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Rosette formation of feline peripheral blood leukocytes with
Quinea pig (GP) and gerbil (G) erythrocytes (E) has been shown
in an earlier study to identify T lymphocytes expressing helper
and suppressor cell activity, respectively. This T lymphocyte
distinction was based on the removal of the E-rosetting popu-
lations from peripheral blood leukocytes (PBL) and the subse-
Quent functional evaluation of the remaining cells in a poke-
weed mitogen (PWM)-induced synthesis of immunoglobulin
“(1g). In the present study, we demonstrate a direct helper and
Suppressor function of GPE- and GE-rosetted cells, respec-
tively, wherein the induction of Ig synthesis Is altered in a posi-
tive or negative way by the addition of the cells to a control
target population. A pan-T monocional antibody (mAb), CT843,
and mAbs to the CD4 (CT248) and CD8 (CT87) subsets are also
described; their specificities are established In functional as-
says, the PWM-induced Ig synthesis and the production of in-
terleukin-2 following Concanavalin A stimulation of PBL, and a
biochemical analysis of the surface membrane antigens de-
tected by the mAbs. Immunoprecipitation and SDS-PAGE analy-
Ses showed CT248 to react with a ~60-kDa protein under both
reducing and nonreducing conditions. Under reducing condi-
tions, CT87 reacted with one subunit at ~35 kDa; a second faint
band at ~39 kDa was poorly resolved. mAb CT843 detected a
heterodimer of ~70 and ~60 kDa under both reducing and nonre-
ducing conditions. The relationship of the mAbs to E-rosetting
Wwas examined in FACScan analyses and rosette Inhibition stud-
les. The percentage of GE-rosetting cells agreed with the per-
Centage of cells stained with the CD8 mAb, whereas a compari-
8on of GPE-rosetting and staining with the CD4 mAb showed
Variabllity. The binding of GE to PBL was blocked by pretreat-
Ment of PBL with the CD8 mAb, whereas no inhibition of GPE
Tosettes was observed with any of the mAbs. In a previous
study, we had shown that an overnight culture of feline PBL at
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37°C leads to the development of a second population of GPE-
rosetting cells, also having a helper function. The relationship
of the two GPE-rosetting populations to the CD4 mAb, CT248,
was examined in rosette depletion studies and FACScan analy-
ses. It was found that depletion of the GPE-rosetting cells from
fresh, i.e., Day 0 cells, removed only a small percentage of cells
reactive with the CD4 mAb, whereas GPE-rosette depletions
performed on Day 1 PBL, which contained both populations of
GPE-rosetting cells, removed almost all cells reactive with this
antibody. The latter study suggests that the GPE-rosetting phe-
nomenon Is detecting two subsets of CD4 cells with T helper
function, those present in fresh blood and those acquiring the
GPE receptor after an overnight culture. Exp Biol Med 227:771~778,
2002
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onoclonal antibodies identifying feline T lympho-
Mcytes (1-3), B lymphocytes (4), and monocytes

(5) have been reported by investigators using this
species as an animal model for a variety of clinical diseases
in humans. Prior to the availability of these reagents, how-
ever, other more classical laboratory methodologies were
used, e.g., erythrocyte (E) rosetting for T cells, surface im-
munoglobulin (Ig) detection for B cells, and the nonspecific
esterase stain for monocytes. Early studies had suggested
that guinea pig (GP) E were rosetting with T lymphocytes of
the cat, a finding analogous to the rosetting of sheep E used
to detect T lymphocytes in humans (6-8). In examining the
E-rosetting properties of feline lymphocytes, however, we
reported a rather novel finding for this species, i.e., an ap-
parent helper cell activity for GPE-rosetting cells and a
suppressor function for lymphocytes rosetting with gerbil
(G) E (9, 10). The E-rosetting T lymphocyte distinctions
were revealed in assays for Ig synthesis and interleukin
(IL)-2 production following removal of the E-rosetting
populations from the defining reaction systems, polyclonal
activation of peripheral blood leukocytes (PBL) with poke-
weed mitogen (PMW) and Concanavalin A (ConA). The
E-rosetting phenomenon with GPE was compounded fur-
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ther by the observation that an incubation of blood lympho-
cytes overnight at 37°C yielded a second population of
GPE-rosetting cells, also shown to express helper activity
(10). Although it is recognized that E-rosetting as a meth-
odology to identify and quantitate T lymphocytes has been
supplanted by monoclonal antibody technology, the rather
unique rosetting properties expressed by feline lymphocytes
prompted an extended analysis of this novel phenomenon.
The objective of this study was to verify the apparent T cell
subset distinctions made by G and GP E rosetting, and to
determine the relationship of the rosetting cells expressing T
helper (T-H) and T suppressor (T-S) activities to the respec-
tive feline CD4 and CD8 subsets identified by monoclonal
antibodies to lymphocyte cell-surface antigens.

Methods

Animals. Young (1-3-year-old), healthy SPF adult
cats were used. This study was approved by the University
of Tennessee’s Animal Care and Use Committee of the
Veterinary College in accordance with National Institutes of
health Guidelines and Federal Law.

Tissue. Blood was defibrinated on a shaker with glass
beads. The PBL were separated on a Ficoll-Hypaque gra-
dient, and after washing with incomplete Hanks’ balanced
salt solution (iHBSS), they were suspended in RPMI-1640
with 10% fetal calf serum (FCS) that had been absorbed
with sheep, GP, and G red blood cells (RBC). Thymic cells
were obtained from 8- to 10-week-old kittens; the cells were
cryopreserved in liquid nitrogen with dimethyl sulfoxide
and were recovered for testing when desired.

Rosette Analyses: Formation, inhibition, and
Depletions from PBL. GPE were treated with neuramin-
idase to enhance rosette formation; GE were used untreated
(9). Rosettes were obtained by mixing 0.1 ml of a 1% sus-
pension of GP or G E with 0.1 ml of PBL at 2 x 10%ml in
RPMI-1640-FCS. After incubation for 10 min in a 37°C
water bath, the tubes were centrifuged for 5 min at 200g and
then placed on ice for 2 hr. The cells were gently resus-
pended and 300 cells were scored for rosettes; a gentian
violet stain was used to facilitate identification of a nucle-
ated cell within each rosette. Inhibition of rosette formation
was accomplished by incubating PBL with the desired an-
tibody for 30 min in the cold. The cells were then washed
and reacted with either G or GP E for rosette formation.
Depletion of GE- or GPE-rosetting cells from PBL was
accomplished by mixing equal volumes of a 1% suspension
of E and PBL (3 x 10%ml) and incubating the cells at 37°C
for 10 min. The cell suspension was then centrifuged for 10
min at 200g and was placed on ice for 2 hr. The cell pellets
were resuspended and the cells were layered on a Ficoll-
Hypaque gradient. The nonrosetting band of cells was re-
covered and, after washing, the cells were resuspended in
RPMI-1640-FCS to the desired concentration.

Immune-Rosette Depletion of Antibody-
Treated PBL. Sheep RBC were conjugated with affinity-
purified goat anti-mouse IgG (G-AMIgG) antibody follow-
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ing treatment of the RBC with CrCl,. In brief, 0.6 ml of a
0.6% solution of CrCl; was slowly added to a 0.5-ml sus-
pension containing 0.1 ml of packed sheep RBC and 0.1 mg
of G-AMIgG. The mixture was incubated for 1 hr at 30°C,
washed with RPMI-1640, and the RBC concentration was
adjusted to 5% in RPMI-1640-FCS. One milliliter of the
IgG-coated sheep RBC suspension was added to 0.5 ml of
PBL (20 x 10%ml) that had been treated with the monoclo-
nal antibodies to be tested; the cell suspension was pelleted
by centrifugation and was incubated for 1 hr at 4°C. The
cells were gently resuspended and layered on a Ficoll-
Hypaque gradient, and the nonrosetting band of cells were
collected after centrifugation. After washing with iHBSS,
the recovered PBL were resuspended to the desired concen-
tration in RPMI-1640-FCS.

Reverse Hemolytic Plaque Assay. Stimulation of
cat PBL for polyclonal induction of Ig synthesis by PWM
was performed as described previously (11). In brief, 1 pg
of PWM in a 50-pl volume was added to 1 ml PBL at
0.75-1.5 x 10%ml. After cultivation for 7 days in a humidi-
fied 10% CO0, incubator at 37°C, the cells were recovered
and plaque analysis was performed with Protein-A coated
sheep RBC. Plaque forming cells (PFC) were visualized in
agarose on glass slides, using a rabbit anti-cat IgG antiserum
and GP complement at predetermined optimal concentrations.

IL-2 Production and Assay. IL-2 production and
assay were performed as previously reported (10). In brief,
PBL were incubated overnight in tissue culture flasks for 24
hr in a humidified 10% CO, incubator at 37°C and the
following day, 1 x 10° cells in flat-bottom tissue culture
wells were stimulated with 20 pg of ConA. The cells were
cultured overnight in the incubator and supernatants were
collected under sterile conditions for assay of IL-2 by the
method of Gillis ef al. (12) using the IL-2-dependent murine
HT-2 cell line. Assays for I1-2 production were made in
duplicate with variation of 10%—-15% between samples.

Lectin Isolation of T Lymphocytes. Purified T
lymphocytes from PBL were obtained by affinity chroma-
tography using a Pisum sativum agglutinin (PSA)-linked
Sepharose 6MB column. As reported previously (13), the
higher affinity binding of PSA to B lymphocytes permitted
depletion of B lymphocytes from PBL. leading to a pure
population of feline T lymphocytes as defined by rosetting
with G and GP E.

Monoclonal Antibodies. Balb/c mice were immu-
nized with thymocytes from kittens and the splenocytes
were fused to SP2/0 cells with polyethylene glycol follow-
ing the procedure of Kennett et al. (14). Hybridoma super-
natants were screened with PBL and thymocytes with a
FACScan analyzer. After preliminary functional assays, se-
lected hybridomas were subcloned for monoclonal antibody
development.

FACScan Analysis. Celis (0.025 ml; 5 x 10° cells)
were incubated with 0.025 ml of hybridoma supernatant
culture fluids in the cold for 40 min. The cells were washed
three times with phosphate-buffered saline (PBS) contain-



ing 0.1% NaN, and 0.5% bovine serum albumin and to the
pellets was added 0.025 ml of a goat anti-mouse IgG/IgM
antiserum conjugated with fluorescein isothiocyanate. The
cells were incubated in the cold for 40 min, and after wash-
ing, were fixed with paraformaldehyde, and the percentage
of stained cells was determined with a FACScan analyzer
(Becton-Dickinson, Mountain View, CA).
Immunoprecipitation and SDS-PAGE Analysis
of Membrane Antigens. Five million feline PBL were
washed twice with PBS, surface labeled with 1 mCi Na'2’]
(ICN, Costa Mesa, CA) in the presence of Iodogen (Pierce,
Rockford, IL), and antigens were immunoprecipitated with
monoclonal antibodies as described (15) except for the fol-
lowing modifications. Solubilization buffer (4°C) consisted
of 1% Triton, 20 mM Tris-HCl (pH 7.8), 0.14 M NaCl, 1
mM phenylmethylsulfonyl fluoride, 0.1% NaN,, and 5§ mM
Nal. Solubilized membranes were centrifuged (16,000g for
15 min), and were precleared by rocking for 1 hr at 4°C with
1710 vol glycine-quenched cyanogen bromide-activated
agarose beads (Sigma, St. Louis, MO) followed by centrifu-
gation (2,000g for 2 min). Aliquots of supernatant (250 1)
were diluted with 150 wl of Solubilization buffer and were
then immunoprecipitated by rocking (4°C for 1 hr) with 100
1l monoclonal antibody tissue culture supernatant or con-
‘trol RPMI-1640-FCS medium containing 60 g/ml normal
mouse IgG followed by rocking (4°C for 1 hr) with 60 w1 of
1/3 suspension of agarose bead-coupled goat anti-mouse Ig.
Beads were washed as described, and immunoprecipitated
proteins were solubilized by heating (100°C for 3 min) in
3% SDS nonreducing sample buffer followed by centrifu-
gation (16,000g for 2 min), dividing each supernatant, and
adjustment of one portion to 100 mM dithiothreitol-
reducing agent. Unreduced and reduced supernatants were
analyzed on SDS-10% PAGE Laemmli slab gels (16) with
prestained Low-Range SDS-PAGE standards (Bio-Rad,
Hercules, CA). Gels were dried, exposed to MR film (Ko-
dak, Rochester, NY) with intensifying screens, and developed.

Results

Direct Activity of GE- and GPE-Rosetting
Cells. Our previous data suggesting that GE- and GPE-
rosetting cells help to express helper and suppressor func-
tions, respectively, were obtained through removal of the
cells from the reaction assay, i.e., an evaluation of the effect
of their absence in a PWM-driven system for Ig production
in the reverse hemolytic plaque assay. Removal of GPE-
rosetting cells from PBL led to a marked decrease in the
Number of Ig-producing PFC, whereas removal of the GE-
Tosetting cells yielded a PFC response 2- to 3-fold above the
hormal control (9, 10). To substantiate the function of these
Cells in a direct manner, we developed the experimental
Schema shown in Figure 1 and Table I. We had reported that
feline T lymphocytes could be isolated from PBL by affinity
Chromatography using the plant lectin, PSA (13). Thus, the
high binding affinity of B lymphocytes to PSA made it
Possible to deplete PBL of these cells when passed through
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Figure 1. Schema showing the procurement of T lymphocytes from
PBL by affinity chromatography using a PSA-linked Sepharose 6MB
column (13). The few remaining B cells are removed from this prepa-
ration by adsorption on petri plates coated with a rabbit anti-cat IgG
antiserum. The T cells are cultured overnight at 37°C, and rosette
depletions with gerbil (GE) and guinea pig (GPE) erythrocytes are
performed on aliquots to yield cells with receptors for GPE (T-H) and
GE (T-S), respectively.

a PSA-linked Sepharose-6MB column, yielding a pure
population of T lymphocytes. As shown in Figure 1, these
cells were next placed on a petri plate coated with a rabbit
anti-cat IgG antibody to remove any B lymphocytes that
may have come off the column. The recovered cells were
then cultured overnight at 37°C in a CO, incubator because
this results in the maximum percentage of GPE-rosetting
cells having helper activity (10). Aliquots of the cells were
next depleted of GE- and GPE-rosetting cells, yielding, re-
spectively, a population of cells having the GPE-receptor
and a second population having the GE-receptor (Fig. 1; the
T-H and T-S designations given to the two rosetting popu-
lations are used to denote functional activities previously
reported for these cells in the assay used).

The cells obtained through the schema outlined in Fig-
ure 1 were tested for their ability to alter the function of
target cells in a PWM system for Ig production as measured
by PFC. The control target cells were fresh cells from the
same donors in which depletions of GE- and GPE-rosetting
cells had been made; the former would be capable of syn-
thesizing Ig, whereas the latter cells would not (9). The
results of three experiments are given in Table 1. Note that
the control GE-rosette depleted populations, i.e., no T cells
added from schema of Figure 1, show a significant PFC
response (486, 328, and 525 PFC), whereas only back-
ground PFC activity (30, 13, and 29 PFC) was obtained with
the control target GPE-rosette depleted cells. In each ex-
periment, the addition of the GE (T-S) cells from the
schema of Figure 1 to the control GE-rosette depleted popu-
lations lowered the PFC response by more than 60%,
whereas the addition of the GPE (T-H) cells from the
schema of Figure 1 to the GPE-rosette depleted control cells
increased the number of PFC 10- to 15-fold. Additional
controls in this study show the lack of a PFC response when
the GPE (T-H) cells and the GE (T-S) cells from schema of
Figure 1 were cultured alone (Table I), indicating the ab-
sence of any B lymphocytes in these populations.

Monoclonal Antibodies. Supernatants from hy-
bridoma cultures resulting from the fusion of SP2/0 my-
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Table I. PFC Response as Affected by GE- and GPE-Rosetted Cells®

Experiment 1

Experiment 2 Experiment 3

Cells added GPE®  GE° GPE  GE GPE  GE
b b
GE° GPE® T, s GOF GPE g0 g5 GF GPE 0N Ty
None 4869 30 32 30 328 13 9 12 525 29 23 10
GE®(T-S) 202 —e — — 105 — — — 176 — - —
GPE®(T-H)  — 274 - — — 228 — - — 31 — —

4 See Figure 1 schema.

® Control target cells: GE, gerbil erythrocyte-depleted population; GPE, guinea pig erythrocyte-depleted population.

¢ E-rosetted cells from lectin isolated T cells (Fig. 1).

9 Values represent number of PFC in cultures stimulated with PWM. Number of cells in each culture: 0.75 x 10° for GE, GPE, GE (T-S), and

GPE (T-H).
¢ Not done.

eloma cells and splenocytes from mice immunized with cat
thymocytes were screened by FACScan analysis with PBL
and thymus cell targets. Several were selected for further
study based on the percentage of cells stained with these
tissues. To verify the presumptive T cell specificity of the
antibodies, two functional assays were used, the plaque as-
say for PWM-induced Ig synthesis and the production of
IL-2 by PBL following ConA stimulation. PBL were treated
with the antibodies and the antibody-bound cells were re-
moved from the suspension by immune-rosetting with sheep
RBC coated with goat anti-mouse IgG antibody (“Materials
and Methods”). As shown in Table II with the hemolytic
plaque assay, removal of cells reactive with antibody CT87
yielded a marked increase in the number of PFC relative to
the nontreated control cells; in contrast, treatment of the
same PBL suspensions with antibodies CT248 and CT843
led to a decrease in Ig synthesis as indicated by the 3-to
15-fold reduction in PFC. Table III shows comparable data
for these antibodies in the IL-2 assay, i.e., an increase in
IL-2 synthesis following depletion of CT87-reactive cells
from PBL and a decrease in IL-2 production with removal
of CT248- and CT843-treated cells.

The data in Tables II and III suggest that CT87 was
reactive with cells capable of exerting a suppressive effect
and antibodies CT248 and CT843 with cells contributing
positively in the assay systems. Although the latter two
antibodies appeared to be functionally equivalent in the two

Table . PFC Response of Cat Peripheral Blood
Leukocytes Following Removal of Cells Reactive with
Antibodies CT87, CT248, and CT8437

trezt?'nLent Experiment 1  Experiment2  Experiment 3
None 251% 370 479
CcT87 539 620 785
CD248 92 75 22
CD843 90 50 30

2 PBL were treated with antibodies and, after washing, were mixed
with sheep RBC coated with G-AMIgG for immune-rosette deple-
tions (“Materials and Methods”).

2 Numbers represent PFC per 1 x 10° cells stimulated with PWM.
Values are the mean of triplicate cultures with maximum variation of
15% PFC between cultures.
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Table lll. IL-2 Production by Cat Peripheral Blood
Leukocytes Following Removal of Cells Reactive with
Antibodies CT87, CT248, and CT843%

tre:tEr;nLent Experiment 1  Experiment2  Experiment 3
None 36° 8 21
cT87 52 23 42
CT248 22 3 7
CT843 10 2 3

2 PBL were treated with antibodies and, after washing, were mixed
with sheep RBC coated with G-AMIgG for immune-rosette deple-
tions.

b 1L-2 units/m! determined as described in “Materials and Methods.”

assays, FACScan analyses of PBL revealed a difference in
cell specificity. As shown in Figure 2 with tests on PBL
from three animals, the percentage of cells stained with
CT843 was markedly greater than that found with CT248;
indeed, the percentage of cells reactive with CT843 approxi-
mated the total number of cells stained with CT248 and
CT87. With PBL from 10 animals, the percentage cells
stained with CT843 was 66.5 (SE * 4.3; range 39-85); the
percent reactive with CT248 was 42.2 (SE + 2.4; range
30-53); and the percentage stained with CT87 was 26.9 (SE
+ 3.5; range 14-44).

immunoprecipitation and SDS-PAGE Analysis
of Antigens Recognized by Monoclonal Antibodies
CT843, CT87, and CT248. The functional and quantita-
tive data presented above would suggest that antibody
CT843 was reactive with all T lymphocytes in PBL, and
antibodies CT87 and CT248 were identifying the CD8 and
CD4 T-cell subsets, respectively. The selected hybridomas
were subcloned and the resulting monoclonal antibodies
were analyzed for their reactivity to surface membrane pro-
teins on blood lymphocytes. PBL were surface-labeled with
1251 using Todogen, and the membrane antigens were solu-
bilized with buffer containing Triton X-100. Immunopre-
cipitation was performed with each monoclonal antibody or
control mouse IgG, and the radiolabeled precipitates were
analyzed under nonreducing and reducing conditions by
SDS-PAGE and autoradiography. Figure 3 reveals that
CT248 immunoprecipitates an antigen that migrates at M,
~60 kDa under both nonreducing and reducing conditions.
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Figure 2. FACScan histograms of PBL from three cats (A—C) following immunofluorescent staining with CT843, CT248, and CT87.

Under reducing conditions, CT87 immunoprecipitated one
band with an M, of ~35 kDa; the high background of the
Control lane precludes clear resolution of a second band at
~39 kDa. Under nonreducing conditions, the band was not
well visualized, possibly because it was not appreciably
Ieleased from the antigen-antibody-agarose bead complex.
Monoclonal antibody CT843 immunoprecipitated a hetero-
dimer of M, ~70 and ~60 kDa under both reducing and
honreducing conditions.

Rosettes and Monoclonal Antibody Corre-
lates. We had suggested in an earlier study that monoclo-
Nal antibody CT87 was specific for CD8 cells based on
Inhibition of GE- but not GPE-rosette formation after treat-
ment of PBL with this antibody (9). Rosette inhibition tests
were performed with monoclonal antibodies CT248 and
GPE because the latter was found to bind to cells expressing
a helper function. As shown in Table IV, whereas pretreat-
Mment of PBL with monoclonal antibody CT87 specifically
Inhibited GE rosette formation, monoclonal antibody
CT248 did not alter rosette development with either GE or
GPE. Not shown in this table are similar rosette inhibition
Studies with monoclonal antibody CT843, the presumptive

pan-T antibody; neither GE- nor GPE-rosette formation was
blocked by this antibody. We had reported previously that
PBL cultured overnight have shown a significant increase in
the percentage of GPE-rosetting cells, and the in vitro tests
have indicated these cells also to express a helper function.
Aliquots of PBL from the same animals were cultured over-
night and the cells were treated with monoclonal antibody
CT248 for rosette inhibition; the percentage of GPE- and
GE-rosetting cells did not differ from the controls (data not
shown in Table IV).

While an overnight culture of PBL yields an increased
percentage of GPE-rosettes, there is little or no change in
GE-rosetting cells. Therefore, FACScan analyses were per-
formed with monoclonal antibodies CT248 and CT87 on
cultured PBL to determine whether there was any correla-
tion with the percentage of cells stained and those rosetting
with GP and G E, respectively. As shown in Table V, the
percentage of GE-rosetting cells showed an excellent cor-
relation to the percentage cells stained with monoclonal
antibody CT87; the correlation between GPE-rosetting cells
and staining with monoclonal antibody CT248, however,
was not consistent, e.g. tests on PBL from two animals, nos.
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Figure 3. SDS-10% PAGE analysis of ?®|-labeled feline PBL im-
munoprecipitated with mAbs. Feline PBL were labeled with '25I,
solubilized, and immunoprecipitated with mAbs or control normal
mouse [gG as described in “Materials and Methods.” Immunopre-
cipitated proteins were solubilized with 3% SDS sample buffer and
analyzed under nonreducing (lanes 1—4) and reducing (lanes 5-8)
conditions on SDS-10% PAGE slabs that were then dried and auto-
radiographed. Lanes are as follows: 1 and 5, mAb CT248; 2 and 6,
mAb CT87; 3 and 7, mAb CT843; 4 and 8, normal mouse 1gG (con-
trol). Molecular weight markers in kilodaltons are indicated along the
right margin.

Table IV. Rosette Formation of Blood Leukocytes
with GE is Inhibited by mAb CT87, Whereas Rosette
Formation with GPE Is Not Inhibited by mAbs CT87

and CT248
Animal Control CT87 treated? CT248 treated?
number GP G GP G GP
Percentage of rosettes
1 22 16 0 21 21 18
2 10 22 0 20 10 24
3 25 32 2 34 22 30
4 33 25 2 20 30 22
5 28 17 1 15 26 17

2 Blood leukocytes ware incubated with the mAb for 30 min in the
cold and, after washing, the cells were reacted with either G or GPE
for rosette development as described in “Materials and Methods.”

1 and 6, showed a marked quantitative difference for these
two markers; 27% vs 47% for no. 1 and 30% vs 45% for no.
2. The differences were verified in repeat tests.

Two Populations of GPE-Rosetting and CD4
Cells in the Cat. Monoclonal antibody CT248, having an
apparent specificity for the CD4 subset, permitted an ex-
amination of the relationship of this antibody to the two
GPE-rosetting populations, i.e., those present on fresh PBL
and those appearing after an overnight incubation of cells at
37°C, each shown pieviously to contribute to the production
of Ig and IL-2 by PBL following stimulation with the
Jectins. GPE rosette depletions were performed on PBL on
Day 0, i.e., the day of collection, and on anothegraliquot of
the same PBL that had been cultured overnight, i.e., Day 1.
The GPE rosette-depleted population on each day was
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Table V. Percentage of PBL Reactive with mAbs
CT87 and CT248 by FACScan Analysis Compared
with Percentage of PBL rosetting with G and GPE?®

Animal FACScan analysis Erythrocyte rosetting
Percentage
1 22 27 25 47
2 14 41 14 42
3 7 39 8 34
4 ] 27 10 22
5 26 23 28 26
6 24 30 22 45

2 PBL had been incubated overnight at 37°C before tests.

stained with monoclonal antibody CT248. As shown in
Table VI, removal of GPE-rosetting cells from Day 0 cells
led to only a 17%-37% decrease in the percentage of cells
stained with monoclonal antibody CT248; in contrast, GPE-
rosette depletions of the Day 1 PBL, which showed the
anticipated marked increase of GPE-rosetting cells, led to a
significantly greater loss of cells reactive with CT248, this
ranging from 75%-92% among the five PBL samples
tested.

Discussion

Our original observation on the dichotomy of feline T
cells as revealed through their E-rosetting properties repre-
sents a rather unique finding among mammalian species.
Prior to the development of monoclonal antibodies, GPE
rosettes were used as a pan-T cell marker (6-8), but the
large range in percentages reported for feline lymphocytes
rosetting with GPE suggested the latter cells were not op-
timal for this test, prompting a screening in our laboratory
with E from several species. Thus, the finding of an appar-
ent T lymphocyte distinction demonstrated with GPE-and
GE-rosetting was serendipitous. The helper and suppressor

Table VI. Effect of GPE-Rosette Depletion on Cells
Reactive with mAb CT248

Control Rosette depleted
PBL* GPE MAb GPE mAb
rosettes CT248 rosettes CT248
Percentage
Day 0 28 35 <1 29
11 21 <1 16
10 35 <1 24
15 28 <1 18
22 27 <1 17
Day 1 42 41 <1 6
26 23 1 2
28 41 1 6
27 35 2 9
45 30 <1 5

4 Day 0 indicates PBL were used on day of procurement, and Day 1
indicates PBL were cultured overnight at 37°C in incubator before
testing.



functions attributed to those cells rosetting with GPE and
GE, respectively, were based on quantitative alterations,
Positive or negative, in functional assays resulting from the
removal of the rosetting population from the reaction sys-
tem, i.e., an indirect test. One of the objectives of the present
study was to demonstrate the activity of the E-rosetted cells
by their addition to a reaction milieu, in this instance, the
PWM.-Ig-induced assay through which the helper and sup-
pressor functions were originally identified. The positive
and negative effects shown in Table I by the GPE- and
GE-rosetting cells developed from the schema of Figure 1
afford strong support to our initial study assigning their
respective helper and suppressor activities.

The T lymphocyte specificities of monoclonal antibod-
ies CT248, CT87, and CT843 may be derived from both the
functional assays and biochemical data. The interdependent
relationship of CD4 and CD8 cells in the lectin polyclonal
activation of B and T lymphocytes has been described for
the feline and human (1, 17-19), and the experiments pre-
sented in Tables II and III support the CD4 and CD8 des-
ignations for CT248 and CT87, respectively. The percent-
age distribution of the lymphocyte subsets and the ratio of
cells stained with CT248 and CT87, 1.75 (SE = 0.18; range
1.11-2.92) for 10 PBL preparations, correlate with that
nhoted by others for the feline homologs of CD4 and CD8
and is similar to that reported for man (3, 20, 21). The pan-T
classification of CT843 has been based in part on FACScan
data showing this antibody to recognize the sum total of
cells stained by CT248 and CT87. The average value of
66% lymphocytes stained with this antibody, ranging from
39% to 85% among the 10 animals tested, parallels data
reported by Tompkins ef al. (3) and Dean et al. (20) for this
Species. Although not shown in the text of the present study,
CT843 has stained 94%-100% of thymus cells from five
kittens (8-10 weeks old), whereas CT87 and CT248 have
Stained 70%-85% of cells from this tissue.

Biochemical analyses of the antigens recognized by
antibodies reactive with CD4 molecules or their homologs
in the feline, man, and other species precipitate an antigen
of 55-59 kDa (3, 22-25); this correlates with the protein of
~60 kDa precipitated by monoclonal antibody CT248,
which along with the functional data suggest that CT248 is
identifying the feline CD4 homolog. The CD8 homolog of
Mman and that reported for the feline is a molecule of ~66-71
kDa, composed of two subunits ranging from ~31: to ~38
kDa under reducing conditions (1, 3, 24, 25). In this study,
molecular analysis of the antigen recognized by monoclonal
antibody CT87 under reducing conditions revealed one sub-
unit at ~35 kDa; although a second band could not be
clearly distinguished, the functional studies in Tables II and
III suggest CT87 is also identifying the feline CD8 homo-
log. Of interest is the antigen recognized by monoclonal
antibody CT843, which we have designated as a pan-T an-
tibody. The heterodimer of ~70 and ~60 kDa immunopre-
cipitated by CT843 under both reducing and nonreducing
conditions is to be contrasted to the protein recognized by

the feline pan-T monoclonal antibody reported by Tomp-
kins et al. (3). The latter, noted as antibody 1.572, precipi-
tated a large molecule of ~120 kDa under both reducing and
nonreducing conditions. Antibodies reactive with pan-T cell
molecules of the human and other vertebrates may be found
among the CD2, CD3, and CD5 homologs. Molecular
weight characterization of the polypeptides recognized by
the respective antibodies have ranged from 22 to 28 kDa for
the molecular complexes of CD3, 45 to 58 kDa for CD2,
and 67 to 69 kDa for CD5 (24-27).

The inhibition of GE-rosette formation by monoclonal
antibody CT87 was reported in our initial study describing
the T lymphocyte specificities of GE- and GPE-rosetting
cells. Analogous to the human system wherein sheep RBC
rosette formation with T lymphocytes is blocked by anti-
body to the CD2 complex.(26-28), the CT87 monoclonal
antibody reacts either with the GE receptor itself or with a
closely associated structure; the absence of rosette inhibi-
tion with monoclonal antibodies CT248 and CT843 indi-
cates that the receptors for E (GP) rosetting are different
from the antigenic site(s) to which the antibodies are bind-
ing. Rosette formation with GE also appears to be restricted
to lymphocytes, an observation underscored by the excel-
lent correlation in the percentage of cells stained with
monoclonal antibody CT87 and the percentage of GE-
rosetting cells. The lymphocyte specificity of GE, however,
contrasts to that of GPE where we and others have observed
that a small percentage of monocytes and granulocytes,
when present in PBL preparations, will also rosette with the
latter cells (5, 9, 29); indeed, bone marrow cells have also
shown a high percentage of rosetting with GPE (9). This
lack of cellular specificity and variable expression of the
GPE receptor on lymphocytes (see below) may account for
the differences noted in the FACScan data with CT248 and
the percentage of cells rosetting with GPE.

In a previous study, we had documented the presence of
two populations of GPE-rosetting cells, those present on
fresh Day 0 PBL, and those appearing after overnight cul-
ture of the cells at 37°C, i.e., on Day 1 PBL. Both popula-
tions of GPE-rosetting cells were shown to have a T helper
function in the two in vitro assays used (10). The consis-
tency of the appearance of the second GPE-rosetting popu-
lation and its helper function prompted the suggestion that
we were recognizing two subsets of CD4 cells, one having
the GPE receptor on fresh cells and the second showing the
development of this receptor on another lymphocyte popu-
lation after overnight culture. That the latter was a manifes-
tation of a metabolic process was revealed by inhibition of
the appearance of the GPE receptor on this second popula-
tion when the cells were cultured overnight in the presence
of cycloheximide, a protein synthesis inhibitor (10). The
availability of monoclonal antibody CT248, having an ap-
parent specificity for CD4 cells, permitted us to test the
thesis that the GPE-rosetting procedure was identifying two
subsets of T helper cells. It was speculated that the depletion
of the GPE-rosetting cells from fresh PBL on Day 0 should
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not remove all cells reactive with CT248, the CD4 mono-
clonal antibody. Conversely, GPE-rosette depletions per-
formed on cells cultured overnight, when both populations
of GPE-rosetting cells were present, should remove all cells
reactive with monoclonal antibody CT248. The results of
such an experiment have supported this thesis: GPE rosette
depletions of five PBL preparations on Day O cells left
behind 63%-83% of cells still reactive with CT248,
whereas a similar depletion of the Day 1 PBL, those cul-
tured overnight, showed only 8%-25% of the remaining
cells to be reactive with CT248 (Table VI). That the latter
depletion did not remove all CT248-reactive cells may re-
flect technically incomplete rosette depletion or the pres-
ence of CD4 cells on which the GPE receptor had not yet
developed. The existence of such cells was revealed in an
earlier study when it was observed that following GPE-
rosette depletions of Day 1 PBL cultivation of the remaining
cells for 6 days resulted in the appearance of an additional
small percentage (6%-8% ) of GPE-rosetting cells, indicat-
ing a slow or delayed expression of this receptor on a few
lymphocytes (10). The present study with monoclonal an-
tibody CT248 and GPE rosette depletions supports our
original suggestion of two subsets of CD4 cells identified by
the GPE-rosetting phenomenon. The biologic and immuno-
logic significance of lymphocytes acquiring an E-rosetting
receptor after in vitro culture is yet to be determined; i.e.,
functional differences not readily apparent may exist be-
tween the two subsets of the CD4 cells.

The authors acknowledge the expert technical assistance of Claire
Hagengruber.
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