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Autoantibodies (Ab) to thyroglobulin (Tg) and to thyroid per-
oxidase (TPO) are reported to share common epitopes, and an
assay for bispecific TgPOAb has been developed that may
distinguish between different clinical presentations of thy-
roid autoimmunity. We sought to clone TgPOAb from an Ig
gene combinatorial library constructed from B cells infiltrat-
ing the thyroid of a patient with TgPOAb. As described for
isolating serum TgPOAb, we panned the phage display library
by alternating from Tg- to TPO-coated ELISA wells. After pan-
ning, the library was enriched for TgPO-binding phage. Of 526
clones tested for expressed Ab, most were negative; 3 clones
were specific for Tg, and 5 clones specifically recognized TPO.

Antibody from a single clone, encoded by a non-Tg, non-TPO
Ig heavy chain gene, bound both Tg and TPO (TgPO activity).
However, this antibody also bound equally well to nonthyroid
antigens. In conclusion, enrichment for Tg- and TPO-binding
phage was largely attributable to phage specific for either Tg
or TPO. This finding, albeit from a single patient, questions
previous observations of serum TgPOADb prepared by affinity
chromatography. Combined with the isolation of a polyreac-
tive monoclonal antibody, our data provide powerful evi-
dence against shared, cross-reactive epitopes on 2 major thy-
roid autoantigens. (J Clin Endocrinol Metab 88: 371-378, 2003)

UTOANTIBODIES (Ab) to thyroglobulin (Tg) and thy-
roid peroxidase (TPO) are characteristic serum markers
of thyroid autoimmunity in humans. Moreover, Ab to both
autoantigens are frequently present in the same patient. One
explanation for their concurrence is that they arise indepen-
dently in response to the release of their respective autoantigens
after thyroid cell damage. An intriguing, alternative explana-
tion postulates a role for cross-reactivity in the autoimmune
response to Tg and TPO (1). The latter hypothesis could provide
important insights into the origins of thyroid autoimmunity.
From the perspective of the immune system, cross-reac-
tivity between different antigens is readily explicable at the
level of the T lymphocyte, the cell type necessary to provide
help to B cells for antibody production. T lymphocytes rec-
ognize short, linear peptides, approximately 10-20 amino
acids long. Detailed comparative analysis revealed an 8-
amino-acid region in human TPO (amino acids 119-126), which
includes 6 identical and 2 conserved residues, when compared
with the sequence of human Tg (amino acids 2763-2770) (2).
Remarkably, this region of homology conformed to an algo-
rithm for a T cell epitope. Support for a T cell epitope shared by
Tg and TPO was obtained by immunizing mice (3). However,
although of theoretical interest, there is little evidence that lym-
phocytes from patients with autoimmune thyroid disease rec-
ognize this TgPO T cell epitope (reviewed in Ref. 4).

Abbreviations: Ab, Autoantibody (or autoantibodies); CDR3, comple-
mentarity determining region 3; Gluc, glucagon; H chain, heavy chain;
JH (or JK), joining region for the H (or kappa) chain; K chain, kappa
chain; KLH, keyhole limpet hemocyanin; L chain, light chain; LPO,
lactoperoxidase; R-I, -II, efc., round I, II, etc.; Tg, thyroglobulin; TPO,
thyroid peroxidase; VH, variable region of H chain; V gene, variable
region gene; VL (VK), variable region of L (or kappa) L chain.
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On the other hand, Tg and TPO may share common Ab
epitopes. Accumulating evidence suggests the presence of
bispecific TgPOADb in thyroid autoimmunity. For example,
TgAb affinity purified from the sera of patients with chronic
autoimmune thyroiditis, bound TPO; and this binding was
inhibited by Tg (5). Similarly, TgPOADb were isolated from
patients’ IgG by sequential affinity chromatography on Tg
followed by TPO and (unlike TgAb or TPOAb) bound with
high affinity to both Tg and TPO (6). Most important clini-
cally, bispecific TgPOAD are reported to distinguish between
Hashimoto patients and thyroid autoantibody-positive nor-
mals, as well as between patients with thyroid autoimmunity
and nonautoimmune thyroid diseases (7-9). Indeed, a 15-
team multicenter study, involving 3122 individuals, estab-
lished a prevalence of TgPOAb in 35-41% of patients with
thyroid autoimmunity (Graves’ disease and Hashimoto’s
thyroiditis) (10).

Experimental approaches involving the generation of
monoclonal antibodies from immunized mice provide sup-
port for the TgPOAD hypothesis (11, 12). However, isolation
of bispecific human monoclonal Ab, rather than monoclonals
from immunized mice, would definitively establish the ex-
istence of TgPOAD in human disease. Consequently, the goal
of our present study was to clone TgPOAb from a patient
with such antibodies in her serum.

Materials and Methods
Serum TgPOAb assay

We followed the approach of Ruf et al. (8). Human TPO was purified
from supernatants of transfected Chinese hamster ovary cells (13) and
labeled with I using iodogen to a specific activity of approximately 50
uCi/ ug protein (14). TPO produced in the absence of heme lacks en-
zymatic activity but is homogeneous on PAGE and is fully recognized
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by human Ab (13). Human Tg (>96% pure) was purchased from Cal-
biochem (San Diego, CA). ELISA wells were coated with Tg (4 mg/ml)
or TPO (1 mg/ml, see above) and incubated with patients’ sera (diluted
1:10%, 1:10%, and 1:10%), and control serum (diluted 1:10%). *’I-TPO
(~20,000 cpm) was added to each well; and after incubation and wash-
ing, bound tracer was eluted using 1M NaOH and counted. We used this
assay to test sera from patient AF (see below) and, as a TgAb negative
control, from patient WR (TPOAb-positive, by ELISA, to 1:3000).

Phage display Ig gene library

We constructed an Ig gene combinatorial library from the thyroid
gland of a patient (AF) with TgPOAb. Tissue was available, with Insti-
tutional Review Board approval and informed consent. The patient had
been diagnosed with Graves’ disease 2 yr previously and had been
euthyroid on 5 mg methimazole per day. However, her thyroid con-
tinued to enlarge despite her TSH not being elevated, and subtotal
thyroidectomy was performed. Preoperatively, a high titer of TgAb
(1:50,000 by hemagglutination assay) suggested concomitant Hashimo-
to’s thyroiditis. Subsequent testing of the preoperative serum, by ELISA,
in our laboratory confirmed high autoantibody levels. TgAb and TPOAb
were detectable in serum diluted 1:10° and 1:10%, respectively. We fo-
cused on the kappa (k) light (L) chain repertoire, because the majority
of thyroid Ab in this patient had L chains of this type.

Library (IgG1/k) construction was as previously described by us, in
detail, for other thyroid tissues (for example, Ref. 15). In brief, we used
the phage display vector pComb3H (16) provided by Dr. Carlos Barbas
(Scripps Research Institute). Thyroid tissue mRNA was prepared using
the mRNA Kit (Amersham Biosciences, Piscataway, NJ), and cDNA was
reverse-transcribed (First Strand Synthesis Kit; Stratagene, La Jolla, CA).
To ensure amplification by PCR of heavy (H) chains derived from all
variable (V)H gene families, we used three new primers based on se-
quences in the V Base Directory (17) in addition to our previously
described panels of VH and VL oligonucleotide primers (18, 19). Kappa-
chain DNA was cloned into the Sacl and Xbal restriction sites of the
vector, followed by introduction of the H chain DNA into the Xhol and
Spel sites and electroporation (21 wF, 2,500 V, 400 €); Gene Zapper; IBI,
New Haven, CT) into electrocompetent XL1Blue cells (Stratagene). In-
fective phagemid were rescued with M13KO?7 helper phage (Life Tech-
nologies, Inc., Rockville, MD) and precipitated with polyethylene glycol.
The unamplified AF-pComb3H combinatorial library contained approx-
imately 5 X 10° recombinant H and L chain genes.

Combinatorial library panning for monoclonal Ab

Aliquots of the AF phage display library were panned as follows
(Fig. 1): 1) on Tg alone (3 rounds); 2) on TPO alone (3 rounds); and 3)
on both Tg and TPO in alternating rounds [Tg, round 1(R-I); TPO, R-1I;
Tg, R-III; and TPO, R-IV].

Each panning round was performed on two ELISA wells (~10"
amplified phagemid per well; 1 h, at room temperature). ELISA wells
were coated with human Tg (Calbiochem) or human TPO (see above)
(both at 10 ug/well). Nonadherent phagemid were removed by washing
four times. Bound phagemid were eluted (50 mm glycine, pH 2.2),
neutralized with 2 m Tris (pH 10), and used to infect XL1 Blue cells.
Aliquots were withdrawn for titering. Culture of the remaining cells was
continued overnight at 30 C with M13K07 helper phage. After phagemid
precipitation and resuspension, the panning process was repeated.

Ab expression by selected clones

Antibodies in the pComb3H vector are expressed as the Fab (frag-
ment antigen binding) of full-length IgG. Different methods (summa-
rized in Fig. 1) were used to identify TgPO-, Tg-, and TPO-binding clones
among colonies: 1) TgPO-binding clones: Colonies in XL1Blue cells, used
for titering from the fourth round of alternating panning on Tg and TPO,
were grown in 96-well plates (total, 526; 200 ml/well). Aliquots (25 ml)
were transferred to fresh medium (175 ml) in a second set of multiwell
plates and expanded (4-6 h, 37 C), and Fab expression was induced by
overnight incubation (30 C) with isopropyl-thio-galacto-pyranoside (1
mM, Calbiochem). Fab-containing supernatants (50 ml) were assayed on
both Tg-coated and TPO-coated ELISA wells (see below). Glycerol
stocks of positive clones were prepared from the first set of 96-well
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Fic. 1. Strategy for enriching the AF Ig gene combinatorial phage
display for TgPO-binding phage. The flow chart outlines the steps for
panning and testing expressed Ab (Fab). Clones were isolated from
the AF combinatorial library after alternating cycles on Tg and TPO,
as well as after panning on Tg alone and TPO alone.

plates. 2) Tg-binding Fab were identified by a similar approach using 264
individual colonies from the third round of panning on Tg alone. Fab,
expressed by these clones, were tested on Tg-coated wells. 3) Fab, ex-
pressed by clones (total 120) isolated after panning on TPO alone, were
tested for > I-TPO binding using a colony filter lift assay as described
previously (15).

The amplification cycles inherent in panning phage displays libraries
frequently leads to the selection of multiple, identical clones (for exam-
ple, Ref. 20). To reduce unnecessary nucleotide sequencing, we digested
plasmid DNA prepared from antigen-positive colonies, with the enzyme
BstN I (Stratagene), to determine their restriction patterns. Automated
sequencing of double-stranded plasmid DNA was performed by
Cedars-Sinai Research Institute core facility. Ig H and L chain genes were
classified according to the V Base sequence directory (17). Larger-scale
Fab expression was performed on selected clones (10-ml cultures).

ELISA for binding to Tg and TPO

Three types of ELISA were performed for phage, Fab, and serum au-
toantibody binding. For phage ELISA, aliquots of the library (before and
after panning; diluted 1:10 or 1:10?) were incubated on ELISA wells coated
with Tg (4 mg/ml) or TPO (1 mg/ml) as described (15). Bound phage was
detected with biotinylated sheep antibody to M13 (5 Prime to 3 Prime, Inc.,
Boulder, CO) and horseradish peroxidase-conjugated streptavidin (Phar-
Mingen, San Diego, CA). ELISA for Fab was performed using similarly
coated wells. Detection was with murine monoclonal antihuman k (QE11;
Recognition Sciences, Birmingham, UK) and affinity-purified antimouse
IgG-conjugated to horseradish peroxidase (Sigma, St. Louis, MO). Serum
autoantibody binding was detected with horseradish peroxidase-conju-
gated goat antihuman IgG (ICN Biomedicals Inc., Costa Mesa, CA) or using
antihuman k (or antihuman I; Recognition Sciences) and horseradish
peroxidase-conjugated antimouse IgG (as above). In all assays, the substrate
was o-phenylene diamine + H,0,, and OD were read at 490 nm. In some
studies, ELISA wells were coated (4 mg/ml) with the following antigens:
lactoperoxidase (LPO), myeloperoxidase, BSA, keyhole limpet hemocyanin
(KLH), and glucagon (Gluc) (all from Sigma). On ELISA, serum from
patient AF (1:10%) weakly recognized these antigens (ODs ~ 0.1), no dif-
ferent from serum from normal individuals.
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Results

Serum TgPOAb in the donor of the thyroid-derived phage
display library

In attempting to clone TgPOAD, it was first necessary to
identify a suitable patient for Ig gene phage display library
construction. TgPOAD are reported to be detectable in most
patients with high titers of TgAb and TPOADb but absent in
patients without TgAb (8). Patient AF, whose thyroid tissue
was available, had high titers of both TPOAb and TgAb, by
ELISA (see Materials and Methods and Fig. 2, A and B), and
was, therefore, an excellent candidate. Examples in this assay
of a patient with only TPOAb and not TgAb, as well as serum
from a normal individual, are also shown.

To test for serum TgPOADb, we used an established assay (8)
based on the principle that a bivalent antibody captured by one
arm to immobilized, unlabeled antigen can bind via the other
arm to the same labeled antigen or to a different labeled antigen.
We used the identical antigen coating conditions and serum
dilutions (Fig. 2, A and B) to test for detection of captured
antibody with "*I-TPO. As expected, serum from patients AF
and WR, captured on TPO-coated ELISA wells, bound '*’I-TPO
(Fig. 2C). Most important, serum Ab from patient AF (but not
WR), captured on Tg, bound "*’I-TPO (Fig. 2D), conforming to
the previous definition of TgPOAD.

Enrichment of phage display library for TgPO binding

We adapted the conventional phage display panning pro-
tocol to parallel, as far as possible, the process of sequential

A 0

ELISA OD (490 nm)
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affinity chromatography used by other investigators to isolate
TgPOAD from patients’ IgG (6). Thus, we panned the AF com-
binatorial Ig gene library alternately on Tg, TPO, Tg, and then
TPO, for a total of four rounds (Fig. 1). To evaluate the quality
of the thyroid-derived phage display library, we also panned on
Tg alone or on TPO alone (three rounds for each antigen).
To assess library enrichment for antigen binding conse-
quent to panning, we performed phage ELISAs. Before pan-
ning, phage in the library did not provide a detectable signal
on Tg- or TPO-coated ELISA wells (Fig. 3). After panning on
Tg alone, we observed phage binding to Tg-coated wells after
R-IT and even more after R-III (Fig. 3A). Likewise, after pan-
ning the library on TPO alone, enrichment for binding to
TPO-coated wells was seen with the R-IT and R-III phage (Fig.
3B). The library that had been panned alternately on Tg and
TPO (two rounds on each antigen) was tested for binding to
both Tg and TPO. The phage ELISA signal on TPO-coated
wells rose and fell in accordance with the alternate panning
on TPO and Tg (higher values after R-II and R-IV) (Fig. 3C).
In contrast, and suggestive of the presence of TgPOADb, the
modest level of R-III phage binding to Tg-coated wells was
retained in R-IV despite panning in R-IV on TPO (Fig. 3D).

Identification of TgPOAb clones

Having established autoantigen binding by pools of
phage, we next expressed Ab from individual colonies to
identify bispecific TgPO clones. Synthesis of Ab (in the form
of Fab) was induced from individual plasmid-containing
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ELISA with TPO- or Tg-coated wells and
detection with antihuman IgG conjugate, se-
rum from patient AF is positive for both

AF 1:102
1:103
1:104

WR 1:102[

[V 7S,
A A AL S LA IS Ao
| (2

/LSS LSS LSS S LSS SIS

103 i
TPOAD (A) and TgAb (B), whereas serum 1:103 | AAZ7h anti-higG
from another patient (WR) is positive only 1:-104 L E HRPO
for TPOAb. Using the same antigen-coating '
conditions and serum dilutions, 1?°I-TPO is 402
bound by serum Ab from patients AF and NHS 1:10% LAM

WR captured on TPO-coated wells (C). Se-
rum antibodies from patient AF (but not pa-
tient WR), captured on Tg-coated wells,
bound '?°I-TPO (D), indicating the presence
of TgPOAD activity. Sera from patients AF

C

cpm '?5|-TPO bound
0 1000 2000

3000 0

cpm 25 [-TPO bound
1000 2000

and WR were assayed at three different di- . r :
lutions (1:102, 1:10°, and 1:10%). Serum from AF 1:102 | WA A
a control [normal human serum (NHS); di- 1:103 | 777774
luted 1:10%] was negative in all four assays. 1:104| §
Data are the mean + SD of duplicate deter- - o
minations. HRPO, Horseradish peroxidase.
WR 1:102[ (222227
1:103 | 154 TPO
1:104] B A
NHS 1:102 F |_TPO A

125 TPO
A

L Tg ¥

3000 D

220z ¥1snBny 0z uo 1s9nB Ad £809¥8Z/1 L€/1/88/01ME/WS0l/00"dNO"0ILLSPEDE//:SARY WO PAPEOUMOQ



374 J Clin Endocrinol Metab, January 2003, 88(1):371-378

Fic. 3. Enrichment of the AF combinato-
rial library for binding to Tg, TPO, or both
Tg and TPO. Three rounds of panning on Tg
produced marked enrichment, particularly

after R-I11, for phage binding to Tg-coated
ELISA wells (A). Similar observations were
made for the library panned on TPO alone

Combinatorial
immunoglobulin

(B). Phage obtained by alternating panning gene library

cycles on Tg and TPO (total, four rounds)
were tested for binding to both thyroid au-
toantigens. This approach produced R-IV
phage capable of moderate binding to both
TPO-coated wells (C) and Tg-coated wells
(D).

bacterial colonies from R-IV after alternate panning on Tg
and TPO. In addition we identified Tg-binding clones after
panning on Tg- and TPO-binding clones after panning on
TPO (both sets from the final R-III).

Of the colonies selected by alternating panning on Tg and
TPO, Ab expressed from a large number of clones (526 in
total) were tested in parallel for binding to ELISA wells
coated with Tg and to wells coated with TPO. Almost all
these R-IV clones were negative, and only 2.6% of colonies
produced Fab capable of binding to Tg and /or TPO. This low
value contrasts with the much higher proportion (45-50%) of
positive clones obtained after panning the same library on Tg
alone or TPO alone (Table 1). We did not subject R-IV phage
to additional pannings on Tg alternating with TPO. An in-
herent problem in excessive panning is an increase in the
proportion of phagemid lacking Ig cDNA (21-23).

The positive clones in the population of phage enriched for
TgPO binding had some unexpected characteristics. Four
clones gave moderate binding to both Tg and TPO (OD > 0.5
with both antigens) (Table 1). However, three clones ex-
pressed Fab that bound at high levels (OD values > 1.00) to
Tg but had negligible binding to TPO. Conversely, Fab from
seven clones bound to TPO but not to Tg, five of which were
selected for further study.

Overall, 12 Fab-expressing clones isolated by panning on
alternating cycles of Tg and TPO were studied in more detail,
as well as 64 clones isolated using Tg alone and another 64
obtained using TPO alone. Based on their unique BstN1 DNA
fingerprints (see Materials and Methods), we determined the
H and L chain V gene nucleotide sequences of 18 Tg-only
selected clones, 18 TPO-only selected clones, and all 12 Tg
and TPO selected clones (Table 1). The final numbers of
clones with distinct, unrelated H or L chain genes were: 7
clones selected on Tg alone, 8 clones selected on TPO alone,
and 5 clones selected on both Tg and TPO, only 1 of which
was a potential TgPOAb clone.

Ig genes encoding Tg- and/or TPO-binding clones

The genes encoding the V regions of the Ig chains are
summarized in Table 2. Each H chain V region is described
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Phage ELISA O.D. (490 nm)
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Tq (Round ) D D
TPO (Round IV) E_ﬂ - Tg coated wells
Rl
R-IV KNS

in terms of: 1) its closest VH germline gene; 2) the derived
amino acid sequence of a major component of the antigen-
binding site, namely the third complementarity-determining
region (CDR3); and 3) the gene encoding the joining or JH
region. The L chain genes are described in terms of their VK
germlines and joining (JK) genes.

Clones from the AF library, isolated by panning on either
Tg alone or TPO alone, are encoded by different H and L
chain V genes. Among the H chains, only one VH germline
gene (V1-3b/DP-25) (24, 25) occurs in both groups, but their
CDRS3 regions (critical for antigen binding) are completely
different. Overall, six types of H chains encode Tg-derived
clones, and five types of H chains encode TPO-derived
clones. Regarding the five distinct clones obtained by alter-
nate panning on Tg and TPO, the two clones that bound Tg
(but not TPO) use H and L chain genes, like those of other
clonesisolated on Tg only (Table 2). Similarly, two clones that
bound strongly to TPO (but not to Tg) have the same VH/VL
combination as other clones isolated by panning on TPO alone.
Of great interest, the single potential TgPO clone uses a TPO-
like L chain VK gene and a Tg-like VH gene (BHGH1) (26),
though with a completely different CDR3 region (Table 2).

Antigenic specificity of monoclonal Ab

The crucial question regarding the single potential TgPO
clone was the specificity of its recognition of Tg and TPO. We
analyzed this clone, as well as all the other clones with
characterized genes (Table 2), for binding to Tg, TPO, and a
panel of other antigens (BSA, LPO, KLH, or Gluc). Ab (Fab),
expressed by clones obtained by panning on Tg alone, bound
strongly to Tg and weakly or not at all to other antigens,
including TPO (Fig. 4, top). Similarly, Ab expressed by TPO-
isolated clones bound specifically to TPO and not to Tg or to
other antigens (Fig. 4, middle).

Turning to the clones isolated by alternate panning on Tg
and TPO, Ab generated by two clones (A and C) were specific
for TPO, and another two from clones B and D were specific
for Tg. Consistent with it being a potential TgPOAb, Fab from
clone E did demonstrate apparent bispecificity by binding
modestly to both Tg and TPO. However, equal or better
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TABLE 1. Summary of clones isolated from the AF combinatorial library by panning on Tg alone, TPO alone, or alternating panning on

Tg and TPO

Combinatorial Ig gene library panned on

Tg alone TPO alone Tg, TPO, Tg, TPO
Clones expressed 264 120 526
Assay anti-Tg ELISA 1251.TPO binding anti-Tg ELISA
(filter lift assay) anti-TPO ELISA

% Positive 45% 50% 0.5% (Tg)

1.3% (TPO)

0.8% (Tg & TPO)
Clones digested with BstN1 64 64 12
Clones with unique BstN1 fingerprints 18 18 5
No. of individual clones after DNA sequencing 7 8 5

TABLE 2. H and L chain V region genes that encode antibodies derived from the AF library by panning on Tg alone, TPO alone, or

alternating rounds on Tg and TPO

VH CDR3 JH VK JK
Screening on Tg only (three rounds)
VII-5b+ AGYHRGAFDV 3 A27/humkv325 1
VH26/DP47 HHAPYGDYPPDFDS 4 humkv328h5 4
BHGH1 VNAPYYSGQGLPFDV 3 A27/humkv325 1
humkv328h5+ 5
BHGH1 NHVPYGSARFASDY 4 A27/humkv325 5
9-1+/DP38 APVREVRLGAHSYYIMDV 6 humkv328h5+ 2
V1-3b EGYGGFE 4 A27/humkv325 2
Screening on TPO only (three rounds)
21-2 PRGEVLGGLYYGVDV 6 012 1
hv1051k DNLSYFD(L) 2 012 4/1
hv1051k GSSYDALEI 3 Al17+ 5
V1-3b NSPWHIFYGMDV 6 012 1
V1-3b DPYGGNGELDH 4 L12 1
012 4
L11 4
Screening on Tg, TPO, TG, TPO (four rounds)
V1-3b EGYGGFE (Tg) 4 A27/humkv325 2
BHGH1 NHVPYGSARFASDY (Tg) 4 A27/humkv325 5
V1-3b NSPWHIFYGMDV (TPO) 6 012 1
V1-3b DPYGGNSELDH (TPO) 4 humkv328 4
BHGH1 ALSSMPLDAFDV (?TgPO) 3 012 3

Each H or L chain gene is described in terms of its closest VH (or VK) germline gene, the derived amino acid sequence of the third
complementarity determining region (CDR3), and the gene encoding the joining (JH or JK) region. Immunoglobulin VH and Vk germline genes
were classified according to the V Base sequence directory (17). Jh and Jk, Joining genes.

binding to four other nonthyroid antigens established that
clone E is not a bispecific TgPOADb but is, instead, a polyre-
active antibody.

Discussion

A unifying hypothesis for the presence of Ab to both Tg
and TPO, in many patients with thyroid autoimmunity, arose
from evidence for bispecific TgPOAD (1). From the clinical
perspective, several studies suggested that TgPOADb might
be more useful than measurements of either TPOAb or TgAb,
in distinguishing between patients and euthyroid individu-
als, as well as between patients with Hashimoto’s thyroiditis
and other thyroid autoimmune conditions (7-9). In this con-
text, it is of interest that there is evidence that the Tg gene is
a major susceptibility locus for autoimmune thyroid disease
(27). For these reasons, we sought to obtain definitive evi-
dence for the existence of TgPOADb, by cloning such bispecific
Ab from a patient with autoimmune thyroid disease.

The Ig gene combinatorial library approach has been suc-
cessfully used to isolate panels of human monoclonal Ab to
TPO and Tg (15, 18, 28-39). Before the development of this

technology, some monoclonal TgAb and TPOAb were ob-
tained from patients’ B lymphocytes by conventional fusion
and/or Epstein-Barr virus infection (40-42). None of the
human monoclonal TgAb and TPOAb described to date are
bispecific, and their binding is restricted to Tg or to TPO.
However, the absence of TgPOAb from these panels of
monoclonal autoantibody could be explained in terms of the
screening protocol used and/or the particular patient from
whom the Ab were obtained.

In the present study, we constructed an Ig gene combinatorial
library from a patient with serum TgPOADb. The strategy that
we used to screen the phage display combinatorial library was
to mimic, as far as possible, the affinity chromatography ap-
proach used previously for isolating TgPOAb from patients’
sera (6). We panned the library first on Tg, then on TPO, and
repeated this alternating pattern for a total of four rounds. As
found for serum TgPOAb, we succeeded in obtaining enrich-
ment, albeit modest, for phage that bound both Tg and TPO. It
should be emphasized that these studies were performed using
a library of IgG1/K genes from the thyroid of a single patient.
This K bias was consistent with the virtual restriction of the
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FiG. 4. Ab from clones selected using Tg alone (top) or TPO
alone (middle) bind specifically to Tg or TPO. In contrast,
alternating panning on Tg and on TPO (bottom) produced
clones specific for Tg (B and D) and specific for TPO (A and
C), as well as a polyreactive clone (E) that binds to Tg, TPO,
and other nonthyroid antigens. Autoantibody (Fab) binding
was assayed by ELISA, and data are expressed as OD 490
nm (mean + SD for duplicate determinations). Nonthyroid
antigens tested: BSA, KLH, Gluc, and LPO.

OD 4,4, nm in ELISA

patient’s serum TgAb and TPOAb to L chains of this type.
However, it is possible that TgPOADb may be found in sub-
classes other than IgGl. Despite this potential limitation, we
achieved our goal of enriching for TgPO-binding phage.
Unlike the approach using enrichment of polyclonal
TgPOAD from patient serum, the combinatorial library ap-
proach has the great advantage of being able to dissect out

Latrofa et al. ® Bispecific TgPOAb

Tg selected

TPO selected

Tg,TPO
j selected

B EE EZA M

the contribution of individual clones to the binding dis-
played by a pool of phage. This analysis demonstrated that
the individual clones in the enriched library with bispecific
phage binding activity were not, in most part, bispecific.
Clones that recognized Tg were specific in that they did not
recognize TPO, and vice versa. In addition, a contribution was
also made by polyreactive phage that bound to multiple
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antigens (including Tg and TPO). Our observations provide
sobering insight into the potential problems associated with
solid-phase serum antibody assays (such as ELISA), espe-
cially in patients with extremely high titers of TgAb and
TPOADb. Furthermore, our data suggest that TgPOAb activity
prepared by affinity chromatography from patients’ sera
may be a mixture of antibodies specific for Tg or specific for
TPO (and perhaps also polyreactive antibodies).

Although not our initial goal, our observations provide
novel and important information on another aspect of thy-
roid autoimmunity, namely the genes that encode TgAb and
TPOAD in the same patient. In a previous study, several
different TPOADb H chains were isolated from a combinato-
rial library constructed using lymph node B cells from a
Hashimoto patient (35). However, all TgAb from this library
used a single H chain combined with different L chains (34);
and therefore, no definitive conclusions could be drawn re-
garding gene usage by TgAb and TPOAD in the same patient.
In the present study, using thyroid tissue from a Graves’
patient, we obtained diverse panels of both TgAb and
TPOADb involving multiple H and L chains, as well as H/L
combinations. Most important, none of the six different TgAb
H chains were the same as the five H chains used by TPOAD.
The germline VH gene V1-3b forms the scaffolding for some
types of TgAb and TPOADb in this patient, as in monoclonal
TPOAD from other patients (summarized in Refs. 4 and 43).
However, the CDR3s, crucial regions for antigen binding, are
unrelated in the two sets of Ab (see Table 2). Consequently,
these findings exclude another potential explanation for the
presence of both TgAb and TPOAD in the same patient,
namely their derivation from a single B-cell-producing an-
tibody that binds with low affinity to both Tg and TPO and
subsequently undergoes affinity maturation (mutation of its
CDRs) to form high-affinity TgAb (that no longer recognize
TPO) and high-affinity TPOAb (that do not recognize Tg).

Our observations also expand the repertoire of VH genes
used by TPOAb and TgAb. Many H chain genes encoding
these thyroid Ab are derived from the large VH gene families
land 3 (e.g. V1-3b and VH26) (summarized in Refs. 4 and 43).
More recently, TPOADb encoded by the very small VHS5 fam-
ily have been isolated (37, 39). We now describe the use of
additional VH genes: for TPOAD, the VH1 family genes 21-2
(44) and hv105 h (45); for Tg genes, the VH3 family genes
9-1+/DP38 (25, 44) and BHGH1 (26). Moreover, our obser-
vation of a VH2 gene (VII-5b+) (24) in a TgAb is the first
report of this small family encoding Ab to either Tg or TPO.

Polyreactive antibodies have aroused considerable inter-
est as precursors of specific Ab (for example, Ref. 46). In fact,
the potential TgPOAb we isolated that turned out to be
polyreactive was derived from one of the germline genes that
encode TgAb in this particular patient. However, there was
no relationship between the CDR3 regions of the polyreac-
tive Ab and TgAb encoded by the same germline gene. Some
studies have suggested that polyreactivity is related to the
length of the CDR3 region, as well as to the presence of
arginine and asparagine residues (reviewed in Ref. 47). The
CDR3 of our polyreactive antibody (Table 2) was not un-
usually long, and it lacked the residues proposed to be in-
volved in polyreactive binding.

In conclusion, using an Ig gene combinatorial library from
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a patient with serum TgPOAD activity, we achieved enrich-
ment after alternating panning rounds on Tg and TPO for
phage that bound both autoantigens. However, such enrich-
ment was largely attributable to phage specific for either Tg
or TPO, and we did not obtain bispecific TgPOADb. It is
possible that such bispecific Ab could be isolated from an-
other patient. However, these findings, combined with our
isolation of a polyreactive monoclonal human antibody, pro-
vide powerful evidence against shared, cross-reactive
epitopes on two major thyroid autoantigens.
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