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Thyroid Study Unit, Department of Medicine, and Department of Pathology, The University of Chicago, Chicago, Illinois 60637

Abstract

MAbdirected to the thyroid microsomal antigen have been
developed. All bound to 101- and 107-kD bands in Western
blot analysis using thyroid microsomal fraction as antigen. The
MAbalso bound to microsomal proteins immunoprecipitated
by serum from patients having a high titer of anti-microsomal
antibody but no antibodies to thyroglobulin or thyrotropin-
stimulating hormone receptor. The pattern of binding was re-
lated to the amount of reducing agent. The 101- and 107-kD
bands were increased by addition of dithiothreitol whereas, in
its absence, numerous bands of higher molecular weight were
present, suggesting a multimeric protein structure. Despite the
inability to immunoprecipitate thyroid peroxidase (TPO) enzy-
matic activity, the MAbbound intensively in Western blot to
denatured purified hog TPOand to denatured immunopurified
human TPO. Trypsin digestion of the 101-107-kD antigen
produced a doublet of 84-88 kD that was still immunoreactive
with MAb. One of five polyclonal sera tested (with a micro-
somal antibody titer > I/20,480 measured by the tanned red cell
hemagglutination technique) also recognized the 84-88-kD
trypsin fragments. Addition of V8 protease led to a disappear-
ance of the 107-kD protein, but not the 101-kD protein, prov-
ing that this antigen is formed by two different polypeptides.
The MAbbound strongly to thyroid epithelium, whereas bind-
ing to papillary carcinoma was absent or low and moderate for
follicular and Hurthle cell carcinoma.

This study indicates that the thyroid microsomal antigen
and TPO are identical and are constituted of two different
polypeptides. On SDS-PAGEthe antigen appears as two con-
tiguous bands which share commonepitopes but are not iden-
tical, as proven by their size and difference in susceptibility to
proteolytic digestion. The immunoreactivity of the molecule is
highly dependent on a trypsin-sensitive site, which appears
important in the recognition of the antigen by polyclonal sera
and may have biological importance. The expression of micro-
somal antigenicity is variable among various thyroid carci-
nomas.

Introduction

Antibodies against the human thyroid microsomal antigen (M
antigen) are frequently present in autoimmune thyroid disease
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(AITD)' (1, 2), and unlike other thyroid autoantibodies, fix
complement, and thus may have a deleterious potential (3).
This Mantigen has been described on the apical surface of
human thyroid cells (4) and on a cloned rat cell line in vitro
(5). The nature of this antigen has been difficult to establish as
it is not readily soluble, and is often contaminated with thyro-
globulin (TG) (6). Wehave previously identified the Mantigen
by immunoprecipitation and Western blot analysis using sera
of patients with AITD (7, 8). In reduced and denatured condi-
tions, this antigen appears in Western blots as a doublet of
101-107 kD using antibody of patients with AITD. Similar
findings have been described using immunoprecipitation (6,
9). Wespeculated that there was a close intracellular relation-
ship described between thyroid peroxidase (TPO) and Manti-
gen, both of which are found in exocytotic vesicles, and we
found antibodies in the sera of patients with AITD that could
immunoprecipitate TPO enzymatic activity (10), suggesting
their possible identity. However, the loose correlation between
titers of antibodies against Mantigen by ELISA, and precipita-
tion of TPO, suggested either that TPOand Mantigen were
different or that epitopes present in native TPOand in ELISA
assays were not identical. Czarnocka et al. (1 1) have recently
reported co-elution of TPO activity, and immunoreactivity
measured by anti-microsomal antibodies from patients with
AITD, from an immunoaffinity column prepared with MAb
developed against thyroid membrane antigen. Other recent
studies have reported MAbagainst crude thyroid microsomal
proteins (12, 13) or purified peroxidase (14), but none has
taken as immunogen the specific microsomal antigen defined
by polyclonal sera of patients with thyroid autoimmune dis-
ease. As SDS-PAGEallows precise localization of antigenic
proteins identified previously by Western blot analysis, we de-
veloped MAb against the 107-kD antigenic band to better
characterize the microsomal antigen itself and its relationship
to TPO.

Methods
Antigen preparation. Humanthyroid microsomes were prepared, using
snap-frozen tissue from patients with Graves' disease, by differential
centrifugation at 800, 10,000, and 104,000 g. The microsomal pellet
was washed three times with PBS to remove soluble proteins (TG,
hemoglobin, etc.) and stored at -70°C until used. Microsomes were
heated 3 min in a boiling water bath in 18 mMTris-HCl buffer, pH
6.8, containing 2.5% SDS, 2.25 Murea, and 5% mercaptoethanol, in
addition to 10% glycerol and 0.002% bromophenol blue. The micro-
somal protein (3 mg/gel) was applied to SDS-PAGE based on the
method of Victor et al. (15). The proteins were electrophoresed in a 6%
gel. After running, small vertical strips were cut in the middle and in
the edges, while the other parts were kept in PBS at 4°C. The strips

1. Abbreviations used in this paper: AITD, autoimmune thyroid
disease; DAB, 3,3' diaminobenzidine; MCHA,microsomal hemagglu-
tination assay; TBS, 25 mMTris-HCl, 150 mMNaCl; TG, thyroglobu-
lin; TGHA, thyroglobulin hemagglutination assay; TPO, thyroid per-
oxidase; TSAb, thyroid-stimulating antibodies; TSH, thyrotropin-
stimulating hormone.
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were used to detect proteins by Coomassie Blue R250 and to detect the
antigenic band by Western blot as previously described (7). The anti-
bodies were incubated 1 h and their binding was detected using a
peroxidase-conjugated goat anti-human IgG (gamma chain-specific)
(Cappel Laboratories, Cochranville, PA) in 25 mMTris-HCl, 150 mM
NaCl (TBS), 10% goat serum, and 0.05% Tween 20. The peroxidase
substrate was 0.05% 3,3' diaminobenzidine (DAB) plus 0.3 mMH202
in TBS. This allowed localization of the 107-kD band, which was then
cut out and electroeluted in a dialysis bag in 40 mMTris plus 40 mM
boric acid at pH 8.6, at 100 V for 3 h at 4°C. Polarity was then reversed
for 2 min. The eluate was dialyzed against distilled water, lyophilized,
and resuspended in a minimal volume of PBS.

Protein concentrations were determined by a modification of the
method of Lowry et al. (16).

Immunization. 6-8-wk-old female BALB/c mice were injected in-
traperitoneally with 50 ,g of gel-purified thyroid microsomal 107-kD
protein in complete Freund's adjuvant. Every 4 wk the mice were
injected with the same amount of protein in PBS until the sera were
shown to have antibodies binding to the 107-kD protein by Western
blot analysis, using a peroxidase-conjugated goat anti-mouse IgG plus
IgM plus IgA. Animals with high serum titers received a booster injec-
tion of 20 ug antigen in sterile saline, intravenously, 3 wk after the last
injection. 3 d later, the spleens were excised for fusion.

Cell fusion. Fusion was performed using polyethylene glycol (17)

with some modifications (18). Splenocytes were fused with SP2/O
myeloma cells (19).

Selection ofhybridomas. After 10 to 21 d in culture, the clones were
tested by dot-blot analysis and by Western blot analysis, since we found
that sera from immunized mice bound in both conditions. In the
dot-blot method, 5 ,g of briefly sonicated microsomal protein in 25
mMTris-HCI plus 500 mMNaCl plus pH 7.4 were coated on 0.45-,uM
nitrocellulose paper using a microfiltration apparatus (Bio-Rad Labo-
ratories, Richmond, CA) according to the instructions of the company.
Supernatant of growing hybrids was allowed to filter by gravity for 45
min. Bound antibodies were visualized using DABafter incubation
with a 1:500 dilution of peroxidase-conjugated IgG fraction goat anti-
mouse IgG plus IgM plus IgA (Cappel Laboratories). Positive hybrids
were expanded and further tested by Western blot analysis. Thereafter,
the positive hybrids were cloned two times by limiting dilution in the
supernatant from a 3-d-old culture containing 1 X 10/ml irradiated
(1,200 rad) Lewis rat thymocytes. Clones were expanded in 25-cm2
flasks or in vivo in the peritoneal cavities of tetramethylpentadecane-
treated BALB/c female mice for the production of ascitic fluid. Mono-
clonal antibody was used from ascites fluid or after purification by
MAPS-protein A kit (Bio-Rad Laboratories) and dialysis for 24 h at
4°C in 0.02 Mphosphate buffer, pH 7.4. IgG subclass was determined
by the double immunodiffusion method of Ouchterlony using mouse
isotype-specific rabbit antibodies (Miles Laboratories, Elkhart, IN).
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Figure 1. Binding of six MAbto thyroid mi-
crosomal proteins immunoprecipitated by
serum of a patient with AITD. Microsomal
fraction was solubilized overnight with n-octyl
glycoside. 1.3 mgof solubilized protein was
stripped of IgG by incubating with Pansorbin.
The supernatant was divided in two and
added to 40 ,l of human sera (c and a). The
sera were characterized as follows: (c) 107
kD+, microsomal hemagglutination assay
(MCHA+), TRAb-, Hashimoto's patient
serum; and (a) 107 kD-, MCHA-, control
serum. The immune complexes were precipi-
tated with Pansorbin, washed five times in
TBS + 0.5% NP-40, and eluted in 25 mM
Tris-HCl, pH 6.8, containing 5%SDSand 2-
mercaptoethanol before electrophoresis (6%
gel) and Western blot. A strip of nitrocellulose
paper was then incubated with each MAband
bound antibodies were visualized using peroxi-
dase-conjugated goat anti-mouse IgG immu-
noglobulins. MW,Molecular weight (for all
figures).
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Figure 2. Effect of a reducing agent
on the pattern of the immunoreac-
tive bands in Western blots, as de-
tected by anti-microsomal antigen
MAb. (A) Western blot of micro-
somal proteins incubated with
graded amounts of dithiothreitol in
the sample treatment buffer (final
concentration, 0-40 mM). Samples,
each containing 100 ,g of proteins,
were then applied to a 3.3-20% lin-
ear polyacrylamide gradient gel.
The nitrocellulose sheet was incu-
bated with 1:1,000 dilution of asci-
tic fluid of MAb1 and developed
with peroxidase-linked second anti-
body. (B) As above, but 50 ug pro-
tein was applied and MAbwas used
at 1:2,500 dilution.

Immunoprecipitation by polyclonal serum and Western blot analy-
sis. The microsomal fraction was solubilized overnight in PBSwith 40
mMn-octyl glycoside (Sigma Chemical Co., St. Louis, MO) at 4°C.
After a 60-min centrifugation at 104,000 g, 700 ,ul (1.2 mg) of the
solubilized microsomes was added to 500 Al of 10% Pansorbin (Cal-
biochem-Behring Corp., La Jolla, CA), which was previously washed
in TBS with 0.5% NP-40 to remove IgG from the preparation of
microsomes. Previous studies showed that this treatment removed IgG
completely, as determined by immunoassay of residual IgG. After
incubation for 60 min, the material was centrifuged at 12,000 g for 5
min and 1,000 Ml of supernatant was collected and divided into two
equal portions. 500 ul was added to 40 ul of serum of a patient (c) with
high anti-microsomal antibody titer in the microsomal antigen tanned
red cell agglutination test (MCHA> 1:24560) and no antibody to TG
or thyrotropin-stimulating hormone (TSH) receptor. MCHAand thy-
roglobulin hemagglutination assay (TGHA) were measured by Sera-
Tek microsomal antibody test and Sera-Tek thyroglobulin antibody
test, respectively (Ames Div., Miles Laboratories). Thyroid-stimulating
antibodies (TSAb) were measured using kits prepared by R.S.R. LTD,
Cardiff, United Kingdom. The other portion was added to a control
serum (a). The preparation was tumbled overnight at 4°C and washed
five times with TBS 0.5% NP-40. The immune complexes were eluted
in sample treatment buffer and boiled 3 min before a 5-min centrifuga-
tion at 10,000 g at room temperature. The supernatant was then elec-
trophoresed and electroblotted. After blocking with 5% dried skim
milk the nitrocellulose sheet was cut into 5-mm wide strips and incu-
bated with MAb (1:800 dilution of ascites fluid) against the 107-kD
band. Bound antibodies were revealed by peroxidase-conjugated anti-
bodies.

Immunoprecipitation of TPOby MAb. TPOwas solubilized and
used as previously described (10). A dose-response relationship was
first determined using normal mouse serum and ascites fluid devel-
oped by a nonspecific hybridoma. At 1:8 dilution of ascites or serum
no nonspecific effect was observed. The MAbwere then incubated
overnight with the TPO preparation at 4°C before the addition of
Pansorbin, which had previously been incubated with rabbit anti-
mouse IgG and washed in TBS0.5% NP-40. After a 5-min centrifuga-
tion, the supernatant was collected and assayed for peroxidase activity
using the guaiacol method.

Immunohistochemical studies. Snap-frozen, 4-,MM cryostat sec-
tions of human tissues were incubated with MAb. The tissues studied

included normal thyroid, colloid nodules, Graves' disease thyroid tis-
sue, follicular, papillary, and Hurthle cell carcinomas, parathyroid,
pancreas, stomach, skin, skeletal muscle, lymph node, spleen, and
tonsil. Six MAbagainst the 107-kD band (1:2,500 dilution of ascites),
one anti-TG MAb(1:100 dilution of culture supernatant), and KB-90
(1:10 dilution of stock) (Dako Corp., Santa Barbara, CA), which is a
MAbdirected against an epitope present in mononuclear phagocytes,
were used in these studies. The sections were processed as described by
Cordel et al. (20). In brief, the sections were incubated successively
with MAbdiluted in TBSplus 1%BSAplus 0.03% sodium azide for 30
min, rabbit anti-mouse IgG for 60 min, and a suspension of soluble
immune complexes containing alkaline phosphatase and mouse MAb
to alkaline phosphatase (30 min), both from Dako Corp. Every step
was separated by a 5-min wash in TBS. The substrate was prepared as
follows: 2 mgof naphtol AS-MXwas dissolved in 0.2 ml of dimethyl-
formamide in a glass tube, and then 9.8 ml of 0.1 MTris-HCI, pH 8.2,
was added. Immediately before use, 6 mgof Fast Red TR was added

AA 470-min-I

Cl C2 C3 mAb, mAb2 mAb3mAb4mAb5mAb6

Figure 3. Double immunoprecipitation of TPOenzymatic activity by
the six MAbanti-microsomal antigen. MAbl,6 represent peroxidase
activity in the supernatant after incubation of the six MAb(1:8 dilu-
tion of ascites) with solubilized TPOand addition of Pansorbin rab-
bit anti-mouse IgG. Cl, MAband Pansorbin are omitted. C2, MAb
are omitted. C3, 1:8 dilution of ascites fluid (produced by nonspecific
hybridoma). Peroxidase activity was measured by the guaiacol
method.

Characterization of Microsomal Antigen 1219



MW

x 1iO3

200

~~~ ~ ~ ~ ~ ~ .:

-92

66

'U- |*.''

P M

-45

PM PM MDPM P M PM

and applied on the slide through a 0.45 Mmfilter. The sections were
counterstained with hematoxylin and mounted.

Proteolysis of the microsomalfraction. The two enzymes used were
trypsin, type III-S, from bovine pancreas (Sigma Chemical Co.) and
protease, and Staphylococcus aureus V8 (Miles Scientific Div., Miles
Laboratories). Solubilized microsomal fraction was incubated with 4
Mg of trypsin/ 100 Mg solubilized protein in a shaking waterbath for 30
min. The reaction was stopped by adding a fivefold excess of chro-
matographically purified soybean trypsin inhibitor (Sigma Chemical
Co.). A control sample was treated similarly, but trypsin inhibitor was
added before addition of trypsin. After electrophoresis the proteins
were stained by Coomassie Blue and electroblotted before incubation
with human polyclonal and MAb. In addition to control human sera,
five MCHA(+) and TGHA(-) sera were used. Two of these were from
patients with untreated Graves' disease, and three were from patients
with Hashimoto's disease on thyroxine therapy.

Protease, S. aureus V8 was added in graded amounts (25, 50, and
100Mg) to 400Mug of solubilized microsomal preparation and incubated
in a shaking waterbath at 37°C for 30 min. The control sample did not
include the enzyme. The samples were then quickly treated with sam-
ple treatment buffer and boiled. 80 Mg of microsomal protein was
applied per lane to PAGE. The nitrocellulose sheets were exposed to
diluted antibodies, and bound antibody was visualized either by using
1251-protein A (7) followed by autoradiography when using polyclonal
serum, or by using peroxidase-labeled second antibody when MAb
were applied.

Results

MAb recognize the thyroid microsomal antigen. Six MAb
reacting with the 107-kD band of thyroid microsomal fraction
were identified. The MAbwere obtained from two separate

Figure 4. SDS-PAGEand Western blot
using highly purified hog TPO(P) and
human thyroid microsomes (M). Highly
purified TPO(2 Ag) and microsomes (45
Mg) were run in denaturing and reducing
conditions in each lane of a 6%gel. Part of
the gel was used for silver staining, the
other for immunoblot, and was done ac-
cording to previously described methods.
Each strip was incubated with 1:1,500 dilu-
tion of ascites fluid containing each of the
six MAb.

fusions using different mice, and thus represent two or more
separate clones. These antibodies were of the IgGI isotype. All
bound solely to 101- and 107-kD bands when microsomal
proteins were electrophoresed in denaturing and reducing

Table I. Tissue Binding of MAbagainst the
Microsomal Antigen (TPO)

MAb* anti- MAbi
107 kD MAbt anti-TG control

Thyroid tissues
Graves' ++++ ++++-
Colloid nodules +++ ++++-

(Epithelium (Epithelium
only) and colloid)

Carcinoma: Papillary +/- +++-
Follicular +++ +++-
Hurthle cells ++ +++-

Control tissues
Parathyroid, pancreas,

stomach, skin, muscle,
thymus - - _

Spleen, lymph node, tonsils,
mononuclear phagocytes - -++++

* Represents the pattern of binding of the six MAbused at 1:3,000 dilution of
ascites fluid. +, Present; - absent.
t Represents the binding of one MAbused at 1:10 dilution of culture medium.

Represents a control MAbwith no reactivity for microsomal antigen. This
antibody, KB-90 (Dako Corp.), is directed to mononuclear phagocytes, and
was used at 1:1 dilution.

1220 Portmann et al.



conditions (data not shown). To prove that the MAb were
directed to the same protein as human anti-microsomal anti-
bodies, the immunoprecipitate formed by a well-defined
human serum (MCHA+, TGHA-, TRAb-) was electropho-
resed and electroblotted onto nitrocellulose. Fig. 1 shows the
binding of the six MAb to the immunoprecipitate of this
serum, revealing the same 101- and 107-kD bands previously
described. Control serum did not immunoprecipitate any im-
munoreactive protein. The same negativity was observed
when using a fourfold increase in control serum, confirming
the specificity of the immunoprecipitation by AITD serum.

A change in the binding of MAbwas observed depending
on the presence of reducing agent (21). In nonreducing condi-
tions, as shown in Fig. 2 A, MAbbound to several bands of
higher molecular weight than the 101- 107-kD bands. With
increasing amounts of dithiothreitol, MAbbound mainly to
101- 107-kD bands. When used at higher dilution, the MAb
bound only to the fully reduced antigen as shown in Fig. 2 B.

MAb to microsomal antigen bind to purified human and
porcine TPO. MAbdid not precipitate peroxidase activity. Fig.
3 shows the results of a typical experiment. The experiment
was repeated four times. Increasing the amount of MAband/
or second antibody, or decreasing the amount of TPO, had no
specific effect. Purified MAb did not provide positive data.
This is probably because our MAbs bind to a denatured anti-
gen, and much less to a fully native antigen. As shown in Fig.
4, five of the MAbbound on Western blot to highly purified
hog TPO(22) (gift of Dr. A. Taurog, Southwestern University,
Dallas, TX), which appeared as a single band by silver staining
with a molecular weight of 54 kD. This low molecular weight
is probably related to solubilization, trypsinization, and purifi-
cation of this hog TPO. This contrasts with the binding to
human thyroid microsomal fraction antigens, which have
much higher molecular weights. In addition, MAbbound to
several other bands, one of higher molecular weight (possibly a
native form of TPO), and several of lower molecular weight

Figure 5. Staining of thyroid colloid nod-
ule with an MAbagainst microsomal anti-
gen (top) used at 1:3,000 dilution, and an
MAbagainst mononuclear phagocytes
(bottom) used at 1:10 dilution using the
APAAPprocedure (see Methods).
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(possibly proteolysis of antigen). When using a pig thyroid
microsomal fraction, prepared conventionally, MAbbound to
101-107-kD bands (data not shown). The MAball bound to
imtnunopurified human TPO(gift Dr. P. Carayon), recogniz-
ing contiguous bands of 95 and 105 kD (data not shown).
These immunoreactive bands are similar to those Czarnocka
et al. ( 11) have detected by Coomassie Blue staining after elut-
ing bound microsomal proteins from Sepharose 4B coupled
with anti-TPO MAb.

Immunohistochemical studies. All MAb directed against
the 101- 107-kD bands bound specifically to thyroid tissue
(Table I and Fig. 5), and all of those MAbhad the same pattern
of binding. There was no staining of colloid, in contrast to the
effect using antibody against TG. At 1:5,000 dilution of ascites
fluid, the staining was predominantly at the apical border of
the cells, using Graves' disease thyroid and colloid nodule tis-
sues. At lower dilution the thyroid cell cytoplasm appeared
homogeneously positive. Binding to thyroid carcinoma was
variable. In follicular carcinomas MAb directed against the
107-kD protein bound strongly, to about the same extent as to
colloid nodules. In the papillary carcinomas tested the expres-
sion of the microsomal antigen was absent or very faint. In
Hurthle cell carcinoma these MAbbound, but not as intensely
as to follicular carcinoma. MAbto TGbound strongly to tu-
morous and nontumorous thyroid tissue, and no obvious dif-
ference was observed between the different carcinomas.

Identification of epitopes by partial antigen proteolysis. We
studied the ability of the MAb and sera from patients with
AITD to bind to peptide fragments of the microsomal antigen
after digestion with enzymes. Incubation with V8 protease led
to a loss of the 107-kD band as seen by Coomassie Blue stain-
ing and binding of both monoclonal and human antibodies
(Fig. 6). A moderate decrease of the antigenicity of the 10 l-kD
band was observed. Additional antigenic fragments were de-
tected by the MAb, implying that these antibodies are not
directed against the same antigenic sites as the polyvalent
AITD antibodies studied, or that the epitopes recognized are of
minor importance in most human polyvalent antiserum. In
contrast, digestion by trypsin led to a total loss of the 101- and
107-kD bands, and created two contiguous bands of 84 and 88
kD, which were detected by MAb(Fig. 7 A). Most polyclonal
sera, including serum from patient c, which bound to the
101-107-kD proteins (Fig. 6 A), showed no binding to the
trypsinized antigen. One sera bound strongly to the new form
of antigen (Fig. 7 E). There was thus a major difference in the
pattern of recognition of antigen by different human antibod-
ies. Someserum, despite strong binding to microsomal antigen
by hemagglutination test, ELISA, and immunoprecipitation,
did not bind to the denatured and reduced microsomal anti-
gen. Other sera, while binding to the 107-kD protein, did not
bind to the trypsinized protein. Only one of the sera tested
bound to the same extent to the two forms of the antigen.

Discussion
Six MAb to the human microsomal antigen have been pro-
duced and characterized with respect to affinities and binding
to various conditions of this antigen, and by binding to TPO
and human tissues. These MAb, derived by immunization
with a well-defined microsomal antigen, provide evidence that
the microsomal antigen and the TPOare identical.

All MAbshowed specific binding to thyroid microsomal
proteins; no crossreactivity was identified (23). They bound to
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Figure 6. Effect of protease, S. aureus V8 on immunoreactivity of
the microsomal antigen. Graded amounts of protease (25, 50, and
100 ,g) were added to 400 ,ug of solubilized microsomal fraction and
incubated at 37°C for 30 min. The reaction was stopped by boiling
the samples after addition of the sample treatment buffer. 80 ,g of
proteins was applied per lane. (A) Protein staining by Coomassie
Blue. (B) Incubation of the immunoblot with 1:800 dilution of
MAb, and bound antibodies revealed by peroxidase-conjugated sec-
ond antibody. (C) Incubation of the immunoblot with 1:400 dilution
of serum c (described in Fig. 1) and bound antibodies visualized by
1251I protein A.

101- and 107-kD bands when crude microsomal fraction or
thyroid microsomal proteins immunoprecipitated by a
MCHA(+) serum were run on SDS-PAGE. The characteris-
tics of binding of MAbsuggest that the microsomal antigen, in
denaturing and reducing conditions, consists solely of 101-
and 107-kD bands (8). Weconsistently found two antigenic
bands, using either microsomal fraction (with/without trypsin)
as immunopurified TPO. The pattern of binding to large-size
proteins may be due to a nonspecific interaction of sulfhydryl
groups to other proteins (21), or may indicate that, in its more
native form, the antigen is of high molecular weight and is
composed of subunits. The lack of immunoprecipitation of
TPOenzymatic activity by the MAbis certainly related to the
mode of immunization, in which the antigen is fully denatured
and reduced. This led us to look at the binding to that purified
protein. Five of the six MAbbound on Western blot strongly
to highly purified porcine TPO, and all six bound to immuno-
purified human TPO. It is not known if the similarity of bind-
ing is related to a commonepitope recognized by the various
MAb. These results provide further proof that thyroid micro-
somal antigen and peroxidase are identical proteins (1-1, 14).

The binding to both cytoplasm and apical surface of thy-
rocytes confirm previous studies using MAb (13) and poly-
clonal antibodies (24), implying that the "microsomal" and
"microvillar" antigen are similar. Unlike MAb to TG, the
MAbagainst the microsomal antigen showed a variability in
binding to various histologic types of carcinomas. The TSH
receptor is not always functional in these tumors; the mecha-
nisms leading to carcinogenesis may not be the same in the
different cancers; and various oncogenes (25) may be involved,
leading to differences in antigen expression. A loss of micro-
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Figure 7. Effect of trypsin on immunoreactivity of the microsomal
antigen. A and B represent the result of trypsin digestion of micro-
somal antigen for 0-30 min. 500 ,g of solubilized microsomal pro-
teins was incubated with 5 ,g of trypsin in a waterbath at 37°C for 3,
10, and 30 min. Thereafter, a fivefold excess (wt/wt) of trypsin inhib-
itor was added. In control lane (C), trypsin was preceded by the ad-
dition of inhibitor and incubation was for 30 min in the same condi-
tions. The proteins were then electrophoresed in PAGE, and Western

somal antigenicity by immunofluorescence has been described
in thyroid cancer using patient's serum (26). Further evalua-
tion will be of interest; it will use MAbwith a high affinity and
specificity for the antigen. Finally, such results explain the
decrease of microsomal antigenicity and peroxidase activity
which has been reported in these tumors (26).

Previous enzymatic and immunological studies have
shown that microsomal antigenicity and peroxidase activity
were closely related. However, an identity between these two
activities has been difficult to prove. Roitt described in 1964
(27) that trypsinization of the microsomal antigen led to a 75%
decrease of antigenicity. Mariotti et al. (28) described a loss of
microsomal antigenicity after such treatment, using an iodin-
ated IgG. As one patient's serum was used, the data of that
study have to be considered cautiously. In contrast, trypsini-
zation of peroxidase is a useful step in preparation of TPO
(29). Our study shows that trypsinization leads to a consider-
able decrease of antigenicity of the molecule and formation of
specific unique 84- and 88-kD bands. Interestingly, the molec-
ular weight of our trypsinized microsomal antigen is the same

as reported recently by Cooper et al. for trypsinized porcine
TPO(30). Presumably this modification of structure is useful
in purification of TPOand does not cause loss of enzymatic
activity. Results of digestion of the 107-kD band by V8 pro-

blotted using either control serum (c) or MAb,. (A) Patient's serum

(c) was used at 1:200 dilution and bound antibodies were visualized
with 125I protein A. (B) MAbwas used at 1:1,500 dilution and visual-
ized by peroxidase-labeled antibody. C-F display the immunoreac-
tivity of microsomal antigen before (C and D) and after (E and F)
incubation with trypsin (4 Mg/400 mgprotein) and PAGE, and after

Western blotting using control serum (lane a), five high MCHAtiter
serum (lanes b-f ), and four MAbs (lanes 1, 2, 5, and 6).

tease indicate that the two immunoreactive bands are not
identical. The 101-kD band appears not to be a degradative
product of the 107-kD band, and is resistant to V8 protease.
These treatments also indicate that the antigenic regions recog-
nized by the MAbare different from the epitopes recognized
by human polyclonal antibodies, and explain the failure of
polyclonal sera to inhibit the binding of MAb to the micro-
somal antigen on ELISA plates or to the 101- 107-kD bands in
Western blots (data not shown). Wecan hypothesize that the
101- and 107-kD bands share common epitopes, which is
proven by binding of human polyclonal. and MAb, and are

equally sensitive to trypsin, but that the 107-kD band contains
a protease-sensitive domain. It is possible that the two forms of
this protein are developed from one gene by utilizing differen-
tial splicing of exons, or that posttranslational processing
causes the two forms to occur. cDNAs for porcine TPO (31)
and human TPO (32) have been cloned and their sequences
published. Kimura et al. (32) have noted the presence of two
mRNAsformed by alternate splicing, which presumably ex-

plains the 107- and 101-kD proteins we have reported.
A difference in the expression of microsomal antigen

(TPO) has been identified among thyroid carcinomas and may
suggest that the mechanisms promoting carcinogenesis may be
different among those tumors. Finally, proteolytic treatment
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of the antigen may be useful in studying the binding of poly-
clonal antibodies and correlation with the clinical course of the
autoimmune process.
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