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Abstract

Circulating T cells from four patients with the hyper-IgE syn-
drome were found to produce significantly lower concentra-
tions of interferon-gamma (IFN-'y) in response to stimulation
with phytohemagglutinin (PHA) than did T cells from eight
age-matched healthy controls, three patients with atopic der-
matitis and one patient with chronic granulomatous disease. A
clonal analysis revealed that patients with hyper-IgE syn-
drome had markedly lower proportions of circulating T cells
able to produce IFN--y and tumor necrosis factor-a (TNF-at) in
comparison with controls. In contrast, the proportions of pe-
ripheral blood T cells able to produce IL4 or IL-2 were not
significantly different in patients and controls. All the four
patients with hyper-IgE syndrome showed high proportions of
circulating CD4' helper T cells able to induce IgE synthesis in
allogeneic B cells, as well. Such an activity for IgE synthesis
appeared to be positively correlated with IL4 production by T
cells and inversely related to the ability of the same T cells to
produce IFN-y. Since IFN-y exerts an inhibitory effect on the
synthesis of IgE and both IFN-'y and TNF-a play an important
role in inflammatory reactions, we suggest that the defective
production of IFN-y may be responsible for hyperproduction
of IgE and the combined defect of IFN-y and TNF-a may
contribute to the undue susceptibility to infections seen in pa-
tients with hyper-IgE syndrome.

Introduction

Patients with the hyper-IgE (or Buckley's) syndrome have re-
current severe infections secondary to Staphylococcus aureus
or to other bacteria or fungi and a history of pruritic dermatitis
earlier in life (1). Laboratory findings include exceedingly high
serum IgE, low grade blood eosinophilia, and specific IgE
against Staphylococcus aureus. Other immune abnormalities
include depressed delayed-type cutaneous hypersensitivity
(DTCH)' and lymphocyte proliferation to recall antigens, al-
tered chemotaxis of neutrophils and monocytes and deficient
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1. Abbreviations used in this paper: DTCH, delayed type cutaneous
hypersensitivity; PB, peripheral blood; SN, supernatants; TCC, T cell
clones.

T cell suppressor activity (2). However, the nature of the de-
fect(s) responsible for these abnormalities is still unclear.

IFN-y is a T cell-derived lymphokine that exerts a series of
effects on different cell types involved in either specific or
nonspecific immunity (3). Since it has recently been shown
that IFN-'y is also an important factor for regulation of the
IL-4-induced IgE synthesis in both mice and humans (4, 5), we
have examined the ability of circulating T cells from four pa-
tients with hyper-IgE syndrome to produce IFN-y, tumor ne-
crosis factors (TNF-a), IL-2 and IL-4 in response to stimula-
tion with phytohemagglutinin (PHA). In all the four patients a
great reduction of circulating T cells inducible to IFN-y and
TNF-a production was found. Wesuggest that reduced IFN-'y
production primarily accounts for hyperproduction of IgE and
the combined defect of IFN-y and TNF-a may contribute to
deficiency of cell-mediated and nonspecific immunity ob-
served in patients suffering from this syndrome.

Methods

Subjects. Peripheral blood (PB) T lymphocytes were obtained from
four female patients, 7 (patient D.S.), 13 (patient D.A.), 18 (patient
C.O.) and 21 (patient S.C.) yr old, with the hyper-IgE syndrome. Fam-
ily history was negative for allergies or IgE-related disorders. From
early infancy they had high serum IgE (> 4,000 IU/ml) and recurrent
severe episodes of pneumonia secondary to Staphylococcus aureus
and/or Hemophilus influenzae. Patients D.A. and S.C. developed
pneumatocoeles that required thoracic surgery. All four patients had
coarse facies and chronic dermatitis with recurrent staphylococcal ab-
scesses and chronic mucocutaneous candidiasis. At the time of this
study their IgE levels were 7,200 (patient D.S.), 9,900 (patient D.A.),
8,600 (patient C.O.) and 22,000 IU/ml (patient S.C.). Serum IgG
values were normal in two (D.S. and D.A.) and elevated in the other
two patients (SC: 1,900 and CO: 3,350 mg/dl). Eosinophilia was con-
sistently present in C.O., S.C., and D.S. Blood lymphocytes were
within normal values, with CD4to CD8ratios ranging from 2.6 (D.A.)
to 3.9 (S.C.). D.A. and S.C. showed defective polymorphonuclear che-
motaxis, impaired phagocytosis, and reduced killing of Candida albi-
cans. Reduced DTCHresponse to recall antigens was present in all
patients.

PB T lymphocytes were also obtained from three female patients,
15 (T.A.), 17 (B.C.), and 20 yr (A.R.), with untreated atopic dermatitis,
food allergy, and elevated serum IgE. At the time of this study their IgE
levels were 2,200 (A.R.), 3,400 (T.A.), and 4,700 (B.C.) IU/ml. A 12-yr
old male patient (C.A.) with chronic granulomatous disease was also
included in this study. Since 3 moof age he suffered frequent perianal,
inguinal, and peritoneal abscesses, recurrent episodes of lymphade-
nopathy, ulcerative stomatitis, and pneumonia due to Haemophilus
and Pseudomonas. Since 10 yr of age, when an excavative lesion of the
left lung was colonized with Aspergillusfumigatus, a permanent treat-
ment with antimycotic agents was added to continuous antibiotic ther-
apy. Laboratory tests showed a severely reduced nitro-blue tetrazolium
test, highly defective chemiluminescence and marked deficiency of
superoxide radical production. At the time of this study his serum IgE
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level was 620 IU/ml. Eight nonallergic female subjects (age 11-26)
were selected as donors of T cells on the basis of a negative history for
allergies and on the basis of serum IgE level < 20 IU/ml. 22 adult
nonallergic subjects (laboratory personnel and students with negative
history for allergies and a serum IgE level < 20 IU/ml), selected be-
cause in previous assays their B cells usually showed poor or no sponta-
neous IgE synthesis in vitro, were used as B cell donors.

Reagents. IL-2 and ILA4, obtained by the recombinant DNAtech-
nology, were kindly provided by Glaxo (Geneva, Switzerland) and by
Unicet (Dardilly, Lyon, France), respectively. The production and
characterization of anti-humane chain MAb(E-45) and of rabbit anti-
body specific for the human e chain have been detailed in a previous
paper (5). Affinity-purified rabbit IgG antibody directed against
human y chain or mouse Ig were prepared as detailed (5). The produc-
tion and characterization of mouse monoclonal and of rabbit anti-
human IL-4 have been reported elsewhere (5).

Preparation of T cells and T cell clones (TCC). Unfractionated T
cells were prepared by E-rosetting (6). TCCwere established as detailed
elsewhere (7, 8). Briefly, purified T cells from the PB of patients and
controls were seeded in limiting numbers in round-bottomed micro-
wells (0.3 cells/well) containing 105 feeder cells and PHA(1% vol/vol)
in a final volume of 0.2 ml medium supplemented with 10% heat-in-
activated fetal calf serum (Hyclone Laboratories, Logan, UT) (com-
plete medium). Spleen cell suspensions to be used as a source of feeder
cells were irradiated with 5,000 rad. Microcultures were supplemented
after 48 h with IL-2 (20 U/ml) and, at weekly intervals, with 105
irradiated feeder cells and IL-2 (20 U/ml) as reported (9). After 14 to 18
d of culture, the number of wells containing colonies were scored, and
the percentage of negative wells was calculated. The average number of
cells needed to generate a single clone (precursor frequency) was de-
termined by plotting the number of cells plated per well against the
logarithm of the percentage of negative wells (10); according to one-hit
Poisson statistics (10), the precursor frequency is equal to the cell
density that would yield 37% negative wells. For further study, only
colonies having a 901% probability of true clonality by Poisson statistics
were expanded.

Preparation of supernatants of unfractionated T cells and TCC.
Unfractionated PBT cells from patients and controls were cultured for
36 h at concentrations ranging from 1.25 to 5 X 105/ml of complete
medium in the presence of PHA 1% (vol/vol) and supernatants (SN)
collected. Viable T blasts from a total number of 767 TCCwere recov-
ered on Ficoll-Hypaque gradient, extensively washed, resuspended at
106/ml of complete medium in the presence of PHA1%(vol/vol). TCC
were incubated at 370C for 36 h and culture SN were collected for
measurement of interleukin content.

Preparation of B cells and Ig culture system. B cell enriched suspen-
sions, prepared as described (7), usually consisted of 45-70% B cells,
10-25% monocytes, and 5-15% T cells. They will be referred as to B
lymphocytes for simplicity. The cell culture system used for the induc-
tion of Ig synthesis was performed in duplicate tubes containing 4
X 105 B cells and 4 X 105 clonal T blasts in 1 ml. Before using, PHA-
pulsed T blasts were washed twice and co-cultured for 10 d with B cells
in the absence of any other stimulant. After 10 d, cultured supernatants
were collected and assayed for their IgE and IgG content.

Measurement of IgE and IgG. The radioimmunoassay for the mea-
surement of IgE has been described in detail elsewhere (7, 8). The lower
limit of sensitivity of the test was 0.3 ng/ml. Spontaneous IgE synthesis
was calculated by subtracting the values of preformed IgE obtained in
parallel cultures containing cycloheximide (100 gg/ml) or treated with
I NHC1 from IgE values found in supernatants of untreated cultures of
B cells alone. The IgE synthesis in vitro induced by TCCwas calculated
by subtracting values of both preformed and spontaneously synthe-
sized IgE (when detectable). The RIA used for detecting IgG in culture
supernatants has also been described (6). Values of TCC-induced IgG
higher than 1 gg/ml and of TCC-induced IgE synthesis higher than 0.5
ng/ml above background levels (preformed plus spontaneous) were
considered as positive.

Quantification of IFN-'y, TNF-a, IL-2, and IL-4. For the quantita-
tive measurement of IFN-'y in SNof unfractionated T cells and TCC
SN, two specific radioimmunoassays (Centocor, Inc., Malvern, PA,
and IRE-Medgenix, Bruxelles, Belgium) were used according to the
manufacturers' instructions. The coefficient of correlation between the
two assays was high (r = 0.94) for values ranging from 2 to 100 U/ml).
TNF-a production in TCCSNwas measured by a specific radioimmu-
noassay (IRE-Medegenix), according to the manufacturer's instruc-
tion. IL-2 was also measured with a specific RIA (IRE-Medgenix). The
quantitative determination of human IL-4 was performed by a two-site
sandwich ELISA (I 1), using a rabbit polyclonal anti-human IL-4 anti-
body and a rat anti-human IL-4 kindly provided by Unicet. The theo-
retical sensitivity of the assay was found to be - 15 pg/ml, whereas the
useful assay range was between 40 and 1,000 pg/ml. The specificity of
such an ELISA was demonstrated by negative reactions with human
IL-I, IL-2, IL-3, IFN--y, GM-CSF, G-CSF, IL-6, TNF-a, and TNF-j3
(11). In our hands, the mean intraassay coefficient of variation
was I1%.

TCC SN showing IFN--y, TNF-a, IL-2, or IL-4 levels 5 SD over
those of control SN derived from irradiated feeder cells alone were
regarded as positive. The mean values (±SD) of interleukin production
by PHA-stimulated irradiated feeder cells alone were 2.1±1.6 IU/ml
IFN-y, 180±70 pg/ml TNF-a, 0.2±0.1 U/ml IL-2, and 45±31 pg/ml
IL-4. These background values were subtracted from values obtained
in each culture of PHA-stimulated TCC.

Statistical analysis. Statistical analysis of the results was performed
by using either the x2 test or Student's t test.

Results

Reduced production of IFN-iy by unfractionated T cells from
patients with Hyper-IgE syndrome. Graded numbers of freshly
isolated T cells from the PB of four patients with Hyper-IgE
syndrome were stimulated with PHAin order to evaluate their
ability to produce IFN-y, IL-4, and IL-2. The same procedure
was applied to equal numbers of PB T cells obtained from
eight healthy controls, as well as from three patients with
atopic dermatitis, and one patient with chronic granulomatous
disease. In at least three out of the four hyper-IgE patients the
response curves of PHA-induced IFN-y production were
markedly lower than the mean (±SD) range of IFN-,y produc-
tion displayed by normal T cells at equivalent cell concentra-
tions (Table 1). In the fourth patient (C.O.) the reduction of the
response to PHAin terms of IFN-^y was less marked, particu-
larly at the highest number of T cells tested (0.5 X 106/ml).
PHA-induced IFN-y production by T cells of the patient with
chronic granulomatous disease was normal, while it was only
slightly decreased in patients with atopic dermatitis. Under the
same experimental conditions, the amounts of IL-4 (Table I)
or IL-2 (data not shown) detected in culture SN of paired
numbers of PHA-stimulated T cells were substantially identi-
cal both in all the types of patients and in healthy controls.

Defective production of IFN-,y in patients with hyper-IgE
syndrome is due to a marked reduction of IFN-y producing T
cells. Since functional assays on heterogeneous cell popula-
tions do not provide information on the proportion of cells
expressing a given function, a clonal analysis of PB T cells
from the patients with hyper-IgE syndrome included in this
study was performed. To ensure that the TCCexamined were
representative of the general population of circulating T cells
in patients and controls, cloning experiments were performed
by using a previously described high efficiency technique
(7-9). A total of 173 TCCfrom hyper-IgE patients were ana-
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-induced Production of IFN-,y and IL-4 drome or with atopic dermatitis, the proportion of both CD4'
rated T Cells Obtainedfrom the PB of Patients and CD8' clones showing the ability to produce IL-2 was not
gE Syndrome, Patients with Atopic Dermatitis significantly different from that of both CD4' and CD8'
ranulomatous Disease and Healthy Subjects clones derived from healthy controls. Likewise, in patients

IFN-^y production (U/mi) IL-4 production (pgml) by with hyper-IgE syndrome, the proportion of CD41 TCCtrig-
by graded numbers of T graded numbers of T cells gered to IL-4 production by PHAwas not significantly differ-

cells (X103)* (X 10-3)* ent from that found in CD4' TCC established from either

cases) 125 250 500 125 250 500 patients with atopic dermatitis or healthy controls. In contrast,
the proportions of CD4' (range 5-21%) and CD8' (range
12-20%) clones derived from hyper-IgE patients showing the
ability to produce IFN-y and TNF-a upon PHAstimulation,

2 3 9 74 105 162 were significantly lower than that of IFN-y-producing CD4'
4 7 19 49 114 184 or CD8+clones derived from control subjects. In patients with
6 11 27 58 97 176 atopic dermatitis the proportion of CD4' (but not of CD8+)
9 15 56 63 138 208 TCCable to produce IFN-"y was lower than that of controls,

14±40 37±12 77±16 64±15 98±25 158±34 but it was largely higher than that found in patients with
titis: hyper-IgE syndrome.

6 19 39 97 141 224 Patients with hyper-IgE syndrome possess increased pro-
10 24 52 53 116 168 portions of CD4+ clones able to provide helperfunction for IgE
9 27 44 71 101 189 synthesis. All the 142 CD4' TCCfrom hyper-IgE patients were

compared with control 166 CD4' TCC(from four randomly
atous selected controls) and with 84 CD4' TCCfrom two patients

18 41 63 62 122 151 (B.C. and A.R.) with atopic dermatitis for their ability to in-
duce IgE and IgG synthesis in allogeneic B cells of different
donors. To this end, T blasts from each clone were preacti-Lted PB T cells (at concentrations ranging from 125 to.'vated for 24 h with PHA, washed and co-cultured for addi-

ere measured inculture supernatants. tional 10 d (at a 1:1 ratio), with 0.4 X 106 normal B cells
sent mean±SD. without any other stimulant. It was found that helper activity

for IgE synthesis was a property shared by a high proportion of
CD4+clones from all the hyper-IgE patients (52% in D.S., 49%
in D.A., 42% in C.O., and 57% in S.C.), whereas only 9, 12, 15,

mpared with 422 TCCobtained from eight age- and 24% of CD4+ clones from healthy controls or 25 (A.R.)
lthy controls as well as with 162 TCCobtained and 29% (B.C.) of CD4+ TCC from patients with atopic der-

'atients with atopic dermatitis. In 15 consecutive matitis displayed helper function for IgE in allogeneic B cells.
mriments, the cloning efficiency was sufficiently In contrast, the proportions of CD4+ clones with helper func-
g from 42 to 79% (mean 64%). In all cases, the tion for IgG were not significantly different between patients
n CD4+ and CD8+ clones substantially reflected with hyper-IgE syndrome, patients with atopic dermatitis and
CD8 ratio found in freshly isolated T cell suspen- controls (51-71% vs. 57-64% vs. 55-66%, respectively).
ot shown), indicating that no substantial selection When values of IFN-,y produced by single CD4+ clones
one or another subset had occurred during the were plotted against the mean values of IgE induced by the
edure. T blasts of all clones were pulsed with PHA same clones in cultures of responder B cells, an inverse corre-
SN were assayed for their interleukin content. As lation was found between the rate of IFN-y production and the
ible II, in all patients, either with hyper-IgE syn- degree of helper function for IgE. Such an inverse relationship

Table II. PHA-induced Production of IFN-'y, TNF-a, IL-2, and IL-4 by T Cell Clones Derivedfrom the PB of Patients with Hyper-IgE
Syndrome, Patients with Atopic Dermatitis, and Normal Individuals

No. of clones producing

Subjects (No. of cases)

Healthy (8)

Hyper-IgE syndrome (4)

Atopic dermatitis (3)

T cell clone phenotype

CD4+
CD8+

CD4+
CD8+

CD4'
CD8+

No. of clones tested

294
128

142
41

123
39

IFN-y TNF-a IL-2

159 (54%)* 141 (48%)** 157 (53%)
71 (55%)t 54 (43%)tt 76 (59%)

15 (1 1%)§
6 (15%)II

52 (42%)'
23 (59%)

19 (15%))§
5 (12%)%

ND
ND

91 (64%)
25 (61%)

66 (54%)
23 (59%)
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IL-4

118 (40%)
3 (2%)

68 (48%)
2 (5%)

61 (49%)
ND

* vs. §, P < 0.0005; tvs. 11, P < 0.001; ** vs. §§, P < 0.0005. * vs. ', P < 0.05; ¶ vs. §, P < 0.0005; tt vs. '", P < 0.0005. ND, Not done.



was statistically significant (P < 0.005) in control clones from
healthy subjects or patients with atopic dermatitis, and even
more significant (P < 0.001) in clones derived from hyper-IgE
patients, where only 1 of the 70 CD4' clones able to provide
help for IgE was able to produce detectable amounts of IFN--y,
as well (Fig. 1). Whenthe amounts of IgE induced in B cells by
CD4' clones were plotted against the ratios between the levels
of their IL-4 and IFN--y production, a highly significant corre-
lntinn i P e- n rAn 1 Sacu fnmnA in hnth rnntionte wnti hi-althu nrdLatu
disec
gesti
essei

prcx
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IL-4
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21
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limited to 23 of 42 IL-4-producing clones. In contrast, in
hyper-IgE patients, the proportion of CD4' clones with IL-4 to
IFN-y ratios in favor of the former (due to defective IFN-'y
production) was much higher and included 100% of IL-4-pro-
ducing clones.

Discussion

I t. UV.VVI)wa.J IU U1IL1III UMJJlI pUaLi3IU aIIU 11IiaLIly UJ

ase controls (r = 0.88, 0.87, and 0.84, respectively), sug- Hyper-IgE syndrome is characterized by abnormally high
ing that a balance largely in favor of IL*4production was serum IgE levels and defects of both cell-mediated immunitying that a balance largely in favor of IL-4 production was

anlekctfutiwhhasoaesihehnedu-
ntial for TCC to provide help for IgE. Since most of IL-4- and leukocyte function, which associates with enhanced sus-*uigl f rom dhelthy sbec Showe concomitant ceptibility to bacterial and fungal infections (2). Enhanced IgEJucing, clones from healthy subjects showed concomitant .. .
luction of substantial amounts ofINF-*, the numberof production has also been observed in patients with primaryauction of substantial amounts ofI lNF-,, the number of
es with high IL-4 to IFN-'y ratios was limited to 26 of 69 immune deficiencies of the T cell system (12). To explain these

*producingclones In patients with atopicdermatitisthe findings, it has been suggested that these patients have a nu-I-producing clones. In patients with atopic dermatitis, the Xeia n/rfntoa eeto upesrTcls(,1)portion of clones with high IL-4 to IFN-,y ratios was also merical and/or functional defect of suppressor I cells (2, 13).
A sharp increase in serum IgE has indeed been demonstrated
in bone marrow-transplanted patients during the acute phase
of the graft versus host reaction, which is characterized by a

g00 reduction of suppressor T cells (14). Finally, the most common
1.:l i IHealthy subjeCtsl condition associated with enhanced IgE production is atopy.

However, the nature of immune alterations responsible for the
50.

13.243 hyperproduction of IgE in atopic patients as well as in other
R-

, R-0.243 pathological conditions still remains unclear. Mechanisms
40 # . that regulate IgE synthesis have not yet been fully elucidated.

Recent experiments conducted in rodents have shown that
30...i * IL-4 (ex-BSF- 1), a product of Th2 helper cells, is able to induce

* the synthesis of high amounts of IgE on lipopolysaccharide-
@.:* * *stimulated mouse splenic B cells, whereas IFN-'y, which is

released by Thl helper cells, exerts inhibitory effect on the
It * . IL-4-mediated IgE synthesis (4, 15). More recently, we were

10--,-------------- ---------------------------------- abet eosrt htI-4 and IFN--y plyarcpolI- able to demonstrate that IL-4adIN~ lyarcpoa
(56) ". * regulatory role on human IgE synthesis as well (5). Thus, ex-

*____*____*________*____*________,__ cessive production of IL-4, defective production of IFN-y, or
l 2 3 4 5 l both may be responsible for hyperproduction of IgE.

In this report, we have shown that circulating T cells from
001 |yper-IgE syndre four patients with hyper-IgE syndrome produced significantly

1001 lower concentrations of IFN-,y in -response to PHAthan did T
50 cells from age-matched healthy controls. To investigate

R-R-0.482 whether such a defective production of IFN-y was a nonspe-
40 cific response to high circulating levels of IgE or to recurrentinfections, three patients with atopic dermatitis and one pa-

tient with chronic granulomatous disease were analyzed for
30 . the ability of their PB T cells to produce IFN-y upon stimula-

tion with PHA. It was found that, except for an atopic patient
20 (B.C.), none of the other patients selected as disease controls

.. showed a significant reduction in IFN-Ty production. These
10 .--- data make it unlikely that defective production of IFN-y is

merely the consequence of elevated serum IgE levels or of
*s'§* .:!:. :~ii tt.K~:v:S *:S. .:s.erecurrent infections. The analysis of this phenomenon at the
123 clonal level revealed that the marked defect of IFN-y produc-
1253~ 10 tion in hyper-IgE patients reflected a strong decrease in the

Induced IgE synthesis (og/ml) number of circulating CD4' T cells potentially inducible to
IFN-,y production. In addition, a significant reduction ofrre 1. Inverse relationship between IFN-y production and helper

vity for in vitro IgE synthesis exerted by TCCfrom patients with FN-y-producing cells was also found in the CD8+T cell sub
er-IgE and healthy controls. Dotted lines represent 5 SDvalues set. Thus, even though our hyper-IgE patients failed to show
ve the mean spontaneous IgE synthesis (calculated as reported in remarkable numerical defects of CD81 suppressor/cytotoxic
hods) or the mean content in IFN-y (2.1±1.6 U/ml) of SN from cells, as observed by others (2, 14), they certainly had a signifi-
Nated feeder cells alone. Values in parentheses indicate the num- cant reduction in the number of cells exerting IFN-'y-mediated
of TCCshowing neither help for IgE, nor IFN--y production. suppressor function on IgE synthesis. In comparison with
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healthy controls, a moderate reduction of circulating CD41 T
cells able to produce IFN-'y was also found in patients with
atopic dermatitis and elevated serum IgE. However, the pro-
portion of such CD4+cells was much higher than that found in
the PB of hyper-IgE patients and the proportion of IFN-,y-
producing CD8' T cells was completely normal.

All patients with hyper-IgE syndrome showed proportions
of helper T cells able to induce IgE synthesis in vitro signifi-
cantly higher than those found in either atopic patients or
healthy controls. However, such an increased helper activity
for IgE was not apparently due to an increase of IL-4-produc-
ing T cells or to abnormally high secretion rate of IL-4, but it
was rather related to reduced proportions of T cells able to
produce IFN-'y. It has recently been shown that a clear-cut
dichotomy between IL-4- and IFN-y-producing Th cells, as
found in mice (4), does not exist in humans (16, 17). These
findings have been confirmed in the present study because the
majority of IL-4-producing TCC from both healthy subjects
and patients with atopic dermatitis showed concomitant pro-
duction of IFN-'y. In contrast, in hyper-IgE patients the pro-
portion of IL-4-producing TCC was substantially similar to
that observed in either healthy or disease controls, but the
great majority of these TCC failed to produce IFN-y. Thus,
there is reasonable evidence to hypothesize that the enhanced
in vivo IgE production in patients with hyper-IgE syndrome is
related, at least in part, to a defective potential of IFN-'y secre-
tion.

Besides its regulatory activity on IgE synthesis, IFN--y has
been shown to exert a series of pleiomorphic effects on im-
mune cells, myelomonocytic cells and other cell types (3). For
example, IFN-y enhances the cytotoxic activity of NK cells
(18) and induces the expression of class II MHCantigens on
macrophages, thus enhancing their ability to function as anti-
gen-presenting cells (19). IFN-y also acts on the effector cells
of nonadaptive resistance, regulating proliferation, differentia-
tion and activity of neutrophilic granulocytes and monocytes
(20, 21). In this study, we found that patients with the hyper-
IgE syndrome had reduced proportions not only of IFN-'y-
producing T cells, but also of T cells able to release TNF-a,
which plays an important role in immune inflammatory reac-
tions, as well (22). Taken together, these findings may explain
why patients with hyper-IgE syndrome, in addition to the pro-
duction of exceedingly high amounts of IgE, display a series of
abnormalities of both T cell-mediated and nonspecific immu-
nity that result in reduced defence against some infectious
agents.

The possible therapeutic implications of these in vitro data
are obviously still uncertain. Recently, however, it has been
shown that two patients with AIDS, who had exacerbations of
previously quiescent atopic diseases, showed a striking im-
provement of symptoms and cellular abnormalities after
treatment with recombinant IFN-y (23). Thus, it is not unrea-
sonable to suggest that treatment with IFN-y may represent a
new interesting therapeutical approach also in patients with
the hyper-IgE syndrome.
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