFFAIZ CRP R MMP-3 #AIEL =& 25, &
Bt 4 REBETIRWE L LR L ETHEIC
BETLTWE, LaLZids, CRPMIZIFREMEMLL
T4 MMP-3 738 150 U/ml LA _E @ FS{ & £eit 5 E 7 A3
3pof-, AEEFZEIETSCHIZIE MMP-3
OEFBLENE I NRY, SHOBHIFELNL
Do

2000 FE LR S 1E, PYMRARBFO6» AR 12
# H 1% OBt X #4277 i (Larsen grade) H38E4T L 7= 7]
2, VIERIERO MMP-3 MEXRE W Lhb,
M oM MMP-3 BESBEEREOTEHTRICH
ATHLERELTHH®, Frx DO RABEOHE
T4, Steinblocker M3 Stage TN IS IVIZ
ERBIZHE- T, THhEH 28.6%, 50.0%, 66.7%,
84.6% & MMP-3 OBtER $H £S5 L7 (p<0.0D%,
F7 RAEM 18 Pl >V TR FORE X #
FHET L, YVIRRCREIZ MMP-3 A3 EAERE0E &
DEBEThHoT- 6 HITRHEBLEBNTH- 7/ 12§
o~ TERZE DT (Sharp score) BHEIZRN
o, TRHOIZ LD, MMP-3 (IIEEIEDAL A
51, EREOTHTICELAS~w—I—L LT
M TE D,

METFTEFARD~>—H—¢ LTIRMEEML, RF
i, CRP R it 7iilE, HLA-DR4 7z & @ shared
epitope(SE), MEI X TCOE{LOTFERE ML
nTv3a, IgG-RF % CA-RF #2 Fi{ZoW\WT, RFU
EoEERLALYHSDIITFHTH S, L CCPI
FlizowTimdto L dic, RAZH.LELE
erosive arthritis % non-erosive arthritis 7 GERT D
THEABVORWEZATH DN, RA OP TR
DTHEFBOBELZ2DIDE I DI OV TITAKT
Vifzvy, B van Gaalen 5%, B CCP #Hifsd 152
HHLADSE #FFHBHIL, LR THR
FHRMHA 2T LA VBH I~ THIMMEEORITH
AETHLEERLEY, SLRZETRAT TR
CCP Huis13 IgM-RF L ixMisr L7-FF Th ot

FALE, BEIRA BFIZSWT, $iCCP LK
DX REOBGEELHEAT I LBHESNT
WBH®, fha ORERFRYRBRTICH, FUCCP Uik

—52: 10 - 2004~

16{7) RA BE CIZFOBIEHIZ (Sharp score) Aif2

HBH 4 NS THRIR T L TH (p<
0.05), ZhbdZ kb CCPMBILBIEm TH# i
EDHBRLRDEEZ GRS,

V. BEORENFLESR

W 00D RADBBOHOH LWMERT-RE
EAMEINR, RAOOFESHPmiEREICLDLT
BHEOEMNTIEEL 2D 525D, ThhDRERED
EIICHAELECHEIORRVDMNIRERET
HY, BRIREEA T EF AL SN A BT
A OERPZENRDY?, BEHL 0L 2ohD
Hak & OHEFFE T, BEEMT T ROE &oxt
BHOREPEZZIRESHORIECL DA KT A
OEREBHE LTS,

RF, CA-RF, IgG-RF, #iCCP #iif, MMP-3 @5
AEOREAFE4 IR ADE T, RABEDDE
D-HOBRELBRHM LAY, RF, CA-RF, IgG-RF
D= A——F 9w EEoT, RA 75 Hl4 49
fliZ RF, CA-RFE LU CCPHED LN LR
EtETHY, RE(HIACCPHRE () IIF3IFLMER
Hiphol=®iZ% LTH CCP HE(+) RF(—) k8
FIfEE L=, —F, RF, HUCCP#ifk, MMP-3 &> 3
HEREHEORFIXBHITI6HE LML, HCCP
ik (=) TMMP-3(+) DBFEX 8, RF(—) T
MMP-3(+) ®»RBEIL 12 FFE LT,

ZH X DR ED RF W CCP HilER ok
FOBREICMMP-3 M2 AZ LickD, Zod
BRERTBEEZT, Fig. 41273 T L2,
CCPHUBIZEMTHLIHREIAVRETH S,
RF i MMP-3 L i+ o2 ik v mEBEDE
EBRENRRLEFBLI DI EMRbhoT, 2
Broof-disidE 3 RF T &7V, Bkl 5 MMP-
IEMAL, AL CCPHkERETHILIC
L0, DBLAWMSHBTELEZZTND, B
AT CCP M ARBRRBRREEINATE LT,
AR AEARICL DS EROMRAEBLETSD
Lo, M CCPHREMNEATEIRLELTH, Mik
BEFITTRAZEBWMT S ZLIEFRAHETHY, &
WHtBEARFTR L & bz, HEEEHSthomEsr
BEMICHWLTITHYSERHDHZLIIEH>ETY
A
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Figure 4 Sensitivity and specificity of combinatory tests.
Sensitivity and specificity of anti-CCP Abs, RF, CARF, and IgG-RF for RA and non-RA were
compared when MMP-3 was combined. Numbers in the bars indicate %.
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A novel allele of transporters associated with the antigen-processing (TAP) 2 gene, TAP2*Bky2
(Val®™), is significantly increased in Japanese patients with Sjigren’s syndrome (SS), and has a
strong association with $S-A/Ro autoantibody production in SS and autoantibody including
anti-SS-A/Ro and anti-U1 RNP antibody in systemic lupus erythematosus (SLE). To determine
the influence of this natural mutated TAP on peptides loaded onto MHC class I, we analyzed
the repertoire of peptides loaded onto MHC class I on transfectants with TAP1 and TAT2 or mutat-
ed TAP2 by electrospray ionization tandem mass spectrometry (ESI-MS/MS). After comparison of
the peptide profiles we identified three peptides from only mutated TAP transfectants. Moreover,
one of these peptides is derived from snRNP A, which is a target for anti-U1 RNP antibody. To our
knowledge this is the first report to show that the natural mutation of TAP2 changes the peptide
profile loaded onto MHC class I molecules. Copyright ¢ 2004 John Wiley & Sons, Ltd.

Major histocompatibility complex (MHC) class [ molecules
present intracellular peptides to cytotoxic CDB-positive T
cells. Many of these peptides are generated by proteasome
from newly synthesized cellular or viral proteins. Peplides
are subsequently transported into the endoplasmic reticulum
(ER), where they bind to MHC class I molecules. The peptide
translocation across the ER membrane is mediated by the spe-
cialized ABC (ATP-binding cassette) transporters associated
with antigen processing (TAP). The TAP molecule is com-
posed of two subunits, TAP1 and TAP2, which form a func-
tional heterodimer.' * TAP1 or TAP2 transfectants using
mammalian cells, insect cells, or yeasts, suggest that neither
TAP1 nor TAP2 can form a functional homodimer, indicating
that only the heterodimer is functional.** TAP contains three
structural domains, a heteradimeric pore domain, followed
by a heterodimeric domain and two hydrophilic nucleo-
tide-binding domains (NBD). TAP1 and TAPZ showed the
highest homology in a stretch of 200 amino acids located at
the C-terminus.

*Corresponrdence to: S. Kumagai, Department of Biomedical
Informatics, Clinical Pathology and Immunology, Kobe Univer-
sity Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-
Ku, Kobe 650-0017, Japan.

E-mail: kumagais@kobe-u.ac.jp

Contract/grant sponsor: Japanese Ministry of Education,
Culture, Sports, Science and Technology; contract/grant
number: 11670446.

The best characterized human ABC transporter is the cystic
fibrosis transmembrane regulator (CFTR) that functions asan
ion (chloride) channel. The natural point mutations of the
CFTR gene cause cystic fibrosis by closing the chloride
channel permanently® or lowering the chloride flow rate
through the channel.” TAP, another ABC transporter, has
been regarded as the crucial molecule in selecting the
peptides presented by MHC class I molecules and in cor-
responding with the immune system. Therefore, the genetic
polymorphism of TAP genes has been studied in several
autoimmune diseases in order to assess their contribution to
the risk of disease.

Previously, we found a novel mutation at codon 577 (ATG
to GTG: Met to Val) in exon 9 of the TAP2 gene.® Based on this
mutation a new TAP2*Bky2 allele was identified. We found a
significantly increased frequency of TAP2*Bky2 allele in
Japanese patients with Sjigren’s syndrome (55) and a strong
association with $5-A/Ro antibody production in Japanese
$S patients.” In Japancse patients with systemic lupus
erythematosus (SLE), TAP2*Bky2 is associated not only with
the anti-55-A/Ro antibody, but also anti-55-B/La, anti-Ul
RNP and anti-Sm antibody production.”

The close association of specific MHC class I subclasses
with autoimmune diseases has been reported. This may be
explained by the fact that each MHC class [ molecule has an
allele-specific motif and characteristic residues. Therefore,
the peptides loaded on MHC class I vary with MHC class [

Copyright ¢ 2004 John Wiley & Sons, Ltd.
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subclass, constituting unique epitopes for CDS-positive T cell
recognition. One can easily imagine that peptides presented
by MHC class I are as important as the subclass of MHC
melecules in antigen presentation.

Advances in technology in the field of tandem mass
spectrometry enable us to directly identify peptides bound to
MHC molecules. In iz vitro analysis, artificially introduced
point mutations of the TAPY or TAP2 subunit affect the
function of peptide transporters.'™!" However, there has
been no analysis of whether the natural mutation of the
TAP2 gene might affect the repertoire of peptides loaded onto
MHC class | molecules. In this study we investigated the
influence of this natural TAP2 mutation to the repertoire
of peptides loaded onto MHC class I on transfectants with
TAP1 and TAP2 or TAP2*Bky2, using mass spectrometric
techniques,

EXPERIMENTAL

Construction of TAP1 and TAP2 mutants

The vector pREP8A containing human TAP2 ¢DNA was
kindly provided by Dr. Thomas Spies (Fred Hutchinson Can-
cer Research Center, Seattle, WA, USA). Targeted mutagen-
esis to generate the desired mutation at codon 577 (ATG to
GTG) was performed on single-stranded ¢DNA of human
TAP2 using an iir vitro mutagenesis kit (In Vitro Mutagenesis
system II; Amersham, UK) according to the manufacturer’s
instructions. The designed TAP2 mutant (TAP2*Bky2) was
confirmed by direct sequencing. The cDNA for TAP2 and
TAP2*Bky2 were cloned into the Not [/BamH 1 site of the
expression vector, pREP9 (G418 resistant). The cDNA for
TAP1 was cloned to pREP7 {hygromycin resistant).

Cell lines and culture

The TADP-deficient cell line T2 (TxB cell hybridoma) was
kindly provided by Dr. Takiguchi {The University of Tokyo,
Tokyo, Japan). T2 cells were maintained at 37 C, 5% COz, in
RPMI medium supplemented with 2 mM L-glutamine and
10% fetal calf serum (FCS). The pREP7-TAP! containing the
TAP1 gene and pREPY containing TAP2B (pREPS-TAP2B)
or TAP2*Bky2 (pREP9-TAP2*Bky2) plasmid were doubly
transfected to T2 by an electroporation methed using a
GenePulser™ (BioRad, Hercules, CA, USA). After trans-
fection, the cells were selected in medium supplemented
with G418 (1 mg/mL) and hygromycin ((.125mg/mL). The
stable transfectants positive for TAPT and TAP2B, TAP1
and TAP2*Bky2 were referred to as T2/B and T2/Bky2,
respectively.

Flow cytometric analyses

One hundred thousand cells were incubated with an appro-
ptiate concentration of each primary antibody anti-MHC
class I mAb (BB7.2: anti-HLA-A2 mAb or 4D12: anti-HLA-
B5 mAb) or murine isotype control antibody, for 30 min
on ice. Cells were then washed twice with cold phosphate-
buffered saline (’BS) and additionally incubated with goat
anti-mouse FITC Ig for 30 min on ice. Ten thousand viable
cells were analyzed using a flow cytometer (FACSCalibur™,;
BD Biosciences, San Jose, CA, USA) and analyzed with Cell-
QuestTM software (BD Biosciences). The expression levels for

Copyright ¢ 2004 John Wiley & Sons, Ltd.

HLA-B5 and HLA-A2 were evaluated by mean fluorescence
intensity (MFI).

Immunoprecipitation

Actotal of 1.5 x 10” cells were lysed with 1% CHAPS/TBS con-
taining Complete Mini™ (Rosche, Mannheim, Germany)asa
cocktail of protease inhibitors. Cell lysates were centrifuged
at 15000 rpm for 30 min. The supernatant from the T2 lysate
was incubated with protein G Sepharose 4 Fast Flow™
(Amersham Biosciences AB, Uppsala, Sweden) conjugated
with BB7.2at4 C overnight. For T2/B and T2/Bky2, superna-
tants were incubated with protein G conjugated with 4D12
overnight at 4'C, and then incubated with protein G conju-
gated with BB7.2. After threc washes, the antibody-MHC
complex was eluted with 0.2 M acetic acid. The eluate was
filtered by a 5 kDa molecular cut-off filter. Inmunoprecipita-
tion was performed to produce three samples. For subse-
quent mass spectrometric analysis, triplicate samples were
prepared from T2, T2/B and T2/Bky2.

Mass spectrometric analysis

MS/MS experiments were performed using a LCQ Deca ion
trap instrument {ThermoQuest, San Jose, CA, USA) equipped
with a Monitor C18 column (0.2 x 50 mm). The solvent sys-
tem for on-line reversed-phase liquid chromatography was
a linear gradient of solvent A mixed with solvent B, from
5% B to 60% B in 60 min. Solvent A was 0.1% aqueous formic
acid and solvent B was 0.1% formic acid in acetonitrile, The
flow rate was 1-2 pL/min. Spectra of eluting peptides were
acquired in a data-dependent fashion by first acquiring a
full MS scan from m/fz 400-2000 followed by a MS/MS scan
over the same scan range of the most intense ion recorded in
the previous MS scan. MS/MS scans were acquired using an
activation q, of 0.250, activation time of 30 ms, and 35% nor-
malized collision energy (for our LCQ Deca, 35% of full
amplitude for m/z 1000 cerresponds to 1.8 V). Protein identi-
fication was performed via a mass spectral database incor-
porating peptide mass and collision induced dissociation
{CID) spectra, using MS5-fit and MS-tag (SwissProt). Solvents
were purchased from Nacalai Tesque {Kyoto, Japan).

RESULTS AND DISCUSSION

MHC class I complexes cannot be stably located on the cell
surface unless antigenic peptides are loaded on MHC class
I molecules. The genotypes of T2 cells for MHC class I are
HLA-A0201 and B5101. However, HLA-B5 molecules were
not detected on the surface of T2 cells by fluorescence-
activated cell sorting (FACS}) analysis (Fig. 1(a)) because of
the instability of MHC class I molecules, since there is no
peptide translation through the ER membrane via the TADP-
dependent pathway. On the other hand, HLA-A2Z was
detected on the cell surface of T2 {Fig. 1(a)). HLA-A2 is
known for its TAP-independent presentation of peptide
LLDVTAAYV on T2 cells.”? This peptide was regarded as a
signal sequence-derived peptide.”” As shown in Figs. 1(b)
and 1{c}, we demonstrated that the co-expression of TAP1
and TAP2 brought HLA-B5 molecules to the cell surface.
Furthermore, the MFI for HLA-A2 on T2/B and T2/Bky2
became stronger than on T2, This was probably due to the

Rapid Convnun. Mass Spectrom. 2004; 18: 995-1000
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Figure 1. Flow cytometric analysis for HL.A-B5 and HLA-A2
expression on T2, T2/B and T2/Bky2. (a) T2 did not express
HLA-B5 but did express HLA-A2. (b, ¢) T2/B (double trans-
fectant of TAP1 and TAP2B) and T2/Bky2 (double transfec-
tant of TAP1 and TAP2Bky2) expressed HLA-B5 as well as
HLA-A2. Furthermore, expression of HLA-A2 was upregu-
lated on both T2/B and T2/Bky2.

stabilization of MHC molecules because TAP1 and TADP2 pro-
teins generated by transfection carried the peptide across the
ER membrane.

Three samples of each type were analyzed by mass
spectrometry after purification by the cut-off membrane.
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After comparison of M5/MS spectra, we adopted the
criterion that identification of peptides at least twice in three
experiments is regarded as meaningful. Two peptides that
were immunoprecipitated by BB7.2 mAb were common to
T2, T2/B,and T2/Bky2. For example, we could detect similar
peaks in mass spectra in the range in/z §98-899 from all three
cell lines. M5/MS spectra of these mass peaks were the
same, and tirned out to correspond to LLDVTAAYV in the
database reference (Fig. 2), identical to the peptide reported
previously by two groups.'*!” We identified another peptide,
LLSAEDI'VPA, derived from the CD 79b/Ig beta/B29 pre-
cursor, from T2 cells. This new peptide should also be
presented on the cell surface with HLA-A2 via the TAP-
independent pathway,

Seventeen peptides were common to T2/B and T2/Bky?2,
but not to T2. One of these peptides was IMLEALERV, based
on the database reference (Fig. 3). Fourteen peptides were
identificd by immunoprecipitation with BB7.2 mAb {(mAb to
HLA-A2), and three peptides with 4D12 mAb (mAb to HLA-
B5) (Table 1). More peptides were immunoprecipitated by
BB7.2 than by 4D12. This may reflect the numbers of MIHC
class I molecules, since the MFI for HLA-A2 was four times
higher than that of HLA-B5. All seventeen peptides matched
with the presumed binding motif for HLA-A0201 or B5101.
These results suggested that these peptides are probably the
real peptides that are presented on the cell surface with MHC
class I molecules via the TAP-dependent pathway. The
peptide SLLGGDVVSV, derived from the hypothetical
protein DFKZp 566A, has already been reported as one of
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Figure 2. A typical HLA-A2 binding peptide common to T2, T2/B and T2/Bky2 detected by mass
spectrometric analysis. (a) Mass chromatogram covering the m/z range 898—899 of the peptides from
extracts of T2, T2/B and T2/Bky2. The chromatograms for T2, T2/B and T2/Bky2 showed this ion peak
at retention times (RT) 36.95, 36.58 and 36.62 min, respectively. (b) MS and MS/MS spectra recorded at
RT 36.95min from extract of T2 cells. The y-series icns (C-terminal fragments), as well as those from b-
series ions (N-terminal fragments), are shown. The MS/MS seguence, LLDVTAAV, matched a partial
sequence of IFN-; inducible protein. MS/MS spectra obtained for both T2/B at RT 36.58 min, and T2/
Bky2 at RT 36.62 min, were essentially the same as that of T2.
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Figure 3. A typical HLA-A2 binding peptide common to T2/B and T2/Bky2. (a} Mass chromatogram
covering the m/z range 537-538 of the peptides in extracts from T2, T2/B and T2/Bky2. The
chromatograms for T2/B and T2/Bky2 showed this ion peak at RT 36.05 and 36.09 min, respectively, but
that for T2 did not exhibit a peak in the RT range for m/z537—-538. (b) MS and MS/MS spectra of a peptide
eluting at BT 36.05 min in the extract from T2/B cells. The spectrum shows the fragmentation pattern of
the doubly charged precursor ion. The MS/MS sequence IMLEALERY matched the partial sequence of
small nuclear ribonucleopolyprotein G. The MS/MS spectrum of T2/Bky2 recorded at 36.09 min was
essentially the same as that of T2/B.

Tabhle 1. List of peptides common to T2/B and T2/Bky2. (a)
List of peptides recovered from HLA-A2 and (b) list of
peptides recovered from HLA-B5. lle or Leu was assigned
to the peptide sequence based on identification by the

SwissProt database

m/z Sequence Protein
a
537.4  IMLEALERV  Small nuclear ribonucleopolypeptide G
5005  SIIGRLLEV Protein phosphatasc 1 alpha catalytic
subunit
536.4 ILDQKINEV Ornithine decarboxylase 1
553.2 RLAVYIDRV  Lamin A/C
5673 ILMEHIHKL Ribosomal protein L19
7866 SLAGGIIGY  Heterogencous nuclear
ribonucleoprotein K
896.5 GLYSGVTTV  Ribonuclectide reductase M1
polypeptide
9034 GLATDVQTV Proteasome subunit beta 3
9364  ALLAGSEYL Eukaryotic translation initiation factor 2
9454  SLLGGDVVSV Hypothetical protein DKFZp566A
960.3  ILTDITKGV Eukaryotic translation clongation
factor 2
9744  MVDGTLLLL HLA-E alpha chain precursor
10186 VMDSKIVQV  Importin alpha-1 subunit
1038.74 YLLPAIVHI DEAD/H box polypeptide
b
5485 DAHIYLNHI Thymidylate synthetase
5005 DAYALNHTL POU domain class 2
527.8  IPYHIVNIV seryl-tRNA synthetase

Copyright ¢ 2004 John Wiley & Sons, Ltd.

the FILA A2-binding peptides in experiments using MCF7
and MDA-231 (breast cancer ccll lines)."* We identified two
peptides that have been reported as autoantigens. An auto-
antibody against Lamin A/C has been reported in a patient
with acute hepatitis triggered by the smooth muscle relaxant
alverine.'” The small nuclear ribonucleoprotein particle
(snRNP) G is a component of the Sm core protein that is a
common componentof U1, U2, U4/6, and U5 RNP. Although
the main epitopes for anti-5Sm autoantibody belong to snRNP
B/B, D,'® and E-F-G complex" in SLE patients, autoanti-
bodies against snRNP G have been reported only in a few SLE
patients.” The clinicopathological significance of the anti-
snRNDP G antibody has not been established, since the cross-
reactivity between snRNP G and 70 kDa, one of the main
epitopes for the anti-U1 RNP antibody, has been reported.™
Therefore, we did not identify peptides strongly associated
with autoimmune disease from peptides common to T2/B
and T2/Bky2.

Moreover, we identified three peptides that were de-
tected only in T2/Bky2: NLYPFVKTV (3-aminoimidazole-
4-carboxamide ribonucleotide formyltransferase (AICAR
TFasez-110), RMLPHAPGV (histone deacetylase (HDAC)
1 or 23733y and NQFPGFKEV (Ul-snRNP Agzg_z37), by
immunoprecipitation with BB7.2 mAb (Figs. 4(a), 4(b) and
4(c), Table 2). However, there was no peptide found only in
T2/B. AICAR TFase is an enzyme responsible for catalysis of
the ninth step in the de rovo purine biosynthesis pathway.
Methotrexate (MTX), the most popular anti-rheumatcid

Rapid Commun. Mass Spectrom. 2004; 18: 995-1000
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Figure 4. Peptides identified in extracts only from T2/Bky2. (a) The MS/MS sequence is
NLYPFVKTV derived from 5-aminoimidazole-4-carboxamide ribonucleotide formyltransferase. (b)
The MS/MS sequence is RMLPHAPGYV derived from histone deacetylase 1 or 2. (c) The MS/MS
sequence is NQFPGFKEV derived from small nuclear ribonucleopolypeptide A.

arthritis drug, inhibits AICAR TFase, which is considered to
be one of the anti-rheumatic effects of MTX." HDACs are key
components in gene expression. In general, increased levels
of histone acetylation (hyperacetylation) are associated with
increased transcriptional activity, whereas decreased levels
of acctylation (hypoacetylation) are associated with repres-
sion of gene expression. Therefore, HDAC inhibitors are
anticipated to be anticancer agents.®® Although the in-
volvement of HDACSs in autoimmune disease has not been
demonstrated, HDAC may be related to the development
of autoimmune disease. In fact, patients with certain con-
nective tissue disorders have antihistone autoantibodies.?'#?
Furthermore, there have been reports that showed modula-
tion of autoimmunity by HDAC inhibitors.?*?!

U1 RNP is composed of 70K, A, C, and Sm core protein.
The snRNP A (UTA-RNP) is known to play a critical role in
eukaryotic pre-mRNA splicing and polyadenylation. Some
patients with SLE, mixed connective tissue disease (MCTD),
or other autoimmune disorders, spontanecusly produce
autoantibody that exclusively precipitates U1 RNP in vitro.
We have reported the association between TAP2*Bky2 and
anti-Ul RNP antibody in Japanese SLE patients.® The

epitopes for anti-Ul RNP autoantibody are targeted 70K or
A protein. The B cell epitopes for anti-A protein have been
assigned to amino acids 163~185 and 232-256 of snRNP A2
The epitopes for auto-reactive CD4-positive T cells to Ul
snRNP A were assigned to amino acids 209-228 and
262-281.*" The peptide NQFPGFKEV (U1 snRNP Aggg_217)
overlapped the B cell epitope® and adjoined the epitope of
CD4-positive T cells.”®

The peptides we anticipated but failed to identify from T2/
Bky2 cells were thase from SS-A/Ro protein or other §5-
related autoantigenic proteins such as 55-B/La or x-fodrin®’
or f-fodrin.** We cannot clearly address this question. One
reason may be that thousands of different peptides are pre-
sented in vastly differing copy numbers per cell;? therefore,
the peptides from 55-A /Roantigen or other proteins on MHC
class I may not be sufficiently abundant that we could detect
them by mass spectrometry. Although we detected 22
peptides in all, the fact that we could detect three peptides
that arose from only naturally mutated TAP2 transfectant
cells is meaningful.

The mutated amino acid, Met to Val, of TAF2*Bky2 at codon
577 is within NBD which is located in the cytosolic portion of

Table 2. List of peptides that were identified only in extracts from T2/Bky2

nrfz Sequence Protein Abbreviation Position Function

1081 NLYPFVKTV 5-Aminoimidazole-4-carboxamide AICAR Tfase 102-110 Enzyme for catalysis of de novo
ribonucleotide formyltransferase purine biosynthetic pathway

489.4 RMLPHAPGV  Histone deacetylase 1 or 2 HDAC 372-380 Enzyme for histone deacetylation

5335 NQFPGFKEV Small nuclear ribonucleopolyprotein A~ snRNP A 229-237 A component of Ul snRNP

Copyright ¢ 2004 John Wiley & Sons, Ltd.
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TAPZ. It has been assumed that the peptide and AT’/ ADP
independently bind to TAP in the cytosol, and the binding of
peptide induces a structural reorganization of the TAP
complex, triggering ATP hydrolysis and subsequent translo-
cation of the peptide into the ER lumen.® Karttunen ef al. have
demonstrated that TAP2-mediated, but not TAP1-mediated,
ATP hydrolysis is critical for peptide binding as well as
translocation.™® Therefore, the point mutation of NBD in
TAP2 may play a critical role in the development of auto-
immune diseases by transporting inappropriate peptides or
not transporting appropriate peptides.

Taken together, to our knowledge this is the first report
demonstrating that the peptides selectively loaded onto
MHC class | are affected by the natural point mutation of
TAP2. We believe that mass spectrometric analysis utilizing
TAP2"Bky2 mutants will contribute to better understanding
of the development of autoimmune discase.
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Purpose. For the individual optimization of drug therapy with sul-
fasalazine (SASP), we studied the influence of the N-aceryliransferase
2 (NAT2) genotype on the pharmacokinetics, efficacy, and incidence
of adverse reactions of SASP in patients.

Methods. Ninety-six rheumatoid arthritis {RA) patients were treated
or bad been treated with 0.5 and/or 1.0 g/day of SASP. The wild-type
allele (NAT2*4) and three variant alleles (NAT2*5B, *64, and *78)
of NAT2 were determined by the polymerase chain reaction-
restriction fragment length polymorphism method. Plasma concen-
trations of SASP and its two metabolites, sulfapyridine (SP) and
N-acetylsulfapyridine (AcSP), were estimated by HPLC. Therapeutic
efficacy and incidence of adverse reactions were also monitored as
recommended by the American College of Rheumatology.

Results. Patients were classified into three groups by NA T2 genotyp-
ing: Rapid Type (homozygote for NAT2*4), Intermediate Type (het-
erozygote for NAT2*4 and variant alleles), and Slow Type (homozy-
gote for variant alleles). There was no clear difference in the geno-
type frequencies between RA patients and healthy subjects. NAT2
genotypes significantly affected both the plasma concentration ratios
of SP to AcSP (SP/AcSP) and the efficacy of SASP (p < 0.05). Ad-
verse reactions to SASP were found in 26 (27.1%) out of 96 patients,
and there was no difference among the three genotype groups.
Conclusions. NAT2 gene polymorphism is related to the plasma SP/
AcSP ratio and the efficacy of SASP.

KEY WORDS: N-acetyltransferase 2; genotype; sulfasalazine; rheu-
matoid arthritis.

INTRODUCTION

Sulfasalazine (SASP), one of the disease-modifying an-
tirheumatic drugs (DMARDs), has long been used in the
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treatment of rheumatoid arthritis (RA) (1). Many placebo-
controlled studies have shown that SASP improves the eryth-
rocyte sedimentation rate, duration of morning stiffness, pain
{as assessed by visual analogue scale), articular index, number
of swollen joints, number of painful joints, and patient’s glob-
al assessment.

SASP is S-aminosalicylic acid (5-ASA) linked by an azo
bond to sulfapyridine (SP) (2). When orally administered,
30% of SASP is absorbed in the upper gastrointestinal tract,
and the remainder is split in the colon by bacterial action into
5-ASA and SP (2,3}. The 5-ASA remains largely within the
large bowel, but the SP is totally absorbed and metabolized to
N-acetylsulfapyridine {AcSP) predominantly by hepatic aryl-
amine N-acetyltransferase 2 (NAT2). Both SASP and SP are
considered to have a variety of actions, including immuno-
modulatory effects, antibacterial activity, and inhibition of
folate-dependent enzymes (2-5). Adverse reactions such as
nausea, vomiting, headache, malaise, hemolytic anemia and
reticulocytosis appear to be dependent on the serum SP con-
centration (3,6-9). The NAT2 gene exhibits a hereditarily de-
termined polymorphism, and the individual phenotypes can
be classified as rapid, intermediate, and slow acetylators by
using isoniazid and sulfametazine as probe drugs (10). Several
reports have described the relationship between the acetyla-
tor phenotypes and the pharmacokinetics, efficacy, and tox-
icity of SASP in the treatment of RA and inflammatory bowel
diseases (IBD) (6-9,11-16).

In 1990, Deguchi ef al. suggested that four NAT2 alleles,
including a wild-type allele (alfelel) and three variant alleles
(alleles 2, 3, and 4) with a single nucleotide polymorphism
(G857A, G590A, and C481T, respectively), could predict the
acetylator phenotypes of isoniazid in healthy Japanese sub-
jects (17,18). Then, we reported that individual acetylator
phenotypes for procainamide and SASP in healthy subjects,
and also for isoniazid in tuberculous patients, correlated with
the combination of these four alleles (19-22). In addition,
NAT2 genotypes were shown to be associated with the ca-
pacity for SP acetylation and the incidence of adverse reac-
tions in the SASP treatment of 13 patients with IBD (21).

Although several reports of the importance of acetylator
phenotype or NAT2 genotypes in SASP therapy have in-
volved RA and IBD patients, there was no obvious conclu-
sion concentrating the classification of subjects based on their
NAT2 genotype (11-14,21). To achieve this, further investi-
gations of the relationships between the NAT2 penotypes and
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efficacy or incidence of adverse reactions during SASP treat-
ment were required in a large numbers of patients. In the
present study, we studied the influence of the NAT2 genotype
on the pharmacokinetics, efficacy, and/or rate of adverse re-
actions of SASP in 96 patients with RA.

METHODS

Patients and Treatment

Ninety-six patients were randomly selected from medical
records at five hospitals. All patients fulfilled the American
College of Rheumatology (ACR; formerly, the American
Rheumatism Association) 1987 criteria for RA and were be-
ing treated or had been treated with 0.5 g/day and/or 1.0 g/day
of SASP in the form of enteric-coated Azulfizine® EN tablets
(Pharmacia K. K., Tokyo, Japan). Nonsteroidal antiinflam-
matory drugs, prednisolone less than 7.5 mg/day, and metho-
trexate were coadministrated with SASP in the case of 69, 58,
and 20 patients. Patients taking other DMARDs or immuno-
suppressive drugs were excluded from the study. Significant
liver damage was not observed before treatment in all pa-
tients,

For 89 patients, the efficacy of SASP was determined by
the physician’s global assessment using a 6-scale grade ac-
cording to the ACR criteria, and both grades 1 and 2 were
considered to be effective (23). Adversc reactions were ob-
tained from clinical symptoms and laboratory test data in the
medical records. The aims of this study were fully explained
to each patient who gave written informed consent. About 2
ml blood and plasma samples were stored below -20°C and
sent to Kobe University Hospital. The following study proto-
col was approved by the Ethics Committee of cach Univer-
sity.

NAT2 Genotyping

The most common mutations in the Japanese population
at positions C481T, G590A, and G857A of the NAT2 gene
were determined by the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method as de-
scribed previously (19,21,22). According to the nomenclature
of the NAT2 gene, wild-type and three variant alleles were
defined as NAT2*f and *5B, *6A, *78B.

Briefly, each genomic DNA was extracted from 0.5 ml
whole blood using a DNA Extractor WB Kit (Wako Pure
Chemical Industries Ltd., Osaka, Japan). The three parts of
the NAT2 gene werc amplified with a pair of primers for each,
using a programmable heat block (Program Temp Control
System PC-700, Astec Co., Fukuoka, Japan). To establish the
presence or absence of each single nucleotide polymorphism,
PCR products were digested with Kpn 1, Tag I or BamH 1,
and the fragments were separated on 1.5%, 2%, or 2% aga-
rose gels, respectively. Patients can be stratified by this geno-
typing into three groups: the homozygote for the wild-type
allele NAT2*4/*4 (named Rapid Type), the compound het-
erozygote for the wild-type and variant alleles NAT2*4/*5 8B,
NAT2*4/*6A, and NAT2*4/*7B (named Intermediate Type),
and the homozygotes for the variant alleles NAT2*35/*5B,
NAT2*5B/*6A, NAT2*5B/*7B, NAT2*6A/*6A, NATZ2*6A/
*7B, and NAT2*7B/*7B (named Slow Type). One hundred
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eighty healthy subjects also acted as controls for NAT2 geno-
typing.

Determination of SASP, SP, and AcSP Concentrations

Twenty-seven blood samples (n = 17,7, and 3 for Rapid,
Intermediate, and Slow Types) were collected once 1-5 h
after SASP administration and were immediately centrifuged
at 3000 rpm (950 x g) for 5 min to separate the plasma, which
was stored at -20°C until assay of the SASP, SP, and AcSP
concentrations. It was confirmed that there was no alteration
in the concentrations during freezing, and SP and AcSP con-
centrations in plasma were measured by HPLC (LC-10A se-
ries, Shimadzu Co., Kyoto, Japan) (21,22). The separation
was carried out using a reversed-phase column (Nucleosil 10
Cig 250 mm x 4.0 mm id., Chemco Chemical Co. Ltd.,
Osaka, Japan). The mobile phase was methanol/20 mM
NaH,PO, containing 20 mM tetra-n-butylammonium (30/70,
vol/vol). The flow rate was 1.5 ml/min, and the column tem-
perature was maintained at 40°C in a column oven (CT10A,
Shimadzu). The calibration curves were linear over a concen-
tration range of (0.5 to 100.0 wg/ml (r? > 0.997) for SASP, SP,
and AcSP.

Statistical Analysis

Fisher’s exact test and x? test were used to compare the
frequencies of efficacy and adverse reactions, and the Mann-
Whitney U test was used to compare the other parameters
among patient subgroups.

RESULTS

NAT2 Genotype

The frequencies of the NAT2 genotypes in 96 Japanese
RA patients and 180 healthy Japanese subjects are shown in
Table I. The allele frequencies of NAT2*4, NAT2*SB,
NAT2*6A, and NAT2*7B were 73.5, 0.0, 20.8, and 5.7% in
RA patients and 71.1, 1.9, 18.1, and 8.9% in healthy subjects,
respectively. The genotype and allele frequencies of the
NAT2 gene were not significantly different between the
groups. The frequencies of the three NAT2 genotype groups,
Rapid Type, Intermediate Type, and Slow Type, in RA pa-
tients (55.2, 36.4, and 8.3%) were also similar to those in
healthy subjects (48.3, 45.5, and 6.2%, respectively).

Table L. Frequencies of NAT2 Genotypes in 96 Patients with RA and
180 Healthy Subjects

NAT2 genotype Number (%)

Group Genotype RA patients  Healthy subjects
Rapid NAT2*r%4 53(55.2) 87 (483)
Intermediate ~ NAT2*4/*SB 0(0.0) 6(3.3)
Intermediate  NAT2*4/*6A 27 (28.1) 54 (30.0)
Intermediate  NAT2*4/*7B 8(8.3) 22(12.2)
Slow NAT2*5B/*7B 0(0.0) 1(0.6)
Slow NAT2*6A/6A 5(52) 3(1.7)
Slow NAT2%6A/*7B 331 5(2.8)
Slow NAT2*78/*7B 0 (0.0) 2(1.1)

Total 96 (100) 180 (100)
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Plasma Concentrations of SASP, SP, and AcSP

Figure 1 shows the plasma concentrations of SASP, SP,
and AcSP obtained 1-5 h after SASP administration in 27 RA
patients. In each NAT2 genotype group, these plasma con-
centrations exhibited substantial interindividual variation.
Plasma concentration ratios of SP/AcSP less than 0.2 were
scen in 82.4% of the Rapid Types and in 42.9% of the Inter-
mediate Types; however, the figure for the Slow Types was
0.0% (Fig. 2). In contrast, plasma SP/AcSP ratios over 0.4
were seen in 0.0% of the Rapid Types, 28.6% of the Inter-
mediate Types, and 33.3% of the Slow Types. Factorial analy-
sis by the variance method showed that the NAT2 genotype
affected the plasma SP/AcSP ratios significantly (p = 0.049);
however, the dose of SASP had no effect (p = 0.6847).

Efficacy

Patient profiles of each NAT2 genotype group are shown
in Table II. Sex, disease duration, and SASP dose were not
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Fig. 1, Plasma concentrations of SASP (circles), SP (squares), and
AcSP (triangles) after SASP administration in three groups classified
according to NAT2 genotypes: 17 Rapid Types (A), 7 Intermediate
Types (B), and 3 Slow Types (C). Doses of SASP, 0.5 g/day and 1.0
g/day, are shown by open and closed symbols, respectively. Dotted
lines (0.5 pg/ml) show the lower limits of SASP, SP, and AcSP.
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Fig. 2. Plasma concentration ratio of SP/AcSP from 1 to 5 h after
SASP administration in three groups classified according to the
NAT2 genotypes: 17 Rapid Types (open bars), 7 Intermediate Types
(gray bars), and 3 Slow Types (solid bars). Each column shows the
percentage of patients in each genotype group.

significantly different in the three groups. The duration of
SASP treatment in the Slow Types was much shorter com-
pared with the other two types (p < 0.05 by Mann-Whitney U/
test). In Table 111, the physicians’ global assessment showed
that SASP was effective in 48 of 89 patients (53.9%). In each
genotype group, all patients who were Slow Types benefited,
and this was significantly higher than in the case of the Rapid
Types (p < 0.01) or Rapid Types plus Intermediate Types
(p < 0.05).

Adverse Reactions

The total number of adverse reactions found in 96 pa-
tients was 34 (Table IV). Adverse reactions associated with
SASP were found in 26 patients (27.1%), and the patients
withdrawing from treatment because of adverse reactions
were as follows: seven Rapid Types (13.2%), two Intermedi-
ate Types (5.7%), and two Slow Types (25.0%). Cutaneous
symptoms (skin rash and/or itching) occurred in seven Rapid
Types (13.2%), eight Intermediate Types (22.8%), and one
Slow Type (12.5%). In contrast, gastrointestinal symptoms
(nausca and/or vomiting) occurred in three Rapid Types
(5.7%), three Intermediate Types (8.6%), and one Slow Type
(12.5%). Systemic hypersensitivity with high fever, dyspnea,
and decreased consciousness level was seen in one Rapid
Type patient. The ratio of each adverse reaction was not sig-
nificantly different among the three groups. Combination
with methotrexate and/or prednisolone did not affect the oc-
currence of adverse reactions.

DISCUSSION

More than 50 years ago, NAT2 was first found to exhibit
polymorphisms in several hepatic drug-metabolizing enzymes
(24,25). Then, the phenotyping method using probe drugs was
developed, and this led to studies on the relationships be-
tween the acetylator phenotypes and pharmacokinetics, effi-
cacy, and/or toxicity. To date, at least 17 mutant alleles have
been found in the human NA T2 gene; however, genotyping of
three NAT2 peint mutations was sufficient to predict the me-
tabolism of INH in Japanese tuberculous patients as well as
healthy subjects (20). Compared with phenotyping, genotyp-
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Table I, Patient Profiles of Threc Groups Classified According to the NAT2 Genotypes
NAT2 genotype
Intermediate Slow
Rapid NAT2*4/*6A NAT2*6A/6A
Total NAT2*4/*4 NAT2*4/*7B NAT2¥6A/7B
Number of patients 96 53 35 8
Male/female 2076 13/40 5130 2/6
Age (year) 58.0 +12.7 576 132 586+ 120 583 £137
Disease duration (year) 7.7 +64 63147 9.8+83 84+47
SASP 0.5 (g/day)/1.0 (g/day) 26/70 14/39 9126 414
" Duration of treatment {month) 131+ 84 124+ 80 158+ 84 5.8 + 4.6#
PSL treatment 58 31 22 6

# p < 0.05 compared with the Rapid Type and Intermediate Type by the Mann-Whitney U test.

ing is a simple and rapid technique and more reliable for
typing patients with renal, hepatic, and gastrointestinal disor-
ders. However, the relationships between the NATZ geno-
types and pharmacokinetics, efficacy, or toxicity have not
been studied in detail in the case of SASP therapy.

Both genotype and allele frequencies of the NAT2 gene
were not significantly different between RA patients and
healthy subjects (Table I). Some data have indicated that
acetylation influences the process of inactivation of excessive
biogenic amines, including histamine, which is responsible for
allergic reaction symptoms (26-28). Moreover, some research
has suggested that the Slow Type is an important factor in the
individual susceptibility to rheumatoid arthritis (29). How-
ever, otr results show that acetylator status is not involved in
the onset of RA.

In spite of the classification of NAT2 genotypes, the
plasma concentrations of SASP, SP, and AcSP (1-5 h) exhib-
ited substantial interindividual variations (Fig. 1), which
might be caused by poor (10-30%) and slow absorption of
SASP (15). In contrast, the acetylation index (10}, the plasma
SP/AcSP ratio, correlated with the NAT2 genotypes (Fig. 2).
The period of 1-5 h represents the elimination phase of both
SP and AcSP because the mean absorption lag time of SP is
6 h, and the mean time to reach the maximum plasma con-
centrations of SASP and SP are 6 and 12-14 h, after the
multiple administration of 1.0 g SASP in healthy Japanese

subjects (30). The pharmacokinetics of SASP is dose linear in
the dose range of 0.5 to 2.0 g following a single administration
in a healthy subject. Also, in our previous study with healthy
subjects, the plasma SP/AcSP ratios of the Rapid Types [0.24
{mean value; n = 4)] were significantly lower than the Inter-
mediate Types [0.53 (n = 3)] at 24 h after multiple adminis-
tration of 1.0 g SASP (22). Therefore, the plasma SP/AcSP
ratio was affected by the NAT2 genotype and not by the dose
of SASP, coadministered drugs, coexisting diseases, age, etc.

Although several reporis of the dependence of acetylator
phenotype or NAT2 genotypes in the SASP therapy have
involved RA and IBD patients, no conclusion was reached
concentrating the classification of the subjects based on their
NAT2 genotype (11-14,21). In the present study, 0.5 and/or
1.0 g/day of SASP was administered to RA patients, which
was lower than other previous reports (1.0-3.0 g/day) (12-14).
As a result, the physicians’ global assessment showed that
Slow Types (100.0%) benefited more than Intermediate
Types (63.6%) and Rapid Types (40.8%) (Table III). It
should be noted that the efficacy of SASP treatment was
more effective in Slow Types, aithough the number of sub-
jects was small. This seems to be consistent with the shorter
duration of SASP treatment in Slow Types compared with the
other two Types. These findings suggest that the NAT2 ge-
notype is an important factor in determining the efficacy of
SASP in RA patients.

Table 1. Efficacy of SASP in Three Groups Classified According to the NAT2 Genotypes

NAT2 genotype

Intermediate Slow
: Rapid NAT2*4/*6A NAT2*6A/*6A
Total NAT2* /%4 NAT2*4/*78 NAT2*6AM7B
n =89 n =49 n =33 n=7
0.5 g/day
Grade 1 1/24 013 1/8 013
Grade 2 13/24 513 58 k1K
Subtotal 14/24 (58.3%) 513 (38.5%) 6/8 (75.0%) 3/3 (100.0%)
1.0 g/day
Grade 1 8763 4436 2125 2/4
Grade 2 26/65 11/36 13/25 2/4
Subtotal 34/65 {52.3%) 15/36 (41.7%) 15/25 (60.0%) 4/4# (100.0%)
Total 48/89 (53.9%) 20/49 (40.8%) 21/33 (63.6%) TTEE* (100.0%)

#p < 0.05 and ##p < 0.01 compared with the Rapid Type by Fischer's exact test.
* p < 0.05 compared with the Rapid Type + Intermediate Type by Fischer’s exact test.
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Table IV, Adverse Reactions of SASP in Three Groups Classified According to the NAT2 Genotypes

NAT2 genotype

Total Rapid Intermediate Slow
(n = 96) (n = 53) (n = 35) (n = 8)
Patient number of adverse reactions
0.5 g/day SASP 11726 4/14 6/9 1/4
1.0 g/day SASP 15/70 9/39 5/26 1/4
Total 26 (27.1%) 13 (24.5%) 11(314%) 2(25.0%)
Withdrawal because of toxicity 11(11.5%) 7(13.2%) 2(5.7%) 2(25.0%)
Adverse reactions
Cutaneous# 16 [6] 7[4] 8[1] 1y
Gastrointestinalit# 73] 3[1] 3] 1[1]
Elevated liver enzymes 3[1] 3[1] 0 0
Hematological### 1 1 0 0
Cardiovascular#### 2 0 1 1
Systemic hypersensitivity 1[1] 1[1] 0 0
Others 4 1* 3w 0

# Rash and/or itching; ##nausea and/or vomiting: ###leucopenia; ####palpitation.

[ ] = numbers of patients withdrawn.

* Anemia; **dry mouth, ischemic heart disease, or diabetes mellitus.

In general, the adverse reactions of SASP were divided
into two groups. One involves hypersensitive reactions, such
as skin rash, aplastic anemia, and hepatic and pulmonary dys-
functions, which are independent of the dose of SASP or
blood concentration (31). The other adverse reactions are
dependent on the dose of SASP or blood concentration of SP
(> 50 pg/ml), such as nausea, vomiting, headache, malaise,
hemolytic anemia, and reticulocytosis (6). In the phenotyping
study, a higher incidence of nausea/vomiting and raised he-
patic enzymes was seen in slow acetylators (14). As far as our
results are concerned, no correlation between the NAT2 ge-
notype and the overall toxic reactions of SASP was seen,
although the rate exhibited a trend: Rapid Type < Interme-
diate Type < Slow Type (Table IV). This discrepancy may be
explained by the low incidence of adverse reactions caused by
the low dose (0.5 and/or 1.0 g/day) of SASP given in the form
of enteric-coated tablets. Small numbers of the Slow Type, 8
out of 96 patients, make it difficult to evaluate the influence
of the NAT2 genotype on toxicity. As in previous teports, we
observed hypersensitive reactions in all genotype groups with
the same incidence.

In summary, we conducted the NAT2 genotyping of
wild-type and three variant alleles in Japanese RA patients.
The NAT2 gene polymorphism has no influence on the onset
of RA or on the incidence of adverse reactions to SASP,
although there was an effect on the plasma SP/AcSP ratio and
the efficacy of SASP. These data suggest that NAT2 geno-
typing could become a useful alternative to therapeutic drug
monitoring for SASP. A further prospective study will be
required to determine the effective and safe dosage regimen
of SASP for RA, which can be decided based on the NAT2
genotype of individual patients.
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