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Human Anti-Thyroid Peroxidase Single-Chain Fragment
Variable of Ig Isolated from a Combinatorial Library
Assembled In-Cell: Insights into the In Vivo Situation®

Nicolas Chapal,* Sylvie Peraldi-Roux,* Damien Bresson,* Martine Pugniere,*
Jean-Claude Mani,* Claude Granier,* Line Baldet,” Bernard Guerrier, * Bernard Pau,* and
Majida Bouanani®

In an attempt to explore the natural variable heavy and light chain (V,/V ) pairing of autoantibodies involved in Graves’ disease,
we constructed a phage-displayed Ab library obtained by in-cell PCR of thyroid-infiltrating cells. We report here the molecular
cloning and characterization of human single-chain fragment variable regions (scFv) specific for thyroid peroxidase (TPO) gen-
erated from this library. On the basis of the nucleotide sequences, three different scFvs were obtained (ICA1, ICB7, and ICA5).
All were encoded by genes derived from the VH1 and Y1 gene families. Using BIACORE for epitope mapping and kinetic
analysis, we showed that these scFvs exhibited high affinit)k¢ = 1 nM) for TPO and recognized three different epitopes. The
biological relevance of these scFvs as compared with serum anti-TPO autoantibodies was assessed by competition studies. Sera
from all the 29 Graves’ disease patients tested were able to strongly inhibit (60—100%) the binding of the 3 scFvs to TPO. These
data demonstrate that the in-cell PCR library generated human anti-TPO scFvs that retained the \{/V, pairing found in vivo and
that the different epitope specificities defined by these scFvs overlapped with those found in the sera of patients with autoimmune
thyroid disease. The Journal of Immunology,2000, 114: 4162—4169.
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gen recognized by serum autoantibodies from patientsSTPO recombinant Abs are similar to autoantibodies in the serum,

with Graves’ disease or Hashimoto’'s thyroiditis. The one major question raised by many investigators remains: Does
epitope specificity of the TPO disease-associated autoantibodigke V,, and V| chain pairing of these antibodies from random
has been extensively studied using mouse mAbs (1, 2). Howevecombinatorial libraries reflect the in vivo pairing (13-16)? The
because of the limited value of mouse mAbs for the study of hufproduction of human mAbs by cell fusion or by transformation of
man autoimmunity, particularly in terms of the respective geneticB cells with EBV could provide answers to this question. How-
and epitopic repertoires (reviewed in Ref. 3), recombinant humarever, to date only one human mAb against TPO has been reported<
Ab fragments have been produced using phage library technologfl7, 18).
(4-6). Several groups have used this technology to generate spe-It is our view that it is important to analyze the naturgl/V,
cific human anti-TPO Fabs (7-11). These Fabs have been widelpairing of the disease-associated autoantibodies in relation to their 5
analyzed in terms of epitope specificity and variable genes usagepitope specificity to understand the pathological process leading :‘5
Chazenbalk et al. (9) demonstrated that the anti-TPO Fabs showed autoimmune thyroid disease, and particularly in the phenomena'‘€
a restriction in variable 1g heavy ¢y and light (\,) chain gene  implicated in the maintenance of B cell tolerance and induction of o
usage and also in epitopic recognition. Recently, Guo et al. (12autoimmunity, known as receptor editing, that occurs at the level g

T hyroid peroxidase (TP®)is the major thyroid autoanti- bodies and although the high affinity and the epitope specificity of
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investigated the relationship between epitopes and gene usage of V. ,/V, pairing (19-22). N
TPO Fab autoantibodies and concluded that epitope specificity and To address this issue, we previously applied an in-cell PCR
02/012k light chain gene usage are correlated. protocol, originally described by Embleton et al. (23), to human

Despite the large number of applications of combinatorial li- thyroid-infiltrating CD19" B cells to obtain in vivo V,/V, gene
brary methods to the study of human disease-associated autoanpairing information (24). In the present study, we report the iso-
lation and characterization of recombinant anti-TPO scFvs gener-
ated from this in-cell combinatorial library. Three specific human
* Facultede Pharmacie, Unité Mixte de Recherche 9921, Institut de Biotechnologie eranti-TPO scFvs were obtained, each directed against a different
Immunoanalyse et Pharmacologie, Montpellier, Fraf@ervice d’Endocrinologie, Cen epitope on human TPO Using competition studies with serum
tre Hospitalier Universitaire Lapeyronnie, Montpellier, France; &Bervice d'Oto- . . ' . e
Rhino-Laryngologie et de Chirurgie Cervico-Faciale, Guy de Chauliac, Montpellier, aUtoantibodies, we have shown that the epitope specificities ex-
France pressed by these single-chain fragment variable regions (scFvs)
Received for publication October 29, 1999. Accepted for publication February 7,were present in the sera of all Graves’ disease patients tested. We
2000. present here the first human anti-TPO scFv from an in-cell library
 This study was supported by EIf Aquitaine. that retains the \{/V, pairing present in vivo.

2 Address correspondence and reprint requests to Dr. Majida Bouanani, Féeulte

Pharmacie, Unité Mixte de Recherche 9921, Institut de Biotechnologie en Immuno-

analyse et Pharmacologie, 15 avenue Charles Flahault, 34060 Montpellier Cedex Methods
France. E-mail address: majida@pharma.univ-montpl.fr Patients

3 Abbreviations used in this paper: TPO, thyroid peroxidase; scFv, single-chain frag o . )
ment variable, CDR, complementary-determining regions; FR, framework regions:T hyroid-infiltrating B lymphocytes used for the library construction were
RU, resonance unit. isolated from biopsies from three women suffering from Graves’ disease.
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These patients were named bdw17, bdw26, and bdw31 and were 25, 3Expression of soluble scFv and periplasmic extraction
and 22 years old, respectively. The sera of 29 Graves’ disease patients with

high anti-TPO titers were used for the competition studies. Soluble expression was performed in HB2151, a nonsuppregsieeli
strain as previously described (28). An overnight culture of recombinant
Construction of the in-cell combinatorial library bacteria was diluted 1:100 in 2xTY medium containing 1aml ampi-

cillin and 0.1% glucose and grown until the @gwas~0.6. The induc-
The isolation and purification of the CD19SB cells as well as the in-cell  tion of scFv expression was achieved by adding 1 mM isoprgayi-
PCR procedure have been described in detail (24). The three samples wettiogalactopyranoside and shaking for 3 h at 25°C. The bacteria were
amplified and cloned separately and then pooled for panning on TPOpelleted, resuspended in 1:40 dilution of the culture volume of lysis buffer
Briefly, the in-cell-amplified and -associated scFv genes were cloned int¢g20 mM HEPES (pH 8), ug/ml polymyxin B supplemented with protease
the pHEN1 vector (25) between tiil andNotl restriction sites and trans-  inhibitors), and incubated for 30 min on ice (29). Cells were centrifuged for

formed inEscherichia coliXL1-Blue competent cells by electroporation. 10 min at 13,000 rpm, and the supernatant containing the scFvs was stored

TheloxP site, which allows the recombination betwegpand \| genes, and used directly for immunoreactions.
was removed byhel restriction enzyme digestion.

Binding of soluble scFv to TPO by ELISA

. . - The protocol was the same as for the phage ELISA test except that the
2xTY medium (50 ml containing 10g/ml ampicillin, 25ug/ml tetracy- ~ getection of the soluble scFv was performed using the murine mAb 9E10

Selection of phage-displayed scFv

cline, and 2% glucose) was inoculated with 0.5 ml scraped colonies fromyhich is directed against the myc-tag (30) sequence present at the C-ter-

the library and incubated overnight with shaking at 37°C. The precultureyninal end of scFv. The mAb 9E10 was used at a concentratioruafidl
was diluted 100-fold in the same medium and grown until the;QRm  in PBS, 0.1% Tween, 1% nonfat milk and incubated for 1.5 h at room

reached 0.5; 5 ml of this culture was added to 45 ml of the same mediu”ﬂemperature. Next, an alkaline phosphatase-conjugated Fc specific anti-

containing 5x 1010PFU,M13KO°7 helper phage (Bio-Rad, Hercules, CA) oyse 1gG (Sigma) diluted 1:1000 in the same buffer was added to each
and incubated for 40 min at 37°C without shaking, followed by 1 h with \ye|| and incubated for 1.5 h at room temperature. Enzyme activity was

shaking. The culture was pelleted; resuspended in 30 ml 2xTY medi“”%\ssayed by addition of 4-nitrophenyl phosphate as substrate.
containing 100ug/ml ampicillin, 25 ug/ml tetracycline, and 5Q.g/ml
kanamycin; and then incubated overnight at 37°C with shaking. Bacterigy #: - P f ; ; f
were pelleted and the phages in the supernatant were precipitated by addianAgfflnlty determination and epitope mapping by real time analysis
a volume of 20% polyethylene glycol, 2.5 M NaCl equal to one-fifth of the The affinity and the epitope mapping of the anti-TPO scFvs were deter-
volume of the supernatant. After incubation on ice, the phages were pelmined using BIACORE 2000 (Biacore, Uppsala, Sweden). For the affinity
leted by centrifugation at 11,000 rpm for 30 min at 4°C, resuspended in lexperiments, an anti-myc mAb, 9E10, was covalently immobilized on the
ml of distilled water, and filtered through a 0.48n pore size filter to  flow cell of a CM5 sensor chip surface activated with 100 riMethyl-
remove the remaining cell fragments. N’-(3-dimethylaminopropyl)carbodiimide hydrochloride and 400 mM hy-
The selection of anti-TPO clones was achieved by panning on TPOdroxysuccinimide. The anti-TPO scFv periplasmic extracts and an irrele-
Immunotubes (Nunc, Roskilde, Denmark) were coated overnight at 4°Gsant scFv (1C10), used as a negative control, were diluted 1:4 in HBS-EP
with 2 ml of a 5ug/ml purified human TPO (HyTes, Turku, Finland) buffer (10 mM HEPES, pH 7.6, 150 mM NaCl, 3 mM EDTA, 0.005%
solution in carbonate-bicarbonate buffer (pH 9.6), washed three times witlpolysorbate 20 (v/v)) (Biacore), pH 7.4, and injected at a flow rate of 20
PBS, and blocked with 2 ml PBS, 2% nonfat milk for 2 h at 37°C. The yl/min over the mAb 9E10. The scFvs were retained by tmeycpeptide
phage-displayed scFvs were incubated & T0/ml in 2 ml of the same  present at the C-terminal end of each scFv. Known concentrations of TPO
buffer for 2 h at room temperature with low shaking. After extensive wash-were then injected to determine the affinity of the scFv for TPO. The CM5
ing with PBS, 0.1% Tween, the bound phages were eluted with 0.1 Msensor chip with immobilized 9E10 was regenerated after each kinetic
glycine-HCI (pH 2.2), for 10 min, neutralized by adding 2 M Tris base, and experiment by a 20-s pulse with 100 mM HCI. The same sensor chip was
used to infect XL1-Blue cells. These bacteria were plated on 245 ysed for all reported kinetic studies. The kinetic variables were calculated
245-mm dishes of 2xTY medium containing 1@@/ml ampicillin, 25 using the BlAevaluation 3.0 software (31). For epitope mapping, TPO was
rg/ml tetracycline, and 2% glucose and were grown overnight at 37°Ccovalently immobilized on the flow cell of a CM5 sensor chip surface
Colonies were scraped off and used to make a new phage preparation fattivated as described above. The epitopes recognized by the scFvs wer

the next round of panning. determined by assaying all scFv pairs for their capacity to bind simulta-
. neously to the TPO. The scFv periplasmic extracts, diluted 1:2 in HBS-EP
Screening of phage-Abs by ELISA buffer, pH 7.4, were successively passed over the immobilized TPO, either

as first (Ab inhibitor) or second Ab. Three injections were required to

The microtiter plates were coated overnight at 4°C with TPO at a Concensaturate the epitope of the first Ab so that the binding of the second Ab

tration of 1 ug/ml in carbonate-bicarbonate buffer (pH 9.6), washed three
times with PBS, 0.1% Tween, and blocked with PBS, 0.1% Tween, 2% F d ive inhibi |
nonfat milk for 2 h at 37°C. Different dilutions of phages were added in the SCFV Was used as a negative inhibitor control.

same buffer for 2 h at room temperature. After three washings with PBS . . .

0.1% Tween, bound phages were detected by adding sheep anti-M13 AbePOt multiple peptide synthesis and scFv assay
(5 Prime— 3 Prime, Boulder, CO) diluted 1:4000 in PBS, 0.1%
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could be interpreted as due to the existence of a different epitope. The 1C107},

220

Tween, \ye synthesized 307 overlapping hexadecapeptides, frameshifted by 3 res-

1% nonfat milk followed by alkaline phosphatase-conjugated anti-sheeRy, o5 and representing the complete human TPO sequence, on a cellulose

IgG Abs (Sigma, St. Louis, MO) and 4-nitrophenyl phosphate as substratg,emprane (Abimed, Langenfeld, Germany) by the spot technique (32, 33)
(Sigma). using the ASP 412 spotter (Abimed). Thrembrane-bound peptides were
probed by incubation with the scFv, and the binding was detected
by anti-mycmAb followed by addition of an alkaline phosphatase-
Sequences were determined by cycle sequencing using ABI Prism Rhod&onjugated Fc-specific anti-mouse 1gG (Sigma). A phosphatase sub-
mine Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosys-Strate (5-bromo-4-chloro-3-indolyl phosphate and 3-(4,5-dimethylthia-
tems, Foster City, CA). The primers used on both sides of the pHEN120!-2-Y)-2,5-diphenyltetrazolium bromide, Sigma) was then added. A
cloning site were: 5'-TGATTACGCCAAGCTTGC-3for the forward  blue precipitate on the spots was indicative of binding.

primer and 5’-TTGTCGTCTTTCCAGACG-3br the reverse primer. Se-

quences were run on an ABI Prism 377 electrophoresis system (Applie§CFv binding inhibition by serum anti-TPO autoantibodies

Biosystems). Sequence alignments with germline genes were performed . . ) . )
using the IG)MT gequence girectory (26). 9 9 P Inhibition ELISA was performed as previously described (34) with some

modifications. Native human TPO was coated overnight at 4°C at a con-
Diversity determination bBstNI restriction enzyme pattern centratiqn of 1ug/mlin carbonate-bicarbonate buffer, pH 9.6. Aft(_er satu-
ration with PBS, 0.1% Tween, 2% nonfat milk for 2 h at 37°C, patients’ or
As described by Marks et al. (27), the scFv genes were amplified andhormal sera diluted 1:10 in PBS, 0.1% Tween, 1% nonfat milk were added,
the PCR products were purified using the QIAquick PCR Purification Kit and the microtiter plates were incubated for 1.5 h at room temperature.

Sequencing of the recombinant clones

(Qiagen, Chatsworth, CA). Then, the scFv genes were cut for 2 h at 60°®lates were washed three times with PBS, 0.1% Tween, and then the scFv,

by 10 U of BstNI restriction enzyme (New England BioLabs, Beverly, at a dilution giving 50% binding, was added followed by incubation for 2 h

MA). The scFv gene restriction patterns were visualized by ethidium bro-at room temperature. Bound scFv was detected as described above for the

mide on an 2% agarose gel. binding of soluble scFv to TPO by ELISA.
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Table I. Analysis of anti-TPO scFv V(D)J heavy and VJ light chain germline genes: usage and homologies

Heavy Chain Germlines Light Chain Germlines

Clones Vy Homology D Ju Vi Homology J

ICAl VH1-3*01 (90.6%) D4-17*01 JH4*02 W1-51*01 (91.3%) 3-1*01

ICB7 VH1-3*01 (90.9%) D4-17*01 JH4*02 ¥1-51*01 (96.9%) A-1*01

ICA5 VH1- (88.7%) D1-1*01 JH4*02 W1-40*02 (94.5%) A-3*01

69*01

Results J genes but could be differentiated by the number of the replace-
Selection of anti-TPO scFv from in-cell |ibrary ment mutations localized in their LCDR3s. In the case of ICA1

scFv, 16 replacement mutations were observed, whereas LCDR3
of ICB7 scFv presented the same nucleotide sequence as the germ-
line. Comparison of the amino sequences of these two LCDR3s
(Fig. 2) showed that among the 16 replacement mutations in
LCDR3 of ICAL, three encoded the amino acids cysteine, lysine,
and alanine, the physicochemical properties of which are com-
. . letely different from those (glycine, tryptophan, and aspartic acid)
Freshly prepared phages from the library were subjected to thre f the i leading 1o i . f the alobal ch f
. . . . germline genes, leading to inversion of the global charge o
consecutive rounds of panning on h.lghly purified human TPO.the LCDR3.
et v a5 g Ao e previsly e it o i pimers e
of thé clones obtained expressed an scFv able to recognize TPO %Ie to amplify differenk genes (24), na-chain type was seen in
. . g “any of our anti-TPO scFvs. Additional controls have since been
second screening was performed based .O'.mel.l digestion pat- done and demonstrate the low efficiency of the Ext For primer
tern of the clones. The scFvs could be divided into two groups on . . .
. - - used in the oligonucleotide pool for the RT-PCR and PCR1 (data
the basis of their restriction patterns (data not shown). All the ot shown)
scFvs in the first group were sequenced, leading to two diﬁ‘eren? '
V,/V, sequences, represented by anti-TPO scFvs ICA1 and ICB?7. o )
In the second group, 16 scFvs sequenced showed simjjar,y ~ Characterization of the anti-TPO scFvs
sequences, represented by ICA5. The binding of scFv to TPO was determined by ELISA. As shown
in Fig. 3, strong binding was obtained for both ICA5 and ICAL,
whereas ICB7 presented weaker anti-TPO activity. The binding of :
The nucleotide sequences were compared to the closest knovthese scFvs to adsorbed TPO was strongly inhibited by soluble g
germline genes (Fig. 1). The three scFvs were found to use PO and weakly by structurally related molecules such as lac- &
genes from the VH1 and M gene families. The most closely toperoxidase and HRP, whereas no cross-reactivity was observeda
related \{, germline genes were VH1-3*01 for ICA1 and ICB7 with human thyroglobulin (Fig. 4). 2
(with 90.6 and 90.9% homology, respectively) and VH1-69*01 for  The affinity of the three scFvs for TPO was determined by 2
ICA5 (with 88.7% homology). These two scFvs used the sameBIACORE 2000. The resonance unit (RU) values at 190 s were JC>
D4-17*01 segment in association with the JH4*02 gene, wheread04, 77, 54, and 4 for scFvs ICA5, ICAL, ICB7, and an irrelevant Q

One million human thyroid-infiltrating B CD19 lymphocytes
were subjected to in-cell PCR in association with the O

recombination system to obtain in vivo pairing of,¥4nd V| genes
(24). The scFv genes (\linker-V ) were ligated into the pHEN1
vector and used to transforf. coli XL1b cells resulting in 18

clones.

Genes encoding TPO-specific in-cell scFvs

0" jounwi 1 [*Mammy//:01y Wo.y pepeojumoq

c
ICAS resulted from the rearrangement of VH1-69*01 with the D1- scFv (1C10), respectively. The binding curves for these scFvs g
1*01/JH4*02 gene segments. For the Whain genes, the ICA1 were different, with strong binding of ICA5 as shown by the sen- 1,
and ICB7 scFvs showed 91.3 and 96.9% homology, respectivelysorgrams (Fig. 5). The kinetic constants (dissociation #&tegnd %

with the VA1-51*01 germline gene linked to tha*01 segment.  association rate (§) determined on BIACORE 2000 by real time
Finally, the ICA5 scFv had 94.5% homology with the1£40*02 interaction analysis, are presented in Table Ill. The ICA1 and
germline gene and used th&3301 segment (Table I). ICA5 scFvs had affinities for TPO in the nanomolar rang €

For all three scFvs, somatic hypermutations were found in both.2 nM andK, = 1.82 nM, respectively). The affinity of ICB7 scFv
the V,, and V| sequences. In the H and L chain genes of ICA1,was lower (K, = 12 nM) than the other two clones due to a lower
ICB7, and ICAS5, the ratio of replacement vs silent (R/S) mutationsassociation rate and a higher dissociation rate (see Table ).
was much higher in the complementarity-determining regions To determine whether the three scFvs recognized similar or dif-
(CDRs) than in the framework regions (FRs), except for the CDRderent epitopes on TPO, all scFv pairs were assayed by injecting
of the ICB?7 light chain which showed the same low R/S ratio asthem sequentially on TPO covalently linked to the dextran matrix.
the FRs (Table Il). These results suggest that scFvs ICA1 an@he RU values of ICA1 binding, alone or in the presence of ICA5,
ICA5, in particular, were generated by an Ag-driven autoimmuneand reciprocally, were similar (Table IV) suggesting that the bind-
response. Further, the ICA1 and ICB7 scFvs used the same V, (Ding of first scFv, under saturating condition, did not affect the

FIGURE 1. Nucleotide sequences of the V(D)J heavy and VJ light chain regions of the three TPO-specific in-celhstEdd and ICB7 scFv genes
compared with the closest germline genes VH1-3*01/D4-17*01/JH4*02 axid54*01/A1*01 according to IMGT sequence, analysis software (B§).

ICAS5 scFv genes compared with the closest germline genes VH1-69*01/D1-1*01/JH4*02MdRrd0¥02/A3*01. Identities are shown by dashed lines.

The replacement mutations are indicated by capital letters and the silent mutations by small letters. These sequence data are available from EMBL
GenBank/DNA Data Base in Japan under accession numbers AJ238326 and AJ238329 for the heavy and light chains of clone ICAL, respectively; AJ23832
and AJ238330 for the heavy and light chains of clone ICAS5, respectively; AJ238328 and AJ238331 for the heavy and light chains of clone ICB7,
respectively.
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Table Il. Analysis of the replacement (R) and silent (S) mutation ratio 30 —a— icas
in the \{; and V| chain genes of TPO-specific in-cell scFvs —a&— ICB7
—O— 1ca1
€ 2,44
CDRs FRs é
=
Clones R S R/S R S R/S % 18 F
o
H chains E
ICAL 8 1 8.0 10 8 1.2 8 12t
ICB7 8 1 8.0 11 7 16 <
ICA5 14 1 14.0 14 7 2.0
L chains 08
ICAL 18 0 Infinity 4 3 1.3
ICB7 1 1 1.0 4 3 1.3 00 - : |
ICAS 10 1 10.0 3 2 15 10 10 10 10

1/dilution

FIGURE 3. Binding curves of anti-TPO scFv ICA1, ICA5, and ICB7 to

binding of the other. Similarly, when the ICAL or ICA5 scFv was 2dsorbed TPO.

injected first, the binding of the ICB7 scFv to TPO was not inhib-
ited as shown in Table IV. As example, sensorgrams of epitope . o . . -
mapping of ICA1 and ICB7 are represented in Fig. 6. Sensorgran‘?‘nd \(L c_haln combinations obtained from a_comblnatorlal library

S . S are similar to those observed among hybridoma Abs. However,
1 (binding of ICB7 without ICA1) and sensorgram 2 (binding of : ) : oo

- o . ._such evidence is not available for human autoantibodies.

ICB7 after binding of ICAL injected three times) were baseline To clarify this issue, we have used a novel PCR method (in-cel
matched. The difference observed between these sensorgrams V\‘__?éR) developed b émbleton et al. (23) which allows the intra-
due to the dissociation level of ICA1 binding which was not sub- Y ’

tracted from ICB7 binding, thus leading to a lower apparent RU;:eIIuIa:} PrCtF: im?fg:?rtlor;nofn)g atr[;dter ?elﬁ W|I_t|h|l‘rl1clj3|i:e||!15 ie:]nd ir
value. These results indicate that the three scFvs were able to binHe generation of AL fragments that reta ena chain pair-

. . ing that occurs in vivo. Our present study describes the production S
to different epitopes on TPO. 3

Using spot synthesis (32) to identify amino acid sequences O?nd characterization of the first human recombinant scFvs specific =
or TPO using this methodology. The starting lymphocytes were @

epitopes recognized by the 3 scFvs, 307 overlapping 16-aa-lon o S . . o
peptides spanning the entire sequence of TPO were synthesized gwﬁ/rmd-mﬁltratmg B cells f.rom patlenFs with Graves d|s¢_aase.
ese lymphocytes are enriched in activated B cells secreting thy-

cellulose membrane supports. The absence of binding of any of the . L :
. . raid autoantibodies, as demonstrated by McLachlan et al. (38). We=
three scFvs to the synthetic peptides (data not shown) Squesu_E)urified the CD19 B cells from this lymphocyte population. The

1} POPEOJUMOQ

Il

LU A/

that they probably recognize discontinuous epitopes on TPO. leukocyte surface marker CD19s expressed at all stages of B §
Competition studies between scFv and serum TPO cell development (39) but especially in memory cells, which are a %
autoantibodies useful source of Ab-secreting cells because of their long life (40). @

Fujikawa et al. (41) demonstrated that the percentage of CIBL9 &

Twenty-nine sera from patients suffering from Graves' disease angells is increased within the thyroid gland in Graves’ disease. In @

20 normal sera were used to test their ability to inhibit the binding_ | ... - .
L ddition, tion bet CD19 d auto-
of the three scFvs to TPO. Strong inhibition (60-100%) was op-addion, an association between overexpression and auto-§

tained with tient Fig 7 d inhibiti immunity in humans has been suggested (42, 43). S
aihed with every patients serum (Fig. 7), and no inhibition was From these B cells, we isolated and sequenced 21 TPO scFv Ab >
observed with normal sera.

fragments. On the basis of their nucleotide sequences, three dif-é
. . ferent scFvs (ICA1, ICB7, and ICA5) were obtained and charac- 4
Discussion terized. In agreement with previously reported results (reviewed in <
N
Phage-displayed combinatorial library techniques have been useRlef. 44), our anti-TPO scFvs are encoded by hypermutated genes.Q
to characterize gene families and epitope specificities of humaithe scFv VH genes are derived from the,%/family germline ~
autoantibodies (3). Several TPO Fabs have been produced usimgnes. The ICA1 and ICB7 scFvs are encoded by the VH1-3*01
either bacteriophage. vector (7, 9) or phage display vector germline gene, and the scFv ICAS is derived from the VH1-69*01
pComb3 (10, 11, 16, 35, 36). Despite the fact that individual H andgermline gene. The majority of heavy genes used by anti-TPO
L chain genes of the TPO Fab already described are clearly thosgutoantibodies (reviewed in Ref. 44) are derived from either the
used in vivo, it has yet to be proved whether separate amplificatiov 1 or the \[,3 gene families. Our results show that the anti-TPO
of heavy and light chains and their random recombination producscFvs selected from the in-cell library used the samegg¥rmline
the same H and L chains pairing as in vivo. Caton and Kaprowskgenes and,Jsegments as most of the anti-TPO Fabs selected from
(37) demonstrated in an immunized mouse model that most,of V random libraries. In particular, the association of VH1-3 with JH4,

FR1 CDR1 FR2 ~ CDR2
IGLV1-51%01 QSVLTQPPS . VSAAPGOKVTISCSGS SSNIGNNY. ... VSWYQQLPGTAPKLLIY DNN....... 65
ICAL QSVLTQPPS . VSAAPGORVTISCSGS SSSIGNKY. ... VSWYQQLPGTAPKLLIF DNN....... 65
ICB7 QSVVTQPPS . VSAAPGQKVEISCSGS SSNTGNNY. ... VSWYQLLPGTAPKLLIY DNN....... 65
FR3 __CDR3_
IGLV1-51%01 KRPSGIP.DRFSGSK. . SGTSATLGITGLOTGDEADYYC GTWDSSL 111
ICAl KRPSGIP.DRFSASK. . SGTSATLGITGLQTEDEADYYC CSKAAGN 111
ICB7 ERPSGIP.DRFSGSK. . SGTSATLGITGLQTGDEADYYC GTWDSSL 111

FIGURE 2. Derived amino acid sequences, compared with the closest germline gene) difititechains of TPO-specific ICAL1 and ICB7 scFvs. Amino
acid differences are indicated by bold letters.
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100 Table Ill. Kinetic parameters of anti-TPO scFvs determined by
BIACORE 2000
& sof
5 Clones ky(M~1s™ Ka (s Ko (M)
% 60 |- ICA1 2.79% 10° 1.16x 103 4.17x10°°
o ICB7 1.82x 10° 2.18x10°° 1.20% 1078
3 ICA5 3.66x 10° 1.22x 103 1.82x10°°
£ oF
z
b
20k Table IV. Epitope mapping of anti-TPO scFvs by BIACORE 2000
, Anti-TPO scFv Binding (RU)
953 102
Inhibitor? ICA5 ICAL ICB7
Inhibitor concentrations (nM)
o . None 171 137 68
FIGURE 4. Binding inhibition of anti-TPO ICAl, ICAS5, and ICB7 ICA5 129 63
scFvs to adsorbed TPO by increasing concentrations of soluble TPO (®), |CA1 158 65
Tg (O), lactoperoxidase (w and HRP (A). ICB7 ND ND

2 First anti-TPO scFv, injected three times to saturate its binding site on TPO.
) . o P RU values were corrected by subtracting the base line.
expressed by two of our anti-TPO scFvs, is found in five of the

reported anti-TPO Fabs. However, these five anti-TPO heavy
chains are paired witk light chains and most frequently with the Mmaturation. Both Abs are paired with light chains but from a
gene k012, whereas the scFvs described here are pairediwith different light chain gene family. In view of this, it would be in-
chains. Even though we were unable to amplify ihkght chain  structive to compare their epitope specificities.
genes (due to the inefficiency of ouk@&xt For primer), we dem- Despite the predominance efight chains in \{; and \{_pairing
onstrated the presence of anti-TPO scFvs witlight chains in ~ found in human IgG-B cells in general (49), several groups have
thyroid-infiltrating B cells from three patients. This is not an iso- demonstrated the use ofAdight chain genes in autoimmune dis-
lated phenomenon as shown by the generation of 14 anti-TPO €ases. Two dsDNA mAbs expressing théight chain type have
light chains and 10 anti-TP® light chains from new recombinant been reported (50). More recently, Ravirajan et al. (51) generated
libraries constructed using B cells from additional patients (ourtwo IgG/A chain DNA-binding mAbs and, interestingly, one of
manuscript in preparation). On the basis of these results, we catem (IgG1A) is nephritogenic. In addition, Prummel et al. (52)
affirm that bothA and « light chains are expressed by thyroid- described several clones with a diverse spectrum laght chain
infiltrating B cells. variable genes in Graves’ ophthalmopathy and have suggested
The VL chain of ICA5 is encoded by theNI-40 germline gene  role for A autoantibodies in the pathogenesis of this autoimmune
(HumLv1042) that is expressed in other autoantibodies such agisease. Our results and those in the literature raise numerous in-
rheumatoid factor (45) and thyroglobulin autoantibodies (reviewederesting questions concerning the expression ofitlight chain
in Ref. 44). In addition, the germline gene\¥-51 (Humlv117)  such as whether they are the result of secondary rearrangement, o
that encodes the light chain of the other two TPO scFvs (ICA1 andeceptor editing, resulting in a light chain replacement as observed
ICB7) is also used in autoimmune anti-DNA Abs (46) and in ace-in human mature B cells (53). Similar observations concerning the ;
tylcholine receptor autoantibodies (47). Only four anti-TPO Kab/ rearrangement of lambda chain genes in murine germinal center Bg
light chain combinations have been described (16, 48). One o¢€lls have been made by Hikida and Ohmori (54). In addition, it &
them (TR1.41) used the VH1-69 germline gene that is used by onBas been suggested that receptor editing plays a role in establishingo
of our TPO scFvs (ICA5). A striking feature of the nucleotide B cell tolerance and in induction of pathogenic autoimmunity (55). &
sequence of these two anti-TPO Ab fragments is that they hav# view of these data, the physiopathological role of thedight N
eight identical somatic mutations in common on the heavy chairthain autoantibodies remains an important question to be clarified.
gene, suggesting that these, \gs, which are from different pa- The affinities of the anti-TPO scFvs were measured by
tients with a thyroid disorder, have undergone the same somatiBIACORE. ICA5 and ICAl have relatively high affinity for
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FIGURE 6. Sensorgrams of epitope mapping of scFvs ICA1 and ICB7.
FIGURE 5. Surface plasmon resonance analysis of the binding of scFvsSensorgram 1 corresponds to the binding of ICB7 to TPO in the absence of
ICA1, ICB7, and ICA5 and control scFv IC10 to immobilized TPO. Sensor- ICAL, and sensorgram 2 corresponds to the binding of ICB7 after three
grams for the kinetic analysis of the interaction of these scFvs with TPO. injections of ICA1.
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FIGURE 7. Binding inhibition of anti-TPO ICAL, ICA5, and ICB7 scFvs by the sera from the 29 Graves’ disease patients. No inhibition was observ

with normal sera.

TPO (1.82x 102 M and 4.17x 10~° M, respectively), whereas In summary, by in-cell Y-V, amplification, we have generated
ICB7 has a somewhat lower affinity (~18 M). These affinities  the first anti-TPO scFvs that retain the naturally occurring heavy
are similar to those of anti-TPO Fabs ¢r « light chain) already  and light chain pairing. These scFvs recognized three different dis-
reported (44), although the methods used for their determinatiogontinuous epitopes on TPO with relatively high affinity0~°

are different. Of particular interest is the fact that ICA1 and ICB7 M), similar to those of the majority of the anti-TPO Faldr A

have the same VDJ genes with very similar somatic mutations otight chains reported (reviewed in Ref. 44). These epitopic speci-
the heavy chain. The differences observed between these Abs is fitities were present in all the Graves’ disease patients tested. In
the number of somatic mutations in CDR3 of the light chain of addition, the \ germline genes that encoded our scFvs were ex
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ICA1 (16 nucleic acid mutations vs 1 for ICB7), a factor that may pressed by the majority of autoantibodies generated in organ-spe-g
contributed to the increased affinity of ICAL for TPO as comparedcific or non-organ-specific autoimmune diseases. We have recently >

with ICB7. Similarly, a great number of mutations (11 R muta- obtained data (our manuscript in preparation) showing that the
tions) in the LCDR3 of ICA5, which has a high affinity (1.82 anti-TPO autoantibodies present in intrathyroid-infiltrating B cells
109 M), was observed. This finding probably indicates that ICA1 possess both light andk chains. This observation is strengthened
and ICA5 have been affinity selected by an Ag-driven immuneby the study of Wilkin and Casey (56) on the distribution of Ig-
response and emphasizes the relationship between somatic mutantaining cells in human autoimmune thyroiditis, who demon-
tion of light chains and the affinity for TPO. Furthermore, the strated that both types of light chains were present in cells occu-
number of mutations observed in the FR regions is identical in alpying areas of epithelial invasion of the thyroid. The anti-TRO
three light chains, suggesting that the Ag-driven mechanism iscFvs described here add to the information available on human
operating at the level of the CDRs only. variable A gene usage and raise the question of the role of this

To determine whether the three scFvs are directed against sintategory of autoantibodies in the pathogenesis of thyroid autoim-
ilar or different epitopes, we used BIACORE technology which mune diseases.
allows epitope mapping under optimal conditions, i.e., without any
tracer molecule. Three different epitopes on the TPO moleculAcknowledgments
were recognized by the threg anti-TPO scFvs. quever, S'”.Ceve thank Drs. Tony Rees, Thierry Chardés, and Pierre Martinau for help-
these scFvs Wgre not ablt_:,' to bind any of the synthetic overlapplng“ discussions and critical comments and Dr. Sharon L. Salhi for help in
hexadecapeptides spanning the sequence of human TPO, we Pffeparing the manuscript. We also thank Dr. J. P. Banga for providing the
sume that they recognize discontinuous epitopes. This is in agré@urified human TPO and Drs. Isabelle Navarro-Teulon and Jean-Michel
ment with previously published reports which show that the ma-portefaix for technical assistance with DNA sequencing.
jority of TPO autoantibodies recognize discontinuous epitopes (8).
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