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ABSTRACT Two rat monoclonal antibodies (mAbs), 44-
22-1 and 46-6B5, which recognize an alloreactive cytotoxic
clones 3F9, have been further tested on a panel ofT hybridomas
and cytotoxic T-cell clones for binding and functional activities.
The mAbs recognized only those cells sharing the expression of
the T-cell receptor a-chain variable region gene V.6 with 3F9.
All V>+ cells were activated by these mAbs under cross-linking
conditions and their antigen-specific activation was blocked by
soluble mAb. Furthermore, depletion of 46-6B5' normal
lymph node T cells eliminated all cells expressing the epitope
recognized by 44-22-1 and V,96 mRNA.

Several types of monoclonal antibodies (mAbs) and antisera
have been raised against the a/B T-cell antigen receptor
(TCR). One group of such antibodies consists of anti-
clonotypic antibodies that are able to recognize the unique
combination of an individual TCR a/B heterodimer (1-3).
The second group includes antibodies that are specific for a
single TCR protein chain-e.g., the mAb A2B4, which
recognizes the TCR a chain of the T hybridoma (T Hy) 2B4
(4). A third and particularly useful class of TCR-specific
reagents is composed ofmAbs that are specific for individual
TCR a-chain variable regions (V3,). This group includes KJ16
(5, 6) and F23.1 (7, 8), which recognize two or all members,
respectively, of the three-membered V,.8 family. Such anti-
bodies have allowed analyses of V gene expression in dif-
ferent T-cell populations that was not possible with anticlo-
notypic reagents. Furthermore, the mAbs have been crucial
tools in studies of thymic T-cell development. Another
member of this group of reagents is the mAb KJ23, which
recognizes V.317 (9). This mAb is of special interest, since
correlation was found between KJ23 expression and IEk
alloreactivity.
Here we assign serological reagents to the third group;

namely, mAbs that are specific for the murine TCR V,36
region. Two rat mAbs raised against the BALB/c-derived
anti-H-2b cytotoxic T cell (Tc) 3F9 were originally described
as anti-clonotypes (10). Further analyses with these antibod-
ies, which we describe in this report, revealed that antibody
binding to T cells correlates with expression of the V,.6 gene
segment of the TCR. Initial binding studies were confirmed
functionally, proving that both mAbs are not anti-clonotypes
but rather are specific for V,,6, regardless of D.B (diversity), J,,
(joining), or Va expression.

MATERIALS AND METHODS
Cel Lines. All the cytotoxic and helper T-cell lines used in

this investigation with their origin and specificities are de-

scribed in Table 1. Interleukin 2 (IL-2)-dependent, mycoplas-
ma-free CTLL-2 cells were obtained from American Type
Culture Collection. A20, a B-cell lymphoma, was obtained
from the same source.

Antibodies. Armenian hamster B hybridoma cells, 145-
2C11, producing antibodies to mouse CD3 were a kind gift of
J. Bluestone (19). The rat mAb hybridomas 44-22-1 (IgG2a)
and 46-6B5 (IgM), which specifically inhibit T-cell clone 3F9,
were produced by H. Acha-Orbea et al. (10). The rat mAb
9-1110 is anti-mouse CD8 (10) specific. The mAb KJ16,
which binds to TCR bearing either V,,8.1 or V,,8.2, but not
V,98.3 (5, 6), was obtained from J. Kappler and P. Marrack
(National Jewish Hospital, Denver). Fluorescent antibodies
included fluorescein isothiocyanate (FITC)-conjugated affin-
ity-purified goat anti-rat IgG (heavy and light chain specific)
and FITC-conjugated affinity-purified goat anti-hamster IgG
(heavy and light chain specific) F(ab')2 fragments from
Cappel Laboratories (Cooper Biomedical, Scientific Divi-
sion, West Chester, PA), as well as FITC-conjugated goat
anti-rat immunoglobulin (absorbed on mouse immunoglobu-
lin) from Tago (Burlingame, CA).
FACS Analysis. T Hy. Aliquots of 106 cells in 100 p.l were

stained with 44-22-1 or 145-2C11 as neat hybridoma culture
supernatants in 0.1% NaN3 followed by fluorescent goat
anti-rat (44-22-1) or anti-mouse (145-2C11) immunoglobulin
labeling. Flow cytometric analysis was carried out with a
Becton-Dickinson FACScan System.

Tc clones and normal lymph node cells. Aliquots of 106
cells in 100 p.1 were stained at 40C with 44-22-1, 46-6B5, or
KJ16 rat mAb as 25% hybridoma culture supernatants fol-
lowed by a fluorescent goat anti-rat immunoglobulin labeling.
Flow cytofluorometric analysis of viable cells was done on
either a Becton-Dickinson FACS II and IV or an Ortho
Cytofluorograph 50.H instrument.
Data for both groups are expressed as mean fluorescence

intensities in arbitrary units after analyzing 104 cells.
Activation with mAbs. Sepharose-coupled mAb. Rat mAbs

were purified by ammonium sulfate precipitation of ascites
fluid and coupled to CNBr-Sepharose 4B beads following the
manufacturer's protocol (Pharmacia, Uppsala). Two x 104
cloned cytotoxic T lymphocytes in 0.2 ml of complete tissue
culture medium in the absence of IL-2 were incubated with
103 mAb-modified Sepharose beads. Cultures were pulsed
with 1 p.Ci of [3H]thymidine (1 Ci = 37 GBq) to measure
proliferation of the cells.
FcR crosslinking. Cultures containing 4 x 104 T Hy and

106 A20 cells bearing FcR were incubated with and without
mAb as 25% hybridoma culture supernatants in a total vol of

Abbreviations: T Hy, T cell hybridoma; Tc, cytotoxic T cell; TCR,
T-cell antigen receptor; mAb, monoclonal antibody; IL-2, interleu-
kin 2; FITC, fluorescein isothiocyanate; V, variable; J, joining; D,
diversity; C, constant.
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Table 1. Specificity of TCR genes by T-cell clones in correlation with mAb binding

T-cell mAb binding
clone or Mouse T cell TCR44

hybridoma strain Specificity type a chain 34 chain 22-1 6B5 Ref.
3F9 (3A2) BALB/c Alloreactive Db T VVa8.3F9 J TA19 V 6 J 1.1 + + 10, 11
LB2-1 B6 I-AbCRC (Mlsa) TH Va8.3F9 JaLB2 V 6 D J12.1 J 2.3 + + 12, 13
5.3.18 bml2 bml2-insulin-B TH V'42H11.2 Vp6 D,92.1 Jp2.3 + + 14, 15
42F7 bml2 bml2-Auto TH Not V 3 or V 6 + + 14, 15

Vc AF.3.G7
C9 B6 Db AED Tc Va3.C9 J.C9 V6 D1 Jpl.l + + 16, 17
653 BALB/c Alloreactive Db Tc Va4.3.1 Ja653 V136 Dpl1 J132.6 + + t
24 BALB/c Alloreactive Db TC ND Vl6 (rearranged) + + t
25 BALB/c Alloreactive Db TC ND VA36 (rearranged) + + t
5/10-20(K) B6 Kb AED TC Vc8.520K Ja520K V 7 D 1.1 J,31.2 - - 16, 17
5/10-20(D) B6 Db AED TC V.1.520D Ja810 V, 5.2 D131.1 Ji2.6 - - 16, 17
52H10 B6 B6-insulin-A TH VGAF3.G7* V2B4 Dl2 J 2.7 - - 14, 15
10.10.58 bml2 bml2-insulin-B TH Not V.3 or VAF3.G7 Not V 4 or V 6 - - 14, 15
42H11 bml2 bml2-insulin-A TH V,42H11.1 V,34 D 2 J12.7 - - 14, 15

TH, helper T cells; ND, not done.
*Va52H10 is identical by partial sequencing and restriction enzyme mapping to VaAF3.G7, a Va3 family member (18).
tM.W:S., unpublished data.
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FIG. 1. (Upper) Binding of44-22-1 and KJ16 to3A2 and 5/10-20(K).
The two T, clones 3A2 (Va8.3F9, V,,6) and 5/10-20(K) (Va8.520K, V07)
were cytofluorometrically analyzed after labeling with the rat mAb
44-22-1 or KJ16 (-) followed by FITC-conjugated goat anti-rat IgG
antibodies. -, Staining with the fluorescent second antibody alone.
(Lower) Binding of 44-22-1 and 145-2C11 to 5.3.18 and 42H11. The two
THy 5.3.18 (V 3, V6) and 42H11 (V.3, V,4) were cytofluorometrically
analyzed after labeling with 44-22-1 or 145-2C11 (-) followed by
FITC-conjugated goat anti-rat (44-22-1) or anti-hamster (145-2C11)
immunoglobulin antibodies. , The fluorescent antibody alone.

0.2 ml. The mAb included 44-22-1 and 46-6B5 as test mAb and
145-2C11 as a positive control. Secreted IL-2 levels were
measured after 24 hr by incubating IL-2-dependent CTLL-2
cells (6 x 103) with 50 ,A of cell-free culture supernatant,
followed by 1 ,Ci of [3H]thymidine at 6 hr, and harvesting
after 18 hr with a multiautomated harvester. Incorporation of
radioactivity is expressed as means measured from triplicate
samples.

Blocking of Antigen Response with 46-6B5. Antigen-specific
activation of T Hy was measured by a standard IL-2 assay
method (20). Cultures containing 3-4 x 104T Hy and 5 x 105
irradiated spleen cells as antigen presenting cells were
incubated with or without various doses (12.5-800 ,ug/ml) of
antigen (beefinsulin) for 24 hr in a vol of0.2 ml. Secreted IL-2
was measured as described above. Blocking of antigen-
stimulated IL-2 production was tested by including the mAb
46-6B5 as hybridoma culture supernatant at various concen-
trations in the 0.2-ml IL-2 production cultures described
above. Incorporation of radioactivity was measured and is
expressed as means of triplicate samples.

Depletion of Lymph Node Cells Using mAb 46-6B5 and
Complement. Nylon wool purified BALB/c lymph node cells
were treated twice with mAb 46-6B5 as 50% culture super-
natant together with 5% rabbit complement (Cedarlane Lab-
oratories, Homby, ON) for 30 min at 370C. Untreated and
46-6B5-depleted cells were stimulated with phorbol 12-
myristate 13-acetate (3 ng/ml), ionomycin (250 ng/ml), and
recombinant human IL-2 (rIL-2) (30 units/ml) at a concen-
tration of 2.5 x 105 cells in complete tissue culture medium.
Cultures were diluted with fresh medium containing 20 units
of rIL-2 per ml on day 4 and were harvested on day 7.

Table 2. [3H]Thymidine uptake after stimulation with
crosslinked mAb

Relative IL-2 production induced by
mAb crosslinked via FcR (specificity)

46-6B5 145-2C11
T Hy Medium (aVP6) (aCD3)
5.3.18 944 9894 26,353
42H11 817 2907 30,776
52H10 636 771 20,238

Cultures (0.2 ml) containing T Hy and 1 x 106 mitomycin
C-arrested A20 cells were incubated without and with mAb (46-6B5,
50% culture supernatant; 145-2C11, 25% culture supernatant). Se-
creted IL-2 was measured as described.
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Table 3. V136-specific inhibition of insulin-specific activation of T
Hy by mAb 46-6B5

Relative IL-2 production ([3H]thymidine uptake)
mAb 46-6B5 (IgM) + insulin

T Hy None 12.5% 25% 50o No insulin
5.3.18 10,460 6438 3170 1079 690
42H11 8,286 7594 7273 7453 681
52H10 4,107 4225 4249 4393 542
T Hy were incubated in the presence of irradiated splenocytes,

±+500 /Ag of beef insulin per ml (Sigma), at the indicated final
concentration of mAb 46-6B5 in percentage of hybridoma superna-
tant. Levels of secreted IL-2 were measured as described.

Aliquots of the cells were stained-either with mAb 44-22-1 or
KJ16 followed by FITC-conjugated goat anti-rat immuno-
globulin for FACS analysis.
RNA Blot Analysis. Total cellular RNA was prepared by

lysis of cells in 1% Nonidet P-40 and subsequent phenol
extraction as described by Scott et al. (21). RNA was
fractionated by electrophoresis in a glyoxylate-buffered aga-
rose gel (22) and transferred onto Hybond-N nylon mem-
brane (Amersham).

Filters were hybridized with 32P-labeled nick-translated
DNA probes in 50% formic acid/5.x SSC (1 x SSC = 0.15
M NaCI/0.015 M sodium citrate)/50 mM potassium phos-
phate buffer, pH 6.5/5x Denhardt's solution (1x Den-
hardt's solution = 0.02% bovine serum albumin/0.02%
Ficoll/0.02% polyvinylpyrrolidone)/1% sodium dodecyl sul-
fate .(SDS)/denatured salmon sperm DNA (0.1 ng/ml) at
420C. Filters were washed twice for 10 min in 2 x SSC/0.1%
SDS at 420C and once in 0.3 x SSC/0.1% SDS at 42-C for 30
min. The DNA fragments were V,6, an EcoRI/Xho I endo-
nuclease fragment of the cDNA clone 3F9,f1 (11). Filters
were washed twice in water at 100'C for S min for further
hybridization experiments.

RESULTS AND DISCUSSION
Analysis of the Fine Specificity of the mAb 44-22-1 and

46-6B5. The mAb 44-22-1 and 46-6B5 were derived from a
fusion of the myeloma cell line Y3M and spleen cells from a
Lou rat immunized with the alloreactive TC clone 3F9 (10).
They were selected based on their capacity to inhibit the
cytotoxic activity of 3F9. They also reacted with the chicken
erythrocyte-specific IAb-restricted helper T-cell clone LB2-1
that shares variable region genes with 3F9-namely, V 8 and
V,,6-but expresses different D and J region segments (12,
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13). To further characterize the specificity of the two mAb,
they were screened on a panel of helper T Hy and TC clones.
Origin, antigen specificity, H-2 restriction, function, and
usage of Va and V,, TCR gene segments of these cells are
listed in Table 1. Both mAb specifically bound to all T cells
that express V,.6 irrespective of V,,, D,3, or J13 segment usage.
Specificity for V,.6 was further confirmed by the negative
results obtained with the T-cell clone 5/10-20(K) that ex-
presses the identical V. gene segment to 3F9 and LB2-1, but
a different V., and the T Hy 42H11, which expresses a Va
gene 98% similar to the Va utilized by 5.3.18 and V,,4.
Fluorescence histograms for both pairs of cells are shown in
Fig. 1. All the control T-cell lines described in Table 1 were
negative in FACS analyses with 44-22-1 and 46-6B5 (data not
shown). Reciprocal competitive antibody binding studies
with 46-6B5 and 44-22-1 suggest that the two mAbs recognize
sterically very closely located epitopes on the TCR protein
(R.S., unpublished results).

Functional Activation and Inhibition of T Hybridomas and
T-Cell Clones by mAb 44-22-1 and 46-6B5. As several groups
have described for other anti-TCR reagents (1, 3, 13, 14), we
found that serological crosslinking of the TCR complex via
the FcR on a bystander cell or by mAb coupled to Sepharose
beads specifically activated V,,6+ T Hy and T-cell clones, as
shown in Table 2. In these experiments, the V 6+ T Hy 5.3.18
was specifically triggered by 46-6B5 in tge presence of
FcR-bearing A20 cells. The VB4-TCR a-matched T Hy,
42H11, was not activated by 46-6B5, nor were the 52H10 or
10.110 T Hy, which have very similar specificities to 5.3.18.
Each of the T Hy could be activated through the TCR
complex by using the murine CD3-specific mAb 145-2C11.
Isotype-matched control antibodies to 44-22-1 did not acti-
vate any of the T Hy (results not shown). The V 36+ T, clone
3F9 was activated by 44-22-1 and 46-6B5 coupled to Sepha-
rose (results not shown).
An identical pattern could be derived for the blocking

capacity of 46-6B5. As shown in Table 3, binding of the mAb
specifically interfered with antigen recognition by the TCR in
the V, 6+ T Hy 5.3.18. The mAb 46-6B5 blocked the IL-2
response of this T Hy to insulin very efficiently, while insulin
responses of V6-42H11 and 52H10 were not altered.

44-22-1 and 46-6B5 mAb Recognize All V.6+ TCR Express-
ing Normal T Lymphocytes. To correlate the expression ofthe
epitopes recognized by mAb 44-22-1 and 46-6B5 and the
presence of V 6 mRNA we performed T-cell depletion
experiments. 4ormal Iymph node cells were treated with
46-6B5 plus complement and subsequently nonspecifically
stimulated to proliferate. After 7 days, aliquots of the 46-6B5
depleted and control cell cultures were cytofluorometrically

25.3% KJ16

A B A B A B

0.2% 44-22-1 1 1 * :15

V[36 Vf38 C 3
FIG. 2. (Left) Depletion ofV66 + T cells by rat mAb 46-6B5 plus complement treatment. Lymph node cells (untreated and treated with 46-6B5

plus complement) were labeled with 44-22-1 or, as a control, with KJ16 (anti-V,8) and FITC-conjugated goat anti-rat IgG antibodies. Fluorescence
analysis was carried out on a FACS II flow cytometer. (Right) RNA blot analysis of the total cellular RNA extract of untreated and 46-6B5 plus
complement-treated lymph node cells was performed by using radioactive V,,6, VB8, and Co TCR probes.
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analyzed with the rat mAb KJ16 and 44-22-1 and their
cytoplasmic RNA was extracted. As shown in Fig. 2 (Left),
the mAb 44-22-1 stains =10% of normal lymph node cells.
Depletion of the 46-6B5 + cells resulted in the complete loss
of 44-22-1+ cells, while the percentage of KJ16+ T cells
remained unchanged. These results strongly suggest that the
44-22-1 + lymphocytes are identical to those expressing the
epitope recognized by 46-6B5. Furthermore, RNA blot anal-
ysis of RNA extracted from these cells with V.36, V.8.2, and
C,3 (constant region) probes revealed that the mAb 46-6135 +
cells depleted cultures selectively lacked V 6 mRNA. In
contrast, hybridization with V,8.2 and C,3 proges resulted in
signals of proportional intensities. These data demonstrate
directly that all normal T lymphocytes utilizing the V 6 gene
segment are recognized by mAb 44-22-1 and 46-6B5? How-
ever, the possibility that these mAb recognize some T
lymphocytes using other Via genes (with the exception of the
V,.8 family) cannot be formally excluded (although no such
cells have yet been detected in our analysis of T-cell clones).

Conclusions. Our results clearly demonstrate that the mAbs
44-22-1 and 46-6B5 recognize not the TCR clonotype of 3F9
but rather an epitope(s) expressed by the V,36 region, since
both mAb specifically bind to and functionally affect all V,36+
T Hy and T-cell clones regardless of the combinatorial
rearrangements of the remaining TCR gene segments. This
finding was confirmed in whole T-cell population studies
since we found that all V 6 expressing normal lymph node T
cells were eliminated 9y mAb 46-6B5 and complement
treatment. These mAb will further facilitate analysis of the
acquisition and expression of the T-cell receptor repertoire.
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