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SUMMARY

An immunodominant region recognized by serum autoantibodies has been defined on the autoantigen
thyroid peroxidase (TPO) using recombinant human TPO-specific Fab or a panel of mouse MoAbs. We
have now analysed the epitopic relationships between the four recombinant Fab that identify the A and
B domains of the TPO immunodominant region and (i) the mouse TPO MoAb as well as (ii) nine hew
TPO-specific Fab isolated independently. Competition between mouse MoAbs and recombinant Fab for
binding to ¥*3-TPO revealed three patterns. First, for MoAbs 15, 59, 64 and 18, TPO binding was
virtually abolished £ 90%) by Fab which define the A domain of TPO, with less inhibition by B domain
Fab. Second, for MoAbs 2, 9 and 47, the Fab competed much less for TPO binding, and, when
detectable, inhibition was predominantly with B domain Fab (65—-20%). Third, for MoAbs 53, 30, 1, 24
and 40, none of the Fab competed effectively ¥ot-TPO binding. Thus, the epitopes for MoAbs 18,

59, 64 and 15 correspond to those of the A domain defined by the human Fab, and the epitopes for
MoAbs 2, 9 and 47 correspond to those of the B domain. In the second part of the study, competition
studies demonstrated that the epitopes of nine new Fab corresponded to those of the four Fab that define
the immunodominant region. For four new Fab, TPO binding was inhibited to a greater extent by B- than
by A- domain Fab (65—-95%ersus< 50%). In contrast, for five new Fab the A-domain Fab were more
effective inhibitors & 90%) than the B-domain Fab. In addition, consistent with previous observations,
all five new Fab with 02/012 L chains, but none of the new Fab with non-O2/0121 chains, interacted
with A-domain epitopes. In conclusion, we have established the epitopic relationships between
recombinant human Fab and mouse MoAbs that define the TPO immunodominant region on TPO.
Further, analysis of recombinant TPO Fab isolated from patients on three continents strengthens the
paradigm of a relationship between autoantibody epitopic recognition and immunoglobulin gene usage.
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INTRODUCTION patients’ B cells, are the ultimate tools for defining the B cell

I . . itopes on TPO in thyroid autoimmunity and are indispensable for
Serum autoantibodies to thyroid peroxidase (TPO) are polyclonaf”! - . X )
um au foodi yroid peroxi ( ) poly determining the immunoglobulin genes that encode TPO autoanti-

and interact predominantly with conformational epitopes on thebodies
TPO molecule (reviewed in [1]). Mouse MoAbs to TPO have Froﬁw a large repertoire of human TPO monoclonal autoanti-
provided important information on TPO recognition by patients’ L ; . L .

autoantibodies [2]. In particular, the epitopes of most serum TP odies isolated using the combinatorial immunoglobulin gene

autoantibodies correspond to those of two mouse MoAbs [3] ibrary approach [4-8], four representative —autoantibodies

N . (expressed as Fab) have been used to define two overlapping
However, human monoclonal TPO autoantibodies, derived fromc(jomains (A and B) on the surface of native TPO [6] (Fig. 1).

Correspondence: Sandra M. McLachlan, Veterans' Administration | N€S€ domains are recognized by TPO autoantibodies in all 195

Medical Center, Thyroid Molecular Biology Unit (111T), 4150 Clement Patients’ sera so far analysed and+pB0% of TPO autoantibodies
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A B pepstatin, 0-1 m phenylmethylsulphonyl fluoride (all from Sigma)
domain domain and frozen {£80°C). After thawing, the suspension was sonicated,
the membranes pelleted by centrifugation at 30g@ad the Fab

were affinity-purified using Protein G Sepharose (Pharmacia,
\ Piscataway, NJ) or an anti-HL column (Zymed, South San
Francisco, CA). Purified Fab were analysed by SDS-PAGE
TR1.8 under reducing conditions. A similar approach was used to express
\ the panel of new Fab. However, in this case, supernatant obtained

after freezing and thawing from the pelleted cells was used as a
source of Fab without purification [14].

Relationship between epitopes recognized by mouse MoAb and
recombinant human Fab to the immunodominant region

Mouse MoAb binding of*1-TPO was examined in the absence
and presence of recombinant TPO Fab that define the immunodo-
minant region (Fig. 1) as follows. Duplicate aliquots of MoAbs
were incubated with®3-TPO (20 000 ct/min; 1 h, room tempera-

Fig. 1. The thyroid peroxidase (TPO) immunodominant region defined by%ure' labelled using iodogen [5] to a specific activity-e50,Cil

TPO-specific recombinant human Fab [6]. Fab SP1-4 and WR1-7 defin ) P
subdomains A1 and A2 and Fab TR1-8 and TR1.9 define subdomains £9) lone or with Fab SP1-4, WR1-7, TR1-8 or TR1-818 ") in

and B2, respectively. a total volume of 20Ql. To precipitate the antigen—antibody
complex, anti-mouse 1gG coupled to a solid phase (Sac Cel;
100ul; IDS, Bolden, Tyne & Wear, UK) was added and the
incubation continued for 30 min. After addition of 1ml assay
represent the immunodominant region on TPO [6]. When usedffer (0-154 NaCl, 10mu Tris—HCI pH7-5, 0-1% Tween 20
separately, the four TPO-specific human autoantibodies to th@nd 0-5% bovine serum albumin (BSA)), the mixture was vortexed,
immunodominant region can be used to determine a quantitativgentrifuged for 30 min at 100§ (4°C), supernatants removed by
‘epitopic fingerprint’ for TPO autoantibodies in the sera of indivi- agpiration and radiolabelled TPO remaining in the pellets counted.
dual patients [9-12]. Preliminary experiments were performed to determine the MoAb
An important question that arises is whether or not thegijjytions required to provide binding values of 15% in the
immunodominant region defined by recombinant TPO Fab [6]apsence of TPO Fab. Such dilution was necessary to attain
corresponds to the single, dominant TPO domain defined by tWenaximal inhibition of TPO binding by the addition of an excess
mouse MoADbs [3]. Moreover, the immunoglobulin gene combina-concentration of Fab. Non-specifitd-TPO binding by Fab in the
torial library approach has been used by other laboratories t@psence of MoAb+ 3% of total ct/min) was subtracted from the

isolate human monoclonal TPO autoantibody Fab [13,14]. Thesgajues obtained with autoantibody in calculating the percentage
Fab also interact with a restricted region on the TPO moleculgnnibition by the TPO-specific Fab.

recognized by serum autoantibodies [13,14], and the epitopes of

many of these Fab [15] have been compared with those of th@elationships between epitopes recognized by recombinant human
mouse MoAbs to TPO [2]. TPO-specific Fab from different laboratories

The purpose of the present study was to analyse the epitopiap binding to'?3-TPO was measured as described [5] by
relationship between the recombinant human Fab used to identifbhcubating the Fab (1h=20°C) with *3-TPO (=20000ct/
the TPO immunodominant region (Fig. 1) and (i) a panel of mousemin) and murine monoclonal anti-humarchains (QE11; Recog-
TPO MoAbs [2], as well as (i) TPO-specific Fab isolated inde- pjtion Sciences, Birmingham, UK) in a total volume of 240
pendently in a separate laboratory [14,15]. Furthermore, informasypsequently, 108 donkey anti-mouse immunoglobulin Sac-Cel
tion on a large number of TPO autoantibody Fab isolated fromyps) were added, and the incubation was continued for 30 min.
different patients on three continents provided an opportunity toafter addition of 1 ml assay buffer (see above) and vortexing, the
test the previous concept [6,8,16,17] of a relationship betweemnixture was centrifuged (25 min, 10gpto sediment the immune
autoantibody epitopic recognition and immunoglobulin genecomplexes, which were then counted to determine the percentage
usage. 129TPO bound.

A modification of this assay [6] was used to determine test Fab
interaction with epitopes recognized by Fab that define the immu-
nodominant SP1-4 and WR1-7 (TPO A domain) and Fab TR1-8 and
Preparation of soluble Fab TR1-9 (TPO domain B). Briefly, the test Fab was first immobilized
TPO-specific Fab SP1-4, WR1-7, TR1-8 and TR1-9 were expressé§ incubation with murine monoclonal anti-humanchains
by plasmid-bearing XL1-blue cells as previously described [9]. In(QE11) (1 h,= 20°C). After addition of Sac-Cel (10@, 30 min,
brief, transformed cells were grown in a shaker (225 rev/min,room temperature), the immobilized Fab complex was diluted in
37°C) in SuperBroth medium with 1Qgy/ml ampicillin, 20 assay buffer (see above) and centrifuged at 05 min, £C).
MgCl,, 1% glucose until an optical density (OD) of 0-2 was The pellets were resuspended in normal human serum diluted 1:30
attained. Protein synthesis was induced with mM isopropyl- in assay buffer to saturate remaining antbinding sites. In a
thio-galacto-pyranoside (Sigma Chemical Co., St Louis, MO)separate set of tube€3-TPO (= 20 000 ct/min) was preincubated
overnight at 27C. The cells were pelleted, resuspended in PBSwith or without ‘free’ Fab (4x 10-8wm) for 1 h at room temperature.
pH7-5 containing Zg/ml aprotinin, Jug/ml leupeptin, ug/ml Duplicate aliquots (10fl) were then incubated for 30 min with the

TR1.9

MATERIALS AND METHODS

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:408—-414



410 J. Guoet al.

15 59 64 18 2 47 9

53 30 1 24 40

100 - WR1.7 TR1.8
80 [~
60 |-
40 -
20 -

0 %Jm_ﬂ*

Fig. 2. Epitopic relationship between mouse MoAbs [2] and recombinant human Fab [6] to the immunodominant region. Mouse MoAb

binding to **3-thyroid peroxidase (TPO) was measured in the absence and presence of Fab SP1-4, WR1-7, TR1-8 or TR1-9%(each at 4

1078wm). The percentage inhibition of radiolabelled TPO binding is represented by a bar with shading corresponding to that in the inset.
Binding for the 12 MoAbs without Fab averaged 16-4-4% (meant s.d.).

Percent inhibition of?3-TPO binding

SP1.4 TR1.9

immobilized test Fab, washed with assay buffer and radioactivitycompetition for binding to'?3-TPO. Mouse MoAb—TPO com-
bound to the Sac-Cel was counted. Non-specific bindin8%o of plexes were precipitated using an Fc-specific anti-mouse 1gG that
total counts added) was subtracted to provide values for specifidoes not precipitate the human Fab (present at high concentration,
binding to TPO. 4x1078wm). The results defined three categories of mouse MoAb.
In the first group (MoAbs 15, 59, 64, 18), TPO binding was
RESULTS virtually completely inhibited £ 90%) by Fab SP1-4 and WR1-7

to the A domain of the immunodominant region, with little, if any,
Epitopic relationship between mouse MoAbs and recombinaninhibition by B domain Fab (Fig. 2, top panel).
human Fab to the immunodominant region With the second group of MoAbs (2, 47, 9), the human Fab
The epitopes of mouse MoAbs to TPO and the human Fab to theompeted much less for TPO binding. When detectable, inhibition
TPO immunodominant region (Fig. 1) were compared bywas predominantly with B-domain Fab. Thus, Fab TR1-9 inhibited

Mouse MoAb 47
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Fig. 3. High concentrations of recombinant Fab are required to compete for MoAb 47 [2] binding to thyroid peroxidase'¢fPIRO

binding by MoAb 47 was measured without or with decreasing concentrations0Z—4x 10~1°w) of Fab SP1-4, WR1-7, TR1-8 or TR1-9.

The percentage inhibition is represented by a bar with shading corresponding to that in the inset. In the absence of competing Fab, binding by
MoADb 47 was 14-3%.

Percent inhibition 0of?3-TPO binding
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Fig. 4. The affinity of MoAb 47 for thyroid peroxidase (TPO) is lower than
that of recombinant Fab. Unlike Fab TR1*&1-TPO binding by MoAb 47
(and also by MoAb 15) is not inhibited by unlabelled TPO up to
concentrations of 10 m. Data are shown as the mearrange of duplicate
determinations. Binding in the absence of unlabelled TPO was 15-9%,
15-2% and 13:6% for Fab TR1-®) MoAb 47 (O) and MoAb 15 @),
respectively.

Autoantibody
binding \

Fig. 6. (a) Map of epitopes on thyroid peroxidase (TPO) recognized by

mouse MoAb (adapted from [2] with permissio(t)) Relationship between
binding of these three MoAbs by 65%, 38% and 20%, respectivelynouse MoAb epitopes and Al, A2, B1 and B2 subdomains on the
(Fig. 2, top panel). Fab TR1-8 also inhibited MoAb 9 binding to immunodominant region defined by recombinant human TPO-specific Fab.
TPO by about= 20%. Poor inhibition by Fab of MoAb 9 binding to
TPO may be related to poor recognition by this MoAB&1-TPO
[2]. In contrast, the recombinant Fab interacted very well with
iodinated TPO [6]. In the third group of mouse MoAbs (53, 30, 1,

24, 40), none of the Fab competed effectively’fot-TPO binding
(Fig. 2, lower panel).

Modest inhibition by human Fab TR1-9 (B2 domain; Fig. 1) of
MoAb 47 binding to TPO was surprising in view of the previous
observation that the MoAb 47 epitope did not lie within the TPO

100 WRL7 TR1.8 immunodominant region [18,19]. Because inhibition in the present
i study was observed at a higher Fab concentrationl@®wm) than
E > 801 used previously (up to I8wm), we repeated the analysis using two
2 S 50 i lower concentrations of recombinant Fab (Fig. 3). Indeed, consis-
235 ’ tent with the previous study, lower concentrations of Fab were
£ g 40 unable to compete for MoAb 47 binding to TPO. Poor competition
‘qc: n i by the human Fab for MoAb 47 binding to TPO could be explained
%E 20l if the affinity of MoAb 47 was even higher than that of the TPO
o I Fab TR1-9 (Kd of= 107*°w). However, this was not the case; the
|| 10 affinity of MoAb 47 (and MoAb 15) was too low to measure with
S N O O SIS SIUN, the amount of TPO available (Fig. 4).
&éo&éo »“o”/\q »%”/\Q »%”/\Q W QQ’O ”h%éQ o9

Epitopic relationship between recombinant human TPO-specific
Fig. 5. Epitopic relationship between recombinant human thyroid Perox-cap from different laboratories
idase (TPO)-specific Fab from different laboratorf&Sl-TPO binding by The four TPO-specific Fab to the immunodominant region (Fig. 1)

nine recombinant Fab recently cloned in the UK [14] was measured in the . - o
absence and presence of Fab SP1-4, WR1-7, TR1-8 or TR1-9 (eachvgg?re tested for t_helr ability .to compete f61-TPO b'nd'ng by
4x10°w). The percentage inhibition of radiolabelled TPO binding is NIN€ representative recombinant Fab recently cloned in the UK

represented by a bar with shading corresponding to that in the inset. In thEl4]. Two pgttern; of inhibition were observed. In one group (four
absence of free competing Fab, average binding of the nine test Fab w4gst Fab) (Fig. 5, right panel), binding was markedly inhibited (65—
4.9+ 1.5% (meant s.d.). 95%) by Fab TR1-9 and TR1:8, the two Fab that define epitopes in

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:408—-414



412

Table 1. Summary of the relationship between the light chain genes encoding recombinant thyroid peroxidase

J. Guoet al.

(TPO)-specific Fab and recognition of the A or B domains in the immunodominant region

Fab VLIV * Domain At Domain Bt Reference
Fab with O12L chains

SP1.5, WR4-5 O1RviLl ++++ — [5,6]

TR1-10, 1-23 012/V1-3b ++++ ++ [16,36]
WR1.7 012/V1-3b ++++ ++ [6]

TR1-3 012/8-1B ++++ ++++ [6]

131TP5, 131TP6, 131TP7 OA2,43-23 ++++ ++ Present study
126T01, 126TP5 o1¥41-3 +4+++ + Present study
Fab with non-O12 L chains

TR1.8, 1-37 A3/hv1263 + ++++ [6,16]
WR1-223 B3/\,26 + ++++ [17]

KM1 B3/hv3005 + ++++ [17]

TR1-9 AV1-3b — ++4++ [6]
WR1-102% DP11/M26 — ++++ [8]

TR1-41% Iv318/DP10 - ++++ [8]

WR1-107% 11150/ - ++++ [8]

131TP14 L2/DP58 + ++++ Present study
126B, 126G, 126H L8/\3-21 ++ ++++ Present study

*The Fab are classified according to the H and L germ-line genes to which they are most homologous.
T Recognition of TPO domain A or B: ++ +, complete overlap; —, no overlag;or+ +, partial overlap.
fLambda L chains.

the TPO B domain. Much less inhibition (20—50%) was induced byepitopes recognized by these four TPO-specific Fab and the
Fab WR1-7 and SP1-4 with epitopes in the A domain. In contrastepitopes of five other mouse MoAbs (53, 30, 1, 24, 40) (Fig. 6).
for the second group (five Fab) (Fig. 5, left panel), the B-domainOur findings mirror the observations from previous studies com-
Fab, in particular TR1-8 (B1 subdomain), were less effectiveparing recognition of thyroglobulin [21] and TPO [2,3] by serum
inhibitors than the A-domain Fab. Indeed, Fab SP1-4 and WR1-@utoantibodieversusmouse MoAbs. Thus, antibodies artificially
almost totally inhibited TPO binding by the test Fab. generated by immunizing mice interact with a wide range of
epitopes, while spontaneously arising IgG class autoantibodies
recognize restricted, overlapping epitopes on the same antigen.
DISCUSSION In the second part of our study, we evaluated the epitopes of a
Four recombinant human Fab (SP1-4, WR1-7, TR1-8, TR1-9Mew set of human TPO-specific Fab [14] with Fab that define the
define overlapping epitopes in an immunodominant region recogTPO immunodominant region of human autoantibodies [6]. All
nized by TPO autoantibodies in patients’ sera ([6] and reviewed imine new Fab analysed had epitopes corresponding to the four
[20]) (Fig. 1). Previously, TPO binding by several mouse MoAbs original Fab, further validating the latter as defining the immuno-
was inhibited by a pool of Hashimoto or Graves’ sera [2] (Fig. 6a).dominant region on TPO. Of the newly isolated Fab, four recog-
More recently, when tested with serum from individual patients,nized epitopes predominantly in the B domain, and five in the A
most autoantibodies were found to recognize a region on TP@omain, as defined by the human MoAb Fab. These findings
close to, or identical with, the epitope for mouse MoAb 9 and, to acorrelate closely with the comparison made between the new Fab
lesser extent, for MoAb 2 [3]. In the present study, we have beerand the mouse MoAb [15].
able to relate the autoantibody immunodominant regions charac- A major advantage of using monoclonal human TPO autoanti-
terized by these two sets of MoAbs (human and mouse). bodies (in contrast to mouse MoADb) is that it permits analysis of
The epitopes for mouse MoAbs 9 and 2 correspond to those athe relationship between epitopes and the immunoglobulin genes
the human Fab that define the B1 and B2 subdomains of the TP@ncoding the patients’ autoantibodies [22]. Previous evidence
immunodominant region (Fig. 6b). In addition, the epitopes forsuggested a relationship betweenlight (L) chain genes and
mouse MoAbs 18, 59, 64 and 15 correspond to those of the humarecognition of the A domain in the immunodominant regions
Fab to the A1 and A2 subdomains on TPO. Of the four Fab to thedefined by the recombinant Fab. Thus, all TPO-specific Fab with
immunodominant region, the epitope for TR1-8 (B1 subdomain) i902/121 chains studied previously interacted with the TPO A
recognized by human autoantibodies to the greatest extent [9Homain [6,16]. Conversely, TPO-specific Fab withL chain
Remarkably, this epitope corresponds to that of mouse MoAb 9genes other than 02/012 [6,16,17], as wellNa& chain genes
which also defines the primary epitope recognized by patients[8], recognized epitopes in the B domain. The present study
autoantibodies [3]. Thus, mouse MoAb A domain is the humanextends the number of human TPO Fab whose genes have been
recombinant Fab B domain, awite versa characterized and whose epitopes have been related to the same set
It should be emphasized that there is no overlap between thef standards. Remarkably, all nine newly isolated Fab fell into the
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same paradigm (Table 1). Thus, the five new Fab with 0240112 In conclusion, we have established the epitopic relationship
chains interacted with A-domain epitopes, and the four new Falbetween recombinant human Fab and mouse TPO MoAb that
with non-02/012 L chains recognized epitopes predominantly in define an immunodominant region on TPO recognized by serum
the B domain. It is also noteworthy that this finding reflects genesautoantibodies. Further, analysis of recombinant TPO Fab isolated
cloned from thyroids or lymph nodes of patients with either from patients on three continents strengthens the paradigm of a
Graves’ disease or Hashimoto’s thyroiditis from ltaly [4], USA relationship between autoantibody epitopic recognition and
[6], Japan [17] and the UK [14]. These data provide strong supportmmunoglobulin gene usage.

for the relevance of TPO autoantibody Fab obtained by the

combinatorial immunoglobulin gene library approach, although

the validity of this methodology has been questioned [23]. _ ACKNOWLEDGMENTS
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