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Role of y/0T cells in a patient with
CD4+CD3- lymphocytosis,
hypereosinophilia, and high levels of IgE
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Background: CD4*CD3- T cells have previously been shown to
play a pathogenic role in the hypereosinophilic syndrome by
secreting IL-5 and IL-4.

Objectives: The goal of this study was to study the role of
CD4*CD3- and other T-cell subsetsin a patient with
eosinophilia, dermatitis, and a high level of 1gE (100,000
IU/mL) in the serum.

Methods: We isolated PBM Cs and performed flow cytometry,
cell cultures, and in vitro assays of Ig, lymphokine production,
and cell-mediated cytotoxicity.

Results: Flow cytometric and immunohistochemical analysis of
the PBM Csrevealed a major population (consisting of approx-
imately 85% of the CD4* T cells) that lacked expression of
CD3 and T-cell receptors on the cell surface (CD4*CD3-T
cells), but did express CD3 peptidesin the cytoplasm. Activa-
tion of the PBMCsin vitro resulted in a 100-fold greater than
normal release of 1L-4, whereas | FN-y production was less
than normal, suggesting a predominantly type 2 helper func-
tional phenotype of the CD4*CD3- T cells. Importantly, both
CD4-CD8low 1+ T-cell receptor yd+ and CD4*CD3- T cells
were cultured from the PBM Cs. The former secreted | FN-y
exclusively, whereas the latter secreted both IL-4 and | FN-y.
Furthermore, only the T-cell receptor y&* lymphocytes were
cytotoxic to autologous B-lymphoblastoid cells and specifically
inhibited IgE production in cultures of autologous polyclonally
stimulated PBMCs.

Conclusions: The results suggest that CD8'ow V/§1+ T-cell
receptor yd* clones functionally counteract gE-inducing
effects of type 2 CD4*CD3- helper cellsin this patient with
hyper eosinophilic syndrome. (J Allergy Clin Immunol
1998;102:621-30.)
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Many studies have shown that CD4* T cells can be
divided into 2 functionally dichotomous classes on the
basis of their production of lymphokines13 T, CD4* T
cells secrete IFN-y and IL-2 and are chiefly involved in
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Abbreviations used
cpm: Counts per minute
FACS: Fluorescence activated cell sorter
FM: Final medium
HES: Hypereosinophilic syndrome
LCL: Lymphoblastoid B-cell line
PMA: Phorbol 12-myristate 13-acetate
PWM: Pokeweed mitogen
TCR: T-cell receptor

cellular immunity, whereas Ty, cells produce IL-5, IL-4,
IL-10, and IL-13 and induce humoral allergic respons-
es.1-3 Whereas these 2 subsets may normally regulate
each other reciprocally through the activity of IFN-y and
IL-4, the hypereosinophilic syndrome (HES), consisting
of hypereosinophilia and eosinophilic infiltration of the
skin, lung, gastrointestinal tract, and heart, is distin-
guished by a pathological predominance of the T, sub-
set.410 Thus in patients with “idiopathic” HES, a pre-
dominant percentage of CD4* T-cell clones cultured
from the peripheral blood secrete IL-5, the major
eosinophilic growth factor, and several studies haveiden-
tified high levels of secretion of IL-5 in HES accompa-
nying T-cell lymphoma.6-10 [L-4, which drives the differ-
entiation of B cells toward the synthesis and secretion of
IgE, may aso be overproduced and may be involved in
generating the high levels of IgE and asthma seen in
some patients.11-13

Whereas most normal and disease-associated Ty, cells
express the T-cell receptor (TCR) af3 heterodimer and its
signaling element, CD3, on the cell surface, recent
reports indicate that in a subset of patients with HES,
CD4* Ty, cellslack CD3-TCR in the cell-surface mem-
brane because of defective expression of TCR genes
(CD4*CD3- T cells).1415 Whether the effects of these
pathogenic lymphocytes can be influenced by other reg-
ulatory T cells (eg, Ty, CD4* or CD8* lymphocytes) has
not been previously addressed. In this report we have
characterized T cells in a 35-year-old woman with HES
manifesting with sustained eosinophilia, severe dermati-
tis, and strikingly high levels of IgE in the serum. We
found a dominant population of CD4* T cells that lack
expression of the CD3-TCR complex in the patient’s
peripheral blood. Moreover, her PBMCs, when activated,
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FIG 1. Representative FACS analysis of patient and normal PBMCs
(0.5 x 106). Patient and control PBMCs were stained with mAb
OKT4, OKT3, and OKT8 to respective surface antigens. y-axis is
proportional to number of cells, x-axis to logarithmic of the fluo-
rescence intensity (arbitrary units). Numbers indicate percentage
of positive cells after subtraction of background control, consist-
ing of staining with second antibody alone (FITC-conjugated goat
anti-mouse lg). Preliminary experiments determined that isotype
control mAb gave no staining above background.

secreted abnormally high levels of 1L-4 and low levels of
IFN-vy, suggesting that these cells express a T, pattern of
lymphokine secretion. In contrast, cytotoxic CD4-CD8/ow
T-lymphocytes bearing y/d TCR that were cloned from
the patient’s peripheral blood produced IFN-y but not IL-
4 and inhibited IgE secretion in vitro.

METHODS
Patient and control subjects

The patient will be described in detail in a separate study
describing 3 patients with CD4*CD3—related HES (Reshef et al,
manuscript in preparation). Briefly, she is a 35-year-old white
female with severe atopic dermatitis of the hands. The white blood
cell count was 11,500/mms3, with 35% to 40% eosinophils. Blood
chemistry, chest radiography, and abdominal ultrasonogram were
normal. Serum |gs were normal except for extremely elevated IgE
(100,000 1U/mL, normal <100 IU/mL). Controls included normal
donor blood and the patient’s healthy children.

Lymphokine assays

Cells (2 x 106 cellsymL) were incubated in Falcon tubesin RPMI
1640 medium supplemented with 10% FCS (Ta assiot Biologiot,
Beit Ha emek, Israel) and 1% penicillin-streptomycin solution
(Gibco, Grand Island, NY) or in a final medium (FM) preparation
consisting of Iscove’s modified Dulbecco medium with the same
supplements. Activation was achieved by addition of 10 ng/mL
phorbol 12-myristate 13-acetate (PMA) (Sigma Chemica Co, St
Louis, Mo) and 0.5 pg/mL of the calcium ionophore A2318
(Sigma). Lymphokines in supernatants were measured by ELISA
after 48 hours of culture: 96-well microtiter plates were incubated
overnight at 4°C with 100 pL of a2 pg/mL solution of the IL-4 or
IFN-y capture antibody (Pharmingen, San Diego, Calif, or Gen-
zyme, Cambridge, Mass, respectively) diluted in coating buffer
(carbonate buffer pH 9.8) and washed 4 times with PBS, pH 7.2,
plus 0.05% Tween 20. One hundred microliters of diluted standards
(IL-4 or IFN-y from Genzyme) ranging from O to 1000 pg/mL and
of samples was added to the coated wells for 18 hours at 4° C, then
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washed with buffer. One hundred microliters of the detection anti-
body (1 pg/mL of biotinylated anti-human IL-4 [Pharmingen] or
murine anti-human |FN-y [Genzyme]) was added for 1 hour at room
temperature. The plates were washed with PBS plus Tween-20 plus
1% BSA, and 100 pL of detection reagent (peroxidase-conjugated
streptavidin or goat anti-mouse antibodies, respectively, in PBS plus
0.05% Tween-20) was added for 15 minutes at 37° C, followed by
3 washes. Substrate (tetramethylbenzidine) solution was added for
10 minutes. The reaction was stopped with 4N H,SO, and the OD
at 450 nm of the wells was determined by ELISA reader. Concen-
trations were extrapolated from the standard curve constructed from
known concentrations of the lymphokines.

Determination of T-cell antigens

PBMCs were isolated from heparinized blood by Ficoll-
Hypaque density centrifugation.6 To detect surface membrane anti-
gens, 0.5 to 1 x 106 cells were spun down in 5 mL glass tubes in
PBS. Resuspended pellets were stained with mAb directly conju-
gated with fluorochromes or with saturating concentrations of pri-
mary murine mAb at 4° C for 30 minutes and washed twicein PBS
plus 0.2% sodium azide. FITC-conjugated goat anti-mouse |g
F(ab’), fragment of antibody (Jackson ImmunoResearch Laborato-
ries, Inc, Westgrove, Pa) was added for 30 minutes at 4° C, and the
cells were washed twice, resuspended in 0.5 mL of PBS, and ana-
lyzed on an Epics profile Il Coulter Electronic fluorescence activat-
ed cell sorter (FACS) as described previously.16 For dual color stain-
ing the cells were incubated with appropriate combinations of FITC
or phycoerythrin-conjugated primary mAb. Immunocytochemical
studies were performed by the immunoalkaline phosphatase tech-
nique: Slides of the cytocentrifuged cells were fixed in cold acetone,
then stained with mAb to the respective antigens. Rabbit anti-
murine 1g and immunoalkaline phosphatase complex were added,
and color was developed with naphthol ASMX phosphate plus fast
red TR salt. mAbs used in these procedures were anti-CD3, anti-
CD4, anti-CD8 (from Becton-Dickinson, San Jose, Calif) or from
hybridomas OKT4, OKT8, and OKT3. Anti-CD5, anti-CD2, and
mAb UCT3 (anti-CD3) were purchased from Dakko Co, Glostrup,
Denmark. mAb TCR01 (directed against constant region of TCRd
chain [C3]) was kindly provided by M. Brenner (Harvard Medical
School, Boston, Mass). BMA031 (specific for TCRaf) was pur-
chased from T-cell Sciences (Cambridge, Mass). mAb against Vo1
(mAb A13) and Vo2 (mAb BB3) were kindly provided by Dr L.
Moretta (Instituto Nazionale per la Ricerca sul Cancro, Genoa,
Italy).16 Directly conjugated mAb (anti—-CD3-PE and anti-CD3-
FITC, anti-CD4-FITC, and anti—-CD8-PE) and their isotype-
matched negative controls were purchased from Becton-Dickinson.

Cultures of T cells

Cultures were maintained in a humidified atmosphere incubator
containing 7% CO, at 37° C; 0.5 to 1 x 106 PBMC/well were placed
in 12-well tissue culture plates (Costar) in FM. Recombinant IL-2
(100 1U/mL, proleukin, Chiron, Amsterdam) was added twice
weekly. Residual CD4* cells were removed from growing cultures
by incubating the cells at 4° C on anti-CD4—coated platesfor 1 hour.
Nonadherent cells were removed by pipetting and replaced in cul-
ture. Cloning of the cultured cells was performed by limiting dilu-
tion and seeding in round-bottomed 96-well microtiter plates con-
taining irradiated “feeders’ (2000 rad, autologous freshly isolated
PBMC, 50,000 cells/well). These were replaced by irradiated (7000
rad) cells of an autologous lymphoblastoid B-cell line (LCL)
derived by EBV transformation of B cells in the PBMCs, which
were subsequently added to the wells every 10 days. An alogeneic
LCL was prepared from the PBMCs of an unrelated patient.
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FIG 2. Detection of CD4+CD3- T cells in patient PBMCs. Patient and normal PBMCs (from 3 of the patient’s children) were stained simul-
taneously with anti-CD4 conjugated with PE (vertical axis) and anti-CD3 conjugated with FITC (horizontal axis). Numbers show percent-
age of CD4+CD3-, CD4+CD3+, and CD3+CD4~ subsets in left upper, right upper, and right lower quadrants, respectively. Staining with
matching negative controls (irrelevant murine lg) conjugated with respective dyes yielded homogeneous population of cells clustering in

left lower quadrant (not shown).

TABLE I. Antigens on cell surface of patient PBMCs

Percentage of cells per patient

Percentage of cells

Antigen (range, 4 determinations) (mean, 3 normal donors)
CD2 79-82 76
CD5 80(n=1) 72
CD4 59-73 48
CD8 2.9-175 20
CD3 6.3-16.3 65
TCRaf 7-15 60
TCRyd 0.8-3.8 3
CD20 1-5 8
Cytotoxicity 1.5t0 100 pg/mL were added. 1sotype-specific a kaline phophatase-

Assays were performed as previously described.16 Target cells
(106) were labeled with 0.1 to 0.2 mL of Nay»1CrO, (Amersham,
International, Buckinghamshire, UK) for 1 hour, washed 3 times of
free radioactive salt, and placed (4000 cells per well) in round-bot-
tomed 96-well microtiter plates. Effector cells were added at vari-
ous effector:target ratios in FM to a volume of 200 pL/well. Plates
were centrifuged (1000 rpm) for 5 minutes and placed in the humid-
ified incubator for 4 hours. Supernatant (100 pL/well) was analyzed
on agamma counter. Percentage of specific cytotoxicity was calcu-
lated by using the mean of triplicate experiments: [experiment
(counts per minute [cpm]) — spontaneous release (cpm)] x 100 /
[total counts (cpm) — spontaneous release (cpm)]. Spontaneous
release = cpm released in the absence of effector cells; total counts
= cpm released after lysis of the targets with triton 1% solution;
experiment = target + effector cells.

Ilg production

Freshly isolated PBMCs (1 to 2 x 10°) were cultured for 8 days
in plastic tubes (Elkay Products, Boston, Mass) in atotal volume of
1to 2 mL of FM containing a 1:100 dilution of pokeweed mitogen
(PWM) (Sigma). Cultured lymphocytes were added as indicated in
the respective experiments. Cell-free supernatants were removed
and frozen at —80° C. Assays of 1gG were performed by ELISA.
Plates were coated with 1 pg/mL of isotype-specific capture anti-
body [mouse anti-human IgG (Jackson)]. One hundred microliters
per well of the diluted supernatants and |gG standard ranging from

conjugated antibody (2 pg/mL, Sigma) served as detection reagent.
Phosphate substrate (Sigma) was added followed by OD determina-
tion at 405 nm and calculation of concentrations from the standard
curve. IgE was measured with a modified ELISA kit from Elias
(Freiburg, Germany).

RESULTS
CD4+CD3-T cells in peripheral blood

FACS analyses (n = 4) revealed that despite normal
percentages of expression of the pan—T-cell markers CD2
and CD5 (as well as of CD4 and CD8) in the patient’s
PBMCs, only 6% to 17% expressed the TCR-associated
CD3 molecule or TCRaf (Table | and Fig 1). Dual-color
immunofluorescent staining confirmed that whereas as
expected, more than 92% of the CD4* T cells of the con-
trol subjects (3 of the patient’s normal children) coex-
pressed CD3, only 14% of the patient’s CD4* cells coex-
pressed CD3 (CD4*CD3*) indicating that the vast major-
ity (86%) are CD3 negative (CD4*CD3") (Fig 2). Fur-
thermore, immunocytochemical analysis of cytocen-
trifuged acetone-fixed PBMCs showed that consistent
with the low percentage of CD3* T cells reveded in the
FACS analysis, only approximately 15% of the patient’s
PBMCs were strongly stained by anti-CD3 (Fig 3). A
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FIG 3. Intracellular CD3 in PBMCs. Cytocentrifuged, acetone-fixed
PBMCs from patient (P) and normal (N) individual were stained
with mAb to CD3 and photomicrographed (x400). Only a small
number of patient cells (approximately 15% per high power field)
are strongly stained in a manner resembling that of normal lym-
phocytes, but weak perinuclear intracytoplasmic staining of
many of the patient’s cells (approximately 80% of cells per high
power field) is noted.

weak but definite staining could, however, be detected in
a perinuclear distribution in the cytoplasm of approxi-
mately 80% of the PBMCs (Fig 3). Taken together, these
results indicate that the large majority of the patient’s
peripheral blood CD4* T cells express the unusual
CD4*+*CD3- phenotype that has previously been associat-
ed with HES.14.15

Abnormally high levels of IL-4 produced by
patient PBMCs

We next examined production of IL-4 and IFN-y, lym-
phokines characteristically secreted by either Ty, or Tyyp
cells, respectively.1.2 Patient and control (n = 7) PBMCs
were cultured for 48 hours either in medium aone (rest-
ing cells) or in medium plus PMA and a calcium
ionophore (activated cells), and concentrations of the
lymphokines in the supernatants were measured (Fig 4).
IFN-y levels were low in the supernatants of resting nor-
mal PBMCs and could not be detected in the patient’s
supernatants (42 + 60.8 pg/mL [normal] vs O pg/mL
[patient]). Activation markedly enhanced IFN-y secre-
tion, but the normal supernatants contained higher levels
of IFN-y than those of the patient (22,026 + 3420 pg/mL
[normal] vs 7390 pg/mL [patient]). In contrast, IL-4 lev-
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els were dlightly higher in supernatants of the patient’s
resting PBMCs (165 pg/mL vs 25 + 35.5 pg/mL in the
normal control subjects). Moreover, and most strikingly,
IL-4 concentration was approximately 100-fold higher in
the supernatants of the patient’s activated PBMCsthanin
the normal control subjects (124,206 pg/mL vs 956 +
907 pg/mL in the normal control subjects).

T-cell lines derived from PBMCs

To establish cell linesfrom patient T cells, the PBMCs
were cultured in medium containing recombinant IL-2
(100 U/mL) on 2 occasions. Asillustrated in Fig 5, A, in
experiment 1 (ex-1), the percentage of CD4* T cells in
the cultures diminished after 2 weeks, whereas that of
CD3* cells increased. Simultaneously, TCRyd" cells
expressing the Vo1 gene product in the TCR structure,
which consisted of only 0.8% to 3.8% in the PBMCs
(Table 1), increased and formed the mgjority of the cells
in the cultures after 4 weeks (Fig 5, B). In contrast, the
number of cells expressing TCRaf decreased (Fig 5, B).
These cultures were further purified by panning on anti-
CD4—coated plastic wells, and the resulting cell line (ex-
1) contained less than 2% CD4* T cells and more than
90% TCRyd" T cells (Fig 6, A). Limiting dilutional
cloning of ex-1 yielded 4 stable CD4-CD8lov CD3*
VO1*TCRyd* clones (Table I1) represented in Fig 6, C by
clone B7C. In contrast to the emergence of a predomi-
nant TCRyd&" population from the PBMCsin ex-1, a sec-
ond experiment (ex-2) with identical culture conditions
yielded a cell line (ex-2) expressing a uniform
CD4*CD3- phenotype, with no outgrowth of the TCRyd
cells (Fig 6, B). Although limiting dilutiona cloning of
these cells did not yield any stable clones, the ex-2 cells
continued to express a stable CD4+CD3- phenotype.

Functions of patient-cultured T cells

We next compared the functions of the CD4*CD3-
and the TCRyd" cells.

IL-4 and IFN-y production. As shown in Fig 7, cells
cultured in medium alone did not secrete these lym-
phokines spontaneously. After stimulation with PMA
and calcium ionophore only, the CD4*CD3- ex-2 cells
(Fig 6, B) secreted a substantial amount of IL-4, where-
as activated CD4-CD8'ov TCRyd* clonesA4B, B7C, and
AB12 did not secrete measurable amounts of this lym-
phokine. However, activated A4B and AB12 cells did
secrete high levels of IFN-y, and clone B7C and ex-2
cells secreted low and intermediate levels of this
cytokine, respectively.

Cytotoxicity. As shown in Fig 8, A, yo clones B7C,
A6A, and AB12 were all cytotoxic to K562 cells. In addi-
tion, at a 25:1 killer:target ratio, clones A6A and B7C
were weakly but significantly cytotoxic to an autologous
LCL (Fig 8, B). Moreover, clone AB12 exhibited high
levels of killing against the autologous LCL at both low
and high killer:target ratios (Fig 8, B). In contrast, killing
of alogeneic LCL by all 3 yd cloneswas weak or absent.
The CD4*CD3- ex-2 cells were devoid of any cytotoxic
activity against K562 or the LCL (Fig 8, A and B).
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FIG 4. Cytokine production by PBMCs. IFN-y and IL-4 (pg/mL) measured by ELISA in supernatant of 2 x 106 patient and normal control (n
= 7) fresh PBMCs cultured for 48 hours in 2 mL medium alone (resting) or medium containing 10 ng/mL PMA and 0.5 pg/mL of A2318
calcium ionophore (Sigma) (activated). Bars represent mean + 1 SD of measured concentrations.
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FIG 5. T-cell subsets in cultures of patient PBMCs in experiment 1. T cells were removed from wells containing patient PBMCs after cul-
ture in medium plus IL-2 for time periods indicated on abscissa. Percentage of cells expressing each indicated surface antigen was record-
ed after FACS analysis of cells labeled with mAbs OKT4, OKT3, and OKT8 to corresponding antigens indicated in A and with mAbs
BMAO031 (anti-TCRap), TCRd1(anti-TCRyd), A13 (anti-V31), and BB3 (anti-V32) to respective antigens indicated in B. Four-week culture was

stained only with TCR31 and BMAO031.

Ig production. To determine the effect of the
CD4*CD3- and the TCRyd" T cells on the secretion of
IgE by autologous B cells (consisting 1% to 5% of the
PBMCs, Table 1), freshly isolated PBMCs (2 x 109) of
the patient and of 3 normal individuals were triggered
with PWM, and concentrations of IgE were measured in
the medium after 8 days of culture. Although IgE was
nondetectable in the supernatants of the normal individ-
uals (not shown), as can be seen in Fig 9, A, 1.15 + 0.8
IU/mL of IgE were detected in the supernatant of the
patient’'s PWM-activated PBMCs, and adding graded
numbers of cellsfrom the CD4*CD3- ex-2 culture (Fig 6,
B) to the PBMCs enhanced the secretion of IgE non-

significantly. In contrast, adding TCRy&" ex-1 T cells
(Fig 6, A) significantly inhibited IgE secretion in a dose-
dependent manner. In a second experiment, cells of yd
clone AGA (Table Il) were added to the PWM-stimul ated
PBMC, and IgG as well as IgE were measured in the
supernatants. As shown in Fig 9, B, IgE was decreased,
whereas 1gG was increased in the presence of the yd
clone. These results demonstrate that the suppression
induced by the yd T cellsis specific for the IgE isotype.

DISCUSSION

This analysis of T cells in the peripheral blood of a
patient with severe dermatitis, hypereosinophilia, and
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FIG 6. Antigens expressed on selected cell lines from patient’s cultured T cells. Representative FACS analysis of A, CD4-CD3+TCRyd* T
cells derived in experiment 1; B, CD4+CD3- cells, derived in experiment 2; C representative ydclone (clone B7C, see Table Il) derived from

experiment-1 culture.

very high IgE in the serum revealed 4 major findings.
First, the predominant T-cell population in the PBMCs
expresses a CD4+*CD3-TCR- phenotype. Second, in
vitro activation induces abnormally high secretion of
IL-4 by the patient’s lymphocytes. Third, CD4-CD8low
VO1*TCRyd" cells and CD4*CD3- T cells could be
expanded from the patient’s peripheral blood. Finally,
the former cells secrete IFN-y exclusively of 1L-4 and
inhibit IgE secretion by autologous B cells.

Our results support the previous data indicating alink-
age between lymphoproliferations of cells bearing the
CD4*CD3- phenotype and HES.141517 CD4+*CD3- lym-
phocytes can be detected in normal thymus, where they
differentiate from CD3-CD4-CD8- thymic precursors
and subsequently mature into CD3*TCR*CD4* or
CD3*TCR*CD8* T cells.18 Although such cells are

rarely found in normal adult peripheral blood (Fig 2), in
some patients with HES or cutaneous T-cell leukemia,
individual CD4+*CD3- cells with clonal rearrangements
of TCRpB gene or TCRy genes expand to comprise a
major proportion of the peripheral blood lympho-
cytes. 141519 A|ternatively, as briefly reported by Schan-
dene et all” and confirmed in the case described in this
report (data not shown), the CD4*CD3- T cellsin HES
proliferate polyclonally, as inferred by the inability to
detect a monoclona rearrangement of TCR genes in the
peripheral blood by Southern blot analysis. The finding
of CD3 components in the cytoplasm of the cells in our
patient (Fig 3) and in previously described cases, cou-
pled with the absence of mMRNA of TCR genes in the
cytoplasm, suggests that the lack of expression of TCR-
CD3 complexes on the surface membrane of CD4*CD3-
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FIG 7. IL-4 and IFN-y production by cultured T cells. A4B, B7C, and AB12 ydclones and CD4+CD3- ex-2 cells were removed from 24-well
tissue culture plates in which they were maintained in IL-2 containing medium and washed; 0.5 x 106 cells were placed in plastic tubes
in 0.5 mL of fresh FM alone (white bars) or in fresh FM containing 10 ng/mL PMA and 0.5 pg/mL of A2318 calcium ionophore (Sigma)
(black bars). Concentration of cytokines in cell-free supernatants was measured after 48 hours of culture. Bars represent mean = 1 SD of

triplicate cultures.

cells is the result of abnormal expression of TCR genes
rather than of genes encoding CD3 peptides.1519

In accordance with the previously suggested concept
that CD4+*CD3-T cellsin HES are Ty, lymphocytes that
secrete |IL-5 alone or IL-5 as well as IL-4, we found an
approximately 100-fold above normal production of IL-4
by the patient’s activated PBMCs, of which approxi-
mately 67% are CD4*CD3- T cells (Fig 2, A and Fig
4).141517 Coupled with the low level of production of
IFN-y (Fig 4), it is reasonable to assume that an imbal-
ance in the production of lymphokines, including high
levels of IL-4 and perhaps other factors (eg, 1L-13) con-
tributed by the CD4*CD3- cells, may play a role in
inducing and maintaining the high levels of IgE in the
patient’s serum (Fig 4).2312 A preliminary experiment in
our laboratory has in fact demonstrated that removal of
the patient’s CD4* T cells, the vast majority of which are
CD3-, but not of her CD3* cells (including TCRap* and
TCRYy®d' cells) before triggering with PWM, reduced IgE
levels measurable in the supernatants by 67% (data not
shown). In this context it is of interest that 1L-4 and IFN-
y were found in more or less equivalent amounts in
supernatants of activated cells from cultures containing
more than 90% CD4*CD3- T cells (line ex-2, Fig 6, B,
and Fig 7). This suggests that the pattern of lymphokines
produced by CD4*CD3-T cellsis altered during in vitro
culture, possibly by factors in the culture medium
(including 1L-2). Together with the report of Schandene
et a, indicating that IFN-a downregulates IL-5 produc-
tionby CD4+*CD3-T cellsin vivo and in vitro, the results
suggest that both the IL-5 and IL-4 lymphokines secret-
ed by these Ty, cells are susceptible to manipulation by
exogeneously administered lymphokines.14.17

Although CD4*TCRafB* Ty, lymphocytes are the
major subset of T cells responsible for the activation of B
cellstoward the production of IgE, recent studies suggest
arolefor ydT cellsin controlling 1g production.20-25 This
subset of T cells comprises approximately 4% of the T
lymphocytes in the peripheral blood in normal individu-
als.24 The mgjority of yd T cells in the peripheral blood
in normal individuals use the Vy9(2) gene segment in

TABLE Il. y3 T-cell clones derived from patient PBMCs

TCRyd Va1 V&2 CcD8 CD4
A4B + + - low -
AB12 + + — low -
AB6A + + — low -
B7C + + — low -

Antigens expressed by clones indicated in far left column. For representa-
tive FACS analysis see Fig 6, C.

conjunction with V&2 in the y and  chains of the TCR,
respectively, and recognize nonpeptidic microbial
derived antigens through Vy9(2).26 Although most yd
clones do not express CD4 or CD8, CD4+ TCRyd clones
have been isolated and were shown to secrete IL-4 and
help B cells to secrete IgE.21.24 Furthermore, CD4* yO T
cells are increased in bronchial tissue in alergic asthma,
and yd T cells are decreased in the peripheral blood of
patients with allergic manifestations and asthma.2223 On
the other hand, yo T cells expressing the Vo1 gene seg-
ment are normally predominant among intraepithelial
lymphocytes in mucosae and are less frequent than V 62+
yO T cells in peripheral blood of normal individuals.2?
Vo1t ydT cellsusualy do not express Vy9(2), are found
in the postnatal thymus, and may form the predominant
yd population in the periphera blood in chronic inflam-
matory diseases.27-30 Recent studies have ascribed this
preferential expansion to the fact that the Vo1t yo T cell
subset specifically becomes activated by B cells activat-
ed in the patients.3! This suggests that interactions with
autologous B cells (possibly IgE secretors activated by
CD4+CD3- cells) may have led to the activation of V&1*
yO T cellsin the patient and therefore to their preferential
expansion in vitro under the influence of IL-2, as
observed in ex-1 (Fig 5).

The yd cells that were derived from the patient’s
peripheral blood expressed low levels of CD8 (Table Il
and Fig 6, C) and secreted IFN-y (Fig 7). Interestingly, in
a murine model, it has been demonstrated that adminis-
tration of aerosolized antigen activates |FN-y secreting
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FIG 8. Cytotoxicity assays. A, Killing of 51Cr-labeled cells of K562 line. Specific cytotoxicity in 4-hour killing assays by B7C, A6A, and AB12
yd clones and by experiment-2 line as indicated in diagrams. Results are means of triplicate experiments at indicated killer/target ratios.
B, Specific cytotoxicity of yd T-cell clones and of experiment-2 cells as indicated within each diagram against autologous (black squares)
and allogeneic (white squares) LCL. *Results in which mean experimental 5'Cr release is greater than 3 SD above mean of spontaneous

release.32

CD8*TCRYyd" cellsthat inhibit the IgE secretion induced
by CD4* TCRaop*Ty, lymphocytes.32 That the patient-
derived yd cells can function as IgE suppressors in a
manner analogous to CD8* yd cells described in this
murine model was demonstrated by the experiments in
which we showed that the addition of patient yd cells to
autologous PWM-activated PBMCs, containing large
amounts of CD4*CD3- |L-4—secreting cells, dramatical-
ly decreased the concentration of IgE in the culture
supernatant (Fig 9, A). It should be noted however, that in
these experiments, yd cells were added in excess of their
relative number in the PBMCs, suggesting that such
inhibitory effects in vivo would only be expected to

occur in microenvironments where similar ratios of ydto
CD4*CD3- cells might exist. Studies by Hyjek et al,32
showing that interactions between Vo1t TCRyd' cells
and B cellsinduce IFN-y secretion by the former, togeth-
er with the results showing that the V&1+ TCRyd" cells
from the patient produce IFN-y when they are activated,
suggest that this cytokine may be involved in the sup-
pression of the IgE response and the concomitant aug-
mentation of 1gG secretion (Fig 9, B), although other
cytokines such as|L-12 may also beinvolved.3 Given the
cytotoxic function of the V1 TCRyd" clones (Fig 8), it
is tempting to speculate that interactions between IgE
expressed in the cell membrane of B cellsand high-affin-
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FIG 9. Ig production effect of yd T cells. A, Concentrations of IgE in
cell-free supernatants of 4 x 106 freshly isolated patient PBMCs
cultured in 2 mL FM plus PWM (1:100) for 8 days alone or were
cocultured with increasing numbers of the CD4+CD3- experiment-
2 cells or CD3+TCRyd+ experiment-1 T cells depicted in Fig 6, A and
B. Results are given as mean + 1 SD of triplicate (for 0 cells added)
or mean of duplicate experiments. *Statistically significant differ-
ence (P < .05, ztest) compared with mean in the absence of added
cells. B, PBMCs (1 x 108 cells per culture in 1 mL of FM plus 1:100
dilution of PWM) were cultured for 8 days alone or with 1 x 106
cells of ABA V31+TCRyd* clone (Table IlI). IgE (IU/mL, y-axis on
right) and IgG (mg/mL, y-axis on left) were measured in cell-free
supernatant after 8 days of culture. Bars indicate mean = 1 SD of
concentrations of Ig.

ity Fce receptors that consist part of the TCR-CD3 com-
plex in some yd clones could also contribute to the sup-
pression of IgE by directing the clones to kill IgE-pro-
ducing B cells.33 The ability of the CD8+Vd1* TCRyd*
clones to kill autologous LCL also suggests that the
patient’s CD8'owV/ 31+ TCRyd* clones play an important
roleinimmune surveillance against virally transformed B
cells in this immunocompromised patient (Fig 8). Previ-
ous studies have shown, both in normal individuals and in
patients with AIDS, that the killing of LCL by CD8*Vd1*
TCRyd&" clones occurs through recognition of idiotypic
components of Ig in the B-cell membrane, of the CD48
surface molecule, or of antigens preferentialy expressed
on the activated B cells.31,34-37

In summary, our results suggest that interactions
among Vo1t TCRyd T cells, CD4*CD3- T cells, and B
cells may have important implications for IgE regulation
and immune protection in patients with HES-associated
CD4+CD3- lymphoproliferative disorders. Maost impor-
tantly, despite the low number of V&1* TCRyd T cellsin
the peripheral blood, such cells can be expanded in vitro
and have been shown in this report to have functional
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properties consistent with a potential to downregulate the
detrimental effects of T, cells in these patients. Thus
although at present there are no data to indicate that the
ydcells are influencing disease progression in the patient,
studies of the role of these IFN-y producing regulatory
Vo1t TCRyd" T-lymphocytes appear to be justified for
further understanding and, perhaps, controlling HES.
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