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Abstract

The low-affinity Fc receptor for IgE, CD23/FceRII, has been expressed in T
cell lines and pathologic T cells, but its presence on normal human T cells is still
debated. We studied the expression of CD23/FceRII on purified T cells from
normal peripheral blood mononuclear cells (PBMC) or tonsil T cells stim-
ulated with 10 pg/ml phytohemagglutinin A (PHA) or phorbol-"?myris-
tate-'3acetate (PMA) Ca®*. Using two-dimensional flow cytometry, the tonsil
T-cell-enriched population showed >10% of CD23/FceRII expression when
coexpressed with the CD3 antigen. CD4+4 T cells appear to be principally in-
volved in the expression of CD23/FceRII, although we were unable to detect a
clear expression of CD23/FceRIIl in PBMC that were activated with either
PHA or PMA Ca?*. PHA stimulation resulted in the release of IgE binding fac-
tor (IgEBF). The induction of CD23/FceRII expression in PHA- and PMA-
Ca?*-activated T cells was enhanced by IL-4, but not by IgE or IL-6. IL-4 also
augmented the PHA- and PMA-Ca?*-induced release of [gEBF. The addition
of supernatant from the Epstein-Barr virus (EBV)-infected cell line to PHA-
or PMA-Ca®*-stimulated tonsil T cells did not increase CD23/FceRII expres-
sion. The expression of CD23/FceRII mRNA was detected in RNA prepared
from a tonsil T-cell-enriched population by Northern blot analysis.

®esscvssscssesssscrees

antigen that was originally described as a B-cell-restricted
activation antigen that is present at high levels on Epstein-

T cells that express the low-affinity IgE receptor, Barr virus (EBV)-transformed lymphoblastoid cell lines
FceRII, have been identified in the regulation of IgE syn-  [9-12]. The presence of FceRII on normal human T cells is
thesis in vitro both in rodents [1], as well as humans [2,3].  somewhat controversial [4, 13-16]. In initial studies, ro-
Recently, CD23 has been cloned [4-6] and found to be sette analysis demonstrated low FceRII/CD23 expression
identical to FceRII [7, 8]. FceRII/CD23 is a 45-kD surface  on T cells [11, 13]. A study by Nagai et al. [17] also found
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that T cells from patients with Kimura disease reacted
with anti-FceRII monoclonal antibodies (MAbs). Prinz et
al. [18] observed that T cells stimulated with phytohemag-
glutinin A (PHA) or antigen express FceRII. A detectable
level of FceRII/CD23 expression has also been reported in
HTLV-I- and HIV-I-transformed T cells [19, 20]. These
cells clearly react with anti-FceRII MADb [21]. Recently, a
study by Kawabe et al. [22] showed that cells stimulated
with PHA in the presence of IL-4, express FceRII/CD23.
Thus, it is clear that in certain conditions human T cells
can synthesize and express FceRII/CD23. In studies where
lower levels of FceRIT/CD23 expression were observed on
normal and activated T cells, it remains unclear whether
FceRII/CD23 was produced by T cells or acquired by the
absorption of a soluble FceRII/CD23 fragment.

In addition, studies have described FceRII/CD23 T cell
lymphoma [23] and T cell lines [7], and a surface CD23 T
cell hybridoma which secretes soluble FceRII/CD23 [24].
In this study, we examined whether normal tonsil and pe-
ripheral blood (PB) T cells express FceRII/CD23 in re-
sponse to mitogen stimulation, and we also examined the
nature and mechanism of FceRII/CD23 expression.

Patients and Methods

IgE myeloma protein (provided by Dr. K. Ishizaka, La Jolla.
Calif., USA) was isolated from the scrum of an E myeloma patient by
methods previously described [25]. The purity of the preparation was
>99.7%. MHM6, a mouse MAb anti-human FcgRII/CD23 pur-
chased from Immunotech (San Francisco, Calif.. USA), was used at a
working dilution of 1:20. An EBV B ccll lymphoblastoid, RPMI-8866,
which expresses nearly 95% of the FcgRII/CD23 receptor on its sur-
facc, served as a positive control for FceR1I/CD23 expression. Anoth-
er anti-human FcgRII/CD23 MADb, termed H-107, (provided by Dr. J.
Yodoi, Kyoto, Japan), was also used to check FceRII/CD23 expres-
sion.

Fluorescent isothiocyanate (FITC)-conjugated goat anti-mousc
immunoglobulin was uscd for indirect immunofluorescence (Tago,
Burlingame, Calif., USA). MAbs termed Leu 2 (CDS8), Leu 3 (CD4),
Leu 4, and Leu 12 (CD19) were purchased from Becton Dickinson
(Mountain View, Calif., USA). The OKT3 preparation utilized was
an IgGl fraction of ascetic fluid (Ortho Diagnostic, Raritan, N.J.,
USA). Specifically purified goat anti-mouse IgG antiserum (anti-
MGG) was purchased from Ortho Diagnostic.

Antigens and Interleukins

PHA and phorbol-"myristate-"acetate (PMA) were obtained
from Sigma (St.Louis, USA). Human intcrlcukin-2 (IL-2) was uscd
to stimulate T cells (Electronucleonics, Silver Spring, Md., USA).
There was no detectable interferon-y or PHA in the IL-2 prepara-
tion. Recombinant 1L-4 and 1L-6 (Amigen, San Dicgo, Calif., USA)
were used in the cell cultures at a concentration of 10 U/ml of 1L-4
and 100 U/ml of IL-6, respectively.

Cell Preparation

Periphcral blood mononuclear cclls (PBMC) were obtained from
the heparinized venous blood of ten normal subjccts and from tonsil
tissuc that was gently teased. The PBMC were isolated using a Ficoll-
Hypaque gradient (Pharmacia, Uppsala, Sweden).

The PBMC were separated into a T-cell and a B-cell-enriched
population by rosettc formation with aminoethylisothiuronium-
trcated sheep erythrocytes [26]. The erythrocytes were lysed with buf-
fered 0.87% NH,CI, and the T cells were recovered from pellets con-
taining rosctte-linked cells. There was no detectable B cell contam-
ination of the depleted fractions as determined by Leu 12 (CD19).
CD3 positivity was > 95% in the population. Leu 3 (CD4) and Leu 2
(CD8) MADs were used to differentiate the T cell subpopulation. All
samples, including the tonsil T cells, were examined immediately af-
ter purification.

Culture Conditions

We used an RPMI-1640 culture medium that was supplemented
with 10% fetal calf serum (FCS), 2 mM L-glutamine, 50 mM 2-mer-
captoethanol, 100 U/ml penicillin and 100 mg/ml streptomycin at
37°C wit 5% CO-. One milliliter each of the purified T cell fractions
was suspended in the culture medium at 0.5 x 10%/ml. The samples
were then activated with 10 ug/ml of PHA, or PMA (1 ng/ml) plus
ionomycin (0.125 mg ml) for 3 days, and cultured in well plastic plates.
The cells were recovered. resuspended in fresh culture medium and
cultured for 4 davs with purified IL-2 (60 U/ml). In several of the sam-
ples. T cells propagated by IL-2 were also stimulated by the MAb
OKTS3. Limbro plates were coated with 10 ug/ml of purified anti-
MGG and incubated overnight at 4°C. After washing, 10 pg/ml of
OKT3 was placed in the wells and incubated for 6 h at 4 °C. The wells
were washed and a 2-ml suspension of each sample of the lympho-
blastoid cells (10°/ml) was cultivated for 24 h. The cells were then re-
covercd and examined by cytofluorometric analysis.

Immunofluorescence

The proportion of B cells, T cells and their subsets was deter-
mined by flow cytometry. 5 x 10° cells were incubated with 10 ul of the
appropriate MAb for 30 min at 4 °C. For two-color analysis, 5 x 10°
cells were incubated first with FITC MHMS6 or H-107 MAbs for 40
min at 4 °C and washed with PBS +2% FCS. They were then incu-
bated with cither anti-Leu 2 or Leu 3 phycoerythrin. The cells were
reacted with an irrelevant antibody to demonstrate the specificity of
the staining shown by MHMG6 or H-107. Cytofluorometric analysis
was performed with an EPICS flow cytometer coulter equipped with
software for two-color analysis.

Detection of IgE Binding Factor (IgEBF)

Human T cell hybridoma cells 166A2 [27] were incubated for 24 h
in the presence of a dimer of human IgE (50 ng/ml), and werc used as
a standard for the formation of IgEBF. IgEBF was purified using an
IgE sepharose column [28]. The culture supernatants were filtered
through YM-100 Diaflo membrancs, and the filtrates were concen-
trated 10-fold by ultrafiltration. Onc milliliter of the concentrated fil-
tratc was combined with 0.25 ml of IgE-coated Sepharose and in-
cubated overnight at 4°C. The IgE Scpharose column was packed
and washed with 5 ml of Dulbecco’s phosphate-buffered saline
(DPBS). The bound matcrial was eluted with 1 ml of glycine/HCI
buffer (pH 3.0). The elutes were immediately neutralized with Tris/
HCl buffer and dialyzed against DPBS.
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The presence of IgEBF in the acid clute fractions was confirmed
by the inhibition of rosette formation between the RPMI-8866 cells
and the fixed ox erythrocytes coated with 0.02 ug/ml of human IgE
(E’IgE). First, the E'IgE were preincubated with a test sample and
then RPMI-8866 cells were added to the suspension for rosette analy-
sis. The percentage of rosette inhibition was determined in duplicate
slides and was expressed as an average. Under these cxperimental
conditions, 25-45% of the RPMI-8866 cells formed rosettes. There
was < 8-10% inhibition which was statistically insignificant when con-
sidering cxperimental error.

The radioimmunoassay (RIA) for IgEBF has been previously es-
tablished [20]. Briefly, wells of microtest flexible plates were coated
with 10 ug/ml of MADb anti-CD23 (H-107) in 100 ml of 0.1 M carbonate/
bicarbonate buffer (pH 9.6), and incubated overnight at 4°C. The
wells were then washed with DPBS and blocked with 2% bovine se-
rum albumin. The wells were washed again with DPBS containing
0.05% Tween 20, and 50 pl of the samples were then added to dupli-
cate wells and stored overnight at 4 °C. The wells were washed sev-
eral times with DPBS containing Tween 20 and 100 ul of '*I-labeled
dimeric IgE in DPBS containing 0.1% bovinc serum albumin. Next,
0.05% Tween 20 was added to each well. The plates were incubated
overnight at 4°C and washed thoroughly with DPBS/Tween 20. The
radioactivity of cach well was determined with an automatic y coun-
ter and the background count with DPBS instead of sample was sub-
tracted.

Purification of Soluble FceRII/CD23

Culture supernatants of EBV lymphoblastoid ccll line
(EBVLCL) 8866 were collected and filtered through YM-100 Diaflo
membranes. The filtrates were concentrated 10-fold by ultrafiltra-
tion. One milliliter of the concentrated filtrate was combined with
0.25 ml of IgE-coatcd Scpharosc and incubated overnight at 4°C.
The IgE Sepharose was packed into a small column and washed with
5 ml DPBS. The bound material was eluted with 1 ml of glveine HCI
buffer (pH 3.0), and the clutes were immediately neutralized with
Tris/HCI buffer and dialyzed against DPBS. The presence of soluble
FceRII/CD23 in the acid clute fractions was assessed by its ability to
inhibit rosette formation between RPMI-8866 cells and fixed ox
erythrocytes coated with IgE [28]. Parallcl culture supcrnatants from
EBVLCL were precleared by two cycles of rotation for 1 h at 4 °C with
MHMG6 coupled to cyanogen-bromide-activated Sepharose beads.

Northern Blot Analysis

Purified tonsil T cells (10°) were cultured with PMA in the pres-
ence or absence of IL-4 for 48 h. Half of the cells were incubated with
MAbs against CD20 (100 pg) and CD14 (100 pg) for 30 min at 4°C.
The other half were incubated without any antibodics. All of the cells
were then incubated with 100 ul of rabbit complement for 1 h at 37°C
and washed with PBS. Total cellular RNA was isolated by the guani-
dine isothiocyanate method [29] using cesium chloride [30]. Aliquots
of 20 pg of total RNA were clectrophoresed on a 1% agarose gel and
transferred to a nitrocellulose filter. A #P-labeled RNA probe for
FceRII/CD23 cDNA (kindly provided by Dr. R. Eisenback) was pre-
parcd with an SP6/T7 RNA polymerase labeling system [31]. The
pSP65 vector containing an FceRII/CD23 cDNA inserted was used.
To determine the amount of RNA on the membranes, the nitrocellu-
lose filter was rehybridized with a **P-labeled pseudoactin [32] cDNA
fragment at 42°C, and the density of the hybridized band was ana-
lyzed by a laser densitometer. The pseudoactin cDNA fragment was
kindly provided by Dr. R. Eisenback.
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Fig. 1. Two-color fluorescence histogram showing FceRII/CD23,
CD3+ T cells. The purified T cell population of a subject was in-
cubated with FITC MAb MHMG6 on the vertical axis and then phy-
coerythrin coupled with anti-Leu 4 on the horizontal axis. Virtually
10% of the Leu 4+ cells were also positive for FceRII/CD23 (upper
right quadrant)

Results

Presence of CD23 Expression on the Cell Membrane of

Antigen-Stimulated T Cells

Using MHM6 and H-107 MAbs, a detectable level of
FceRII/CD23 was found on the purified tonsil T cells stim-
ulated with PHA. MHM6 and H-107 are likely to recog-
nize two distinct epitopes on the CD23 molecule. Two-
color FACS analysis revealed that only 10% of the CD3+
cells coexpress the FceRII/CD23 receptor on their cell
membranes (fig. 1). The B cell concentration of the de-
pleted fractions was not detectable by CD19 (data not
shown).

Cytofluorometric analysis of tonsil T cells and PB T
cells stimulated with PHA and IL-2, and those that were
stimulated further with OKT3, showed a significant in-
crease in CD23 expression (approximately 10%) only in
the tonsil T cell population, particularly when the cells
were cultured for 9 days (i.e., PHA+IL-24+OKT3) and fur-
ther stimulated for 24 h with OKT3 (table 1). In contrast,
PB T cells consistently failed to exhibit CD23 expression
before or after mitogenic stimulation (table 1). Compara-
ble levels of staining were observed with the two MAbs
used, i.e., MHMS6 and H-107.

FceRII/CD23 was barely detectable on PMa-Ca?*-acti-
vated T lymphocytes (data not shown). In contrast, T cells
stimulated with PHA plus IL-2 showed that CD23 was al-
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Fig. 2. Two-color fluorescence histogram

showing FceRII/CD23, CD4+ (A) or CD8+ Q& yE ) .

(B) T cells. The cell-enriched population of 8197 é.:." 10 ot

an individual was stimulated with PMA plus N -4

IL-2, cultured for 7 days and then incubated e 4 % . -

with FITC MAb MHMG (vertical axis), and K BANTE

phycoerythrin-coupled anti-leu 3 or anti-Leu v f»—’ g

2 (horizontal axis). Several of the Leu 3+ T - T .

cells were positive for FceRII/CD23 (upper c1|:[>)8 10 10

right quadrant) but none of the Leu 2 were

positive for FcsRIT/CD23.

Table 1. Cytofluorometric analysis of
CD23 expression on tonsil and PB T cells Tonsil T cells PB T cells
MHMS6 H-107 MHM6 H-107

Day 0 0 0 0 0
Day 3 + PHA +1 2+1 0 0
Day 7 + PHA +1L-2 5+ 61 1£1 1£1
Day 7 + OKT3 8+1 92 0 0
Day 9 + OKT3 +1L-2 + OKT3 11+£3 10£2 ND ND

Cells were studied at day 0, or at day 3 of culture with PHA alone, or after culture for 7
days with PHA plus IL-2. Alternatively. cells were subcultured for 7 days and stimulated for
a further 24 h with OKT3 on a coated plate. Another batch of cells from the same experi-
ment was activated with PHA plus IL-2 plus OKT3 for 8 days, then washed and further
stimulated with OKT3 on a coated plate for a total of 9 days of culture.

most exclusively expressed on Leu 3+ (CD4) T cells
(fig. 2A), while CD23 was not detectable on Leu 2+ (CDS)
T cells (fig. 2B).

Soluble CD23 Does Not Increase CD23 Expression

EBV lymphoblastoid cell line 8866 supernatant
(EBVLCL SN) was added to PHA- or PMA-stimulated
tonsil T cell cultures. This did not increase the expression
of CD23 on these T cells. Negative results were also seen
when soluble FceRII/CD23 was removed from EBV SN
precleared with MHM6-coupled Sepharose beads (data
not shown).

Taken together, these results strongly suggest that the
presence of CD23+ in the culture supernatants (i.e., solu-
ble FceRII/CD23), cannot increase the amount of CD23
receptor expressed by mitogen-stimulated tonsil T cells.

FceRII/CD23 Expression on T Cells with IL-2, IL-4,

IL-6 or IgE and Release of IgEBF

Figure 3 shows cytofluorometric analysis of FceRII/
CD23 expression on human tonsil T cells after addition of
IgE, IL-4, IL-6 and OKT3 in the last 24 h of culture. Prior
to the addition of different stimulants, cells were activated
with PMA or PHA and expanded with IL-2 for 7 days.
FceRII/CD23 expression on activated T cells was en-
hanced by the addition of IL-4. However, there was no
augmentation when IL-4 was used in combination with
IgE or IL-6. IL-4 increased CD23 expression in a dose-
dependent manner between 5 and 60 U/ml (data not
shown). The best FceRII/CD23 expression was seen at a
concentration of 30 U/ml IL-4 (fig. 3).

Soluble FceRII (IgEBF) was detectable after 24 h of
cell culture by RIA in the supernatants of tonsil PHA-
stimulated cells (table 2). Comparable results were ob-
tained when the same samples were tested by rosette inhi-
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Positivity, %

IL-6 IL-4

OKT3 IgE IgE+IL-4 IL-4+IL-6

Fig. 3. FceRII/CD23 cexpression after the addition of IgE, 1L-2,
11-4 or 1L-6. IL-4 was the only interleukin able to increase FceRII/
CD23 expression more than PHA or PMA. Results were considered
positive when they were 2 SD above the control represented by day 0
of culture.
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Fig. 4. Expression of FcgRIT/CD23 mRNA on human tonsil T
cells. Tonsil T cells were stimulated with PMA, cultured for 7 days
and analyzed by Northern blot using a *P-labeled probe specific for
FceRII/CD23; 20 ug of total RNA were applied to each lane. Lane 1 =
Jurkatt cell line; lane 2 = RPMI-8866 cell line; lane 3 = tonsil T cells;
lane 4 = tonsil T cells stimulated with 11-4.

Table 2. Formation of IgE BF by T cells

Tonsil cells Binding of IgE dimer’, c.p.m.

IL-4 IgE IL-4 +IgE  medium
PHA 1,653 931 1,715 229
PMA 1,818 979 1,795 293
166 A2 - 2,600 - 0

' Data represent '*I-labeled IgE dimer bound to wells in a RIA;

>

values <350 c.p.m. are not significant; background counts were sub-
tracted.

bition (data not shown). When the cells were cultured in
the presence of IL-4, the culture supernatants showed a 2-
fold increase of IgEBF formation. Similar results were ob-
tained when the cells were stimulated with PMA (table 2).
These results concur with the CD23 expression where the
receptor expression was increased primarily in the pres-
ence of IL-4. There was no time-dependent increase in the
amount of [gEBF when the cells were cultured in the pres-
ence of IL-4 for 48 or 96 h (data not shown). The concen-
tration of IgEBF increased in the tonsil PHA-stimulated
cells in the presence of IL-4, but not in the presence of IgE
(table 2).

Northern Blot Analysis of FceRII Expression on

Purified T Cells

We noticed a significant expression of the 1.7-kb
mRNA for FceRII/CD23 (fig. 4) in the purified tonsil T
cell population where most of the cells were CD3+. This
result suggests that the expression of FceRII/CD23 on T
cells is due to the svnthesis of FceRII by T lymphocytes.

Discussion

The FceRII/CD23 receptor was originally described as
a B cell activation antigen [10, 32, 33]. Many reports have
shown that this receptor is not present on resting or activa-
ted T cells [4, 14, 15], although T cells expressing the IgE
receptor have been described [13, 16, 22, 34]. Studies con-
cluding that normal T lymphocytes do not express FceRII/
CD23 have almost exclusively utilized PB T cells. The data
presented here confirm the lack of CD23 expression on
PB T cells, whether examined immediately after isolation
or following activation with various stimuli. In contrast, a
minority of T cells, although CD23-negative when tested
directly ex vivo, consistently expressed CD23, as con-




firmed by staining with MHMG6 and H-107 M Abs after acti-
vation with PHA or PMA Ca?*. Additionally, the propor-
tion of CD23+ cells increased when IL-4 was added to the
activated cells.

The results presented here indicate that high levels of
CD23 expression seem to be unique to activated tonsil T
cells. Our data support the findings of Kawabe et al. [22]
that around 10% of the cells expressing CD23 are CD3+ T
cells. The high level of FceRII/CD23 expression observed
seems to be characteristic of PMA-Ca®*-activated T cells
because stimulation with OKT3 had no effect. Moreover,
PHA or PmA Ca’* plus IL-4 induced FceRII/CD23 ex-
pression on CD3+ cells (fig. 3), whereas 1L-4 alone did
not. A similar pattern was observed when IgEBF was mea-
sured in the culture supernatants (table 2). These findings
clearly indicate that activated PB or tonsil T cells express
FceRII/CD23 on their surface. This is in accordance with
the observation that many HTLV-1+ T cell lines [7, 21, 31],
HIV-1-infected T cells [20], and allergen- or mitogen-stim-
ulated T cells [18, 22], also express FceRIT/CD23.

There has been some controversy as to whether the
FceRII/CD23 expressed on activated T cells is a synthe-
sized product or whether it is derived from other cells such
as B cells. Kinetic studies of IgEBF in culture supernatants
(table 2) revealed that the release of [SEBF was markedly
enhanced by PHA plus IL-2 and IL-4 compared to other
conditions. Because of the high levels of IgEBF accumu-
lating in the culture supernatants, it is highly unlikely that
any IgEBF derived from other cells was trapped by the T
cells. This is supported by the fact that the presence of sol-
uble CD23 did not increase the number of CD23 receptors
expressed by the stimulated T cells. Northern blot analvsis
detected mRNA for FceRII/CD23 in enriched fractions of
tonsil T cells stimulated with PHA and IL-4. These results
confirm that the receptor is synthesized by T cells and not
acquired via passive binding to the membrane surface.

It is clear that IL-4 can augment FcgRII/CD23 expres-
sion on B cells [32, 35-44]. This IL-4 enhancement may be
the result of a reduction in the spontancously occurring
degradation of FceRII/CD23. Moreover, the relation be-
tween FceRII/CD23-enhanced expression and IL-4 activ-
ity is supported by its suppression by anti-IL-4 MAD (data
not shown).

In conclusion, we have shown that activated T cells
alone were able to express CD23 on their surface. Qur
findings not only confirm that the antigen defined by the
MAb with FceRII/CD23 activity is expressed on activated
T cells, but also indicate that FceRII/CD23 expression is
caused by the activation of antigen-specific T cells through
the T cell receptor. Our results also show that the addition

of IgE to the cell cultures had an abatinz c7ielr = onc Ce-
crease of FceRII/CD23, similar to that scen on ==~ : B
cells [45]. One explanation for this phenomenon —.v ~e

that IgE reduces the spontancously occurring degradation
of FceRII/CD23, and probably stimulates the resvnthesis
of the receptor [34, 45]. Previous reports by Almerigogna
et al. [46] showed that a protein synthesis inhibitor abol-
ished the protective effect of IgE on the loss of FceRII
CD23 on normal B cells. A similar explanation can be sug-
gested for T cells, where IgE protein stimulates the de
novo synthesis of the receptor [34, 45]. It is interesting that
the expression of FceRII/CD23 on T cells was not affected
by the addition of EBVLCL SN. This differs from a previ-
ous report by Armitage et al. [47] which showed that EBV
supernatant augmented FceRII/CD23 expression.

Whatever the mechanism, this data provides additional
information on the kinetics of CD23. The meaning of
these findings with regard to the biological function of
CD23 on either normal or pathological T cells remains to
be determined. It is clear, however, that T cell FceRII/
CD23 seems to be synthesized by T cells and is not ac-
quired via passive binding of soluble FeeRII/CD23 to the
membrane surface. Prompted by the discovery of a steric
relationship between CD23 and the human leukocyte anti-
gen HLA-DR [48], we speculate that the FceRIT CD23 re-
ceptor may be involved in antigen presentation. This ob-
servation combined with evidence that allergens can in-
duce specific expression of CD23 on T cells [18] indicates
that T cell FceRII/CD23 has an important role in the im-
munological response.
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