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Abstract. A monocionallgG2 antibody, MG3C9-1 A12, was prepared by Immunization
of mice with human serum Cohn Fraction III proteins enriched for TCR Ca+ proteins.
MG3C9-1 A12 bound to Mr 28,000, antigen-specific TCR Ca+, p., and TCR Ca+, p+
serum proteins associated with TGF-p1, 2. The IgG2 monoclonal antibody also bound
to T-Iymphocyte proteins but did not bind to B lymphocyte proteins, human albumin,
IgM, IgG, IgA, or TGF-p1, 2, 3 immunogenic peptldes. Monoclonal MG3C9-1 A12 de-
tected TCR-related proteins specific for filarial extract, milk proteins, or benzoic acid
In the sera of individuals with chronic or asymptomatic filariasis, milk intolerance, or
sensitivity to toluene, respectively. TCR-related serum proteins were also detected
Intracellularly In mononuclear cells In frozen sections of ileum from a patient with milk
Intolerance and reactive mesenteric lymph nodes from a patient with a gastric ulcer.
The results suggest that antigen-specific TCR-related serum proteins may be elevated
during an Immune response to oral, environmental, or Infectious stimuli.
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Extracellular, 'l-cell-derived proteins that bind spe-
cifically to nominal (non-MHC-associated) antigen
have been described in T-cell culture fluids (1-11)

and murine (12-14), and human (15, 16) serum. These im-
munoproteins bear T-cell receptor (TCR variable region
(15) and a chain constant region (8, 10, 17, 18) epitopes.
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TCR Ca" immunoregulatory proteins have also been de-
scribed in human ascitic fluid (19). To simplify the nomen-
clature, we coined the generic term T-cell antigen binding
molecule (TABM) to define T-cell proteins that bind spe-
cifically to nominal antigen (20). Recently, we reported a
rise in serum TABM levels specific for milk proteins or
benzoic acid in certain individuals intolerantto milk (21) or
sensitive to toluene (16), respectively. Moreover, there was
a significant correlation between physical and/or cognitive
symptoms and levels of serum TABM specific for the an-
tigen to which the individuals were sensitized.

Soluble, antigen-specific T-cell-derived immunoregu-
latory factors (7) and TABM share epitopes (10) and are
physically and functionally associated with immunoregula-
tory cytokines (10,21). We have suggestedthat TABMmay
function by antigen-specific focusing of immunoregulatory
cytokines such as fL-IO and TGF-f3 to an area where anti-
gen is deposited (10. 11, 16). Accordingly, measurement of
antigen-specific TABM levelscould provideinsight into the



type (ThI, Th2) and strength of a T-cell response to antigen
after immunization or during disease. Moreover, perhaps a
high local concentration of cytokine-bearing TABM at an
antigenic site causes a particular set of symptoms due to the
cytokine. In this report, we have developed and used a
monoclonal antibody to human TABM to quantitate TABM
specific for a sensitizing antigen in filariasis, milk intoler-
ance, or sensitivity to an environmental chemical. The re-
sults confirm and extend our observations that a serum
TABM response indicates a Th2-type immune response that
may be associated with downregulation of a cell-mediated
immune response.

Materials and Methods
Antisera/Antibodies. Monoclonal antibodies to

TCR alpha (TCRa-I) and beta chains (TCR~-l) were pur-
chased from T Cell Diagnostics (Woburn, MA) and T Cell
Sciences (Cambridge, MA), respectively. Rabbit antibodies
to TGF-~ I, TGF-~2, or TGF-~3 immunogenic peptides
were purchased from Santa Cruz Immunobiologicals (Santa
Cruz, CA).

Monoclonal antihuman TABM MG3C9-IAI2 was pre-
pared by intraperitoneal immunization of BALB/c mice
with 5-10 f.Lg of human TABM (hTABM) purified from
Cohn Fraction III proteins (a kind gift from Dr. W. Land-
esberg. Baxter Pharmaceuticals, Deerfield, IL) and Freund's
complete adjuvant. The mice received a second intraperito-
neal injection of hTABM in Freund's incomplete adjuvant 1
month later. Three and seven months later, the mice re-
ceived intraperitoneal injections of hTABM in 300 f.Lg of
polyadenylic:polyuridylic (poly A:U) acid (Boehringer,
Kankakee, IL). Four days before fusion. a fifth intraperitoneal
injection of hTABM + poly (A:U) was given. Murine spleen
cells were fused with the murine NS-l myeloma cell line.

Subjects. Chemical sensitivity. Serum from a pa-
tient with a history of sensitivity to toluene and a high titer
of TABM specific for benzoic acid (BA) (16) was used as
a source of BA-specific TABM.

Filariasis. Sera from patients with chronic, acute fila-
riasis, asymptomatic with microfilaremia or cerebral ma-
laria have been described (22). Patients from Orissa, India,
were categorized after clinical and/or parasitological exami-
nation (22) as: (i) acute filariasis (presenting with adeno-
lymphangitis with or without fever, lymphedema); (ii)
chronic filariasis (persistent lymphedema and/or hydrocoele
with no history of adenolymphangitis in the last three
months); (iii) asymptomatic microfilariae carriers (asymp-
tomatic individuals identified by microscopic examination
of nocturnal blood in Giemsa-stained thick smear). Patients
with noncerebral or cerebral malaria were chosen for con-

trol sera.
Milk intolerance. A 47-year-old female with a IO-year

history of milk protein intolerance presented as a triad of
recurrent uveitis, diffuse small joint arthralgias and abdomi-
nal pain with occasional diarrhea. This patient has no con-
current history of other autoimmune disorders, other food

allergies, or inflammatory bowel diseases, including celiac
sprue and Crohn's disease. Positive risk factors for any
bowel disorder included frequent travel to developing coun-
tries, but the stools were negative for ova and parasites. The
history is negative for excessive use of nonsteroidal anti-
inflammatory drugs. Laboratory testing was normal for ane-
mia and stigmata of inflammation although she had a mild
elevation of the rheumatoid factor titer. The physical ex-
amination was normal and was specifically negative for
abdominal findings, and small and large joint changes. Ocu-
lar examination revealed recurrent anterior uveitis. Colo-
noscopy with intubation of the ileum revealed a normal
appearance for both colonic and small bowel mucous. Co-
lonic biopsies were normal, but the ileal sections revealed a
mild increase in lamina propria lymphocytes and plasma cells.
The specimens were taken for diagnostic purposes at a time of
milk protein avoidance and minimal clinical symptoms.

Proteins/Antigens. Immunoglobulin-depleted
serum. Immunoglobulin (Ig)-depleted serum was pur-
chased from Sigma (S1. Louis, MO).

TABM-enriched Cohn Fraction 11/ proteins. Five
grams of human serum Cohn Fraction III proteins were
mixed with 10 ml 2 M urea in phosphate-buffered saline
(PBS, pH 7.2), and after 15 min agitation, the mixture was
centrifuged for 30 min at 9000 rpm. The supernatant was
precipitated by the addition of (NH4hS04 to 43%, and the
precipitate formed at 4°C for 2 hr. The precipitate was re-
covered by centrifugation at 9000 rpm for 30 min and solu-
bilized in 10 ml 2 M ureaIPBS. The solubilized precipitate
was centrifuged at 9000 rpm for 30 min, and the supernatant
loaded on a 3.5 ern x 67 em column containing sephacryl
S-300 equilibrated in the same buffer used to solubilize the
precipitate. The column was pumped at 950 mlI hr, and 5-ml
column fractions were collected. Based on the predeter-
mined chromatographic positions of IgM, IgG, human al-
bumin and ovalbumin, the column fractions were pooled as
Fraction I, void volume (> MW 600,000), Fraction II (MW
105_3 x 105

) , Fraction III (MW 4 x 104-1
X 105

) , Fraction
IV (MW < 3 x 104). Column fractions I-IV were coated
(500 ng/well) to wells of microtiter trays (Nunc, Costar
High Binding Fisher, Atlanta, GA). Each column fraction
was assayed (by ELISA) for TABM by reaction with rabbit
anti-TABM (15) antiserum. Fraction I containing TABM
was precipitated by the addition of (N14)2S04 to a final
concentration of 43%, as described (21). The precipitated
proteins were solubilized in PBS and then absorbed with 1
ml sepharose 4B beads conjugated with antihuman Ig (l
mg/ml whole molecule, Sigma) and antihuman albumin
(Sigma, St. Louis, MO).

Antigens. ~-Lactoglobulin (BLG), a-S-casein (CA)
and a-lactalbumin were purchased from Sigma Chemical
Co. (St. Louis, MO). A microfilarial extract of Micro-
filarium digitata was prepared by grinding > 50 lyophilized
M. digitata in phosphate-buffered saline (pBS, pH 7.2) as
described (22). Debris was removed by centrifugation at
2500 rpm for 20 min, and the extract stored at -70°C.
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Enzyme-Linked Immunosorbent Assay
(ELISA). Most ELiSAs were duplicated in laboratories in
Australia and the United States. Generally, microtiter trays
were coated with 100-1000 ng/well protein and blocked
with 200 j..L1 0.1 % gelatin. A dilution of primary antibody in
wash buffer was incubated for I hr-I.5 hr at 37°C, and after
washing, alkaline phosphatase or glucose oxidase-
conjugated goat antirabbit or mouse Ig (whole molecule),
antibody (Sigma) was added to the microtiter trays for I
hr-1.5 hr at 37°C or I hr at ambient temperature, I hr at
37°C. Bound antibody was visualized with p-nitrophenyl
phosphate or tetramethyl benzidine substrate.

Polyacrylamide Gel Electrophoresis in Sodium
Dodecyl Sulfate (SDS-PAGE). Proteins were mixed
I: I with SDS-PAGE sample buffer ± 5% 132-
mercaptoethanol and boiled 5 min. The proteins were then
resolved in 8%-25% or 10%-15% polyacrylamide gradient
gels using the PHAST (Pharmacia) system. Electrophoresed
proteins were silver-stained for increased sensitivity. Mo-
lecular weights were determined by the mobilities of
prestained proteins (Biorad).

Immunoblotting. Proteins resolved by SDS-PAGE
were electrophoretically transferred to a polyvinylpyrolli-
done (immobilon, Millipore) membrane. The membrane
was blocked by incubation in 10 ml of 5% powdered milk
for 2 hr at 37°C. The membrane was washed and then
incubated overnight at 4°C with 10 ml of I: 1000 monoclo-
nal M3C9-1 AI2 (anti-TABM) antibodies in wash buffer
(10). Bound antibodies were detected by the addition of 10
ml of alkaline phosphatase-conjugated goat anti-murine IgG
(human IgG absorbed) antibodies and incubation at 4°C for
2 hr. The membrane was then washed for I hr, and CSPD
chemoluminescent substrate (Boehringer-Mannheirn, India-
napolis, IN) was added to the membrane according to the
manufacturer's instructions. Kodak x-ray film was overlaid
on the membrane, and the exposure was held for I hr at
ambient temperature, I hr at 37°C. Following exposure, the
film was developed automatically.

Immunohlstopathology. Frozen sections of an il-
eum biopsy or mesenteric lymph node were fixed in 4%
paraformaldehyde for 15 min. The sections were washed in
saponinIPBS and held in 0.3% H202 in saponin/PBS for 30
min. After one wash in saponinIPBS, 5% horse serum with
1:5-1:50 dilutions of MG3C9-IAI2 was added, and the
sections were held overnight. The sections were washed
with PBS after incubation with MG3C9-IAI2 and biotin-
conjugated horse anti-mouse IgG (I :200) added. After a
wash with PBS, an avidin biotin peroxidase complex was
added, and after a PBS wash, developed with aminoethyl
carbazole (AEC), and counterstained with hemotoxylin.

Results
Monoclonal Antibody MG3C9-1A12 Is Specific

for Proteins In Human Serum and Extracts of T
Lymphocytes. The specificity of monoclonal antibody
MG3C9-IAI2 was defined by the binding of the antibody
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to Cohn Fraction III proteins enriched for TABM (Figs. IA
& IB), human serum or immunoglobulin-depleted human
serum (Fig. IC). MG3C9-IAI2 bound strongly to 100 ng
Cohn Fraction III proteins that were not bound by antibod-
ies to human immunoglobulin K or >.. chains or albumin (Fig.
IA). These Cohn Fraction III proteins diluted up to 1:30,000
(lOng) were also bound by antibodies to TCR Co: chains. In
contrast, anti-H-2K (control) antibodies and anti-TCR CI3
bound to only 150 j..Lg of the Cohn Fraction III proteins (Fig.
IB).

Immunoblots of reduced serum and Cohn Fraction III
proteins with MG3C9-IAI2 demonstrated only an Mr
28,000 molecular species (Fig. 2). To determine the reaction
of monoclonal MG3C9-IAI2 with T and/or B lymphocyte
proteins, Jurkat (T) and A-I (B) cells were lysed with Triton
X-IOO, and the Iysates mixed with MG3C9-IAI2 sepharose
beads. After incubation, the beads were washed and eluted
with 0.2 M NaC03• Aliquots of the eluate were coated to
microtiter trays, and as shown in Figure 3, MG3C9-IAI2
detected an antigen in Iysates of Jurkat cells, but not in A-I
(B) cells. In addition, MG3C9-IAI2 does not bind human
IgG, IgM, IgA, or albumin in ELISA (data not shown).

Monoclonal 3C9-1A12 Detects TCR a+, Il- An-
tigen-Binding Serum Proteins. To determine the anti-
gen-binding capacity of serum proteins "recognized" by
monoclonal MG3C9-1 A 12, serum from a patient with a
high titer of TABM specific for benzoic acid (16) was ab-
sorbed to sepharose beads conjugated with monoclonal
3C9-IA 12. The beads were washed and then eluted with pH
2.8 glycine. Serum molecules adsorbed to and eluted from
MG3C9-1 A12 were adsorbed to and eluted from sepharose
beads conjugated with benzoic acid-human serum albumin
(BA-HSA). Proteins eluted from MG3C9-IA 12 and efflu-
ent and MGC39-1 A 12+ proteins eluted from BA-sepharose
were coated to microtiter trays for ELISA with antibodies to
TCR constant region epitopes (Fig. 4A). MG3C9-1 A 12-
eluted proteins and Cohn Fraction III, MG3C9-1 A12+ pro-
teins bore an epitope detected by antibodies to TCR Co:
(Figs. 3A & 3B). Antibodies to TCR CIl bound total M3C9-
IA 12-eluted proteins at lower intensity than anti-TCR Co:
antibodies. BA-binding, MG3C9-1 A12+ proteins were de-
tected by anti-TCR Co. but not CIl or C8 antibodies (data
not shown). However, MG3C9-1 A 12+ proteins that did not
bind to BA-HSA-sepharose were detected equally by anti-
TCR Co: and anti-TCR CI3 antibodies. The anti-TCR anti-
bodies or MG3C9-IAI2 did not bind to human albumin
(data not shown).

To determine further the antigen-binding specificity of
the MG3C9+ , benzoic acid binding proteins (BA-TABM),
the proteins were added to microtiter wells coated with tri-
nitrophenol-human serum albumin (TNP-HSA), bovine se-
rum albumin (BSA), or human serum albumin (HSA). After
incubation and washing, MG3C9-1 A 12 was added to the
plates followed by alkaline-phosphatase-conjugated goat
anti-mouse IgG. As shown in Figure 4B. MG3C9-IAI2
detected BA-TABM binding to TNP-HSA, but not BSA or



Figure1. Monoclonal antibody MG3C9-1A12 binds TABM. (A) Microtiter trays were coated with 500 ng of Cohn Fraction /II TABM, and 100
IJIof MG3C9-1A12 (1:1000), monoclonal antl-«, anti-A, or rabbit antihuman albumin was added to the wells. Bound antibodies were developed
with alkaline phosphatase-conjugated goat anti-rabbit or mouse IgG. (B) Microtiter trays were coated with 7.8-500 ng Cohn Fraction /II TABM
and 100 pi 1:20 anti-TCA Ca (anti-a), anti-TCA Cf3 (anu-p), anti-Lyt2 or H-2K was added. Bound antibodies were developed as in Figure 1A.
(C) One hundred pi of dilutions of immunoglobulin-depleted serum were coated to microtiter wells. MG3C9·1A12 (1:1000) was added to the
wells and after washing, alkaline-phosphatase-conjugated goat anti-mouse IgG was added. After washing, p-nitrophenyl phosphate substrate
was added, and optical density was determined after 5 min of incubation.

HSA. Elsewhere (16. 23). we show that BA TABM binds to
BA-HSA. BA, and DNP.

Detection and Quantltatlon of TABM Specific
for Filarial Antigens In the Sera of Proteins Infested
with Filarial Worms. To quantitate TABM production in
an infectious disease. the sera of asymptomatic, microfila-
remic individuals or individuals with acute or chronic fila-
riasis. were assayed for TABM and immunoglobulins that
bind to antigens of M. digitata. As shown in Figure 5,
asymptomatic/microfilaremic individuals and individuals
with chronic filariasis had a high titer of TABM binding to
M..digitata in ELISA. whereas individuals with acute fila-
riasis did not have TABM binding to M. digltata extract.
Sera containing antibodies or TABM to M. digitata did not
contain antibodies to a-lactalbumin. casein. bovine, or hu-
man albumin (data not shown). In addition. we did not
detect anti-M. digitata TABM in the (control) sera of indi-
viduals with cerebral or noncerebrnl malaria or healthy in-
dividuals. Asymptomntic/microtilaremic individuals also
had a high anti-M. digitate immunoglobulin titer as did
individuals with chronic or acute filariasis. although at a

lower titer. Individuals with cerebral or noncerebral malaria
or serum from healthy (U.S.) controls had anti-M. digitata
immunoglobulin at titers well below that of individuals in-
fested with filarial worms.

MG3C9-1A12 Detects TABM Specific for Milk
Proteins In the Serum of an Individual Intolerant to
Cow's Milk. Previously we used polyclonal anti-TABM
antisera to quantitate TABM specific for milk proteins in
the sera of individuals intolerant to milk (21). To confirm
and extend this observation, we titrated serum from an in-
dividual intolerant to milk on microtiter trays coated with
a-lactalbumin, 13-lactoglobulin. or casein. Monoclonal
MG3C9-1A12 detected TABM binding to a-lactalbumin
and casein with titers of 1:640 and 1:160, respectively (Fig.
6A). whereas control sera from healthy individuals or an
individual with cerebral malaria had TABM titers < 1:64 to
milk proteins. The patient had significant immunoglobulin
titers to both a-lactoglobin and casein (Fig. 6B). As shown
in Figure 7A. MG3C9-lAI2 stained mononuclear cells in a
frozen section of an ileum biopsy from the milk-intolerant
patient. MG3C9-lAI2 also stained cells in the outer area of
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Figure 2. Immunoblotting of TABM and serum with monoclonal
MG3C9-1A12. Two hundred fifty IJI of a 1:50 dilution of normal hu-
man serum and 15IJg of Cohn Fraction III TABM were reduced with
5% ~2-mercaptoethanol, and 4 IJI of a 1:50 dilution of serum (~ 5600
ng) or 240 ng purified TABM were resolved in an 8%-25% polyacryl-
amide gel. Proteins in the electrophoresed gel were transferred to an
immobilon membrane and blotted with 10 ml of a 1:1000 dilution of
protein G-purified monoclonal MG3C9-1A12. Molecular weights
were determined by the mobilities of prestained standard proteins.
(A) Cohn Fraction III TABM, (B) human serum.

germinal centers of reactive mesenteric lymph node biop-
sies from a patient with a gastric ulcer (Fig. 7B). The stain-
ing is consistent with cytoplasmic staining, and fixed sec-
tions were not stained. Moreover, MGC39-1A12 did not
bind to the cell surface of peripheral blood lymphocytes.

Discussion

Soluble, antigen-specific T-cell-derived proteins that
are recognized by antibodies to TCR Co. epitopes have had
an extensive history in basic immunology (II, 24). These
immunoproteins mostly have been shown to be affector or
effector molecules in the downregulation of cell-mediated
immunity (24). In mice, TABM or antigen-specific TCR
Co" "suppressor factors" have been described in serum
when the mice are immunized to modulate cell-mediated
immunity (12, 25, 26). Generally, antigen-specific TABM
levels rise in serum during a Th2-type response (14, 21).
Accordingly, quantitation of serum TABM levels could pro-
vide some insight into the type and bias of an immune
response.

In ELISA, monoclonal MG3C9-1A12 identified TABM
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Figure 3. MG3C9-1 A12 detects T cell, but not B cell proteins. In this
experiment, 100-200 ng Jurkat (T), A1 (B) Iysates, or Cohn Fraction
III proteins (TABM) were coated to microtiter trays. One hundred IJI
of a 1:1000 dilution of MG3C9-1A12 was added to the trays and
binding of MG3C9-1A12 antibodies was detected by alkaline phos-
phatase-goat anti-mouse IgG and p-nitrophenylphosphate substrate.

in the serum of a healthy individual and serum depleted
of immunoglobulins. Other ELiSAs demonstrated that this
antibody does not bind to purified human IgG, IgM, IgA,
or albumin, but does bind to the Mr 28,000 Cohn Fraction
III, TCR Co.+ proteins used to prepare MG3C9-1AI2. The
lower reaction of anti-H2K and anti-TCR Ca with only
500 ng Cohn Fraction II proteins indicates that this fraction
has a small amount of human serum proteins that cross-
react with murine H2K or human TCR Ca. Since this re-
action did not occur after dilution of the proteins to 250 ng,
the reaction at 500 ng may be an artifact. These Cohn Frac-
tion III proteins represent <0.02% of the proteins in serum.
The immunoblots of reduced serum and purified TABM
were similar (Mr 28,000). The somewhat greater intensity
of the blot of serum as compared with purified TABM may
be due to more TABM in the serum sample (>240 ng) or
more native TABM in the serum. Although MG3C9-1A12
does not stain the cell membranes of viable lymphocytes,
we did detect cytoplasmic staining of cells in the ileum of an
individual with milk tolerance and lymphoid cells in the
outer area of germinal centers in reactive mesenteric lymph
nodes. CD4+ T cells are located in the outer areas of ger-
minal centers (27-29), and because MG3C9·1 A12 is spe-
cific for a T-lymphocyte protein, it is probable that the



Figure 4. BA-specific. MG3C9-1A12+ TABM bear TCRa epitopes.
Serum from a patient with a high titer of TABM to BA-HSA was
absorbed to MG3C9-1A12-sepharose beads. The beads were
eluted, and the eluted proteins adsorbed to and eluted from BA-HSA-
sepharose beads. (A) Two hundred ng total MG3C9-1A12-eluted

rotelns, BA-HSA-eluted proteins, nonbinding (BA-HSA effluent)
~rotelns, and Cohn Fraction III proteins were coated to microtiter
wellS and anti-TCR Ca-1 and CIl-t were added to the wells. Bound
antibody was detected with alkaline phosphatase-conjugated goat
anti-mouse IgG. (B) One hundred IJI (1 IJg) of MG3C9-1A12+ BA·
specific proteins or Cohn Fraction III were added to mlcrotlter wells
coated with 1 IJglwellTNP·HSA, BSA, or HSA. After 1.5 hr Incubation
at 37°C, the plates were washed. and 100 IJI of a 1:1000 dilution of
MG3C9-1A12 was added to the plates. Bound antibody was de-
tected with alkaline-phosphatase-eonjugated goat anti-mouse IgG.

MG3C9.1Alr cells in the lymph node are CD4+ germinal

center T cells.
Monoclonal MG3C9·! A12 identified TABM specific

Figure 5. Quantitation of M. digitata-specific TABM in filariasis. Mi-
croliter trays were coated with 1 IJglweli of an extract of M. digitata.
One hundred IJI of dilutions of antisera were added and after wash-
ing, MG3C9-1A12 or monoclonal ann-« antibody was added. After
washing, bound antibody was detected with alkaline phosphatase-
conjugated goat anti-mouse IgG and p-nitrophenyl phosphate.
ASYMPTOMATIC: sera from microfilaria-infested, asymptomatic in-
dividuals; CHRONIC: sera from individuals with chronic filariasis;
ACUTE: serum from individuals with acute filariasis; CM: sera from
individuals with cerebral malaria; NCM: sera from individuals with
noncerebral malaria. Data represent the mean titer ± SE of four to
eight sera/group.

for BA-HSA in the serum of a patient with a high titer of
TABM to this antigen. Like the immunogen used to produce
MG3C9-1A12, the serum proteins adsorbed to and eluted
from MG3C9-1A12 sepharose and BA-HSA-sepharose bear
TCR Ca, but not TCR CI3 (or C8) epitopes. No TCR CI3
epitopes were detected in the (immunogen) Cohn Fraction
III proteins. and the detection of TCR CI3epitopes in total
MG3C9-1A12+ serum proteins was weak (Fig. 3A). BA-
binding TABMs were TCR Co" and (3-, whereas nonbind-
ing serum TABMs were TCR Co" and 13+. It is tempting to
speculate that the associated 13 chain (or a molecule sharing
an epitope with a TCR l3-chain) impedes the binding of
unprocessed antigen by the TCR Ca+ protein. These
MG3C9-1AI2+ proteins are specific for benzoic acid as
detected by ELISA for binding to BA-HSA, but not human
or bovine serum albumin or the competitive binding of
soluble BA-HSA (16). Because the Mr 28.000 human serum
TABMs bear TCR Ca epitopes, it is probable that the serum
TABMs are T-cell-derived. In support of this contention.
MG3C9-1A 12 binds to proteins from aT-cell line, but does
not bind to Bvcell proteins, serum albumin, immunoglobu-
lins. or TGF-I3. Although TABMs detected by MG3C9-
lA12 are recognized by anti-TCR Co antibodies, TCRa
chains are probably not recognized by MG3C9-1A12. Un-
like anti-TCR antibodies. MG3C9-1A12 binds to cytoplas-
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Figure 6. Detection of TABM and immunoglobulins specific for milk
proteins in the serum of a milk-intolerant patient. Microtiter trays
were coated with 1 ~glwell c-lactoatburnln (aLAC), 13-lactoglobulin
(bLAC). or casein. Serum from a milk-intolerant patient or (control)
serum from a patient with noncerebral malaria was added and after
incubation and washing, (A) MG3C9-1A12 or (B) monoclonal antl-«
antibody was added. Bound antibody was detected as in Figure 5.

mic, but not cell-surface constituents. It is unlikely that the
association of a TCR13 chain would sterically obscure a
TCR Co epitope detected by MG3C9-lAI2 because some
MG3C9-1 A 12+ serum molecules are recognized by both
anti-TCR Ca and anti-TCR C13. However, TCR Ca chains
could share an epitope with TABM recognized by MG3C9-
IA12 (Fig. 3). Murine TABMs share an epitope with TCR
Co, but the amino acid sequence of an amino terminal pep-
tide and a tryptic peptide demonstrate that murine TABMs
are similar, but not identical, to TCRa chains (24). In ag-
gregate, MG3C9-lA12 recognized a Tvcell-derived, TCR
Co" protein that binds nonprocessed antigen. Although it is
unlikely that MG3C9-lAI2 is specific for a TCR Cc epit-
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Figure 7. Detection of MG3C9-1A12+ cells in frozen sections of
reactive lymph nodes and ileum. (A) A frozen section of an ileum
biopsy from a patient with milk intolerance and (B) reactive mesen-
teric lymph nodes from a patient with a gastric ulcer were stained
with MG3C9-1A12 and biotin:avidin-conjugated complexes. The ar-
row indicates a stained cell. OZ: follicular outer zone.

ope, the determination of the amino acid and/or nucleotide
sequence of TABM or ELISA of MG3C9-lA12 with a re-
combinant TCRn chain should answer this question. Iden-
tification of the (presumed) amino acid sequence of the
epitope recognized by MG3C9-1 A12 would provide insight
into the expression of this epitope by other proteins. Ex-
periments directed to these ends are in progress.

Molecular sieving of Cohn Fraction III proteins de-
tected by MG3C9-1 A12 suggests that the Mr 28,000 poly-
peptides detected by MG3C9-1 A12 may be a "protomer" of
a large (>106

) complex (Fey G, Cone RE, unpublished ob-
servations). Although TABMs tend to oligomerize (11, 24),
the large molecular size of TABMs may also be due to an
association of TABMs with another molecular species. In-
terleukin-IO has been shown to be associated noncovalently
with TABMs produced by antigen-specific murine T-cell
hybrids () 0), and human serum TABM specific for 13-lac-
toglobulin associated noncovalently with TGF-131 and 2
have been described (21). Moreover. the TCRn+ Cohn Frac-
tion III proteins used to prepare MG3C9-1 A12 are associ-
ated with TGF-131 and TGF-132 (Cone RE, unpublished



data). The amount of TGF-13 detected in association with
BA-TABM is increased when the TABM bound specifically
to optimal proportions of benzoic acid. This antigenic acti-
vation of TGF-13 associated with TABM correlates with an
antigen-specific functional activation of TABM-associated
TGF-13 (23) when BA-TABMs bind to antigen. These ob-
servations suggest that TGF-13 associated with TABMs be-
comes active only within the vicinity of optimal amounts of
antigen, thereby regulating the immune response to that
antigen. Others have also reported soluble TCR Co" pro-
teins associated with immunoregulatory cytokines (9, 19,
30).

The association of TABMs with immunoregulatory cy-
tokines provides support for our suggestion (10, II, 21) that
TABMs function as a soluble, antigen-specific element that
focuses immunoregulatory cytokines. It is notable that in-
dividuals with filariasis that are asymptomatic, but micro-
filaremic, or individuals with chronic filariasis have high
antifilarial TABM titers whereas individuals with acute fil-
ariasis have low antifilarial TABM titers. The acute disease
is associated with a Thl-type response that may serve to
eliminate the antigen (31, 32). Because TGF-13 and/or IL-lO
suppress immune removal of microfilariae (33), perhaps
TABMs associated with immunoregulatory cytokines
downregulate a Th-I response to the microfilariae. Circu-
lating TGF-13 levels also appear to be associated with the
regulation of the immune response to murine malaria (34),
murine leishmaniasis (35), and a murine response to Schis-
tosoma mansoni (36). Accordingly, the detection of circu-
lating TABMs should indicate whether a regulatory T-cell
response has been initiated during infection or vaccination.
We have observed that TGF-13 associated with TABMs en-
hances the release of substance P by sensory nerves (23).
Since the specific interaction of TABM with antigen acti-
vates (releases?) associated TGF-13, collateral effects of the
cytokines such as TGF-13 may be responsible for certain
manifestations of an immune-mediated condition (16).
Thus, the identification and quantitation of serum TABM
may beuseful to evaluate infectious disease, disorders of the
immune system, and the efficacy of vaccines.

We arc most appreciative of Dr. Arthur Malley for his advice, and
Ruth Faasen for the preparation of this manuscript.
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