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Our understanding of the immune response has been advanced considerably by the
realization that there are two major populations of lymphocytes, one thymus-depend-
ent (T cells)! and one thymus-independent (B cells), with different origins, functions,
and properties (1, 2). Although at present the two types of lymphocytes are morpho-
logically indistinguishable, in mice they can be distinguished by surface antigenic
markers, such as the alloantigen 8 on T cells (3, 4) and the heteroantigen MBLA
(mouse-specific B lymphocyte antigen) on B cells (5, 6).

There is abundant evidence that T cells can respond specifically to immunization,
in that they can carry immunological memory and become immunologically tolerant
(reviewed in 2). Thus the conclusion that T lymphocytes possess antigen-specific re-
ceptors seems as inescapable as it is in the B cell, where increasing evidence suggests
that the antigen-receptor is immunoglobulin (Ig), with its combining site identical to
that of the antibody the cells’ progeny will later produce (7, 8).

However, attempts to demonstrate Ig on the surface of T cells have given remarka-
bly variable results and the chemical nature of the T cell receptor is still in dispute. A
separate, but perhaps related, problem has been the difficulty in demonstrating T cells
binding antigen to their surface (9) or adhering to antigen-coated beads (10), which in
turn has made it difficult to study T cell receptors.

Thus far, attempts to identify antigen-binding T cells have been indirect,
depending largely on demonstrating antigen-binding cells in thymus (11, 12)
or on showing that a proportion of antigen-binding peripheral lymphocytes
can be eliminated by anti-§ serum and complement (11, 13-15). This paper re-
ports the first direct demonstration of antigen-binding T cells. Fluorescein-
conjugated anti-f antibody has been used to identify individual T cells binding
sheep erythrocytes (SRBC) to their surface and to show that under appropriate
conditions the antigen induces a redistribution of the T cell receptors in a man-
ner similar to that previously described for B cells (16). In addition, anti-Ig
antibody is shown to block the ability of the T cells to bind SRBC.
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sheep erythrocytes; T cells, thymus-dependent cells.
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Materials and Melhods

Amnimals.—Male and female A and CBA mice 3-6 mo of age and female AKR mice 2-3 mo
of age, from the breeding colony of the National Institute for Medical Research, were used.
A-strain mice congenic for JAKR(A/)AKR) were raised from breeding pairs kindly supplied
by Dr. E. A. Boyse. Sheep erythrocytes (2 X 10%in 0.1 ml intraperitoneally) were administered
5 days before sacrifice unless otherwise noted.

Antiserum Preparation.—Anti-AKR was prepared by injecting CBA mice with 107 AKR
thymocytes intraperitoneally each week for 6-9 wk hefore bleeding (17). The titer (end of
cytotoxic plateau) of the pooled serum was 1/4096 as measured by >!Cr cytotoxicity testing
with absorbed hamster complement (4) against (CBA X AKR) F, thymocytes. The serum was
heat inactivated, the immunoglobulin precipitated with 409, saturated ammonium sulfate, and
the redissolved precipitate conjugated with fluorescein isothiocyanate as previously described
(18). The final protein concentration was 10 mg/ml and OD 485 nm/OD 280 nm was 0.8,

The preparation of rabbit IgG anti-mouse Ig has been previously described?: 3.49 of this
rabbit IgG was specifically precipitable by diethylamincethyl (DEAE)-cellulose-purified CBA
mouse IgG. Coupling of mouse IgG to 4B Sepharose was performed by the cyanogen bromide
method (19).

Assays.—Dye exclusion and ®!Cr cytotoxicity testing were performed as previously de-
scribed using absorbed hamster complement with thymocytesand absorbed guinea pig comple-
ment with spleen cells (20).

Spleen cells were suspended, incubated on cotton wool by the method of Hogg and Greaves
(21) to remove macrophages, granulocytes, and debris, and washed two times in balanced salt
solution with a final wash in Veronal-buffered saline. Details are given elsewhere.”? Thymus
cells were prepared similarly but without cotton wool incubation. Unless specified otherwise,
cells were then incubated at 25 X 10%/ml with various concentrations of anti-JAKR fluores-
cein (anti-GAKR-F) for 20 min at 23°C, then washed two times with cold buffer. 40 ul of 25 X
10%/m] cells were then mixed with 20 ul of 2%, vol/vol sheep erythrocytes and centrifuged 10
min at 30 g in the cold (ratio of SRBC /spleen cells, 8:1). After remaining as a pellet for 10 min,
the rosettes were resuspended gently in about 20 ul and kept in an ice bath. Rosette suspensions
were never centrifuged at more than 50 g. About 10 ul of cell suspension was sealed by paraffin
under a cover slip on an acid-alcohol-cleaned slide and systematically searched for rosettes
under oil immersion at 1000 X with a Vickers M41 Photoplan microscope modified so as to
permit rapid sequential viewing of the same field under blue-violet incident illumination or
transmitted illumination with phase contrast. Such an arrangement was essential in order that
rosettes could be distinguished clearly from cell clumps and that fluorescence could be localized
with certainty to the surface of the central lymphocyte. Two 3-mm BG12 exciter filters and
one Ilford 107 barrier filter were employed with blue-violet illumination. Slides were prepared
immediately before scoring; 45 min to 1 h was required to complete a slide, a typical slide
yielding 30-60 rosettes. As described previously,? all lymphocytes bearing five or more bound
SRBC were counted as rosettes unless they appeared dead or damaged (swollen cytoplasm,
vacuoles, clearly demarcated nucleus, or diffuse internal fluorescence) or were so closely asso-
ciated with other lymphocytes that fluorescence, if present, could not have been unambigu-
ously assessed. Where more than one preparation was being scored, slides were examined from
all preparations in a regular rotation so as to minimize any effects of time. Cells survived well
in ice as long as 8 h after staining, but were never kept longer. In most experiments, rosettes
were classified according to the number of bound SRBC: 5, 6-7, or >8, and the latter group
further subdivided according to whether an unobstructed view of most of the surface of the

% Ashman, R. F. Concurrent movement of antigen receptors and surface immunoglobulin
on antigen-hinding cells. Submitted for publication. The proportion of lymphocyte circumfer-
ence covered hy hound SRBC is > 34 for “rings,” 14-3{ for “horseshoes,” and < % for
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rosette-forming cell was afforded (subgroup A) or not (subgroup B). The B subgroup had many
more bound SRBC’s on the average than the A subgroup.

To test for inhibition of rosette formation, cells were incubated with anti-immunoglobulin
and anti-f without complement at 0°C for 1 h immediately before addition of SRBC (13, 22).
To test the specificity of this inhibition, similar incubations were performed with anti-Ig which
had been absorbed with mouse Ig-Sepharose or unmodified Sepharose and with mouse IgG
present along with anti-Ig.

To test whether cells could form rosettes by means of anti-erythrocyte antibodies acquired
from the serum, mice were injected with 2 X 10® human RBC in addition to the usual dose of
2 X 108 SRBC and the rosette-forming cells present on day 5 were examined for the presence
of cells binding both species of erythrocytes, using an 8: 1 ratio of each species of RBC to spleen
cells.

Receptor movement was induced by incubation of rosette suspensions at 37°C in balanced
salt solution. At each time point, sample tubes were transferred to an ice bath and immediately
examined. Rosettes were classified by the distribution of SRBC as caps, horseshoes, or rings
according to the criteria described previously.? Controls included (e) incubating spleen cells
alone at 37°C and forming rosettes when they were transferred to the ice bath; (b) incubating
rosette suspensions in the ice bath only; and (¢) incubating rosettes for 30 min at 37°C in
various concentrations of sodium azide. Rosette suspensions incubated at 37°C for 30 min to
produce maximal receptor movement were then cooled and 0.4 mg/ml sodium azide was added
to prevent further capping. Then the suspensions were stained with anti-#JAKR-F as previously
described.

Standard errors of percentages are not based on multiple determinations but on an assumed
normal distribution of observations about the true value. Since they cannot take into account
measurement errors or biological variation, they must be considered minimum estimates of
variance more useful for determining the absence of a significant difference than its presence.
In all tables and figures the confidence intervals quoted represent one standard error.

RESULTS

The experiments showed that the anti-?AKR-F was monospecific for 6 and
could be used to detect # on peripheral T cells including T-rosette-forming
cells (T-RFC). It was also found that anti-Ig prevented both T and B cells from
binding SRBC and that the receptors of T and B cells could migrate toward one
pole of the cell under the influence of bound SRBC.

Specificity of Anti-0AKR Serum.—Any unabsorbed CBA anti-AKR-thymo-
cyte serum might contain, in addition to anti-JAKR, a variety of autoantibodies
(23-25); antibodies to LyAs (26), LyCy (27), and other undefined lymphocyte
alloantigens (28); and antibodies to Ig allotypic determinants (29). It should
not contain anti-H-2 activity since CBA and AKR mice are both H-2k.

A number of experiments were done to establish the anti-f specificity of the
observed fluorescence and cytotoxicity. As Fig. 4 shows, about 37 % of RFC and
non-RFC from spleen 5 days after immunization showed surface fluorescence
after treatment with anti-AKR-F. A single absorption with CBA brain did not
significantly reduce the activity either for RFC or non-RFC (compare Figs. 1 ¢
and 4), although the absorption entailed a dilution of almost }4; nor did un-
absorbed antiserum stain CBA spleen cells or RFC (Fig. 1 b), ruling out a sig-
nificant contribution from autoantibody. Yet one absorption with AKR brain
removed almost all the staining activity (Fig. 1 a), excluding an important con-
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tribution from anti-Ly antibodies as Ly antigens do not occur in brain (26).
The most convincing evidence that only anti-fAKR activity was being detected
was the demonstration that when a congenic pair of strains were studied, which
were genetically identical except at the @ locus, the one with JAKR(A/0AKR)
stained and the one with 6C3H(A) did not (Fig. 1 3). Fig. 2 makes the same
point with reference to thymus and shows that by cytotoxicity and direct im-
munofluorescence under the conditions described here, our antiserum appears
to detect BAKR and nothing else. The greatest dilution still giving plateau cy-
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Fic. 1. Specificity of anti-fAKR staining of rosette-forming cells. Percent surface fluores-
cence refers to the proportion of RFC or non-RFC showing surface fluorescence. Brackets
denote one standard error. ¥ --- ¥, rosette-forming cells; O—O, other lympho-
cytes. (a) Anti-AKR-F was incubated for 40 min at 23°C with an equal volume of washed
CBA or AKR brain homogenate, entailing a dilution not greater than 4. (b) Spleen rosette
suspensions of strains A, A/#AKR, and CBA mice were exposed to unabsorbed anti-fAKR-F
at the concentrations noted for 20 min at 23°C.

totoxicity was 1{9g for AKR spleen cells and Y494 for AKR thumus. Fluores-
cence titers were significantly lower (see below).

Fluorescent Staining of the Spleen and Thymus Cells and Spleen Rosetle Sus-
pensions with Anti-04 KR —Anti-0AKR-F gave diffuse, smooth ring staining
(without significant patching or capping) of >935% of thymocytes (Fig. 3) and
30-40% of spleen lymphocytes, regardless of the temperature at which the
staining was carried out. As expected, the fluorescence of spleen cells was sig-
nificantly less intense than that of thymocytes (30, 31). In order to achieve the



ROBERT F. ASHMAN AND MARTIN C. RAFF 73

[1-THYMUS
M - SPLEEN
CYTOTOXICITY DIRECT
IMMUNOFLUORESCENCE
il 5
so} 1 L i
]
-4 60 - - .
b
(8]
[*8)
2>
E
S s} 1 1L |
o
@
PN
20} 4} ]
CBA AKR A A/8AKR CBA AKR A A/BAKR

STRAIN

F16. 2. Specificity of anti-fAKR investigated by direct immunofluorescence and cytotoxic-
ity against thymus and spleen. Percent surface fluorescence and brackets have the same mean-
ing as in Fig. 1. Solid bars represent plateau values for cotton-filtered spleen cells; open bars
represent plateau values for unfiltered thymus. Direct immunofluorescence was performed by
incubation of cells at 25 X 10%/ml with 34 or less dilution of anti-§AKR-fluorescein for 20 min
at 23°C. Cytotoxicity was performed by trypan-blue exclusion employing hamster complement
with thymus cells and guinea pig complement with spleen cells. All percentages were obtained
with concentrations on the cytotoxic or immunofluorescence plateaus derived for AKR spleen
cells.

maximal percent of fluorescence-positive non-rosette-forming spleen cells (non-
RFC), the anti-AKR-F had to be used at a dilution of 1§ or less (Fig. 4). In
contrast, rosette-forming cells (RFC) required at least 14 anti-AKR-F for the
maximum number to stain (Fig. 4).

Numbersof rosettes scored varied from 50 at 144 dilution and 134 at 145 to
379 at 14; numbers of non-RFC’s scored varied from 223 at ¢ to 811 at 34.
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Fi6. 3. AKR thymocytes stained with anti-fAKR-fluorescein at 23°C showing smooth
ring fluorescence. X 2,450.

40 I+ ;
; OTHER LYMPHOCYTES

30 F

% SURFACE FLUORESCENCE

20 |
ROSETTE-FORMING > |
CELLS N ‘
10 F H
53 1 r 1‘ 1L 1‘ 1
%% 2 4 4 s A2 ‘b4

ANTI-0AKR-F DILUTION

T16. 4. Fluorescent staining of AKR spleen lymphocytes (normal and rosette-forming)
with anti-AKR-fluorescein. Dilutions of anti-fAKR-F plotted are those obtaining during a
20-min incubation of 25 X 10%/ml spleen Iymphocytes in 40 ul at 23°C. Rosettes were formed
after two washes in the cold, and remained at 0°C until they were scored. RFC and non-FRC
were scored on the same slide simultaneously. Percent surface fluorescence refers to the propor-
tion of cells showing surface fluorescence. Brackets represent one standard error above and
below the mean.

Three experiments were done at 3¢ and 4, two at 34, and one experiment at
each of the other dilutions.

The eight experiments performed at dilutions 34 to 3§ gave percentages of 6+
RFC ranging between 32 and 39 %. The dilution curves (Fig. 4) show that the



ROBERT F. ASHMAN AND MARTIN C. RAFF 75

fluorescence titer of the anti-AKR-F was five to eight times higher when tested
against spleen non-RFC than when tested against RFC. If one excluded those
rosettes where much of the RFC surface was obscured by SRBC (> 8B, Fig. 5),
there is still a consistent factor of 4 separating the two curves. Even at anti-
0AKR-F concentrations of 14 to 3¢, the fluorescence of RFC was obviously
less intense than that on non-RFC although an occasional bright RFC was seen.

In a single experiment with unimmunized spleen using 14 dilution of anti-
0AKR-F, 45 &= 6% of RFC and 38 &+ 2% of non-RFC were 6+. 18 days after
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F1c. 5. Relationship of @ to number of SRBC bound. Anti-f data is pooled from all experi-
ments where concentrations of 24 anti- or greater were used, i.e., where staining is near maxi-
mal. Percent surface fluorescence refers to the proportion of RFC in each category showing
surface fluorescence. Rosettes are classified according to the number of bound SRBC. All those
with eight or more SRBC are grouped according to whether the distribution of SRBC permits
an unobstructed view of most of the lymphocyte surface (>84) or not (>8g).

immunization 24 4= 4% of RFC and 36 = 3% of non-RFC were §+. When the
data with 5-day immune rosettes obtained with dilutions between %4 and 34
was reanalyzed with respect to the number of bound SRBC (Fig. 5), a striking
tendency of the 8+ RFC to bind fewer SRBC than the ~ RFC emerged.

Inhibition of AKR Rosetles by Anti-Ig But Not by Anti-04 KR.—Rabbit anti-
body to mouse Ig inhibited 99.5% of rosettes in AKR mice (Fig. 6). If the
anti-Tg in this preparation is removed on a mouse-IgG-4B-Sepharose column
and the original protein concentration restored, no inhibitory activity remained.
Absorption with 4B Sepharose alone did not alter the activity.

The presence of mouse IgG during the preincubation of cells with anti-IgG
completely prevented the inhibition of rosette formation at IgG/anti-IgG ratios
of 2.5 to 60, showing that immune complexes in antigen excess possessed no de-
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tectable inhibitory activity (Fig. 7). Since 37% of the AKR rosettes were 87,
both T and B rosettes were apparently inhibitable by anti-Ig.

In the cold and in the absence of complement, anti-AKR could not prevent
rosette formation (Fig. 6), nor could it dissociate rosettes once formed (Table
I). Table I shows an experiment which duplicated the procedure used to stain
rosettes and shows that the sample of rosettes actually examined for fluores-
cence was about 89% of the original number. The small loss was probably at-
tributable to centrifuging rosettes through protein, since it occurred with fetal
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F1G. 6. Inhibition of AKR rosette formation with anti-Ig. 200 ul spleen cells at 25 X 108/
ml are incubated 1 h at 0°C with the designated concentrations of rabbit IgG anti-mouse IgG
(3.4%, of which was specifically precipitable by mouse IgG) with (@) or without ([, W) ab-
sorption on Ig-Sepharose column. Closed and open squares refer to two overlapping experi-
ments performed on different days. The concentration of anti-#AKR noted refers to the 409,
saturated ammonium sulfate fraction of heat-inactivated serum.

calf serum at the same concentrations. It was not eliminated by merely spinning
longer.

Double-Binding Experiment—3 days after immunization with 2 X 108 human
and 2 X 10% sheep RBC, there were 1.3 human and 4.9 sheep rosettes per 10°
spleen cells, about 40 % of the rosette counts obtained if mice received 2 X 108
of either species of red cells alone. Of the 139 human and 520 sheep rosettes
examined, only one rosette was suspected of binding more than one species of
RBC. Thus neither T nor B RFC bound more than one type of RBC.,

Receptor Movement.—Fig. 8 shows that incubating rosettes at 37°C in bal-
anced salt solution induced movement of receptors on a proportion of cells.
This “capping” of receptors was antigen induced because, as Fig. 8 shows, it
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F1c. 7. Blocking of anti-Ig rosette inhibition by Ig. The two curves represent concurrent
experiments performed using 164 ug/ml (@—M) and 55 ug/ml (A - - - A) of rabbit IgG anti-
mouse IgG. 200 ul of immune spleen cells at 25 X 10%/ml were incubated 1 h at 0°C with
anti-Ig and mouse IgG together; then, without washing, SRBC rosettes were formed. Since the
molecular weight of rabbit and mouse IgG’s are similar the mass and molar ratios are alike.

TABLE I
Rosette Loss During Staining Procedure®
Tube
Steps Experiment a Experiment b
1 2 1 2 3
20-min incubation Medium | 23°C with 5/6 di- | Medium (23°C with 3/4]23°C with 3/4
alone lution anti- alone dilution dilution
at 0°C| GAKR at 0°C| fetal calffi anti-
serum #AKR
2 washes at 50 g 4°C — + —— + +
Rosettes per hemacy- | 235 216 216 196 179
tometer 241 206 212 183 190
Percent of control 10097, 89% 1009, 899, 869,

* Unconjugated anti-AKR (without added complement) was used at the same concen-

tration employed in the staining procedure, which the experiment was designed to mimic.
Both fetal calf serum and anti-fAKR were heat inactivated.

did not occur in the absence of antigen. Like anti-Ig-induced capping (16) it
failed to occur in the presence of antigen at 0°C or in the presence of antigen
at 37°C in 0.4 mg/ml sodium azide. Smaller concentrations of azide produced
less complete inhibition of capping, and 1.0 mg/ml produced no better inhibi-
tion than 0.4 mg/ml. By incubating rosettes at 37°C for 30 min, halting the
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receptor movement with 0.4 mg/ml azide, and staining with anti-fAKR-F at
34 dilution, one could show (Table II, top section) that the percent of rosettes
with SRBC distributed as a cap or horseshoe which were 6+ (44 &= 7%) was not
significantly different from the percent of ring rosettes which were 6+ (35 =+
4 %), and that 21 of the 23 6+ caps or horseshoes had their 6 distributed in an
unbroken ring. When azide is present during the 37°C incubation, receptor
movement was minimal, but the 4 6+ rosettes which had shown receptor move-
ment all had ring 6. Likewise, at anti-JAKR-F dilutions 14 to 84 in Fig. 4, with
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Fic. 8. Antigen-induced capping.

rosettes stored in ice, only 384 79¢ rosettes were 8+ caps or horseshoes, but 30
of these had symmetrical 8. Thus it is clear that receptors can move in the mem-
brane without affecting the distributions of # antigen, and the evidence sug-
gests that T cell receptors “cap’ at least as readily as B cell receptors.

DISCUSSION

Theta (8) has proved a useful marker for T cells in mice. Heretofore, 8-bear-
ing cells have been detected by cytotoxicity testing or by indirect immuno-
fluorescence using fluorescein-conjugated anti-mouse Ig sera to demonstrate the
bound anti-§ alloantibody (31). Unfortunately, the former method cannot be
used to identify living T cells, and the latter method, when applied to T cells
in the peripheral lymphoid tissues, is complicated by the fact that B cells also
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* As determined by staining with anti-fAKR-F.
1 Classification scheme depicted in Fig. 1.2 Proportion of Iymphocyte circumference cov-
ered by bound SRBC is > 34 for rings, }3-34 for horseshoes, and < 14 for caps.
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fluoresce because of their abundant surface Ig (31). Thus in order to demon-
strate live peripheral T cells, a fluorescein-conjugated anti-6 suitable for direct
immunofluorescence was required. Previously it was found that a fluorescein-
ated anti-0C3H serum stained thymocytes faintly; but peripheral T cells, which
are known to bear much less # than thymocytes (30), failed to stain (31). How-
ever, when we found that, in general, anti-AKR sera had much higher cyto-
toxicity titers than anti-0C3H sera, we were encouraged to try again with fluo-
rescein-conjugated anti-fAKR antibody (anti-fAKR-F).

As Fig. 2 shows, > 95% of AKR thymocytes and 30-40% of spleen cells
were stained directly by anti-AKR-F; the same proportion were killed in cyto-
toxic testing. In both assays, increasing concentrations of antibody produced
plateaus. Thus, although the titer against spleen cells was eight times higher by
cytotoxicity, the immunofluorescence titer was sufficient to detect all 6+ cells
in spleen.

The specificity of the antiserum for 8AKR in cytotoxicity and immunofluo-
rescence tests was clearly established, despite the probable presence of a variety
of contaminating antibodies to non-f determinants. Most convincing was the
demonstration of cytotoxic and fluorescence activity against A/fAKR cells
(including rosette-forming cells), with negligible activity against A (#C3H) cells
(Figs. 1 5 and 2). These two congenic lines presumably differ only at the 8 locus.
Because the anti-fAKR-F could be used to specifically stain 8+ peripheral T
lymphocytes, it provided the first opportunity to observe living T cells binding
antigen and to study the behavior of their receptors.

Although there is no doubt that T cells have specific receptors for antigen
(32), attempts to demonstrate antigen binding by T cells have frequently been
unsuccessful (9, 33). In general, methods involving the recognition of cell-
surface antigens by T cells have been more successful (10, 34) than methods
involving soluble antigen. However, even the demonstration of T cells binding
SRBC has not been achieved by every laboratory which has attempted it (9).
Most of these failures are probably related to the methods used to prepare
rosettes, for T-RFC are much more fragile than B-RFC.2 It is not clear whether
the fragility of T cell antigen binding is related to receptor affinity, density,
turnover, or shedding on contact with antigen, or some nonreceptor property
of T cell membranes. Failure to detect T-RFC could also result from a weak
anti-@ antiserum; Fig, 4 shows that if our anti-JAKR had had 145 as much
antibody, we might well have demonstrated 6 on 25-30% of spleen cells, but
remained unconvinced that the 5% of faintly stained rosettes were meaningful.
The debate concerning the existence of T-RFC is far from trivial, since so much
of our information about T cell receptors derives from the rosette technique.

The results reported here should put an end to that debate, although the

8 Elliott, B. E., and J. S. Haskill, manuscript in preparation; unpublished observations of
N. Hogg and J. F. Bach, personal communication.
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immunological significance of T-RFC and the nature of the receptor binding
the SRBC no doubt will continue to be controversial. Our failure to find T cells
binding both human and sheep erythrocytes in the spleen of doubly immunized
mice suggests that the binding is immunologically specific and not related to
antibody absorbed nonspecifically from the serum. The demonstration that a
polyspecific anti-Ig serum can prevent T cells as well as B cells from binding
SRBC, and that this inbibitory activity is abolished by removing the relevant
antibodies with Ig-Sepharose or by adding soluble mouse Ig, certainly suggests
that the T cell receptors for SRBC are Ig (Figs. 6 and 7). Furthermore, the
fraction of rosettes specifically dissociated by anti-Ig (but not by Ig-Sepharose-
absorbed anti-Ig) must include the T-RFC, since 90 % of the remaining rosettes
have surface Ig demonstrable by fluorescence.? A similar conclusion has been
reached in CBA mice using anti-0C3H plus complement to detect T-RFC, a
study using class-specific antisera which was particularly detailed and rigorously
controlled (35). Our results also confirm other previous observations on T-RFC
based on the cytotoxicity of anti-§C3H. () The proportion of T-RFC decreas-
ing during the first few weeks after immunization roughly agrees with previous
observations (11, 28), though our figures are lower than the estimates of Bach,
Muller, and Dardenne (11) and totally different from those of Schlesinger (14).
(6) T-RFC bind fewer SRBC on average than B-RFC (Fig. 5) (21, 36). (c)
T-RFC in spleens of 5-day immunized mice express less # than other spleen T
cells (28).

Recently it has been suggested that the redistribution of B cell surface Ig
receptors (“patch” and “cap” formation with or without pinocytosis) which
can be induced by divalent anti-Ig or multivalent antigens, may play a role
in the triggering of B cells by antigen and perhaps in some forms of tolerance
induction (16, 37). Until now, the difficulty in directly demonstrating receptors
on T cells or antigen binding by T cells has made it impossible to study the
behavior of T cell receptors upon interaction with antibody or antigen. In this
study we have found that T cell receptors cap under the influence of bound
antigen (SRBC) at least as readily as those of B cells (Table II).

Even on T cells whose SRBC-receptors have capped, the anti-fAKR-F re-
mains in a diffuse ring; this shows that # and the receptors can move independ-
ently in the membrane. This conclusion is reinforced by the failure of anti-@ in
the absence of complement to block SRBC binding to any cells, including T
cells (Table I and Fig. 6).

In another study it was shown that receptors for SRBC and Ig move to-
gether on the surface of B cells, presumably because the Ig molecules are the
receptors.?- * Since we have not been able to directly demonstrate Ig on the
surface of T cells, this type of experiment could not be done with T-RFC.

¢ Ashman, R. F. Lymphocyte receptor movements induced by antigen binding. Submitted
for publication.
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Anti-0AKR-F gave diffuse, smooth ring staining of thymus cells and spleen
T cells (Fig. 3) even when the staining was done at 37°C. This suggests that
anti-f itself does not induce patching or capping, although it has been previously
shown that subsequent addition of anti-mouse Ig can induce these changes in
the distribution of 8 on thymus cells (16), presumably by cross-linking the
anti-6@ molecules on the cell surface. This same phenomenon has been found
with anti-H-2 (16, 38) and anti-TL sera (39), and contrasts with the ability of
anti-Ig to directly induce patching and capping of surface Ig on B cells (16).
Whether this difference is related to the valences of the antibodies and surface
antigens, the density of surface antigenic determinants, the strength of associa-
tion between these determinants and other membrane elements, or other mem-
brane properties remains unknown.

SUMMARY

Anti-8AKR antibody conjugated to fluorescein has been used in direct im-
munofluorescence tests to identify spleen 6+ (T) sheep erythrocyte rosette-
forming cells in AKR mice. Specificity studies involving A and cogenic A/6AKR
mice clearly demonstrated that the cell surface fluorescence and cytotoxicity
produced by the antiserum is directed solely toward the AKR alloantigen.
Approximately 3¢ of rosette-forming and non-rosette-forming spleen cells were
found to be 8. The tendency for T cells to bind less antigen and the tendency
for antigen-binding T cells to bear less f than other spleen T cells, first suggested
by other studies involving rosette-elimination by anti-0C3H plus complement,
were confirmed by direct immunofluorescence. All AKR rosettes are specifically
inhibitable by anti-immunoglobulin, including T rosettes. Antigen-induced re-
distribution of T cell receptors, analogous to that previously described for B
cell receptors (16}, occurs as readily in f+*RFC as in 6~ RFC, without altering
the symmetrical ring distribution of JAKR antigen.

The authors wish to thank Miss Janet Cowan for her valuable technical assistance and
Mr. M. R. Young for expert advice regarding the modification of the microscope and for taking
the photographs.
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