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ABSTRACT Three cell surface antigens that are structurally
related to the human major histocompatibility antigens (called
HLA antigens) have been characterized from the leukemic T cell
line MOLT4. One antigen is a glycoprotein of Mr 49,000 recog-
nized by two monoclonal antibodies, OKT6 and NA1/34, and is
associated with a Mr 12,000 subunit that crossreacts serologically
with (32-microglobulin but can be distinguished from it by sodium
dodecyl sulfate/polyacrylamide gel electrophoresis. A second an-
tigen, defined by the monoclonal antibody OKT10, is a Mr 46,000
protein associated with a small subunit distinct from 132-microglob-
ulin. The OKT10 antigen is not restricted to T cells and is found
on all T and B lymphoblastoid cell lines tested. The third protein
is a fi2-microglobulin-associated glycoprotein of Mr 43,000 that is
serologically distinct from the OKT6 (NA1/34), OKT10, and HLA
antigens. It is found on some, but not all, T cell lines but is absent
from any other hematopoeitic cell lines tested.

The HLA-A, HLA-B, and HLA-C loci in the major histocom-
patibility complex (MHC) of man are located on chromosome
6 (1) and encode three major antigens, all glycoproteins of Mr
44,000. These are noncovalently associated with a peptide of
Mr 12,000, (32-microglobulin (132m). The HLA antigens are ma-
jor membrane proteins that make up about 1% of membrane
proteins on lymphoid cell lines and are expressed on virtually
all cell types.

In the mouse, the analogous MHC-encoded antigens are
called the H-2D, H-2K, and H-2L antigens (2). In addition,
three other antigens, called TL (3), Qa-1 (4), and Qa-2 (5), have
structures similar to the 44,000/12,000 subunit structure of the
major histocompatibility antigens. The loci ofthese antigens are
clustered and closely linked to the murine MHC at its distal end
(6). TL and Qa can be distinguished from the major histocom-
patibility antigens by their cell distribution: TL is restricted to
thymocytes (and some leukemic cells), whereas Qa-1 and Qa-
2 are found on thymocytes, a variable number of peripheral T
cells (60-95%), and some other lymphoid cells (6).

Recently, an "HLA-like" human T cell antigen (called HTA1)
was recognized on thymocytesby the monoclonal antibody NA1/
34 (7, 8). Its cell distribution and Mr were consistent with the
characteristics expected ofthe human homologue ofmurine TL.
The presence of 832m-associated material on T cell leukemic
lines, serologically distinct from the HLA antigens, has also
been observed (8-10). Here we present evidence for the exis-
tence of three T cell antigens that are structurally related but
serologically distinct from the classical HLA antigens.

MATERIALS AND METHODS
Monoclonal Antibodies. Monoclonal antibodies OKT6, OKT10

(11), and NA1/34 (8) were produced by immunization of CAF

or BALB/c mice with human thymocytes. The monoclonal an-
tibody W6/32 (obtained from C. Barnstable) was produced by
using human tonsil lymphocytes as immunogen (12). The mono-
clonal antibody against ,32m, BBM. 1 (obtained from P. Parham),
was made in a mouse immunized with MOLT-4 cells (13).

Assays to Measure Antibody Bound to Cell Surface. 125I-
Labeled affinity-purified F(ab')2 fragments of rabbit anti-mouse
immunoglobulin (RaMIg) antibodies were used to detect bind-
ing of monoclonal antibodies to cell surfaces as described (13)
except that 2 x 105 cpm of 125I-RaMIg was used and cells were
washed five times after addition of '"I-RaMIg. Direct binding
assays were performed by incubating 5 x 105 cells with iodi-
nated monoclonal antibodies OKT6 and NA1/34 in phosphate-
buffered saline, pH 7.2, for 1 hr on ice with 0.5% bovine serum
albumin and 0.1% sodium azide. Cells were washed five times
and bound radioactivity was measured. In inhibition experi-
ments, cells were preincubated with unlabeled antibody for 1
hr on ice. Iodination of purified RaMIg and the immunoglob-
ulin fractions of NA1/34 and OKT6 ascites fluids was as de-
scribed (14). The specific activities of 125I-RaMIg, 125I-NAl/
34 and 125I-OKT6 were 18-24 X 106 cpm/,ug, 7.5 x 105 cpm/
,g, and 4.5 x 105 cpm/,g, respectively. About 2 x 105 cpm
were used per well.

Lymphocytes and Cell Lines. The T cell leukemic lines
MOLT-4, TALL-1, 8402, JM, HPB-ALL, and HPB-MLT and
the null cell lines NALM-1 and REH were obtained from J.
Minowada; K562 and the T cell leukemic lines HSB and CEM
were from H. Lazarus; U-937 was from K. Nilsson; and HL-60
was from R. Gallo. All lines were maintained in stationary bottle
culture in RPMI 1640 medium with 8-10% fetal calf serum.
Thymus tissue was obtained as a by-product of cardiac sur-

gery on infants (through the courtesy of A. Castenada). Thy-
mocytes were obtained from the interface after Ficoll/Hy-
paque centrifugation. Spleen tissue was obtained from cadavers
and viable splenocytes were separated by Ficoll/Hypaque cen-
trifugation. T cells from peripheral blood were isolated and ac-
tivated by phytohemagglutinin as described (15).

Isolation and Characterization ofT-Cell Antigens. Iodo-Gen
(Pierce) was used to label the external proteins of cells by in-
cubating 107 cells for 15 min at 4°C, using 0.5-1 mCi of 125I (1
Ci = 3.7 X 1010 becquerels) (16). Labeled cells were washed
three times in phosphate-buffered saline or RPMI 1640 me-
dium, then extracted for 45 min on ice with 1% Nonidet P-40
(NP-40, Particle Data Laboratories, Elmhurst, IL) in 10 mM
Tris HCl (pH 8.0)/10 mM iodoacetamide (Sigma)/freshly di-
luted 1 mM phenylmethylsulfonyl chloride (Sigma). After cen-
trifugation at 100,000 X g for 1 hr, the supernatant was used
for immunoprecipitation (17) or, after the addition of 5 mg of

Abbreviations: 32m, 032-microglobulin; MHC, major histocompatibility
complex; NP40, detergent Nonidet P-40; NMS, normal mouse serum;
rabbit anti-H, rabbit anti-HLA heavy chain; RaMIg, rabbit anti-mouse
immunoglobulin; SaCI, Staphylococcus aureus Cowan I strain.
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bovine serum albumin, for immunoaffinity chromatography.
Staphylococcus aureus Cowan I strain (SaCI) was used as im-
munoadsorbant, and bound immune complexes were washed
as described (17). Immunoaffinity columns were prepared by
coupling the immunoglobulin fraction (40% saturated ammo-
nium sulfate precipitate) ofmonoclonal ascites fluid to cyanogen
bromide-activated Sepharose CL-4B (2-5 mg of protein per ml
ofpacked beads) in phosphate-buffered saline, pH 7.5. All col-
umns were preeluted with 0.5 M acetic acid and then washed
with several column volumes of 0.1 M NaC/10 mM Tris HCl,
pH 7.4/0.1% NP-40 (application buffer) prior to applying the
detergent solubilized extract. The unbound material was reap-
plied to each column twice. Extracts were passed sequentially
over a column of ovalbumin-Sepharose, a column of normal
mouse IgG-Sepharose, and a column containing mouse immune
complexes to remove cellular components binding nonspecifi-
cally. Columns were washed with 5 column volumes of the fol-
lowing buffers: (i) the application buffer (ii) the application buf-
fer with 0.5 M LiCl instead of 0.1 M NaCl, (iii) the application
buffer again, (iv) 10 mM Tris HCl with 0.1% NP-40, and (v) 10
mM Tris HCl. Bound proteins were eluted with one column
volume of 0.5 M acetic acid, followed by 20 mM Tris HCl, pH
7.4, and the acidic fractions were collected and lyophilized.
Dried samples were dissolved in NaDodSO4 sample buffer and
analyzed on either 12% or gradient 7-15% polyacrylamide gels
(18).

RESULTS
Reactivity of OKT6 and OKT1O with Hematopoeitic Cells

and Cell Lines. The reactivities of the monoclonal antibodies
OKT6 and OKT10 with normal hematopoeitic cells have been
measured by fluorescence assays (11, 19). As a first step in ob-
taining a reproducible source of these antigens for biochemical
analysis, a number ofhematopoeitic cell lines ofT, B, myeloid,
and erythroid lineages were examined by indirect fluorescence
microscopy and by indirect '25I-RaMIg binding assay (20).
OKT6 and OKT1O clearly had cell distributions distinct from
each other and from W6/32, a monoclonal antibody that rec-
ognizes all HLA-A, -B, and -C antigens (Table 1). OKT10 was

Table 1. Cell distribution of molecules recognized by W6/32,
OKT6, NA1/34, and OKT10*
Cells or cell lines W6/32 OKT10 OKT6 NA1/34

Thymocytes -80%t -95%* '70%t 65-80%t
T-cell lines
MOLT-4, HPB-MLT + + + + + +
HPB-ALL, JM, + + + +
CEM + + +1- +/-
HSB, 8402, TALL-I + + - -

Peripheral T cells 100% <5% -
Splenocytes 100% <10%
B-cell lines (JY, SB) + +
Null cell lines (NALM-

1, REH) + - - -
Promyelocytic line

(HL60) + - - -
Histiocytic lymphoma

(U937) + - - -
Erythroleukemic line

(K562) - - - -
* Typing of cell lines was determined by binding of '26I-RaMIg to cells
pretreated with the respective monoclonal antibody. The percentage
of reacting splenocytes was determined by indirect fluorescence
microscopy.

t Values from ref. 21.
* Values from ref. 19.

found on all T and B lymphoblastoid cell lines tested, and on
essentially all thymocytes (11), but on only a small fraction
(<10%) of peripheral blood lymphocytes or splenocytes. The
expression of OKT6 was restricted to thymocytes and some T
cell lines derived from leukemias. A direct comparison ofNAI/
34 and OKT6 was made on a panel ofT cell lines and their reac-
tivities were essentially indistinguishable, both qualitatively
(Table 1) and with respect to the magnitude of their expression
on T cell lines (20). The expression of OKT1O antigens (but not
that of OKT6) was markedly increased on activation of periph-
eral T cells by phytohemagglutinin (see table 1 of ref. 20).
OKT6 and NA1/34 Both Recognize a Heterodimer of Mr

49,000-12,000. The proteins recognized by OKT6 and NAI/
34 were compared by immunoprecipitation from the T-cell line
MOLT-4. OKT6 precipitated two bands of Mrs 49,000 and
12,000 (called p49,12) identical in size and amount to materials
immunoprecipitated with NA1/34 (Fig. 1A). In order to deter-
mine whether the determinants recognized by OKT6 and NA1/
34 were present on the same molecule, the technique of se-
quential immunoaflinity chromatography was used. An extract
of 1"I-labeled MOLT4 cells was passed over an OKT6-Seph-
arose column and the fractions passing through the column were
then passed over a NAl/34-Sepharose column. The bound
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FIG. 1. Characterization of the OKT6 and NA1/34 antigens from

1251-MOLT-4. (A) Parallel immunoprecipitation of aliquots of 1251_
MOLT-4 (12 x 106 initial cpm) with; lane 1, NA1/34 (14,600 cpm
bound); lane 2, OKT6 (16,800 cpm bound); and lane 3, normal mouse
serum (NMS) (1500 cpm bound). (B andC) Sequential chromatography
of 125I-MOLT-4 on W6/32, OKT6, and NA1/34 immunoaffinity col-
umns. Lysates of125I-MOLT-4 [either62 x 106 cpm (B) or 20 x 106 cpm
(C)] were passed over three Sepharose columns conjugated with oval-
bumin, normal mouse immunoglobulin, and mouse immune com-
plexes. (B) Unbound material was passed in order over Sepharose col-
umns conjugated with; lane 1, W6/32; lane 2, OKT6; and lane 3, NA1/
34. Half of the bound radioactivity (lane 1, 9100 cpm; lane 2, 27,000
cpm; lane 3, 1850 cpm) was analyzed on a 7-15% acrylamide gel in
which #3m ran off. (C) 125I-MOLT-4 was sequentially passed in the fol-
lowing order over Sepharose conjugated with: lane 1, W6/32; lane 2,
W6/32 again; lane 3, NA1/34; lane 4, OKT6; and lane 5, BBM.1. Bound
material (lane 1, 24,000 cpm; lane 2, 1100 cpm; lane 3,20,000 cpm; lane
4, 1600 cpm; lane 5, 5000 cpm) was analyzed on a 7-15% acrylamide
gel. Autoradiography was for 4 days (A), 48 hr (B), 40 hr (C, lanes 1-
5), or 20 days (C, lanes 4a and 5a).
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material was eluted with 0.5 M acetic acid, lyophilized, and
analyzed by NaDodSOJpolyacrylamide gel electrophoresis.
The OKT6-Sepharose column bound 54,000 cpm, whereas only
3700 cpm was subsequently bound by the NAl/34-Sepharose
column. As shown in Fig. 1B, an intense band ofMr 49,000 was
bound to the OKT6-Sepharose, whereas no such band was re-
covered from the NAl/34-Sepharose.

In five reciprocal experiments, passage of 125I-MOLT-4 ex-
tracts first over NAl/34-Sepharose resulted in a 86-96% de-
pletion in the amount of radioactivity subsequently bound by
OKT6-Sepharose. Analysis of bound material by NaDodSOJ
polyacrylamide gel electrophoresis in a representative experi-
ment yielded an intense band ofMr 49,000 from NA1/34-Seph-
arose in a 40-hr exposure, while a 20-day exposure revealed a
faint band of Mr 49,000 from the OKT6-bound material (Fig.
1C). The small subunit of the OKT6 and NA1/34 antigen from
MOLT-4 had a slightly slower mobility than /32m, in agreement
with previous results (8). Sequential immunoprecipitation also
confirmed that OKT6 and NA1/34 can reciprocally and com-
pletely deplete the antigen recognized by the other. Both OKT6
and NA1/34 recognize determinants on the larger Mr 49,000
subunit and not its Mr 12,000 subunit, because the heavy chain
can be precipitated in the absence of the light chain above 20°C
(8) or after lectin affinity chromatography (20).

In order to see if the determinants recognized by OKT6 and
NA1/34 were overlapping, the ability of OKT6 to block the
binding of l25I-NAl/34 antibody to intact MOLT-4 cells was
studied. Cells were preincubated with nonradioactive OKT6,
NA1/34, or NMS on ice with 0.1% sodium azide to minimize
patching and capping. Unbound antibody was washed away
prior to incubation with either 125I-NAl/34 or 125I-OKT6. Ex-
cess unlabeled OKT6 did not prevent the binding of l25I-NAl/
34 (<5% inhibition) (Table 2). In the reciprocal experiment
excess unlabeled NA1/34 did not inhibit the binding of 125i-
OKT6, further indicating that OKT6 and NA1/34 occupy non-
overlapping sites on MOLT-4 cells.

Characterization of the Antigen Recognized by OKT10.
Results of immunoprecipitation with OKT10 from detergent-
solubilized, radioiodinated MOLT-4 cells yielded (under re-
ducing conditions) a major band ofMr 46,000 (Fig. 2B). A similar
band of Mr 46,000 was also precipitated from the OKT6-nega-
tive T-cell line HSB and its syngenic B-cell line SB (Fig. 2B).
Unlike the other antigens described in this paper, this antigen
failed to bind to lentil lectin. A smaller peptide ofMr 12,000 with
a mobility indistinguishable from that of 82m was seen with
variable intensity in all lines analyzed.

Identification of a ,32m-Associated Glycoprotein Distinct
from the OKT6, OKT10, and Conventional HLA-A, -B, and

Table 2. Direct binding and inhibition of binding of radiolabeled
monoclonal antibodies OKT6 and NA1/34 to MOLT-4 cells

1251-Labeled
Pretreatment monoclonal %

(5 ,ul) antibody* cpm bound inhibition

NMS NA1/34 12,773 -

NA1/34
ascites fluid NA1/34 676 94.7

OKT6 NA1/34 11.561 5.1
NMS OKT6 5,270 -

OKT6 OKT6 372 92.9
NA1/34 OKT6 5,548 (-5.3)

* About 2 x 105 cpm of labeled monoclonal antibody was added, and
an average of 676 cpm and 751 cpm of '25I-NA1/34 and 125I-OKT6,
respectively, were bound by a nonreactive cell line, K562 (which had
been pretreated with NMS). The background binding to K562 is not
subtracted. Results are the average of duplicates.
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FIG. 2. Immunoprecipitation
from lysates of 125I-MOLT-4, 125I1
SB, and 126I-HSB by OKT10. (A)
Analysis by NaDodSO4/poly-

*̂ acrylamide gel electrophoresis (7-
* " 15% gradient gel) of W6/32 and

OKT10 immunoprecipitates of 1251-
MOLT-4. Lane 1, radioactive stan-
dards, Mrs indicated on the left;
lane 2, W6/32, starting from 2 x
106 cpm; lane 3, OKT10, starting
from 8 x 106 cpm. (B) Analysis of
OKT10 immunoprecipitates from
125I-SB (2.4 x 10 initial cpm) and
1251-HSB (5 x 106 initial cpm) on
a 12% acrylamide gel in which a
13,000 Mr standard had run off. (C)

* OKT10 immunoprecipitate from
1251-SB (4.8 x 10 initial cpm). Au-
toradiographs were exposed for 8
days forA,20 hr for SB inB,5 days

E for HSB in B, and 4 days for SB in
o C.

-C Antigens. Because f32m is a known constituent of murine TL
and both Qa-1 and Qa-2 molecules, it was important to know
whether additional f32m-associated proteins exist on human T
cells. Sequential immunoaffinity columns or immunoprecipi-
tations were used to deplete a radioiodinated MOLT4 extract
of molecules recognized by W6/32, OKT6, and OKT10 (Figs.
1C and 3). Then the unbound material was incubated with the
monoclonal anti-432m antibody BBM. 1. Analysis by NaDodSOJ
polyacrylamide gel electrophoresis showed that treatment with
W6/32, OKT6, and OKT10 was effective in depleting the re-
spective antigens. However, after removal of these three an-
tigens, bands of Mr 43,000 and 12,000 were then precipitated
by BBM. 1 (Fig. 1C, lane 5; Fig. 3E; also see ref. 20). The band
ofMr 43,000 migrated slightly faster and was somewhat broader
than the HLA-A, -B, -C band precipitated by the W6/32 an-
tibody. In other experiments three sequential immunoprecip-
itations with each monoclonal antibody (W6/32, OKT6, and
OKT10) also failed to deplete the molecule (p43,12) reacting
finally with BBM. 1.
W6/32 antibody was chosen as the reagent to deplete the

HLA antigens because it recognizes all known HLA-A, -B, and
-C allospecificities when they are associated with f32m (12, 22)
and in addition recognizes biosynthetic precursors of these an-
tigens when they are associated with /32m (23). It is extremely
unlikely, therefore, that the protein of Mr 43,000 and 12,000
that is detected after exhaustive W6/32 precipitation is simply
an HLA biosynthetic precursor. Furthermore, surface proteins
were labeled by surface iodination of intact MOLT-4 cells for
these experiments, again indicating that the 832m-associated Mr
43,000 protein is not a biosynthetic precursor.

The protein of Mr 43,000 is similar to the large subunit of
HLA-A, -B, -C antigens in that it is a glycoprotein that binds
to lentil lectin (20) and is endogenously labeled with tritiated
N-acetylglucosamine (data not shown). It can also be distin-
guished from the HLA-A, -B, and -C antigens by its cell dis-
tribution, being present on some, but not all, T cell lines (i.e.,
MOLT-4 but not HSB) and is not detectable on any of the four
B cell lines tested (data not shown).
The Large and Small Subunits of the OKT6 Antigen but Not

Those of the OKT10 Antigen Are Recognized by Antibodies
Prepared Against the Large and Small Subunits of the HLA

Proc. Natl. Acad. Sci. USA 78 (1981)
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FIG. 3. Sequential immunoprecipitation from 125I-MOLT4 (8 x
10" initial cpm) lysate by W6/32, OKT6, and OKT10 before and after
depletion of 2m-associatedmaterial. Lysate was precleared twice with
immune complexes formed between NMS and RaMIg, then divided in
half. One halfwas allowed to react twice sequentially with BBM.1 and
the second half, with NMS and RaMIg. Each half was then allowed to
react sequentially in the order W6/32, OKT6, OKT10. Precipitates
from the half previously treated with BBM.1 are displayed on 12%
acrylamide gel under unprimed letters with radioactivity precipitated
in parenthesis: (A) BBM.1 (6000 cpm); (B) W6/32 (1700 cpm); (C)
OKT6 (1000 cpm); (D) OKT10 (2500 cpm). Primed letters indicate pre-
cipitates from the half not pretreated with BBM.1: (A') NMS-RacMIg
(700 cpm); (B') W6/32.(5200 cpm); (C') OKT6 (6800 cpm); (D') OKT10
(2200 cpm). This half was allowed to react once again with W6/32,
OKT6, and OKT10 and then with BBM.1 (E') (1200 cpm). Autoradi-
ography was for 6 days.

Antigens. Immunoprecipitates of OKT10 and OKT6 from
MOLT4 brought down small peptides of Mr 12,000 that mi-
grated either with or slightly slower than f32m. Because the
murine TL and Qa molecules are associated with 82m, exper-

iments were conducted to see if the small peptides precipitated
by OKT6 and OKT10 reacted with anti-p2m antibody. The ef-
fect of depletion of 832m-associated material on subsequent pre-

cipitation with OKT6, OKT10 and, as a control, W6/32, was

examined. A radioiodinated MOLT4 extract was divided into
halves; one half was allowed to react twice sequentially with an

anti-f2m monoclonal antibody, while the second half was al-
lowed to react with a control immune couplex, NMS-RaMIg
(Fig. 3 A and A'). Precipitation with OKT6, OKT1O and W6/
32 was carried out sequentially on each half and immunopre-
cipitates were analyzed by NaDodSO4polyacrylamide gel elec-
trophoresis. Pretreatment with BBM.1 was successful in de-
pleting all HLA-A, -B, and -C antigens precipitated by W6/
32 (Fig. 3B, compare to Fig. 3B'). Significantly, it also dra-
matically decreased, but did not completely eliminate, the an-
tigen precipitated with OKT6 (Fig. 3 C and C'). In three ex-

periments depletion ofthe P2m-associated material reduced the
radioactivity to an average of26% of the level bound in the con-

trol OKT6 precipitation. -Unlike OKT6, precipitation with
0KT10 was unaffected by prior removal of/2m-associated ma-

terial (Fig. 3 D and D').
The Mr 12,000 subunit of the OKT6 antigen was more di-

rectly demonstrated to have ,B2m determinants by reprecipi-

Table 3. Immunoprecipitation of the heavy and light chains of
the HLA antigens and the three T cell antigens by rabbit anti-H
serum and by goat anti-02m serum

First immuno- Second immuno- cpm cpm %
precipitation precipitation added pptd pptd
W6/32 Normal rabbit serum 2680 302 11

Goat anti-8m 2350 704 30
Rabbit anti-H 3203 1210 38

OKT6 Normal rabbit serum 2595 330 13
Goat anti-82m 2550 751 29
Rabbit anti-H 3103 1098 35

OKT10 Normal rabbit serum 2180 385 18
Goat anti-t8m 2380 277 12
Rabbit anti-H 2715 379 14

BBM.1* Normal rabbit serum 1730 197 11
Goat anti-glm 1730 770 44
Rabbit anti-H 1780 482 27

Initial immunoprecipitations were from 125I-MOLT-4 lysate treated
sequentially with W6/32, OKT6, OKT10, and finally BBM.1. Immu-
noprecipitates were washed five times (17), material was eluted with
1% NaDodSO4, made up to 1% NP-40 and 0.2% NaDodSO4, and divided
into three aliquots for the second immunoprecipitation. The second
series of immunoprecipitates were washed once before bound radio-
activity was measured.
* After clearing with W6/32, OKT6, and OKT10.

tating it with a goat antiserum to f32m from the NaDodSO4-
eluted-material ofan OKT6 immunoprecipitate. W6/32, OKT6,
OKT1O, and BBM. 1 (after preclearing; see Table 3) immuno-
precipitates were eluted from SaCI cells by boiling in 1%
NaDodSO4. They were then made up to 1% NP-40/0.2%
NaDodSO4 and allowed to react with goat anti-/2m. Compa-
rable amounts of radioactivity were precipitated from material
eluted from W6/32, OKT6, and BBM. 1 immunoprecipitates,
whereas no radioactivity above control values could be precip-
itated from material eluted from OKT10 immunoprecipitates
(Table 3).

In addition, immunoprecipitation was carried out with rabbit
anti-H serum (an antiserum prepared against the separated,
denatured heavy chain ofhighly purified HLA-B7) (23, 24). The
heavy chains.of the W6/32, OKT6, and the 832m-associated Mr
43,000 protein were immunoprecipitated by rabbit anti-H, but
the heavy chain of the OKT1O antigen was not (Table 3).

DISCUSSION
This study describes the identification of three different human
T cell antigens that are structurally similar to the HLA-A, -B,
and -C antigens. One, first detected with monoclonal antibody
NA1/34 (7) is recognized by OKT6 on MOLT-4 cells [also im-
munoprecipitated from HPB-MLT (20), JM, and HPB-ALL
cells]. It was found to be a glycoprotein of Mr 49,000 in asso-
ciation with a subunit ofMr 12,000. The small subunit was re-
active with a monoclonal anti-(2m antibody but when from
MOLT-4 cells had a slower mobility in NaDodSOJpolyacryl-
amide gel electrophoresis. The second, precipitated by anti-
body OKT10 from T and B cell lines, consisted ofprotein OfMr
46;000 and a small subunit of Mr 12,000 that was not reactive
with the anti-A2m antibodies. The third protein, a glycoprotein
of Mr 43,000, was precipitated by the anti-32m antibody after
MOLT4 lysate had been depleted of all HLA-A, -B, -C, and
OKT6 antigens. All of these T cell proteins were readily radio-
iodinated at the surface ofMOLT4 cells and were isolated in-
dependently ofone another by sequential immunoaffinity chro-
matography. The presence of a A3m-associated protein of Mr
43,000 on T leukemic lines has previously been noted (8-10).

The cell distribution ofOKT6 reactivity was essentially iden-
tical to that ofanother monoclonal antibody, NA1/34 (7, 11, 21)

Immunology: Cotner et al.
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with respect to their expression on both thymocytes and T cell
leukemia lines. Sequential immunoaffinity chromatography and
immunoprecipitation established that OKT6 and NA1/34 rec-

ognized the same protein. The antigenic determinants recog-

nized by OKT6 and NA1/34 were nonoverlapping, however,
because the two antibodies did not compete with each other for
binding to MOLT-4 cells.

The small subunit (Mr 12,000) of the OKT6 antigen from the
T cell leukemic line MOLT-4 was distinguished from f32m by
a slightly slower mobility in NaDodSOJpolyacrylamide gel
electrophoresis, in agreement with the findings of Ziegler and
Milstein (8), who used the NA1/34 antibody. This difference
in gel mobility may be the result of-a modified f32m, a second
related gene product, or a /32m polymorphism as has been re-

cently noted in the mouse (25). Comparative structural studies
will be necessary to resolve this question. Two types of analysis
were used to see if this small subunit was recognized by anti-
P2m antibodies. First, the depletion of 82m-associated material
from MOLT-4 by a monoclonal anti-f32m antibody resulted in
a dramatic reduction of the amount of antigen subsequently
precipitated by OKT6. Second, goat anti-f32m precipitated the
separated denatured small subunit of the OKT6 antigen. This
discrepancy with an earlier report (8) could be due to the use

of a different anti-p2m serum. In contrast, the small subunit of
the OKT10 antigen was nonreactive with either of these anti-
,82m antibodies. Thus, the four types of "p43-49,12" surface
antigens on MOLT-4 cells may be associated with three differ-
ent small subunits. (i) 82m associated with the Mr 44,000 gly-

coproteins (HLA-A, -B, and -C antigens) or with a Mr 43,000

glycoprotein; (ii) a small subunit of the OKT6 antigen that cross-

reacts with anti-,32m antibodies but can be distinguished from
132m by NaDodSOJpolyacrylamide gel electrophoresis; and
(iii) the small subunit of the OKT10 antigen, which is not dis-
tinguished from I32m by NaDodSO4 gel electrophoresis and
does not crossreact with anti-/32m antibodies. Further experi-
ments are needed to confirm these conclusions regarding the
nature of the small subunits, but it seems clear that there are

four. types of molecules of the p43-49,12 structure on some hu-
man T cell lines.

Cell distribution and other properties of these antigens sug-

gest that they may include the human homologues of murine
TL and Qa antigens. Considerable data suggest that the OKT6
antigen is the human homologue of murine TL. The OKT6 an-

tigen has a heavy chain of Mr 49,000 [compared to a value of
48,000 reported for TL (26)], and is associated with a subunit
of Mr 12,000 recognized by anti-/32m antibody. Its distribution
on thymocytes and T cell leukemias but not peripheral T cells
is identical to that found for murine TL. In addition, OKT6 an-

tigen has recently been found to be expressed on Langerhans
cells in the skin (27). The relationship of the OKT1O target an-

tigen and the f32m-associated protein of Mr 43,000 to the Qa-1
and Qa-2 antigens is unclear. The OKT10 antigen is similar to
the Qa antigens in its expression on bone marrow cells, myeloid
precursors, and mitogen-stimulated T cells (7, 28).. However,
the OKT10 antigen is found on 10% or less ofhuman peripheral
lymphocytes or splenocytes (Table 1), whereas the different
murine anti-Qa antisera all react with 30-70% of peripheral
mouse T cells (7). It is possible that the Qa alloantisera are po-

lyspecific and recognize more than one class of molecule, but
similar observations have been made with monoclonal antibod-
ies to Qa antigens (29). In addition, the two structurally defined
Qa antigens are associated with 832m, whereas the OKT10 an-

tigen appears not to be. The similarities of the TL and Qa an-

tigens in size, their affinity for f32m, and the close genetic link-
age of their genes to those encoding the major histocompatibility

antigens have led to the hypothesis that genes for TL, Qa, and
the major histocompatibility antigens have arisen by gene du-
plication (3). In man, the OKT6 antigen and the protein of Mr
43,000 are associated with (32m-crossreactive subunit and both
of their NaDodSO4-denatured chains are recognized by an anti-
serum to denatured HLA heavy chain. This evidence suggests
that both antigens share primary structural homology with the
HLA antigens.
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