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SUMNARY A human Fab fragment (SP2) which binds specifically to human thyroid 
peroxidase has been generated by expressing random combinations of heavy and 
light chain immunoglobulin genes (derived from Graves' thyroid cDNA) in a 
bacteriophage lambda library. In common with many serum TPO autoantibodies, the 
cloned Fab fragment is IgGl kappa and has a high affinity for TPO (-lo-' M). On 
the basis of their nucleotide sequences, the heavy and light chain genes coding 
for SP2 belong to families VHI,(D),JH3 and VKI,JK2, respectively. These data 
provide the first characterization at a molecular level of a human thyroid 
peroxidase antibody associated with autoimmune thyroid disease. 0 1991 Academic 

Press, Inc. 

IgG autoantibodies to thyroid peroxidase (TPO) are characteristic of 

patients with Graves' and Hashimoto's diseases and are implicated in autoimmune 

thyroid destruction (reviewed in 1). The availability of monoclonal human TPO 

autoantibodies of the same class and high affinity as those present in serum 

would contribute significantly towards an understanding of the pathogenesis of 

these commonautoimmune diseases. Unfortunately, despite numerous attempts using 

EB virus infection and/or cell fusion, only one cell line secreting IgG class 

human autoantibody to TPO has been produced, and this human-mouse hybridoma was 

unstable (2). 

Recently a technique has been described for cloning heavy and light chain 

gene fragments in a bacteriophage expression library (3). We now report the 

use of this approach to clone a human Fab fragment specific for human TPO. 

1 To whom reprint requests should be addressed at Veterens Administration Medical 
Center, Thyroid Molecular Biology Unit (lllT), 4150 Clement St., San Francisco, 

CA 94121. 

Abbreviations : TPO : thyroid peroxidase; H chain : immunoglobulin heavy 
chain; L chain : immunoglobulin light chain; VH region : variable region of 
the heavy chain; VL : variable region of the light chain. 
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MATERIALS AND METHODS 

Construction of combinatorial H and L Pene libraries: A cDNA library from the 
thyroid gland of a patient with Graves' disease (4) was used as a source of cDNA 
coding for thyroid autoantibodies. The presence of thyroid autoantibody mRNA 
in this gland was previously suspected for two reasons. First, infiltrating 
thyroid lymphocytes are a major source of thyroid autoantibodies (5,6). Second, 
proteins expressed by this library were recognized by antiserum to human IgG 
(unpublished observations). A combinatorial library of heavy (H) chain fragments 
and kappa light chain genes was produced using oligonucleotides and vector in 
the Immunozap Cloning Kit (Stratacyte, LaJolla, CA). Bacteriophage DNAprepared 
(7) from the Graves' thyroid cDNA library was used as template in the polymerase 
chain reaction (8). Heavy chain gene sequences were amplified in separate 
reactions using 4 different forward oligonucleotide primers correspondingtothe 
relatively conserved amino terminus of the molecule and a reverse primer to the 
CHl domain-hinge junction of IgGl. Kappa light chain genes were amplified using 
primers complementary to the sequence coding for the signal peptide/kappa light 
(L) chain junction and the carboxyl terminus. The combinatorial library was 
constructed according to the protocol of Stratacyte. 
Screeningfor : The unamplified combinatorial library was screened 
inXLl-Blue cells by conventional techniques (7) using highly-purified, secreted 
recombinant human TPO (9) labelled with "'1 by the iodogen method (10) to a 
specific activity of 10 uCi/ug. A plaque expressing a Fab fragment that bound 
radiolabeled TPO was identifiedby autoradiography andwas cloned to homogeneity. 
The affinity of this TPO antibody was measured in a confluent plaque lysis assay 
(-100 plaques per spot) by the addition of unlabeled TPO (10“' M - 10e6 M) to the 
iz51-labeled TPO. Densitometry was performed (Biorad 620 video-densitometer) on 
duplicate spots at each TPO concentration and expressed as arbitrary OD (optical 
density) units. 
Nucleic acid seauencinp of H and L eenes coding f  or human TPO snecific Fab 
frasment : The nucleotide sequence of the cDNA of the TPO-positive clone (SP2) 
was determined (11) in both directions following its recovery in Bluescript 
using the helper phage R408 (Stratacyte). 

RESULTS 

Screening -2 x lo5 plaques yielded one (SP2) that bound radiolabeled TPO. 

After cloning to homogeneity, the affinity for TPO of the Fab fragment expressed 

by SP2 was determined by competition studies with unlabeled recombinant TPO and 

was found to be -lo-' M (Fig. 1). The specificity of this interaction was 

evident by the inability of the Fab fragment to bind radiolabeled thyroglobulin, 

another major thyroid autoantigen (data not shown). 

Comparison of the nucleotide sequence of the IgG heavy (H) chain (Fig. 2) 

and light (L) chain (Fig. 3) with known germline sequences characterizes this 

TPO binding Fab fragment. Specifically, the VH gene belongs to the W-II family 

with 91.2% homology to the l-l germline gene (12). The D segment contains three 

of the 5 nucleotide motifs shared by %, DN and D,, (GGTAT) and DLR (TACTA, 

GTATG) (12). Because of very low homology with reported D region nucleotide 

sequences, it is difficult to assign the D region of SP2 to a particular gene 

family. The J segment is a JH3 which appears to be truncated at its 5' end (12). 
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UNLABELED TPO [M] 

Fie. 1. Binding affinity of Fab fragment SP2 for recombinant human thyroid 
peroxidase (TPO). Brackets indicate the mean f  the range of duplicate 
densitometric values obtained for each TPO concentration in a representative 
experiment. Comparable results were obtained in two additional experiments. 

VH SEGMENT (VHII 

SP2 
l-l 

SP2 
l-l 

SP2 
l-1 

SP2 
l-l 

SP2 
l-l 

QVKLLESGAEVKKPGASVKV 
CAGGTGAAACTGCTCGAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG~GGTC 
------CAG---G-GC-----C-----------------T-------------------- 

CDRl 
*************** 

SCKASGYTFTGHYMHWVRQA 
TCCTGCAAGGCTTCTGGATACACCTTCACCGGCCACTATATGCACTGGGTGCGACAGGCC 
---------------------------------T-------------------------- 

CDR2 
***************************************** 

PGQGLEWIGWISPNRGATRF 
CCTGGACAAGGGCTTGAGTGGATAGGATGGATCAGCCCTlGGTTT 
-----------------------G--------A--A---------T----G---~-A~-A- 

****************** 
AQKFQGRVTMTSDTSINTVY 

GCACAGAAGTTTCAGGGCAGGGTCACCATGACCAGCGACACGTCCATT~CACAGTCTAC 
-----------------------------------G-----------~-G-----~---- 

MELSGLRFDDTAVYYCAT 
ATGGAGCTGAGCGGCCTGAGATTTGACGACAGGCCCGGCCGTGTATTACTGTGCGACA 
------------AAG-------C-----------------------------G- 

60 

120 

180 

240 

D SEGMENT 
CDR3 

*************************** 
TRTAYYGMD 

SP2 ACACGCACGGCCTACTACGGTATGGAC 

JH SEGMENT (JH3) 
RLGPRDHGHRLF 

SP2 . . . . . . . . . ..GTCTGGGGCCAAGGGACCACGGTCACCGTCTCTTCA 
JH3 ATGCTTTTGAT-----------------A-T---------------- 

2. Fie. Nucleotide and derived amino acid sequence of the SP2 heavy chain 
compared with the VHI germline gene l-l and the JH3 germline gene (12). The 
complementarity determining regions (CDR) are indicated by the asterisks. 
Identical nucleotides are depicted by dashes and deleted nucleotides by dots. 
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VL SEGMENT (VKI) 

ELVMTQSPSSLSASEGDTVT 
SP2 GAGCTCGTGATGACCCAGTCTCCATCTTCCCTGTCTGCATCTGAGGGAGACACAGTCACC 60 
KLVJ --CA--CA------------------C----------------TA-------G------- 

CDRl 
xx******************************* 

ITCRASENISRYSNWYQQQP 
SP2 ATCACTTGCCGGGCAAGTGAGAATATTATTAGCAGGTATTC~TTGGTATCAGCAGC~CCA 120 
KLVJ ------------------C---GC---T-AC--T-AC----T----------------A----- 

CDR2 
************x******** 

GKAPKLLISAASTLQSGVPS 
SP2 GGGAAAGCCCCTAAACTCCTGATCTCTGCTGCATCCACTTTAC~GTGGGGTCCCATCA 180 
KLVJ --------------G----------A---------G--G---G------------------ 

RFSGSGSGTHFTLTINSLQP 
SP2 AGGTTCAGTGGCAGTGGATCTGGGACACATTTCACTCTCACCATC~CAGTCTGC~CCT 240 
KLVJ ---------------------------G------------------G------------- 

CDR3 
**x*x******************* 

GDFATYYCQQTYSSPF 
SP2 GGAGATTTTGCAACTTACTACTGTCAACAGACTTACAGTTCCCCGTTC 
KLVJ -A-----------------------------G-------A---ACC-T 

J SEGMENT (JK21 

TFGQGTKLEIKRT 
SP2 ACTTTTGGCCAGGGGACCAAGCTGGAGATCUACGAACT 
K-J312 ----__-----__-------------------------- 

3. Fiv Nucleotide and derived amino acid sequence of the SP2 light chain 
compared with the VKI germline gene HUMIGKLVJ (GenBank accession number D90158) 
and the JK2 germline gene in Taykv312 (13). The complementarity determining 
regions (CDR) are indicatedby the asterisks. Identical nucleotides are depicted 
by dashes. 

The light chain is coded for by a VKI which is 89.6% homologous with the germline 

gene HUMIGKLVJ (GenBank accession number D90158). The light chain J segment is 

a JK2 (13). 

DISCUSSION 

The expression inbacteria of random combinations of heavy and light chain 

immunoglobulin cDNA genes has previously been used to generate human Fab 

fragments which bind tetanus toxoid using cDNA from individuals immunized with 

this antigen (14,15). However, there are no previous reports on the production 

of disease-associated human autoantibodies using this system. In the present 

study, we have generated a human Fab fragment which binds a major thyroid 
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autoantigen, TPO. The cDNA used for this purpose was transcribed from mRNA 

prepared from Graves' thyroid tissue which is enriched in B-lymphocytes capable 

of producing thyroid autoantibodies (5,6). 

Antibodies to TPO in patients with autoimmune thyroid disease are 

frequently of subclass IgGl and/or IgG4, with kappa light chains predominating 

(16). For this reason our initial approach was to construct and screen an IgGl- 

kappa combinatorial cDNA library. On the basis of available information, the 

VH and VL genes of SP2 appear to be moderately mutated forms of germline gene 

families VHI and VKI. The D region, which does not resemble any reported 

germline sequence, is likely to contribute further to recognition of TPO by SP2. 

It is not known whether this particular heavy and light chain combination 

reflects the invivo situation. However, the high affinity of SP2 was comparable 

with the affinities of TPO autoantibodies present in patients with autoimmune 

thyroid disease (1.1 x lo-' M - 9.4 x 10e8 M)(17). Therefore, our data are likely 

to provide the first characterization at a molecular level of a human thyroid 

peroxidase antibody associated with autoimmune thyroid disease. 

This research was supported by NIH grants DK36182 and EY09498. We thank Ms. 
Carmela Filamor for expert administrative assistance and Dr. Scott Hutchinson 
of the Nichols Institute, San Juan Capistrano, CA, for providing us with purified 
recombinant human TPO. 
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