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Autoantibodies to thyroglobulin (TgAbs) are common mark-
ers of thyroid autoimmunity, but relatively few human mono-
clonal TgAbs have been described. From a panel of 64 human
monoclonal TgAbs (isolated from a thyroid-disease derived
combinatorial Ig gene library), we selected seven with unique
genetic features for detailed characterization. These TgAbs
preferentially recognize native (not denatured) Tg, like serum
autoantibodies. Most have high affinities for Tg (dissociation
constant 10�10 to 10�9 M). Their light (L) chain Ig genes are not
unusual, but four of the five heavy (H) chain genes are new.
Moreover, one H chain belongs to the small VH2 family, not
previously reported for autoantibodies to Tg or thyroid per-

oxidase. The TgAbs inhibit the binding to Tg of the thyroid
donor’s serum autoantibodies, indicating epitopic overlap.
Competition analysis (surface plasmon resonance) shows that
the TgAbs recognize overlapping epitopes in an immunodom-
inant region on the Tg dimer (�660 kDa). Two major and
several minor epitopic regions were defined, each associated
with a particular H � L chain combination. In conclusion, our
TgAb panel provides novel information regarding the reper-
toire of H chain genes encoding human TgAbs as well as the
relationship between the H chains and the epitopes recog-
nized on this major thyroid autoantigen. (J Clin Endocrinol
Metab 89: 5116–5123, 2004)

THYROGLOBULIN AUTOANTIBODIES (TgAbs) are
characteristic of autoimmune thyroid disease and may

be present at high concentrations (milligrams per milliliter)
in serum (1). These autoantibodies are also found in some
clinically euthyroid individuals (e.g. Ref. 2), usually at lower
concentrations than in patients with clinical disease. The
pathogenetic role of TgAbs is unknown. On the one hand,
TgAbs may be epiphenomena because, unlike autoantibod-
ies to thyroid peroxidase (TPO), they do not fix complement
(3). On the other hand, TgAbs could play a role in antibody-
dependent cell-mediated cytotoxicity. An issue on which
most clinical thyroidologists agree is that TgAbs interfere in
the assay for thyroglobulin (Tg) a marker for metastasis in
thyroid carcinoma. However, increasing evidence indicates
that TgAbs may be used as surrogates for Tg (4, 5).

Human monoclonal TgAbs have been isolated from pa-
tients with autoimmune thyroid disease by a variety of ap-
proaches including Epstein-Barr virus immortalization (6)
and cell fusion (7) as well as from combinatorial Ig gene
libraries (8–10). Importantly, the monoclonal TgAbs resem-
ble patient’s serum TgAb in terms of affinities and epitopic
recognition (6, 7, 10, 11). However, only a small number of
IgG class human monoclonal TgAbs had been isolated and
characterized, and their heavy (H) chains were derived from
a limited number of Ig genes (reviewed in Ref. 12).

Recently we addressed the possibility of cloning bispecific
autoantibodies that cross-react with Tg and TPO. Evidence

for this intriguing idea had been obtained from serum studies
(e.g. Ref. 13–15). As observed for the serum studies, we found
enrichment for Tg-PO binding phage after alternating pan-
ning from Tg to TPO of a combinatorial Ig gene library.
However, analyzing individual clones, the bispecific phage
pool comprised phage specific for Tg and TPO as well as
phage that bound nonspecifically to numerous unrelated
antigens (16). As part of this investigation, we isolated a
panel of monoclonal TgAbs. In the present study, we focused
on these new TgAbs and now provide a detailed character-
ization of their diverse Ig genes, their immunological prop-
erties, and the epitopes they recognize on Tg.

Materials and Methods
Cloning and expressing TgAbs from an Ig gene library

Construction, screening, and isolation of a panel of TgAbs from a
thyroid-derived Ig gene library was described previously (16). In brief,
thyroid tissue from a patient (coded AF) with high TgAb titers (�1:
30,000 by ELISA; see below) was used to construct an IgG/� library in
the pComb3H phage display vector (17) (provided by Dr. Carlos Barbas,
Scripps Research Institute, San Diego, CA). We performed three rounds
of library panning on human Tg. The Tg was prepared from Graves’
glands by ammonium sulfate (30% final concentration) precipitation of
the tissue homogenate 100,000 � g supernatant, followed by diethyl
aminoethyl-Sephadex chromatography and Sephacryl S-200 gel filtra-
tion (18). In later experiments, human Tg was purchased from Calbio-
chem (San Diego, CA). Different colonies (264) from the final round were
tested to identify Tg-binding clones by ELISA. From 64 colonies, 15
clones with different BstNI restriction patterns were selected for auto-
mated nucleotide sequencing of double-stranded plasmid (Cedars-Sinai
Research Institute core facility). Ig H and light (L) chain genes were
classified according to the V Base sequence directory (19).

Human monoclonal TgAbs were expressed as soluble proteins [frag-
ment antigen binding (Fab)] without removal of the cpIII gene from the
pComb3H plasmid, as previously described (20): plasmid-bearing XL1
Blue cells were cultured (37 C, 6–7 h), and protein synthesis was induced

Abbreviations: Fab, Fragment antigen binding; H, heavy chain; L,
light chain; RU, resonance unit; Tg, thyroglobulin; TgAb, Tg autoanti-
body; TPO, thyroid peroxidase.
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by overnight incubation (30 C) with isopropyl-thio-galacto-pyranoside
(1 mm; Calbiochem). TgAb activity was assayed in the supernatants.

Thyroid tissue and sera in this study were obtained and studied in
accordance with institutional guidelines.

ELISA for TgAbs

Binding of serum TgAbs or TgAb Fab was performed using wells
coated with Tg (400 ng/ml; Calbiochem) and detection with murine
monoclonal antihuman kappa (QE11, Recognition Sciences, Birming-
ham, UK) followed by affinity-purified antimouse IgG-conjugated to
horseradish peroxidase (Sigma Chemical Co., St. Louis, MO). The sub-
strate was o-phenylene diamine � H2O2 and ODs were read at 490 nm.
Where indicated, Tg was denatured using dithiothreitol followed by
iodoacetamide (Sigma) as reported previously for TPO (21). TgAb af-
finities were estimated by incubating TgAb-containing supernatants on
Tg-coated ELISA wells in the absence or presence of soluble Tg (10�7 to
10�12 m). In these affinity studies, TgAbs were diluted to obtain ODs of
approximately 0.80 in the absence of soluble Tg. As a negative control,
we used TPO Fab 55 that does not bind Tg (16).

TgAb inhibition of serum autoantibody binding to Tg

Serum autoantibody binding of Tg was determined in the absence
and presence of TgAb Fab by ELISA. Sera (diluted to provide OD �1.0)
were incubated alone and together with an equal volume (50 �l/well)
of TgAb Fab. Horseradish peroxidase-conjugated antihuman IgG-Fc
(Sigma), an antibody that does not bind to Fab, was used to detect serum
autoantibodies binding. The inhibition by TgAbs was calculated as the
percentage of serum binding plus TgAb/serum binding without TgAbs.
Nonspecific Tg binding of a TgAb-negative serum (�15%) was sub-
tracted in calculating percent inhibition.

Surface plasmon resonance evaluation of Tg epitopes
recognized by TgAb

Measurements were made using a Biacore X (Piscataway, NJ). Car-
boxy-methylated dextran sensor chips (CM5, Biacore) were covalently
coupled with human Tg (Calbiochem) as follows: after activation with
50% 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (amine-coupling
kit, Biacore) and 50% N-hydroxysuccinimide (amine-coupling kit, Bia-
core), Tg was injected [35 �l, 5 �g/ml in 10 mm Na acetate (pH 4.8),
Biacore coupling buffer 3] and the reaction stopped with ethanolamine
HCl (amine-coupling kit, Biacore). At this stage, an increase of 2000
resonance units (RUs) was detected, compared with baseline. Specific
TgAb binding to Tg was calculated by subtracting the nonspecific signal
obtained in the reference flow cell from the signal in the flow cell
cross-linked with Tg.

Epitopic competition by individual TgAbs was determined by sat-
urating the Tg binding sites with the inhibitor TgAb-1 and later injecting
a second TgAb-2, the inhibited autoantibody. For these assays, the in-
hibitor (TgAb-1) was diluted in Buffer HBS-EP [0.01 m HEPES (pH 7.4),
0.15 m NaCl, 3 mm EDTA, 0.005% Surfactant P200; Biacore; 1:2 or 1:4, 35
�l final volume] and injected (at 5 �l/min) two or more times until no
further binding was detectable. Subsequently the inhibited TgAb (di-
luted as reported above) was injected once to determine the increase in
RUs. The effect of the inhibitor TgAb was calculated as follows:

RU by TgAb-2 in the presence of TgAb-1
RU by TgAb-2 in the absence of TgAb-1

� 100

After each cycle of binding, Tg on the chip was regenerated by
injecting 20 �l of 10 mm glycine HCl (pH 2) (regeneration solution,
Biacore) containing 200 mm NaCl.

Results
Ig genes encoding TgAb

We isolated a large number (119) of human monoclonal
autoantibodies to Tg. However, based on the experience of
others for Tg antibodies isolated from phage display libraries
(10), many were likely to have very similar H and L chain
genes and Tg binding characteristics. To avoid characterizing
replicate autoantibodies, we screened 64 TgAbs by restric-
tion digestion (see Materials and Methods) of their Ig genes.
Fifteen TgAbs had unique BstN1 restriction enzyme profiles
and their nucleotide sequences were determined. The de-
rived amino acid sequences of the H and/or L chain variable
regions of some members of the TgAb panel were similar,
although nonidentical. However, among the 15 Tg-binding
clones, seven were encoded by distinct combinations of the
variable regions of their H and/or L chain genes. Inciden-
tally, some abbreviated information was previously pro-
vided for comparison with the encoding TPOAb and poten-
tial TgPOAb (16).

For the purpose of grouping the TgAbs, we provide in-
formation on the germline VH and VL genes to which the
new TgAb panel are related. The H chains are derived from
five different genes (Table 1): a VH1 gene [locus 1–03; V1–
3b/DP-25; (22)]; a VH2 gene [locus 2–05; VII-5b� (22)]; and
three VH3 genes [locus 3–23, VH26/DP-47 (23); 9–1�/DP38
(24, 25) and locus 3–30, BHGH1 (26)]. Three related H chains
are encoded by the gene BHGH1, whereas each of the other
genes encoded a single H chain. The CDR3 region varies in
length from 7 to 18 amino acids and the joining regions
include JH3, JH4, and JH6. Incidentally, the VH2 clone (TgAb
18) lacked the entire FR1, CDR1,and part of the FR2 regions.
Sequencing with internal primers showed that the H chain
was cloned into the vector by a natural XhoI restriction site
within the FR2 region. Two L chains (VKIII family) are paired
with the H chains: humkv328h5�/DPK21 (27, 28) and A27/
humkv325/DPK22 (28–30). The L chain-joining regions in-
clude Jk1, Jk4, and Jk5. The V regions of the TgAb, partic-
ularly the H chains, show considerable mutation from their
germline counterparts, consistent with affinity maturation.
For the H chains, amino acid homologies with their germline
sequences ranged from 78 to 90% and for the L chains, from

TABLE 1. Ig H and L chain genes encoding the panel of TgAb used in the present study

Family VH gene %a VH-CDR3 JH Family Vk gene %b Jk Clone (no.)

VH1 V1-3b�/DP25 87 EGYGGFE 4 VKIII A27/humkv325 90 2 37
VH2 VII-5b� 85 AGYHRGAFDV 3 VKIII A27/humkv325 83 1 18
VH3 VH26/DP47 90 HHAPYGDYPPDFDS 4 VKIII humkv328h5� 95 4 6
VH3 BHGH1 86 VNAPYYSGQGLPFDV 3 VKIII A27/humkv325 84 1 30
VH3 BHGH1 85 VNAPYYSGQGLPFDV 3 VKIII A27/humkv325 90 5 26
VH3 BHGH1 84 NHVPYGSARFASDY 4 VKIII humkv328h5� 96 5 15
VH3 9-1�/DP38 78 APVREVRLGAHSYYIMDV 6 VKIII humkv328h5� 91 2 32

a Percentage amino acid homology with H chain germline gene.
b Percentage amino acid homology with L chain germline gene.
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84 to 96% (Table 1). Nucleotide sequences for the VDJ and VJ
regions are provided in GenBank (accession no. for TgAb 6,
15, 18, 26, 30, 32, 37 are AY365327–365333 for the H chains
and AY365334–365340 for the L chains).

TgAb binding to Tg in ELISA

TgAb bound preferentially to native rather than denatured
Tg, like the serum of the patient (AF) from whom the library
was prepared (Fig. 1A). Moreover, binding of TgAbs was
inhibited by preincubation with low concentrations of Tg for
most TgAbs (Fig. 1B). Half maximal inhibition of TgAb bind-

ing was attained with 5 � 10�10 and 3 � 10�9 m Tg for TgAbs
(18, 26, 30, 37, and 15). The estimated affinity was higher
(dissociation constant Kd �10�11

m) for TgAb 6 and lower for
TgAb 32, the latter requiring approximately 10�8 m Tg
for 50% inhibition. Of interest, despite lacking the amino-
terminal 46 amino acid residues in its H chain (see above), the
antibody secreted by clone 18 bound Tg with high affinity
(dissociation constant �10�10 m).

Relationship between patient AF monoclonal and
serum TgAbs

Before embarking on a detailed epitopic analysis of the
monoclonal TgAbs, we wished to determine whether their
epitopes corresponded to autoantibodies in the serum of
patient AF, whose thyroid tissue was used to prepare the Ig
gene library. In addition, we included two randomly selected
TgAb-positive sera. We followed an approach, first used for
TPO autoantibodies (31) and later adapted for TgAbs (32), in
which serum autoantibody binding to Tg-coated ELISA
wells is compared in the absence and presence of TgAbs, and
the results are expressed as percent inhibition.

TgAbs encoded by three H chain types, V1–3b, BHGH1,
and VH26, inhibited serum binding by approximately 80%
for serum X and approximately 50% for sera Y and AF (Fig.
2). For TgAbs encoded by the other two H chains, inhibition
was lower and more variable: approximately 10% for serum
AF, 30–40% for serum Y and either 20% (9–1� H chain) or
60% (VII5b� H chain) for serum X. Overall, the epitopes of
five TgAbs (37, 30, 26, 15, and 6), all with high or moderate
affinities for Tg (see above), overlapped to a considerable
degree with serum autoantibodies in all three patients,
whereas the epitopes of two TgAbs (18 and 32) appear to be
less common, at least for the three patients studied. The lower
affinity of TgAb 32 (but not of the high affinity TgAb 18)
could be involved in its reduced ability to inhibit the binding
of patients’ autoantibodies to Tg.

Surface plasmon resonance analysis of TgAb epitopes

We first established that TgAbs bound to Tg cross-linked
to Biacore chips. Representative examples are provided for
TgAb 37 and 30 (Fig. 3, A and B) and the lack of binding for
a TPO-specific Ab (Fig. 3C). The increase in resonance units
after a single injection ranged from 210 to 30 RU (TgAb 37
and 18, respectively).

To map the epitopes of individual TgAbs, the Tg binding
sites for an inhibitor TgAb were saturated and subsequently
the binding of a second TgAb (the inhibited TgAb) was
evaluated. This approach is similar to that described for
epitopic mapping of TPOAb (33, 34). Although between two
injections (e.g. TgAb 6 and 26) and six injections (TgAb 32)
were required to attain saturation, the outcome was inde-
pendent of TgAb concentration. The ability of TgAb 15 and
26 to compete for binding is illustrated in Fig. 3: after satu-
ration with two injections of TgAb 15, the increase in reso-
nance units produced by injecting TgAb 26 was very small,
only 3 RU (Fig. 3D), compared with 109 RU when injected
alone (Fig. 3E). Consequently, TgAb 15 inhibited the binding
of TgAb 26 by 97%. Likewise, the binding of TgAb 15 alone
produced 76 RU (Fig. 3D), and the signal was barely in-

FIG. 1. Binding characteristics of the new panel of TgAb. A, TgAb
recognize native Tg better than denatured Tg. TgAb binding was
compared using ELISA wells coated with native (N) Tg or denatured
(DN) Tg. Also included are the data for serum for patient (AF) whose
thyroid tissue was used to construct the Ig gene library. Data are
presented as the mean of duplicate OD readings in ELISA; error bars
represent SEM. The dotted line represents the mean � 2 SD for a control
antibody to TPO that does not bind to Tg. B, Soluble Tg inhibits
binding to Tg-coated ELISA wells by the new panel of TgAb. Binding
was measured in the absence and presence of Tg (up to 10�7 M). Data
presented are the mean of duplicate OD readings in ELISA.
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creased (3 RU) by prior injection of TgAb 26, giving an
inhibition of 96%. An example of TgAbs that do not compete
is also shown. Two injections of TgAb 6 saturated its Tg
binding sites. Subsequent injection of TgAb 32 produced an
increase of 24 RU (Fig. 3D), which was similar to the signal
(25 RU) given by one injection of TgAb 32 without inhibitor
(not shown).

Based on 34 competition studies, the TgAb were classified
into five types (A to E) (Table 2). Types A, C, D, and E each
included one TgAb. Type B included three TgAb (30, 26, and
15) that are derived from the same VH germline gene but

differ in terms of their D regions and/or L chains (Table 1).
These B-type TgAbs inhibited each other’s binding by almost
100%, regardless of their role as the inhibitor or the responder
(Table 2, lower portion). As inhibitor, the A-type TgAbs com-
peted strongly (75%) for binding by the B-type TgAbs and
even more strongly (�95% inhibition) for binding by C-, D-,
and E-type TgAb.

The reverse inhibition patterns were not necessarily the
same. For example, C-, D-, and E-type TgAbs inhibited the
binding of the A-type TgAbs to a lesser extent (48 to 23%).
These observations suggest that the A epitope is dominant,

FIG. 2. Inhibition of serum autoanti-
body binding to Tg by the panel of TgAb.
TgAbs are grouped according to the Ig
genes encoding their H chains. Data are
shown as the percent inhibition of se-
rum autoantibody binding to Tg-coated
ELISA wells in the presence of each
TgAb. Inhibition was studied using se-
rum from patient AF (from whose thy-
roid the library was prepared) and for
sera from two other patients with au-
toimmune thyroid disease (X and Y).

FIG. 3. Analysis of TgAb interactions with Tg evaluated by surface plasmon resonance. A–C, upper panels, TgAb 37 and 30, but not TPOAb
55, bind Tg cross-linked on a Biacore chip. Asterisks indicate the start (*) and end (**) of the injections. D–F, lower panels, TgAb 15 inhibits
the binding of TgAb 26 to Tg, but TgAb 6 does not compete for the binding of TgAb 32. Two injections of TgAb 15 saturate its binding sites
on Tg, and a subsequent injection of TgAb 26 produces an increase of only 3 RU (D). This value is much lower than that obtained when TgAb
26 is injected first (E). Similarly, after saturation with TgAb 26, injection of TgAb 15 induces an increase of only 3 RU, compared with 76 RU
induced by TgAb 15 alone (E vs. D). In contrast, two injections of TgAb 6 saturated its binding sites on Tg, but subsequent injection of TgAb
32 increased the signal of 24 RU (F). TgAb 32 alone induced a signal of 25 RU (not shown). The horizontal dotted line indicates the signal at
saturation achieved using the first TgAb.
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with C-type TgAbs, and particularly D- and E-type TgAbs,
on the fringes. Similarly, the B epitope dominates the C
epitope. The largest discrepancy occurred for type C-TgAb
vs. type D-TgAb, 42% (with C-TgAb as inhibitor) vs. only 4%
(with D-TgAb as inhibitor). The reason for these discrepan-
cies is not fully understood. Possibilities include differences
in TgAb affinity and the kinetics of reaction (different on and
off rates) as well as possible subtle differences in the binding
of individual antibodies to overlapping but nonidentical
epitopes.

Schematic representation of TgAb epitopes

On the basis of the findings in Table 2, we propose a model
for the epitopes on Tg recognized by the new TgAb panel
(Fig. 4). All epitopes overlap, consistent with an immuno-
dominant region. The A epitope appears to lie at one pole and
the B epitope at the other pole. Both A and B epitopes overlap
the C, D, and E epitopes. The D and E epitopes are closely
associated with each other but have minimal overlap with
the C epitope.

Overall, TgAb encoded by the VH genes V1–3b and
BHBH1 define two major epitopic regions, A and B, respec-
tively. The C region (VH26 gene) is closely associated with
the A region and to a lesser extent with the B region. The
minor epitopes (D and E) involve the H chain genes VII-5B�
and 9–1, respectively. The outcome of the surface plasmon
resonance analysis is consistent with our findings for serum
autoantibodies (Fig. 2), namely strong inhibition by TgAb
with V1–3b, BHB1, and VH26 H chains (A, B, and C regions)
and weaker or variable inhibition by TgAb with VII-5B� and
9–1� H chains (D and E region).

Discussion

The information in this study extends the database of
information about human monoclonal TgAbs isolated to
date. To avoid characterizing replicate TgAbs isolated from
a thyroid-derived combinatorial Ig gene library, we focused
on seven autoantibodies reflecting the diversity in the rep-
ertoire based on their unique combinations of H and L chain
genes. The TgAb preferentially recognize native (rather than
denatured) Tg with estimated dissociation constants be-
tween 10�10 and 10�9 m, and they inhibit the binding to Tg

of autoantibodies in serum from the donor of the thyroid
gland and in two other unrelated patients. Moreover, as
shown previously, they bind specifically to Tg and not to
other antigens or autoantigens (16). Overall, the properties of
the new TgAb panel are similar to those of other human
monoclonal TgAbs derived from patients with autoimmune
thyroid disease (6, 7, 10, 11).

The novel information provided by our TgAb panel relates
to the expansion of the H chain gene repertoire of TgAb and
to the relationship between genes and Tg epitopes. Four H
chain genes encoding our TgAb belong to the large VH1 and
VH3 families (like most previous monoclonal TgAbs), but
one belongs to the small VH2 family. More importantly, four
of five VH genes encoding the new TgAbs had not previously
been described for TgAbs (16). The V1–3b gene, although
new for TgAb, is used by numerous TPO autoantibodies
(reviewed in Ref. 35). However, neither 9–1� nor BHGH1
genes are used by TPO autoantibodies. Remarkably, the
VH26 gene is used by several TgAbs cloned in the same (11)
or different laboratories (10 and present data). In addition,
these VH26-encoded TgAbs were isolated in different ways
using lymphocytes from different tissues: Epstein Barr virus
transformation of peripheral blood lymphocytes followed by
cell fusion (6); direct fusion of thyroid infiltrating lympho-
cytes (7); and Ig gene combinatorial libraries generated from
thyroid tissue (8 and present data) or thyroid-draining
lymph nodes (10) (summarized in Table 3). Finally, some
human TgAbs have long CDR3 regions, 14 amino acids (10),
or 22 amino acids (11) in length, compared with approxi-
mately nine amino acids for most antibodies. Our TgAb
panel included short and long CDR3 regions (from seven to
18 amino acids; Table 3), suggesting that a long CDR3 is not
a prerequisite for autoantibody binding to Tg.

It has long been known that, compared with multiple
epitopes recognized by immunized rabbits (e.g. Ref. 36, 37)
or mice (38, 39), human serum autoantibodies recognize a
restricted range of conformational epitopes on the large
(�660 kDa) Tg molecule. Extensive investigations performed

FIG. 4. Schematic representation of the epitopes recognized by the
panel of TgAb in relation to the H chain genes. The TgAb (groups A–E)
bind to a set of closely overlapping epitopes, compatible with the two
major epitopic regions on Tg.

TABLE 2. Epitopic analysis of TgAb by surface plasmon
resonance competition assays reveals five different groups

Inhibitor
% Inhibition

A B C D E

All groups
A (TgAb #37) 74 (�2)a 95 98 96
B (TgAb #30/

26/15)*
50 (�11)a 76 100 (�0)a 100

C (TgAb #6) 48 15 42 26
D (TgAb #32) 54 87 (�1)a 4 93
E (TgAb #18) 23 73 28 79

Group B TgAb 30 TgAb 26 TgAb 15
TgAb #30 95 96
TgAb #26 93 96
TgAb #15 100 98

Data are presented as percentage inhibition by an inhibitor TgAb.
a Data for TgAb 30, 26, and 15 are presented as the mean � SE.
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with panels of mouse monoclonal TgAbs have provided
important information on human TgAb binding to a variable
number of clustered epitopes (reviewed in Refs. 40, 41). More
recently, competition studies with human monoclonals vs.
either serum autoantibodies (11) or mouse monoclonals (32)
indicated that human autoantibodies recognize two major
epitopic regions on Tg. Our present data are consistent with
these findings. Epitope mapping of the new TgAbs estab-
lishes a group of overlapping epitopes, with two major re-
gions (Fig. 4). TgAbs encoded by the VH26 gene interact with
a major Tg epitopic region in our panel as in previous studies
(11, 32). In contrast, the epitopes of two new TgAbs over-
lapped minimally with the epitopes of other TgAb and were
less well recognized by autoantibodies from three patients.
It is possible that this lesser degree of overlap is related to
their unusual H chain genes (9–1� and VII-5b�) and may be
the result of antibody epitopic spreading. Incidentally, it
should be appreciated that the A and B domains for TgAb
epitopes (Fig. 4) are unrelated to the domains we and others
have described (using the same letters) for the autoantibody
immunodominant region on TPO (e.g. Refs. 42, 43).

A point of interest arising from our data regards the prop-
erties of antibodies encoded by H chains paired with differ-
ent L chains. In an earlier study, a set of closely related H
chains was combined promiscuously with 5 �- and 9 �-chains
(10). Competition assays with murine monoclonal Tg anti-
bodies revealed that, despite subtle differences relating to the
L chain types, these human TgAbs bound to overlapping
epitopes (32). Among the seven representative TgAbs that
we characterized in detail, only one H chain was promiscu-
ously paired with several L chains: H chains derived from the
BHG1 gene with the same or different CDR3 regions com-
bined with two different L chains (Table 1). Nevertheless,
these three types of TgAbs, involving two different CDR3
regions and two L chains, all recognized the same epitopes
(Fig. 4).

The Ig gene library used in this study was constructed
from thyroid tissue of a high-titer TgAb-positive patient.

Would the outcome for TgAb epitopes (Fig. 4) been different
had we used thyroid tissue from a moderate-titer TgAb pa-
tient or another high titer TgAb patient? We think this pos-
sibility is unlikely for the following reasons. First, substantial
evidence (see above) showed that TgAb in different patients
bind to the same, overlapping epitopic domains on Tg. Sec-
ond, in isolating and characterizing a very large panel of TPO
autoantibodies from Ig gene libraries (reviewed in Refs. 35,
44–46), we learned that factors besides antibody titer play
major roles. Antibody number and gene diversity depends
on the intensity of the screening process as well as on the
oligonucleotide primers used to amplify H and L chain gene
DNA for library construction (47, 48). Third, surprisingly but
most importantly, antigen manipulation or masking is re-
quired to bias the repertoire away from the autoantibodies
that recognize immunodominant epitopes and toward other
regions of TPO (44, 45). Although neither antibody titer nor
a different patient is likely to have produced major differ-
ences, the diversity of our TgAb panel may account for the
presence of antibodies to both the major and minor over-
lapping, epitopic domains on Tg.

Competition for Tg binding between human sera and mu-
rine monoclonal antibodies revealed epitopic differences be-
tween autoimmune thyroid disease patients and euthyroid
TgAb-positive individuals (reviewed in Refs. 40, 41). Like-
wise, two human monoclonal TgAbs competed differently
for Tg binding with polyclonal TgAbs in patients’ sera vs.
normal individuals (11). Moreover, TgAbs in Graves’ and
Hashimoto patients discriminate between different tryptic
fragments of Tg (49). These observations contrast with the
lack of epitopic differences we observed in euthyroid vs.
hypothyroid TPO autoantibody patients (50, 51). However,
all previous TgAb studies were cross-sectional and involved
relatively small groups of individuals (52). Our novel TgAb
panel could provide valuable tools for future large scale
longitudinal investigations of TgAb epitopes to clarify the
role of TgAb in health and disease.

In conclusion, we have characterized a new panel of mono-

TABLE 3. Ig H and L chain genes encoding TgAb autoantibodies

VH family VH gene VL family VL gene Approach Source Ref.

Tg antibodies with Kappa L chains
VH1 HG3 VKIII A27/humkv325 Combinatorial lib Thyroid 11

V1-3b�/DP25 VKIII A27/humkv325 Combinatorial lib Thyroid Present study
VH2 VII-5b� VKIII A27/humkv325 Combinatorial lib Thyroid Present study
VH3 VH26/DP47* VKI O2/O12 Fusion Thyroid 11

VH26/DP47* VKIII Vg Fusion Thyroid 11
VH26/DP47* VKI L12a Combinatorial lib Lymph node 10

VKI O12
VKIII A27/humkv325
VKIII Vg
VKIII humkv328h5�**

VH26/DP47a VKIII humkv328 Combinatorial lib Thyroid Present study
BHGH1 VKIII A27/humkv325 Combinatorial lib Thyroid Present study

VKIII humkv328h5�b

9-1�/DP38 VKIII humkv328h5�b Combinatorial lib Thyroid Present study
Tg antibodies with Lambda L chains

VH3 VH26 VL-? IGLV12 Fusion Thyroid 10
VH4 DP65 VL-I Iv117 EBV & fusion Blood L’s 11

TgAb obtained in the search for TgPOAb (16) and described herein are indicated in bold. lib, Library; EBV, Epstein Barr virus; Blood L’s,
peripheral blood lymphocytes.

a Also known as V3–23.
b Also known as DPK21.
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clonal Tg autoantibodies from a thyroid-derived Ig gene
combinatorial library from a patient with autoimmune thy-
roid disease. The new TgAb panel provides novel informa-
tion regarding the repertoire of H chain genes encoding
human Tg autoantibodies and the relationship between the
Ig H chains and the epitopes recognized on this major thy-
roid autoantigen.
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