Springer

Dear Author:

Please find attached the final pdf file of your contribution, which can be viewed using the
Acrobat Reader, version 3.0 or higher. We would kindly like to draw your attention to the
fact that copyright law is also valid for electronic products. This means especially that:

* You may not alter the pdf file, as changes to the published contribution are
prohibited by copyright law.

*  You may print the file and distribute it amongst your colleagues in the scientific
community for scientific and/or personal use.

* You may make an article published by Springer-Verlag available on your personal
home page provided the source of the published article is cited and Springer-Verlag is
mentioned as copyright holder. You are requested to create a link to the published
article in LINK, Springer's internet service. The link must be accompanied by the
following text: The original publication is available on LINK http://link.springer.de.
Please use the appropriate URL and/or DOI for the article in LINK. Articles
disseminated via LINK are indexed, abstracted and referenced by many abstracting and
information services, bibliographic networks, subscription agencies, library networks
and consortia.

* Youare not allowed to make the pdf file accessible to the general public, e.g. your
institute/your company is not allowed to place this file on its homepage.

* DPlease address any queries to the production editor of the journal in question, giving
your name, the journal title, volume and first page number.

Yours sincerely,

Springer-Verlag Berlin Heidelberg



Immunogenetics (2002) 54:141-157
DOI 10.1007/s00251-002-0453-9

REVIEW

Thierry Chardes - Nicolas Chapal - Damien Bresson
Cédric Bés - Véronique Giudicelli
Marie-Paule Lefranc - Sylvie Péraldi-Roux

The human anti-thyroid peroxidase autoantibody repertoire in Graves’
and Hashimoto’s autoimmune thyroid diseases

Received: 10 December 2000 / Revised: 5 March 2002 / Published online: 3 May 2002

© Springer-Verlag 2002

Abstract Human anti-thyroid peroxidase (TPO) auto-
antibodies (aAb) are generated during autoimmune thy-
roid diseases (AITD). Within recent years, increasing
knowledge of the TPO-specific aAb repertoire, gained
mainly by the use of combinatorial library methodology,
has led to the cloning and sequencing of around 180
human anti-TPO aAb. Analysis of the immunoglobulin
(Ig) variable (V) genes encoding the TPO aAb in the
ImMunoGeneTics database (IMGT) (http://imgt.cines.fr)
reveals major features of the TPO-directed aAb reper-
toire during AITD. Heavy chain VH domains of TPO-
specific aAb from Graves’ disease patients preferentially
use D proximal IGHVI genes, whereas those from
Hashimoto’s thyroiditis are characterized more frequent-
ly by IGHV3 genes, mainly located in the middle of the
IGH locus. A large proportion of the anti-TPO heavy
chain VH domains is obtained following a VDJ recombi-
nation process that uses inverted D genes. J distal IGKVI
and IGLV1 genes are predominantly used in TPO aAb. In
contrast to the numerous somatic hypermutations in the
TPO-specific heavy chains, there is only limited amino
acid replacement in most of the TPO-specific light
chains, particularly in those encoded by J proximal /GLV
or IGKYV genes, suggesting that a defect in receptor edit-
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ing can occur during aAb generation in AITD. Among
the predominant /[GHVI or IGKVI TPO aAb, conserved
somatic mutations are the hallmark of the TPO aAb rep-
ertoire. The aim of this review is to provide new insights
into aAb generation against TPO, a major autoantigen
involved in AITD.

Keywords Thyroid peroxidase - Autoantibody - Phage
display - Variable gene - IMGT database

Introduction

The anti-thyroid peroxidase (TPO) autoantibodies (aAb)
are the most frequently represented aAb in the sera of
patients suffering from autoimmune thyroid disease
(AITD); they are present in 90% of Hashimoto’s thyroi-
ditis and 75% of Graves’ disease patients (Mariotti et al.
1990). In vitro cytotoxic effector functions mediated by
TPO-specific aAb, such as C3 complement activation
(Chiovato et al. 1993; Parkes et al. 1994; Wadeleux et al.
1989) and antibody-dependent cell cytotoxicity (Bogner
et al. 1995; Guo et al. 1997; Metcalfe et al. 1997; Rodien
et al. 1996; Weetman et al. 1989), trigger thyroid cell de-
struction. Moreover, it has been suggested that thyroid-
infiltrating B lymphocytes as antigen-presenting cells
through membrane-bound anti-TPO antibodies modulate
antigen processing (Guo et al. 1996; McLachlan and
Rapoport 1992; Rapoport et al. 1995).

Only one human anti-TPO antibody was obtained by
cell immortalization (Horimoto et al. 1992). However,
McLachlan and Rapoport’s group pioneered the applica-
tion of combinatorial libraries to the study of aAb in
thyroid diseases (Portolano et al. 1991), and a large num-
ber of human anti-TPO aAb have since been isolated by
this group and others (Chazenbalk et al. 1993; Hexham
et al. 1994; Jaume et al. 1994a, b; Jaume et al. 1997,
Mclntosh et al. 1997; Portolano et al. 1992, 1993a, b;
1995; Prummel et al. 1994a, b). In the last 2 years, about
100 anti-TPO aAb directed against immunodominant or
non-immunodominant epitopes have been described
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(Chapal et al. 2000; 2001; Guo et al. 1999; Pichurin et al.
2001). Given this enlarged TPO-specific repertoire, and
particularly the numerous Ig gene sequences published to
date, we compiled and analyzed the genes encoding these
aAb using the international ImMunoGeneTics database
(IMGT) (http://imgt.cines.fr), an integrated information
system devoted to the study of immunoglobulins, T-cell
receptors, and major histocompatibility molecules of sev-
eral vertebrate species (Giudicelli et al. 1997; Lefranc
and Lefranc 2001).

TPO-specific heavy chain gene usage in AITD

Ig variable domain sequences encoding TPO aAb have
been obtained from Fab and single chain variable frag-
ment (scFv) combinatorial libraries, mainly derived from
thyroid-infiltrating B cells of Graves’ disease patients
(Chapal et al. 2000; 2001; Chazenbalk et al. 1993; Jaume
et al. 1994a, b, 1997; Portolano et al. 1992, 1993a, b,
1995; Prummel et al. 1994a, b). Only two libraries con-
structed from thyroid-infiltrating B cells or lymph node
B lymphocytes of Hashimoto’s patients have been de-
scribed (Hexham et al. 1994; Mclntosh et al. 1997). Al-
though we cannot formally exclude that differences ob-
served in IGV gene usage of TPO-specific aAb obtained
from the libraries cited in Table 1 (consisting of parts a,
b and c) are due to preferential primer amplification of
certain /GV genes or gene families, we consider that the
data reflect the reality in vivo since the analyses were
carried out on more than 180 human anti-TPO aAb ob-
tained from four laboratories that used different primers.
Analysis of the heavy chain variable domains of the anti-
TPO aAb shows a restriction in the /IGHV gene usage in
both Graves’ and Hashimoto’s AITD (Table 1, consisting
of parts a, b and c) (Mclntosh et al. 1998; McLachlan
and Rapoport 2000). The heavy chains of the anti-TPO
aAb are mainly encoded by genes of the IGHVI (75.4%)
and IGHV3 (21.2%) subgroups, with a large predomi-
nance of the IGHV -3 gene in thyroid diseases.
Interestingly, /GHV gene analysis of anti-TPO aAb
from patients with Graves’ disease or with Hashimoto’s
hypothyroiditis clearly indicates a discrimination in
IGHYV subgroup usage (Table 2). In Graves’ disease, the
anti-TPO aAb mainly use IGHVI subgroup genes
(88.9%), with overrepresentation of IGHVI-3 (50.4%)
and IGHVI-2 (25.5%). In Hashimoto’s thyroiditis, the
IGHV3 subgroup (71%) is dominant among the anti-TPO
aAb, with a large predominance of IGHV3-21 (47.4%)
and IGHV3-23 (18.4%) (Table 1 (consisting of parts a, b
and c¢) and 2). Preferential use of IGHV4, IGHVS, and
IGHV6 genes by aAb in autoimmune diseases was sug-
gested by several studies (Dijk-Hard van et al. 1999;
Melero et al. 1998; Pascual and Capra 1992; Pascual et
al. 1992a, b, c; Roben et al. 1996). On the other hand,
underexpression of the /IGHV subgroup in aAb is a very
common feature in autoimmune diseases, as demonstrat-
ed for numerous autoantigens (Bona et al. 1993). The
overexpression of the /IGHV3 subgroup in Hashimoto’s

thyroiditis and that of the /IGHVI subgroup in Graves’
disease seems to be a characteristic of the anti-TPO aAb
repertoire, and suggests that there is a skewing of IGHV
gene usage in TPO-specific aAb in the sera of patients
suffering from autoimmune thyroid diseases.

With regard to the organization of the human /IGH
locus (Fig. 1), TPO-specific aAb from patients with
Graves’ disease and from Hashimoto’s hypothyroiditis
preferentially use D proximal IGHVI genes and D distal
IGHV3 genes, respectively. Two different hypotheses
can explain the preferential expression and/or selection
of a particular IGHV gene: (1) selection derived from
preferential rearrangement due to the gene position in
the IGH locus and/or accessibility to the recombinase
machinery and (2) functional selection based on the rec-
ognition of defined epitopes on the TPO molecule (Sasso
et al. 1989). The preferential use of the D proximal
IGHV5 subgroup gene previously designated 7183 is
well documented in mice (Bona et al. 1993), but the fact
that genes from /GHV subgroups are scattered through-
out the IGH locus (Fig. 1) does not support the “posi-
tion” hypothesis. On the other hand, the fact that non-
IDR (immunodominant region) TPO-specific aAb show
a restricted IGHV1-69 gene usage (Pichurin et al. 2001)
argues in favor of the second hypothesis.

The D genes used by these aAb show a high diversity
with a large number of genes in an inverted orientation
of transcription (38%) (Table 1, consisting of parts a, b
and c). Inverted D genes are rarely used by aAb, and this
event seems to be a peculiarity of anti-TPO aAb. This
observation suggests the possible involvement of partic-
ular mechanisms such as the use of D genes with irregu-
lar spacers (DIR elements) (Tuaillon and Capra 1998),
preferential V-D rearrangements (Tuaillon and Capra
2000b), or modulation of terminal deoxynucleotidyl-
transferase activity (Tuaillon and Capra 2000a) to gener-
ate heavy chain diversity in the TPO repertoire. Analysis
of D gene usage suggests that there is no apparent
restriction in D gene use, whereas IGHJ4 (61.6%)
and IGHJ6 (29.9%) are preferentially rearranged among
the TPO-directed aAb (Tables 1 (consisting of parts a, b
and ¢), 2) in Graves’ disease.

TPO-specific light chain gene usage in AITD

J distal IGKVI and IGLVI genes (Fig. 1) are preferen-
tially rearranged in TPO-specific recombinant aAb
(Tables 1 (consisting of parts a, b and c) and 2). Within

Fig. 1 Germline gene usage of human anti-thyroid peroxidase
(TPO) antibodies in relation to their position on the immuno-
globulin heavy (/IGH), kappa (IGK), and lambda (IGL) variable
gene loci. Percentage of anti-TPO clones derived from the corre-
sponding germline gene of patients with Graves’ disease (solid
bars), and Hashimoto’s thyroiditis (open bars). Genes IGKVI-12
and IGKVI1-39 could not be differentiated from their duplicated
genes IGKVID-12 and IGK1D-39, respectively. The loci repre-
sentations were recovered and simplified from the IMGT database
and the legend may be found at http://imgt.cines.fr
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Table 1a Human anti-thyroid
peroxidase (TPO) antibody
fragments isolated from combi-
national libraries. Antibodies
showing in-cell H/L associa-
tions are boxed

Libiirias® Frimer Chee Fssiwy i gy Lt chadin gene™ Affily™  TPO
speificiry I=HY KSHD™ Ll 1GKN oF KLY K=k o S (rivh)  comoin®
Lombaka phoge Rvones (A >24F "
Fib from Graves Tlonds P12 IEHY1-2"02 ND FEHIG'0Z  IGKVTID-39901  KEKAED) 0.oe IDRA
Frmyrcid pon B oalks i | K=HV1-2°02 WD IGHETE IGKVT/ 1039401 KSEI301,/4°01/75°00 oaz IDR{AT
{Pewtcione s ol P, |99 b B IEHY1 2702 in] BEHIGTE GV TD-I0 KRR 01 MM 0075000 ili=) R
5P1-2 IGHY x differant 71 ond e 501,12 LR a B3 5P &2 IGKVT D0 G
IGKY (Roulstra) 51,13 I 5P1.2 i 5F1LE W12 IGEVIS D0 KGRI
{Poriciono ef ol MR .4 i 5P1.2 L=k Bl 1= B B 1KW1/ D-30"00 K]
06 i1 5P1.2 W 5P1.2 d P12 ISKVTND-39"01 ST
117 K 3P.2 5P1L2 a2 IGENTND-39901  KEHI201
PR k1 &P1.2 W SP1LE [ o od el IGEVTD-3500  KSHIF01
S I 5P1.2 i 5P1F &2 GV D300 WGR DT 0o LRI
5P1-2 1GRY x diffarent ) vl and « 5048 IGHY 2702 KGHDE-2700 e 2wt 0y WGHM0E la SP12 W 5P12 016 LRI
IEHY (Roulathe) b o B HEHY 202 ie) BSHER I EP2 W 5PLE oA
{Poriclono ef ol PRI Fe WEHY =202 D BEHI'DE  dEP2 EPLE DA
Fob from Graves' 7l ond e WRLT I=HY1-3°01 ISHDE- 13401 IGHIEIE  IGKVT1D-39400d e 01 d oz CRyAZ
Bl pan B cals WRILS IEHY1-3°01 KEHDE-1 3T BEHUAD2  IGEVT DIl e 0T d
AL It of 1, 195
Feata fram Graves’ wonde WR42 HEHY1-2°03 KEHD2-2" 00w =[Eh e IGEVT D390 KEH1E?
Mricid pon B cels WR4S IEHY1-2702 KEHD2-2° 00w WSH? IGKVT /DR300 HEH1ET
AChaeerhao of ol 193 Wid.a HaHY 2002 KEHEZ2-2*01w WEH IGEVT A O-30000 KSR
WR4 S IEHY 202 KEHD2- 200w =g IGEVT DR300 GHIF0 0l IDRA,
WRAT -4 = ol IGKVTD-3900  KSEI1T*01
Wida MEHY ] -2m02 kaHD2-2"01 WaH? IGEV T D-390010 K]
Wi 0 @ -+ IGKV 1 D-39°00 K11
W40 IEHY1-2°02/4 IGHDZ-2°D0inw fBini3ine. IGHIET03  IGKVTID-39"00  GEET
WR41Z K=HY1-2°02/4 FEESHDZ-2°DNine fini3ny IEHM0Z2 IGKVTND-3901 KT
Wi 2| IGHY 2702 KGHEZ-2*0 i Leth i IGEV 1 D-39000 G2
WR4 22 IEHY1-2°02 KSHD2-2° 00w BSHAT IGKVTND-3900  IGEIF 0]
WR42E HEHY1-270204 KEHDR 2Dl Anvifding DGR IGEVI DR300 KGRI
WRA2T I=HY1 270274 KSHD2-20Tnw i ani3ny BSHIAMDE  IGEV D=3 St
WHR4.2B IEHY1-2020 KSHDZ-2°Dine Enii3iny. BEHM02  IGKVTD-39"01 e T
Wha 31 W=HY1-2°0274 ISHDZ-2° 00w rnefiSine. IGHISTI2  IGKVT 1039900 KGEIT]
W52 F=HY 2002 KEHD2-2° 0N M3 BEHIATIR  IGEVT D390 Kl
Whid.33 W=HY1-2"02 KSHDZ2-2° 00w L=lh IGKVTND-33"01  KSEIET
W44 IK=HY1-2"02 KEHDZ-2°Dine Mnidine IEHM0Z IGKVT1D-39400 el T
WR4 35 IGHY1 202 IGHD2-2° 00w fSirnfdine IGHIST02  IGKVT 039400 IGEIF T
W 3G IGHY 202 KEHDR-2 0w Leltnnl IGKV /1 0-3601 K0T
WRAST HEHY1-2°03 KEHDR-2 0T =[Eh e IEEVT -390 K120
Fob fram Graves' londe TR IGHYI-5301 KEHDE-6"01 i WGHIGTE GRS O-300 G a) 051001 IDRIAB
fhiyroid pon B cals IRLGE IGHVI-53101 KEHDA-8" 0w MEHEGTT GRS 030000 KGRI 10RAE
(Chamerbok of o, 192 TRLG IHY | 40 KEHDE- 13D 1200 Iy BEHEIT012 IGEVEZD-28701  KEHIETH IDR/BT
TRLE W=HY 155708 K=HD3-16'00 IGHIE'DT1  IGKVE/I0-ZRTT  KSEET 027:001 IDR/B1
TR IEHY 13701 KEHD12600 IGHME  IGEVI132 Leat il 015:002 DREZ"
TR1D IGHY1-3°01 GHOE- 1T Hm 114701 BEHMTE IGE D300 KGR ) nie LIS
13300 e 120701
Ri-12 1GHY -3¢ L WSHMY IRV 13002 K30
Fob from Graves' Tlonds JALS IEHY1-2°02 ND BSHIG'DZ  IGKVTIO-39"00 D
triyrcic pran B oels
(Cnasaniaol o o, 1995
Fray fram, Sraves’ ¥1 o i KR ISHYI-30-3'01%  bSHDS-5'01% SHIE IGK-15 L=lAr 232 IDR/B
Friyreic pon B osls W1 223 ISHY3-23" 1% KSHDE-3 07w WSHIE ISKVE-15 KSKER oAl IDR/E
Chonsmea ef ol 12Ty
Fook framn Gedves Ylonde &MY I=VHI-2 ¥EHD3-3r2-2% WSHIE® 1EKVE-117 -8
Erigrcid pan B cals M2 IEHYT-3% WD hEHIE® 1GKVT 1 D-37001% —#
(G et il 195 L=y ] IGHYT-37 yin) L=l (L=l Tt g v
M a IEVHI-2® KEHD3-3r2-2 WsHE? IERVE-119 o
M) b HEHY 137 KEHLD |-y g™ WSH 1RV D3 s 2
My & IGHY -3 (el WEHM IGH1 D-301 -2
GMY 7 IGHY - KEHD -2y 2-8ny® IGHE? G103 2
G{Hy @ IGHY1-57 w3 IGHMT IGEVTTB-35019 -2
M) 7 HSWH1 -39 KEHDE-A257 HSHR IGK319 -2
L=l ISWH1 29 KEHDE-2.27 =S 1GKE-117 -2
M)} 22 ISWH1-2% KSHDE-3/2-27 (=TS ISKE-119 o
FlamentoLs phogs Moaamas (ohage dspiay) ™
Fiob from Giaves Tlondk TRLZI K=HY1-2"02 KHDE-1&" 0TI FEHMDZ  IGKVT1D-3900 ESKMtO) D3s=011
ol pan B cols TR1.22 IEHV1-2°02 IGHDS 1B Tl S-5°00inw IGHMDE GV DR300 IGHIZDT
{Perckina wl ol 19930 TRI.23 IGHYT-3°01 KGHDSE-24'T1 IGHMTR GV D300 kG000 0542006 DR
TRI3A2-1.53 IGHYI-5301 KEHDA-1 1O im0y BEHIATE IGEV D390 GHe01 047 IORFAH
™7 ISHY |00 KsHDI-20m01-1701 IGHED  IGKVEED-ZET KT 030 DR\
Fob from Hashimoto's 7l ondk &F I=HY1-8"01 FSHDG-25'01 T f3-10°01  SHIG'DE2  IGEVT 103901 KSR 01 80 o8 254
Friyrid pan B cels FE-3M00 02
{Haat ol 7F IGHYA-31101 ISHD3- T IGHIEE G300 Les IR &0 Mot 254
0 IEHVI-237 KEHD3-I 02 FEHIGTIZ  IGEVT 03900 S0 3 ol 254
Foks from Graves' o TR1.41 WEHWY 185401 KEHDE00 IGHEE  IGLYAZ2100 KL 0.8 IDRfA
Hryreid pon B oels WR1E2 HSHY3-237 KEHDE- 2201 WSHIE 5L 147 ELFe 2 IDR/E
(Pramimad. 1994: Poriclana. 1995) WR1.10F 15HY1-29 KSHDS-5 09 =T 1513257 KLz 100 IDR/A
WR1.112 ISHYA-30-4% WD =g I5LY3-257 L=l 100



Table 1b

Tabia | [contnuad)

Libwories Frimer  Clone Haawy chain gena Light choin gere Affinity | ie]
spactichy ISHY IGHD ¥EH IR o G (GE o IGL (nM}  doman
Flamerhous phage fbanes (mhage display)
Fabs from Hashimota's 41 and e/ 1264 IGHYI-Z1012  WGHDI-1*01 IGHIS01/2 IGKY 1901 ST
thyrold pan B cals 1368 IGHVRZ1T012  EHDE 1200 IGHIGR  WEKY1-9e00 HEILT D
{MAckecan o o 1977) 1260 IGHYE2101/2  KSHDI-1H IGHISO2  KSKV19701 MK
1260 IGHYEZ10/2  KSHDI-1*D] IGHISTR  ISKVI- 12000 KEKMTT 02
10170
136 F IGHVEZ101/2  KGHDI-7*01/1-20000 IGHIE01/2 IGKY1-9°0) ERI0)
1266 IGHVA-Z1012  KEHDI-1°D) IGHIED/2 ISKY1-9°01 HEKIS'T 0241 DR
126H IGHYE-Z1'01/2  KSHDE-23°01 IGHIS'2  ISKV1-9°01 KT 02 oR/E
1268 IGHYE-ZI02  WGHDE12'01 IGHIGDZ  IEKY)-5°01 MG T
126 IGHYR21M01/2  WEHDI- 1800 IGHIGTI2  WEKY1-9701 WEIMT
12601 ISHVI-3DI SHD2-2 01y 3w IGHIET  SKVIID-390 IEKISTH 19 (=17
TZEOZ ISHWT-3TI MEHDI-F Dy IGHIGTDT  BEKV1/1D-3901 KEKTT 04-24
1M IGHT-3*01 IGHDE-F 0y IGHIEDT  IGKVTID-301 WG 0.4-2.4
126106 IGHYI-0) KSHD-F 0w IGHIE0)  IGKVI D901 KGR 04-24
1ETOE ISHVERRIMDNER  KEHDI-M0 ISHIS0Z SRV BEKIST 0231
1ZEI0P ISHVERIINE  SHDZ210 IGHISE  IGKVI-Z7Dl BEKMTH 009410
THTOID IGHVI-21012  WGHDI- 1601 IGHISR  IGHKY1-9°01 G 0094-10
1267016 IGHVEZ1M012  WGHDS1201 IGHIET2 G901 HEKMDI 0ned-10
Fab from Hashimoto's 41 and e 126TP1 IGHYE21M00/2  WEHDS-16°01 IGHIER  BSKV1-9701 SR
brnph nede pan B cels 126TPS  IGHW1-3T1 MEHDI-F DIy IGHIETE  ISKVI/ID-EP0 IGKITH DR/
kot of i, 18] 126TPS IGHVIZITONZ  WGHDI- T IGHIGT2  IGKY]-901 EMTT
TRy IGHYE21M012 WEHDI-1"D IEHIG01/2 Sk 19701 WD
126TPE ISHVBZI'DL2  WSHDI-1'M IGHISTR2  ISKV1-9°01 HEKITT
126TPF IGHW1-3TI IEHDAS Dl 16T1  IGHIETE  ISKVI/ID-3901 WGKMT!
f210m a2
126TPI0 IGHVEEITONZ  WGHDS- 180! IGHISTO2 KGRV 15701 KSR
1ZETPI3 ISHW1-3T1 MEHDR-E O3 IGHIGTZ  SKY1/1D-39°01 KSKIA'TT 24
126TP14  ISHWT-3'D1 EHDI-F My IGHIETR  ISKVI/ID-E01 IGKI'T)
T2ETPIS  IGHVI-TI HEHDIF Dy IGHIETR  BEKV1/ID-E901 IGKMT 1
13TR2 IEHVEE01 BSHDA-4 0T irv 230y IGHIESD)  ISKVI A D301 el 31-4.4
-2 Dliny
1ITPE IGHVEEIN]  MEHDESDim 23 Tlin IGHIE'DT  IGKYI/ID39D1 6EK 101 2215 [DRIA
128 i
131TPs IGHVBEDL  IGHDAS0NInvA230lny IGHIETD) SRV I/1D-01 Sk DL 3144 IDRIA
Fi-26°07ir
WITR? IBHVEEET]  MEHDGEDlin 23 Tliny IGHIETDT  IGKYI/ID-ERT IGKI 01 2216 IDRMA
1128 M
TIPS ISHVEZAT RSHDAS0 I 23 0Ny IGHIET0  BEKVIID390) B3R 2218
Fi-2se iy
13TPI4  IGHVI4ED]  WGHDI1EDlinG IGHIETT  IGKVIIEDD ISR 24 DR/E
11 Dl
T L
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the IGKVI subgroup, a strong restriction is observed:
72.8% of the K anti-TPO aAb are encoded by genes
derived from the IGKVI-39 (or IGKVID-39) gene in
Graves’ disease (Tables 1 (consisting of parts a, b and ¢)
and 2) (Mclntosh et al. 1998; McLachlan and Rapoport
2000). Concerning the TPO-specific IGL repertoire, few
anti-TPO recombinant Fab expressing a A light chain
have been characterized and sequenced. This is proba-
bly due to the fact that only a few libraries have been
constructed using A-specific amplification primers
(Jaume et al. 1997; Mclntosh et al. 1997; Prummel et al.
1994b). The decision by other authors to use only K-spe-
cific amplification primers for library construction was
based on the fact that K-chain TPO aAb predominated
in the sera of the thyroid disease patients from whom
the library originated (Chazenbalk et al. 1993; Guo
et al. 1999; Hexham et al. 1994; Pichurin et al. 2001;
Portolano et al. 1991, 1992, 1993a, b). Using a mixture
of K- and A- specific primers, we recently obtained
numerous A anti-TPO scFv by an in-cell library and
random combinatorial libraries (Table 1, consisting of
parts a, b and c) (Chapal et al. 2000; 2001). Analysis of
this enlarged A-derived TPO repertoire revealed a domi-
nant use of the IGLVI subgroup in thyroid diseases,
with two genes mainly found, IGLVI-51 (47.4%) and
IGLVI-40 (26.3%) (Tables 1 (consisting of parts a, b
and c), 2). Autoantibodies with A light chains have been
described in various autoimmune diseases (Cairns et al.
1989; Prummel et al. 1994a, b; Ravirajan et al. 1998;
Serrano et al. 1994; Song et al. 1998); in particular,
A anti-TSHr aAb are involved in thyroid stimulation
in patients with Graves’ disease (Knight et al. 1986;
Williams et al. 1988; Zakarija and McKenzie 1983).
Moreover, five IGLVI—40- and one IGLVI-51-derived
anti-Tg aAb have been isolated from a combinatorial
library constructed from a patient with Hashimoto’s
thyroiditis (MclIntosh et al. 1996, 1998).

H/L pairing of TPO aAb

Chain pairing in a TPO-selected random library can con-
tain in vivo H/L. combinations as suggested by “roulette”
studies (Costante et al. 1994; Portolano et al. 1993a). This
was demonstrated by comparison of H/L combinations
obtained from an in-cell library with those obtained from
various random libraries (Chapal et al. 2001). However,
only TPO-directed aAb from an in-cell combinatorial
library (Chapal et al. 2000) and clone 2G4 obtained from
cell fusion (Horimoto et al. 1992) formally reflect the in
vivo situation (Table 1, consisting of parts a, b and c).
Although a previous study described the lack of pro-
miscuity between TPO-specific heavy and light chains
(Portolano et al. 1993a), an extensive analysis of H/L re-
arrangements of anti-TPO aAb does not show apparent
restriction in H/L pairing (Table 1, consisting of parts a, b
and c). Indeed, the heavy chains encoded by the dominant
IGHVI-3 gene are associated with light chains encoded
by 11 of 18 different IGKV or IGLV genes (Table 1,

consisting of parts a, b and c). Reciprocally, the most
frequently used light chain genes, ie., IGKVI-39,
IGLV1-40, and IGLVI-51, are combined with around
50% of the IGHV genes used by TPO aAb. Overrepresen-
tation of IGHVI-3/IGKVI-39, IGHVI-3/IGHLVI-51,
and IGHVI-3/IGLVI—40 pairings probably reflects the
predominance of the expressed IGHV, IGKV, and IGLV
genes in the TPO antibody repertoire. The clones
resulting from an in-cell library and from cell fusion
show the IGHVI-3/IGLVI-51, IGHVI-69/IGLVI-40,
and IGHV3-53/IGKV3-20 associations found respective-
ly in 14, 1, and none of the anti-TPO aAb obtained from
random combinatorial libraries (Table 1, consisting of
parts a, b and c). These observations indicate the need
to enlarge the number of in vivo clones to definitively
conclude that there is a restricted H/L pairing in TPO-
specific aAb, even though it is possible to obtain at least
part of the in vivo anti-TPO repertoire with combinatorial
libraries.

Amino acid multi-sequence alignment
of TPO-specific aAb

Whereas numerous somatic hypermutations are observed
in TPO-specific heavy chains whatever the library origin
(Table 3, consisting of parts a, b and c)), there is no or
only limited amino acid replacement in most TPO-spe-
cific light chains, particularly those encoded by the
J proximal IGLV2-14, IGKV1-9, IGKV3-11, IGKV3-15,
IGKV3-20, and IGKV4-1 genes (Tables 1 (consisting of
parts a and b), 5). The pattern of mutations in IGHV
genes from anti-TPO aAb is typical of an antigen-driven
selection during AITD. On the other hand, preferential
usage of J proximal IGLV or IGKV genes for some TPO
aAb, with little or no residue mutations, strongly sug-
gests a defect in receptor editing of the light chain during
aAb generation in AITD, as demonstrated for lupus-as-
sociated anti-DNA aAb (Bensimon et al. 1994; Chen
et al. 1997). In this case, certain TPO-specific B cells
might have been blocked in their capacity to turn off
their autoreactivity by light chain replacement, leading
to the acquisition of a new specificity.

As previously suggested by others (Mclntosh et al.
1997; Portolano et al. 1993b, 1995) and confirmed by
our recent publications (Chapal et al. 2000; 2001), exten-
sive analysis of somatic hypermutations among
IGHVI-3, IGHVI1-2, and IGKVI1-39 dominant-derived
aAb indicate that certain residue replacements (e.g.,
[1e39 and Thr95 for IGHVI genes) are systematically
found in the majority of TPO-specific aAb independent-
ly of the library, but other amino acid mutations are
mostly library or patient specific (Tables 3 (consisting of
parts a, b and c), 4 (consisting of parts a and b), and 5).
These observations support the hypothesis that the hy-
permutation process could be the hallmark of the TPO
aAb repertoire.
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Correlation between Ig gene usage
and TPO-specific antibody epitopes

Pairing of one defined heavy chain with different light
chains does not alter antigen binding (Burton and Barbas
1992, 1994). This observation strongly suggests that the
heavy chain initiates the formation of the antigen/anti-
body complex and thereby provides the specificity of the
interaction, whereas its light chain counterpart stabilizes
the interaction with subsequent affinity modulation
(Noel et al. 1996). Such an effect of the anti-TPO aAb
light chain on affinity is less conclusive, since neither
IGKV nor IGLV gene usage of anti-TPO aAb has been
shown to modulate antigen affinity (Chapal et al. 2000,
2001; MclIntosh et al. 1997; Portolano et al. 1991, 1992,
1993b). On the other hand, several groups have pointed
out that domain A of the TPO immunodominant region
(IDR/A) is preferentially recognized by TPO-specific
aAb with the IGKVI-39 light chain, whereas TPO-
specific aAb showing other /GKV light chains map in
domain B of the IDR (IDR/B) (Table 1, consisting of
parts a, b and c) (Chazenbalk et al. 1993; Costante et al.
1994; Guo et al. 1998; Jaume et al. 1996, 1997;
Mclntosh et al. 1997; Portolano et al. 1995). This IDR/B
has been at least partially identified even though the
location of the IDR on the TPO molecule is still under
debate. Region 713-721 is located on the C-terminal
myeloperoxidase-like domain of the TPO molecule; this
region, recognized by murine Mab 47/C21 antibody
(Finke et al. 1991; Libert et al. 1991) and by serum poly-
clonal TPO aAb (Libert et al. 1991; Ruf et al. 1989), was
initially thought to be outside the IDR (Chazenbalk et al.
1993). Furthermore, mutations in the 713721 region do
not affect the recognition of aAb directed against IDR
(Nishikawa et al. 1996). On the other hand, high concen-
trations of IDR/B-specific aAb TR1.9 inhibited the bind-
ing of Mab47/C21 to TPO (Guo et al. 1998) and mapped
an epitope comprising amino acid residue K713 (Guo et
al. 2001), suggesting that region 713-721 is located on
the fringe of an IDR. The crystal structure of the Fab
TR1.9 has been solved (Chacko et al. 1996), but in the
absence of the three-dimensional structure for the com-
plex of TR1.9 with TPO, it is difficult to determine the
structural details of the binding.

The role IGLV genes play in affecting anti-TPO speci-
ficity remains to be elucidated. The initially described
A-derived anti-TPO aAb had low affinity and were
directed against TPO-IDR/B (Portolano et al. 1995;
Prummel et al. 1994b). In contrast, some of our A-derived
aAb demonstrated high affinity to TPO and inhibited the
binding of a majority of the serum aAb to TPO (Bresson
et al. 2001; Chapal et al. 2001), suggesting that these aAb
recognized the IDR (defined by epitope mapping using
BIACORE as regions II, VI, and VIII) (Table 1, consist-
ing of parts a, b and c). Future studies involving A-de-
rived aAb such as T13/VI, B4/VIII, or ICAS/II and Fab
defining IDR/A and /B (WRI1-7, SP1-4, TR1-8, and
TR1-9) could shed new light on the epitope specificity
and gene usage of these aAb that recognize IDR.
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Recently, Pichurin et al. (2001) produced and charac-
terized human recombinant aAb by phage display tech-
nology binding outside the TPO-IDR (defined as non-
IDR). All these heavy chains are encoded by IGHVI-69,
with an extremely long CDR3, and paired with different
types of light chains, suggesting that non-IDR specificity
is determined primarily by a common heavy chain. Inter-
estingly, almost all IDR-specific aAb obtained in the
same experiment use /IGHVI-2 and IGHV-3, as is also
the case for a majority of the IDR aAb previously de-
scribed (Table 1, consisting of parts a, b and c). Does
IGHVI-2 or IGHVI-3 gene usage reflect a particular
TPO-IDR specificity of recombinant aAb? Even though
the methodologies used to define epitope recognition of
anti-TPO recombinant aAb are different, these results re-
veal the difficulty of correlating gene usage with epitope
recognition of TPO-specific aAb.

Conclusion

Several laboratories have produced and characterized nu-
merous human anti-TPO aAb, leading to an enlarged
autoantibody repertoire. Analysis of these antibodies
using the IMGT database (Giudicelli et al. 1997; Lefranc
2001; Lefranc and Lefranc 2001; Lefranc et al. 1999) re-
veals several characteristics of the TPO-specific aAb rep-
ertoire: (1) a restriction in the /GV gene usage to generate
anti-TPO aAb in AITD, (2) a VDJ recombination process
using preferentially inverted D genes, (3) limited somatic
mutations of J proximal light chain genes suggesting a de-
fect in receptor editing in AITD, and (4) presence of cer-
tain somatic mutations systematically in the anti-TPO aAb
repertoire. The annotations described in this paper and the
protein display will soon be available as a new specialized
IMGT page on human anti-TPO aAb genes. This page
will evolve with time and integrate all the sequences de-
voted to autoantibodies that are published in the future.
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