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Importance of HLA in Determining Individual Differences in the Onset of Adverse Drug Reactions
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Individuals vary in their susceptibility to adverse reactions to medications, some of which can be potentially life-
threatening. Idiosyncratic drug toxicity (IDT) has been shown to be strongly associated to specific polymorphisms in
genes encoding human leukocyte antigens (HLAs) by recent genome-wide association studies. However, the pathogenic
mechanisms governing such reactions remain unclarified, at least in part because of a lack of suitable experimental
animal models to assess IDT. This review describes our work on the specific allele/drug combination of HLA-B*57:01
and abacavir, an antiretroviral drug targeting the human immunodeficiency virus. As abacavir is known to trigger an
HLA-dependent immune response, we engineered a transgenic mouse model—HLA-Tg—by partially substituting the
mouse HLA sequence for the corresponding human sequence. Local abacavir exposure was found to trigger a significant
immune response in an HLA-dependent manner, and oral administration induced liver injury partially via concurrent
activation of the innate immune system. Additionally, we developed a technique for evaluating structural alterations in
HLA complexes resulting from drug exposure based on phage display to ensure specificity. Further scrutiny of the
mechanism (s) underlying drug-induced immune reactions using the HLA-Tg model, as well as enhanced methods for
predicting adverse event incidence, are anticipated to help resolve issues surrounding HLA-associated drug hypersen-
sitivity.
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1. [FLC&®IC

EHEMICKDEIERICIE, FEOEET - BRED
EWIZE > THNSEANEZNFEEL, FITIEFRTH]
HIMESIN TS, NS ORIER Z R RARE Y
#1E (idiosyncratic drug toxicity; IDT) & W\, [E
OB TRWH T Z &3 TIHE# T H
0, TIRBRICER CIA<HEHINTHIO THL M E
RAHAZEMKERBETHS. D

EEDT ) LT A REEfENT 5, IDT OFEE
&b S AIMmERPE (human leukocyte antigen; HLA)
SR E QREARE I N TN S, 2 HLA 13D Tk
BN FTEMBEGER TFEGK

TERERFG LT YR FEEE (T260-
8675 TEEMTH LXK Z 5 1-8-1)
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(major histocompatibility complex; MHC) [ZFH%4
L, 77 A 1¥iE (HLA-A, HLA-B, HLA-C) &
75 Z T $H1JE (HLA-DP, HLA-DQ, HLA-DR) 2
RSN S, HLAIZIZZ < OLRUINERLEL, HE
MICEC EIEEC 2RO T Y >N\ EEL T
HELKEEHS> TWS, — T, KEO HLA 4
TIIEY EMEEHT DI ENHD, TNNEE
REREEEETDHEZEZALNTNS., TORHIR
ZH72 A3, HLA-B*57:01 &3i HIV 37 )N E )L
LOBHETHD, ZOZBERALTNDEIETT
INTIE VT K 2 BBUEFIE D A v LAY 900 524
EBE 5.9 7 )N EIVIE HLA-B*57:01 43 FHN D X
TF REEEY A MCEEREG TSI LT, fdmah
HZRTFROLI)N—FU—=nZ{tL, Tz CD8*
T MfE2GEET 2 2 & TRE &G ML T 2 nlfetEn
REINTNS. Y20t & LT, HLA-B*
15:02 EHTADAENINVNIEE ik b R
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T4 —T AT 3 ) NEMEEE (Stevens-Johnson
syndrome; SJS) /" & 14 3% K HEFESE (toxic epider-
mal necrolysis; TEN) <, HLA-B*58:01 & &R
MAEFEEESE Y 07 ) —)Liz k% SIS/TEN b,
HLA OB 5 L/-EELSEMENER L L TERTE
ARV

IDT OFEFEY X7 %5 Z 5D AT, HLA LRI D
HEMIFEHINTVSD, EOXDRANZZA
TENS OREIWERANFEIET 5 DI T IR
T, ZOFKO 1 D&ELT, HLA {KE
SEWVE D G I B 2 3 FTRE7R B TV IMETE L 72
ZEMBT 5N, AN X LRI LR OB
NTWRBRWIREETH -7z, £ ZTEHIZ, HLAK
TR D R IR E & FHH ATRE/RET IV D A
OEE Z @ LT, FEWEIEH O & 7535 2 5l
F, FIEA N AL DR EHIG L 7. AT
X, EENTOEETIL T ZADMERN S R ZK
T D HLA {KFRY R RIS DERITDNT, FFiC
HLA-B*57:01 &7 NAENOHAGORICESZ
WO THHNRT D, 51T, invitro \ZBT5EIEHR
FHOCET2idAE LT, 77—V FT A AT LAk
% 7z HLA ORGERVRHEBITIC DN T HIER S,
2. Eb-YvIRFAZE HLA BEZFEA~TY
ZDEH

HLA B FEATT ZOERICEL THET AN
E13, HICHMO HLA 28 AT 5727 TIIvU R
N TEDORREN TSI NN END T ET
HDH. DFED, e FTHEHL TS HLAZY T A
WCHEET ARERIGER ST ENRAT > M e
%. HLA BB TEAT T ZOERPREREICDNT
FEENPNTRHEL TEEDTNDHDT, £55
2RI NN, 9

HLA ® 7 5 X 1 13 o $§ & B,-microglobulin
Bm) OATFTOBEKELTHEIL, T JITER
INERTF RiZ CD8* THIfMHE#MT 2. TD «
S, 3 DDA R A1 (o, m, o) &, EE
WA K ORI NI D SRS T 5, 2o
THIZ, o3 RAA 213 CD8* T il & %381
HESEE THD, HLA D a3 RAA 227 AR
ICEMT D ET, ¥ ZAKNT HLA 2311
WREZ T 52 ENAIAEERD.7 22T,
C57BL/6 <7 A ® MHC fE1#, (H-2KY) 75 a3 R
A E7O—=227 L, & NORIST 3 HEEAN®

Mouse
D8* T cel

CD8

(human) a, (mouse)

Fig. 1. Schematic Representation of the Complex Structure
of the Human-murine Chimeric Human Leukocyte Antigen
(HLA) Class I

Only the o3 domain of the HLA molecule represents the mouse se-
quence, whereas the other domains represent the human counterparts. TCR:

T cell receptor. Image reproduced from Drug. Metab. Rev., 52(4), 540-567

(2020), upon permission.

#1952 LT, & YU RAF A FE HLA-B*57:01
BEIETZREL 2.

I51Z, ALK HLA 22X 7 20 E LT
ZEMNCHRBEIES/-0I1C, EhD pm 2H AT
DMENRHBD. Y ZIT, FATSAHLAELERD
fom & IFEH - B AT D HIKFIEREAZSND
7%, BIRREFICHIlEN O T RRTFH—FIzk>T
HikENsHRU X ho EF] (2A peptide BEF)
TO<ZEELE. 2A peptide it ZH WS =
LT, Himlb, HLA & Bm ¥ >IN\ EE2%5BHH
I/BHZENTHEE LD, Lo T, FAFE HLA
BEFEERNBm ZE DN FTTAILZHFED 2A
peptide BEFNIC k> TDOaE, EKMMIZ pCAGGS
N B =T BIAR, T ADLEH T HLA DFEH
T&E5a> AN hELE (Fig. D.2 /2, &
MtiEoa> ho—)LELT, YINAENEITES
T RENREEMTS] &k Z 3720 HLA-B*
57:01 &3 2 7 3 /#2 (114 Asp—~Ans, 116 Ser—Tyr)
D HF75 5 HLA-B*57:03 IZDWNWT, 10 ZDFREN
D —HETERLEZ, 2L T, MELEFAS
B HLA-E b gm EIET 2T X ZIEINITA >

TR PR EGE LT LA, 1§+
(FE2#), 2008 FH FUKFEH A,
2013 4R [ R 22 P 328 R P S RHE L 1% 4
MFRMET. 2013 4F 4 H [E 3K E g
ORI AT, F44E 10 AR
U, 811 A XD FEREKREGELD
ZEBEBh A, 2019 fE X D HEK. EYEIE
FRFZITNA, A% A O/ H 2B
T HWFFLITHEE.
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Fig. 2. Effect of Abacavir Exposure on Lymphocytes from Mice Harboring the Chimeric Human Leukocyte Antigen (HLA)
Increase in the ratio of (A) lymph node weight and (B) BrdU uptake in lymphocytes from HLA-B*57:01-Tg (57:01), HLA-B*57:03-Tg (57:03), or littermate

(LM) mice upon treatment with 25 mg/kg/d abacavir in vehicle (70% DMSO) . The increased ratio was calculated from values of the right ear (treated) and left ear

(untreated) . Each bar represents the mean + S.E. of three independent experiments using a total of 4-18 mice, with numbers indicated below each bar. **p < 0.01,

**%p <0.001. N.S.: not significant. Data reproduced from Arch. Toxicol.,
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Fig. 3. Effect of Abacavir Exposure on CD4* and CD8" T Cell Proliferation from Mice Harboring the Chimeric Human Leukocyte

Antigen (HLA)

Percentage of BrdU* subpopulations among (A) CD4* and (B) CD8* T cells isolated from the lymph nodes of abacavir- (25 mg/kg/d) or vehicle- (70%
DMSO) treated HLA-B*57:01-Tg (57:01), HLA-B*57:03-Tg (57:03), or littermate (LM) mice. Each bar represents the mean + S.E. of three independent experi-

ments using a total of 4 or 5 mice, with numbers indicated below each bar. **p

92(3), 11771188 (2018), upon permission.

P73 3>, HLABEGETYEASRT A ZEHL
2.0 Lk, ZOFATH HLA B TFEATT X
% HLA-Tg %7,
3. HLA-Tg 2 AV AEYHRELEDBER
HLA-B*57-01-Tg N HLA RGBT N E
T BRI EERT I EEHRT D0, 5
Fﬁ U > )NHitEGEE S (local lymph node assay;
LLNA) %f7> 7. LLNAZ, EHoaho T
OFFAF 7P BrdU) OHDABRLE %
FBREIZ, EYLEMORAEAERICB T 5 /Y
>NER D VEFEE 2 BEAR S B K g REME A BRIE T H
%. 10 22T, HLA-Tg DAFIT 3 HEER T N
AEIL (25mg/kg/d) ZBFEL, B&KE5D2H
%12 BrdU (0.5mg) ZMEPENEKEG L. £ 0 24
eI ICH Y OONEi 2R L, RUEDOEE ik

<0.01, ***p <0.001. N.S.: not significant. Data reproduced from Arch. Toxicol.,

DFENEH LT, HES BrdU ;DAL DEIG %
P L7z, = OfE%, HLA-B*57:01-Tg TiX, A&
tl:/\TEH/T U > NEIOEBERLZ ZTO BrdU HtD

ABEN W ERLUZEN, 20X BEITIEE
@&@?xﬁﬁivﬁolﬁjﬂﬁﬁ‘ (littermate; LM), HLA-B*
57:03-Tg TiIBDH 5N o /= (Fig. 2).9

KIZ, BrdU D AAMNTTHEL 72V 2 NERD BT
ty hEBHSMNET L, CD4T THij, CD8 T
HIFIC DWW TZENEFN BrdU BLD AA B DE( % FE
fiL7=&Z %, CD8* T fllfig 79@)1@ HLA-B*
57:01-Tg TY /N H E )L OIg FE Ry BIZEATS
ZEMHESMNETRo - (Fig. 3).9) F7z, INET
DIEM S, TINHEIITKIET S CD8* T il
70— 21%, IL-2 % IFN-y &5 /= Thl B4 K
A DRENEATH DI ENMRINTNS, 12
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% Z T, HLA-B*57:01-Tg 3 ® CD8* T fifgic
LU THY NI E) OFEBRHCFEERIC ZN S OH A

NAOACORBEN ERFT N 70—-H A1 F AL
—IZL>TFHli L7z, Z DR, MMNITIL-2
IFN-y (5@ CD8* T il D EI &N LR L T3
ZEMHSNERD, Y E NTREZISREREDH
BNTELIRENESZHBDEEZEZ SN S.

HLA 2N L7727 N AHEINIC X B REREICET
LU AETIVIFEFENHEFITERKT THEL &
N, ZTOHH» ABRICIIKENH OZ I —T %
HLA-B*57:01-Tg £ )V &KX L (EHLFRICE
FRUZAFATHRHLA ZEALTWS), 7\A
EIIZEK S CD8T T fifg DIEPEITER ST NS5
FHIRRERINDERICHEIIL TS, D ZO5E»
5, EHFEOERLZETINOZLENHRE S NZD
AR 5T, H5HYIC HLA-Tg & F W 7= 3 8
MENfTTONDDOH D I ENEDLNS.

4. BARAREROEMHILEZN LI HLA-Tg (TH
(T2 EMEFEETOER

EROBENT, KERATICRE L R ORE R
LD THo=MN, YNAEINIROKEGEIN
LHLHIVETH 27280, FOFRGRICH RENR
ISR o200tz s L& Lk,
HLA-Tg ICEEHEL TI1% DT /N EILDIEEZ
—HEE G Ak T, BEREORETHLIT T Y
& —AEU— CD8' T ffifid (CD44hshCD62LIV)
DEGEFM Lz, = DkEE, HLA-B*57:01-Tg T
&, YNNHENORKRAOFGIZE > THRITY 2/ Hi
PEH O T T 2 75— A€ — CD8" T fif
EBENEML, 1 —7 CD8* T fllid (CD4d4lov
CD62LMe) DENGA LT=h, TDOXRD e
13 HLA-B*57:03-Tg > LM T3l I Nan -
/2.9 &> T, HLA-B*57:01-Tg B BT 7 N H E
W DHBEIT X > TEGRENTTEL /2 2 EAVRE S
N7z, LL, E N TEDOND KD RIEERES
FHERIZRRD 67 o 72, THLE D RY) ORI
13726 <2 ETEEHEDO Y NATEIZES S &
NTWdEEZENSN, BHi-HERITERIN
ISino 7= 2 &S, RROBGR ORI RN DFERIC
WSO BERNLETH S EEZ 6N,

FEENNIEL 7= IDT OFIEIC H R GE ROV E L
IsEIZEN, BREAENZH DN > TS Z
ENE<HBENTWVWS., BREEIZ—KRIT,

pathogen-associated molecular patterns (PAMPs)
% damage-associated molecular patterns (DAMPs)
EWo ERTZM U TEHEL SN, WHEARNDRKSR
RERENEE TS, YNNHEINDOHREGZEZIT TN
HEFITHIVITEREL TWS 0, IBEUEDFREIE
IFRAEIRRE /2 EDBREER T2 B8 55 2 alaEtE & &
5. £oT, XUREFTIVTERTAELS IDT %
BHTL2012F, FOLOBREREERDEET S
WEMMH B EEZEZ BN

ZFZTEHLZON, Toll Hk=ZA4K (Toll-like
receptor; TLR) U > RTH3. HTH TLR4
U2 KRR TLRY U > R, RIESLHRLER
ZIEMHLT B 2 ETEYRIEPHOREREZ S Y
ATHFESEDZIEDNRINTVS. W Lo
T, £FZDOMEL 7~ HLA-B*S7:01-Tg 1B W T
b, HRAEREZE LI TS Z L TIHIRICBIT 5%
PG L 2 MR rTREVREE U 72, 41X, TLRO U
H > R T & % CpG-oligodeoxynucleotide ( CpG-
ODN) Z7NAENDO#OBEGHHMNS —HBE
23 EEENICREG L, HEESHRIC BT 5 %0
IRIZDWTRHI L 72, ZDfER, 7N eI O#%
HB44 7 H#% (11 T HLA-B*57:01-Tg TI3EEAE T
T7ISZ7I) I 2AT725—1F (ALT) @Ok
FAMRDHN, HEFNESTND I ENRREIN
7273, HLA-B*57:03-Tg TR I N>k 1P
X/, YNHENORERLE T H R AT OMEZE
BRBML CRERMAZITOLE IS, HLA-BY
57:01-Tg 12 32 T CpG-ODN O ff il B Tld CD8*
THEORZENED 5N/ 1D 26 DFERNS,
($)IT TLRY 2/t L 72) HAGERZEHLSE D
Z & T HLA K772 301 D IFF I SO 22 75 56 C
EDHIENREEIN, HAGEREDOREERN
IDT DFEHEICEE & 72 5 ] fEtENE S Nz,

5. 77T 4 AT LA EEZRAVCICEYRER
DEEZ(E L7 HLA ORH

HLA K7 B 78 B RIE FH O F5E 2 T ]9 2 5 ik
MEMUTAHAIEHOEERRETHS. FED
HLA £815r1 &8 & OMBERNEIES L8>
THREMEDIEELIZ DN D EZEZ LN TWS
W, FrE®D HLA 282 /G L Thiud, FEmlLrs
DR - AR NRTE IND 2 LT, W
SRR LHE (BESR) ORRPNEIZD, £h
MaEtEZ2EET 2 I ENERINS. Lil, EEH
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Fig. 4. Structure of a M13 Phage Expressing the Human Antibody Heavy Chain Variable Region (Vi)

Vy is genetically fused to gene III of the M13 phage. The amino acid sequence of the Vy region is written below. Lowercase italics represent the variable amino
acid residues in the human antibodies. Underlined (solid) letters represent the variable amino acid residues in the phage library. Reproduced with permission from
Biol. Pharm. Bull., 43(6), 1007-1015 (2020). Copyright 2020 from The Pharmaceutical Society of Japan.

IZTFIET Bl %« DXRTF RZ&[FE L CRWERAFEY
20 &THT 2 EFIEBHENTHS. £IT, W
M7s% HLA 28 - fif% - EHOMAETHOETH -
THTHITIREE 25 in vitro A7 1) —Z 27 HfMm
VETIE RV EE R,

T I TEHLEZDON, FiEA 7 U -2 7ITiA
INTVWET7y—TF A AT LAETHD, FFED
HLA 53 FIZEREFUENTEIR L TWLhENE, £
NS ZRHET DERNPUARDO B TR IC XK > T
AL KD LA, FED HLA 73 FITEM DG
#9 %2 & THLA EERDFEEICELT 5139
THD, TNERKRENR T 7y — OEMEICE > TR
ABHTZEEZAMELR. 2T, BRSSO
Py mEis (complementarity determining region;
CDR) 7T > & AMEE Nzt bHURESH n] 25 fH i
TI3TAE (Vy) ZERTDOZIMIZ3 77 —20DF
175U %ML~ (Fig. 4).19 £9°, HeLa fifi
IZ HLA-B*57:01 Z2¥B X3 &, &I 5 REikkik
IZ& > TEINL 7= HLA #E&1k%E E—XIZEE L
. TDH%, Ty—YDIATFU NS HLA ITHE
BID2HbDET T4 T AN T DYA 7 )L &k
DRTZETHE L. TOMKE, 4FEOT v —
DrO—NEBEELLSEIREINDS 2 ENDND,
Z® 5% 3 DI HLA-B*57:01 8 &K1k 3 % B0
HrEHLTWSZENT7O—PA1 MA M) —={TL>
THeRa N~ 17

RIZ, TNSDT 7 —IHURN T N EIL OigEdE
RFI2 2 b L 7= HLA-B*57:01 &R L TED K
DICHRHMEEEZ DM L. T5&, s 3
DO O—=ZITXRT, YNHENDIREEZ T

Abacavir
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LY

—_—
Phage binding

e
-

4

-

Fig. 5. Schematic Diagram of Flow Cytometric Evaluation of
the Affinity of the Phage Antibodies to HLA-B*57:01 Struc-
turally Altered by Abacavir

HLA-B*57:01-transfected HeLa cells cultured with abacavir (100 uM,
filled chart and solid line) or without abacavir (empty chart and dotted line)
for 24 h were incubated with the acquired phage antibody. Binding phages

were detected with an anti-M13 antibody using flow cytometry. Overlaid im-

ages of the data with or without abacavir are shown. Modified and

reproduced with permission from illustration on the cover of Biol. Pharm.

Bull., 43(6) . Copyright 2020 from The Pharmaceutical Society of Japan.

HLA-B*57:01 # &K1 L TL D @SBz R
FTIENHONER 2 (Fig. 5.V BELEZHD
FTRTIZBWTHEMMENEE AR U 72 AR,
MRELT, 77 =574 AT LA EEHWTHE
B SRR TR T E S HLA SR OME (L2 A
LT ENAREE LR I N, — BT, BREWIRO
HLA-B*57:03 2 W TCRIRDOF 21T/ & 25,
HLA-B*57:01 Z 58k nJfE/2 7 v — PR & [ —D
HONPEI NN, NS T NNAHEINDOFET
HLA-B*57:03 {25t 2 BMENELish> T
Emn, fEEEMEDOZEIT HLA-B*57:01 & 7N
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HENVDOHEERKEN THEEEZEZEND. 1D
NS OKERN S, EYREITHEDS HLA #EEHROM
WEEERETZET, 77—F 14 AT LAEN
FHTHZ LIRS N, EEBFBIIHTDEIE
FFIED FRINEIEH SN D Z EnifFans.

6. BHYIC

HLA-Tg 2 X% IDT OFBEHETILO/EES HLA
DORGEZLZIRA D Z LK DEWER FHED R
IZDWT, EFORRZE LT L 2. HLA-Tg
IZ& > T, HLAKEREYRISNRD 5N 5 2
EFBHS N ERS TN, AL IR IUT RS 7R Wi
FRIIILEATH D, 20 1DEL T, EWERAFRE
DR RN D D, HLA K ER 7R =M EIE I
SIS® TEN IZfREIND L D1IT, FHEHREZEH.O
ELTHRIET . DT, ZTOERITITRY B HE
M - ENREENS D EZEZ SN, INHEOM
FEETH D, THITE, FEDHLA ZRZ2H L
TWENHEVNST, N5 T L HEMEIERZF
JET 2D TIIBRWADEFE LRI 5720,
7N EIVIT K B i BUE O FEE B8 E 13 HLA-B*
57:01 (RE DEFEOKEHEEETH 5.1 P ZIT,
HLA DS D& R ER P IREER O G525t Hb N
. TINHENOEEZ%1T5EEITHIV 285
THD, HFHELTCDA THIBMOEMNETFL T
WS ZEMNS, TOREEDENNTIEDH EZ /3T
TWBNEDMNH LR, 1FNITH, HBERIRIT
T —FENT 2 HHEREE (EAR) OFEAZED
EETDOINENDDEZELZ TS, %< OEENTK
INTWSA, HLA-Tg £E5)LZ2HW=EIEH O
AR ZIC e L Ie o 2 2 &M D, FIEMFFN
FEWODICRIOHZNIFEERNERKTIHRNWSEZES
D.

BiEE AWK ZEEETDICHZD TfREEHD
F U TRERFREGE AT DR BRI
EEBWZLET. £, AMENFICHL TS
< OEWHRMEZBO £ L= HkES o
FEOERRICLLDE#WAZLET. 51T, A
NI T EERFRF B PTG WA E R = T
EITL2bDTHD, THHTEEEL M EFE
ORI HALE L BF£9. AR H A
IR SFFE (15H04661, 15K14995, 16K18932),
N2 A R AR AL R E A AR [, 232k A

EN EEREEE R EME, F—-=latt &
AIETHETDRIFE IO 2~/ (TaNeDS) DI
BlIcXofTbnE=db0ThHD, ZZIiZfLBEL B
ES

FIZEMAR  HAREBNIE =R EE S50
FeBh 4 a2 mEL /-,
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