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S6zary syndrome with elevated serum IgE and 
hypereosinophilia: Role of dysregulated 
cytokine production 

Larry Borish, MD, John Dishuck, MD, Linda Cox, MD, James J. Mascali, BS, 
John Williams, MD, and Lanny J. Rosenwasser, MD Denver, Colo. 

A 62-year-old man presented with a I-year history of a pruritic etythematous rash. Initial 
workup was not diagnostic, and the rash was refractory to standard treatment. A complete 
blood cell count demonstrated a white cell count of 9100 cells1l.d with 61% polymorphonuclear 
neutrophils, 16% eosinophils, and 1770 lymphocytes. A serum protein electrophoresis revealed 
an M spike identified as IgGu His IgE level was 11,900 Wlml. A bone marrow biopsy 
specimen demonstrated “atypical plasma cells” but was not diagnostic for myeloma. Peripheral 
blood smear was remarkable for highly convoluted lymphoid cells diagnostic for Skzary T cells. 
Consistent with this diagnosis, 89% of his peripheral blood CD2 + cells expressed CD4. The 
eosinophilia, elevated IgE level, and monoclonal gammopathy led to further investigations. 
Circulating adherent monocytes were 96% positive for presumed low-affinity IgE receptor 
expression as shown by surface IgE binding. In a 9-day lymphocyte coculture, the patient’s T 
lymphocytes induced IgE production in vitro (1.25 nglml) by a normal donor’s cultured B cells. 
A healthy donor’s T cells failed to induce IgE production (0 nglml) in a similar culture system. 
In situ hybridization with an Sulfur-M&&led cDNA probe revealed interleukin-4 mBNA 
expression by 84% and interleukin-2 mBNA expression by 62% of nonadherent peripheral 
blood mononuclear cells. Interleukin-5 mRNA was shown by reverse transctiption and the 
polymerase chain reaction. These studies demonstrate a subject with Sezary T cell leukemia 
with hypereosinophilia and elevated IgE due to presumed enhanced interleukin-4 and 
interleukin-5 production by the Skzaly T cells. (J ALLERGY CLIN IMMUNOL 1993;92:123-31.) 
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Sezary syndrome belongs to a group of rela- 
tively uncommon cutaneous T-cell lymphomas, 
which includes mycosis fungoides and the adult 
T-cell leukemias.‘, * The presence of generalized 
erythroderma and circulating hyperchromatic 
convoluted lymphoid cells, termed SCzary cells, is 
characteristic of this disease. These leukemic cells 
represent metabolically active mature T lympho- 
cytes.3* 4 We report the case of a patient with 
SCzary syndrome who presented with the distinc- 
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Abbreviations used 
FceRII: Low-affinity IgE receptor 

GM-CSF: Granulocyte-macrophage colony- 
stimulating factor 

ICAM: Intercellular adhesion molecule 
IL: Interleukin 

PBMCs: Peripheral blood mononuclear cells 
PCR: Polymerase chain reaction 

RT-PCR: Reverse transcription-polymerase 
chain reaction 

TNF: Tumor necrosis factor 

tive features of a markedly elevated serum IgE 
level (11,900 IU/ml) and significant hypereosino- 
philia (16%). We reasoned that these findings 
might represent the sequelae of metabolic prod- 
ucts of the patient’s leukemia cells. We therefore 
investigated the capacity of the patient’s leukemic 
cells to induce IgE production and phenotyped 
these cells on the basis of their cytokine produc- 
tion. Our data demonstrate that the patient’s 
leukemic T cells induce the production of IgE and 
produce cytokines known to participate in the 
induction of the IgE isotype switch (interleukin4 
[IL-41) and hypereosinophilia (IL-5 and granulo- 
cyte-macrophage colony-stimulating factor [GM- 
CSF]). These data support the concept that these 
features of allergic diseases are regulated by T 
lymphocytes and that different subsets of T cells 
may produce different and distinct profiles of 
cytokines. 

CASE REPORT 
The patient is a 62-year-old man who initially pre- 

sented in 1986 with a pruritic rash on his lower extrem- 
ities. Initial therapy for “nonspecific dermatitis” pro- 
vided no relief. A biopsy specimen obtained in 1988 was 
nondiagnostic. In 1989 axillary and inguinal lymphade- 
nopathy developed. An axillary node biopsy specimen 
obtained in February 1989 was reported as showing 
benign reactivity. In 1989 the patient was found to have 
eosinophilia, with 16% eosinophilis in his peripheral 
blood. Treatment for presumptive atopic dermatitis 
with topical corticosteroids and ultraviolet B photother- 
apy was only partially successful, and the rash contin- 
ued to progress. 

In May 1990, the patient came to the National 
Jewish Center for Immunology and Respiratory Medi- 
cine for further evaluation. He gave a history of sea- 
sonal allergic rhinitis and childhood asthma. He had no 
history of travel to areas endemic for parasite exposure. 
Results of physical examination were significant for a 
diffuse erythematous rash involving much of his body 
surface area with relative sparing of his face, scalp, and 

J ALLERGY CLIN IMMUNOL 
JULY 1993 

TABLE 1. Phenotypic analysis of the patient’s 
mononuclear cells 

Marker 

T lymphocytes* 
CD2 
CD3 
CD4 
CD8 
CD7 
CD25 
Monocytest 
CD23 

Percent positive 

92 (>90) 
94 (>90) 
89 (-50) 
5 (-22) 
4 (-65) 
2 0-Y 

96 (0) 

*Data represent percent of PBMCs presenting the phenotypic 
marker on a T-cell-enriched population derived via adher- 
ent cell depletion and sheep erythrocyte rosetting. Numbers 
in parenthesis represent range in normal mononuclear cell 
populations. 

tMonocytes were isolated from PBMCs via plastic adherence 
and were 87% pure as determined by staining with CD14. 
Monocytes were assessed for surface-bound IgE via sequen- 
tial exposure to mouse monoclonal anti-human IgE and 
phycoerythrin-conjugated goat anti-mouse antibody. Data 
represent cells expressing surface-bound IgE. 

groin. He had 2 x 3 cm axillary and 2 x 2 cm posterior 
cervical lymph nodes. Laboratory data included a lac- 
tate dehydrogenase level of 249 IU/L and an alkaline 
phosphatase level of 253 IU/L. His white blood cell 
count was 9100 cells/F1 with 61% neutrophils, 16% 
eosinophils, 6% monocytes, and 17% lymphocytes. Im- 
munophenotyping of circulating lymphocytes demon- 
strated: CD2, 92%; CD3, 94%, CD4, 89%; CDB, 5%; 
CD7,4%; and CD25,2% (Table I). Sedimentation rate 
was 15 mm/hr. Antinuclear antibody and rheumatoid 
factor were negative. Serum IgE was 11,900 IU/ml. He 
had an elevated total IgG level of 2280 mg/ml. Serum 
protein electrophoresis was remarkable for a monoclo- 
nal band, which was identified as an IgGK on immu- 
nofixation electrophoresis. Results of bone marrow bi- 
opsy, however, were not consistent with myeloma. Flow 
cytometric analysis was performed on purified mono- 
cytes (> 87% pure by CD14 expression; Becton-Dick- 
inson, Mountain View, Calif.) for the presence of sur- 
face-bound IgE. These studies were accomplished via 
sequential staining with a monoclonal mouse anti-hu- 
man IgE antibody (Sigma Chemical Co., St. Louis, MO.) 
followed by a phycoerythrin-conjugated goat anti- 
mouse immunoglobulin antibody (Becton-Dickinson) 
and demonstrated that 96% expressed surface-bound 
IgE. Examination of peripheral blood revealed that the 
majority of lymphocytes had convoluted nuclei, and 
with the patient’s medical history and skin appearance, 
these were considered diagnostic for S&zary syndrome. 

The presence of hypereosinophilia and a markedly 
elevated serum IgE level in this patient with Sezary 
syndrome prompted us to investigate whether these 
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features may have developed secondary to the produc- 
tion of cytokines by the patient’s lymphoma cells. 

METHODS 
Mononuclear cell purification 

Mononuclear cells were obtained from the patient 
and two healthy nonatopic laboratory workers from hep- 
arinized, peripheral venous blood via Ficoll-Hypaque 
(Pharmacia, Uppsala, Sweden) centrifugation. Isolated 
populations of T lymphocytes and B lymphocytes were 
obtained for lymphocyte coculture via nylon wool col- 
umn adherence of B cells and E rosetting assay with 
neuraminidase-treated sheep erythrocytes to separate 
T lymphocytes from B lymphocytes. Mononuclear cells 
were removed by plastic adherence to obtain an enriched 
population of lymphocytes for in situ hybridization. 

Induction of IgE synthesis in B lymphocytes 
by the patient’s leukemia cells 

Cocultures for IgE synthesis were performed in 96- 
well round-bottom microtiter plates in complete media 
(RPM1 1640 containing penicillin [200 U/ml], strepto- 
mycin [200 @ml], L-glutamine [4 mmol/L], and N-2- 
hydroxyethylpiperazine-N-2-ethanesulfonic acid buffer 
[25 mmol/L; pH 7.201) supplemented with 10% fetal 
bovine serum.5 In parallel replicate wells, either the 
patient’s T lymphocytes with B lymphocytes obtained 
from a healthy, nonatopic donor (2 x 104) were com- 
bined with B lymphocytes (1 x 10’) purified from the 
second healthy, nonatopic donor. After 9 days of cul- 
ture in a humidified 37” C/5% CO2 incubator, the 
supernatants were collected and assayed for IgE con- 
tent by a microparticle enzyme immunoassay having a 
sensitivity of 0.048 IU IgE/ml (Abbott Laboratories, 
Abbott Park, Ill.) according to the manufacturer’s in- 
structions. Data represent the mean of experiments 
performed in quadruplicate in the patient and the 
control subject, 

Reverse transcription-polymerase chain 
reaction for detection of cytokines 

Specific Z!O-oligomer primers that specifically amplify 
IL-2, IL-4, IL-5 GM-CSF, and interferon-y transcripts 
were obtained from a commercial source (Clontech, 
Palo Alto, Calif.). These primers span at least 2 introns 
and amplify cDNA of predicted sizes as follows: IL-2, 
458 bp; IL-4, 456 bp; IL-5, 293 bp; GM-CSF, 424 bp; 
and interferon-y, 494 bp. Total RNA was extracted 
from the patient’s peripheral blood mononuclear cells 
in RNAzol (Cinna Bioteck, Friendswood, Texas) ac- 
cording to the manufacturer’s instructions. The RNA 
was washed and 1 kg aliquots were subsequently dena- 
tured (at 65” C for 5 minutes) in the additional pres- 
ence of oligo d(T) 12-18 mer (Promega, Madison, 
Wis.). RNA was rapidly cooled to 4” C and subse- 
quently exposed to Moloney murine leukemia virus 
reverse transcriptase (600 U; Bethesda Research Lab- 
oratories, Bethesda, Md.) in the additional presence of 

RNAsin (40 U; Promega), dithiothreitol (100 mmol/L; 
Bethesda Research Laboratories), deoxynucleotide 
triphosphate mix (10 rnmol/L each; Promega), and the 
supplied reverse transcriptase buffer. The reverse tran- 
scriptase reaction was allowed to continue for 1 hour at 
42” C. Aliquots of the newly synthesized cDNA at 
dilutions of 1: 10 and 1: 40 were then subjected to the 
polymerase chain reaction (PCR) in the presence of 
cytokine primers, Taq polymerase (1 U; Promega), 
deoxynucleotide triphosphate mix (1.25 mmol/L each), 
and the supplied reaction buffer. The DNA thermal 
cycler (Perkin-Elmer Corp., Norwalk, Ccmn.) was pro- 
grammed to perform 30 cycles with the following 
conditions: 94” C for 1 minute, 55” C for 2 minutes, and 
72” C for 3 minutes. At the completion of the PCR, 9 ~1 
of PCR product was mixed with 1 p,l of gel loading 
buffer (0.25% bromophenol blue, 0.25% xylene cy- 
anole, 30% glycerol) and electrophoresed in 2% aga- 
rose in the presence of 0.5 &ml ethidium bromide. 
The amplified DNA bands were visualized with an 
ultraviolet transilluminator. The presence of cytokine- 
specific mRNA transcripts was confirmed by visual 
inspection as the presence of bands having the pre- 
dicted number of base pairs, with the use of a DNA 
ladder (Sigma) electrophoresed in parallel.6, ’ 

Nested probe hybridization 

The data obtained via reverse transcription-poly- 
merase chain reaction (RT-PCR) were confirmed by 
hybridization with a nested oligonucleotide probe. 
Briefly, the agarose gels that contained the PCR prod- 
uct were denatured in 0.5 mmol/L NaOH and neutral- 
ized, and the DNA was electrophoretically transferred 
to nylon paper. A nested, antisense oligonucleotide 
single stranded probe of IL-5 cDNA was commercially 
obtained (Clonetech). The primer was 5’ end-labeled 
with a-phosphorous 33-adenosine triphosphate (Du- 
Pont, Boston, Mass.) with T4 polynucleotide kinase 
(Promega) and purified by molecular sieve chromatog- 
raphy. The nylon filters were prehybridized for 2 hours 
and were then hybridized to the 33P-labeled nested 
probe overnight at 45” C. After washing, the nylon 
paper was applied to X-ray films to obtain an autora- 
diographic image. 

In situ hybridization 

In situ hybridization was performed to identify 
mRNA specific for IL-2, IL-4, and interferon-y.‘* 9 
Monocyte-depleted peripheral blood mononuclear cells 
(PBMCs) (10“) were obtained as above from the patient 
with SCzary syndrome and a healthy, nonatopic donor 
and were cytospun and fixed in 95% ethyl alcohol to 
glass microscope slides. These specimens via immuno- 
histochemical analysis were estimated to represent 
-85% SCzary cells. Sulfur 35-ATP-labeled (3sS-ATP 
from DuPont) cytokine cDNA was prepared with a 
random primers DNA labeling system (Bethesda Re- 
search Laboratories) according to the manufacturer’s 
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FIG. 1. RT-PCR of cytokine transcripts within Sezary cells. Total RNA was extracted from the 
patient’s Sezary cells, and cDNA was generated in the presence of Moloney murine leukemia 
virus reverse transcriptase. The PCR was performed with cDNA diluted 1 : 10 (A) in the presence 
of oligonucleotide primers specific for: GM-CSF (lane I), IL-4, (lane Z), IL-2 (lane 3), IL-5 (lane 41, 
and interferon-y (lane 5). Results for cDNA diluted to 1 : 40 are shown in B. The positive band (/ane 
2) represents ILd-specific primers. PCR products were electrophoresed on 2% agarose and 
visualized in the presence of ethidium bromide by ultraviolet transillumination. A 100 bp ladder 
is present, with the band representing 600 bp labeled. These primers span at least 2 introns and 
amplify cDNA of predicted sizes as follows: IL-2,458 bp; IL-4, 458 bp; IL-5,293 bp; GM-CSF, 424 
bp; and interferon-y, 494 bp. 

TABLE II. Induction of IgE synthesis in 

B lymphocytes by the patient’s 

leukemia cells 

IgE concentration 
Source of T lymphocytes (w/ml) 

Control subject 0.0 
Patient 1.25 

T cells (2 x 104) from the patient with Stzary syndrome and a 
control volunteer were cocultured with B lymphocytes (105) 
from a healthy, nonatopic donor for 14 days. Secreted IgE 
concentrations in the supernatants were determined via 
ELISA. 

instructions. Full-length cytokine cDNA for labeling 
was prepared via the PCR. As an additional negative 
control, hybridizations were also performed with 35S- 
labeled DNA derived from A-DNA Hind111 fragments 
(Bethesda Research Laboratories). ?S-labeled cDNA 
was used at a specific activity of > 10’ cpm/ug DNA as 
determined by trichloroacetic acid precipitation. Fixed 
cells were incubated for 2 hours at 42” C in prehybrid- 
ization solution (5 x saline-sodium citrate buffer [Sig- 
ma], 1 x Denhardt’s solution [Sigma], 10 mmol/L 
dithiothreitol [Sigma], 10% deionized formamide [Sig- 
ma], 100 yg/ml salmon sperm DNA [Sigma], and 10% 
dextran sulfate [Pharmacia Fine Chemicals, Uppsala, 
Sweden]). Hybridization occurred in prehybridization 
solution supplemented with 1 x lo6 cpm of the cDNA 
probe. Hybridization was allowed to proceed overnight 

at 42” C. After rinsing in room temperature saline- 
sodium citrate followed by 42” C saline-sodium citrate, 
detection was accomplished with application of Kodak 
NTB 2 autoradiography emulsion (Kodak, Rochester, 
N.Y.). The exposure occurred in a light-proof box at 
-4” C for 7 days. Slides were developed with Kodak 
D19 developer (Kodak), fixed, dried and, in certain 
experiments, counterstained with Giemsa stain. One 
hundred consecutive lymphocytes were examined, and 
grains corresponding to “S activity were counted. The 
distribution in the number of grains per cell observed 
when the control (cytokine) and experimental (plas- 
mid) probes were applied was compared on PBMCs 
derived from the patient and the control subject. It was 
determined that more than 10 grains associated with a 
cell represented statistically greater activity than that 
observed when the ?S-control DNA was applied to the 
slides @ < 0.05) and therefore was considered to dem- 
onstrate the presence of cytokine transcripts. The ob- 
server was blinded as to the contents of the slide at the 
time these observations were made. Data are presented 
as the percent of lymphocytes demonstrating cytokine- 
specific mRNA and represent the mean of three exper- 
iments for each cytokine. 

RESULTS 
Induction of IgE synthesis in B lymphocytes 
by the patient’s leukemia cells 

T lymphocytes obtained from the patient with 
SCzary syndrome and a healthy, nonatopic control 
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TABLE III. Cytokine transcripts detected in 

S&an/ cells by RT-PCR 
-- 

cDNA dilution 

Cytokine I:10 1:40 

Interferon-y - - 
GM-CSF + 
IL-2 + - 
IL-4 + 
IL-5 + + 

-- 
Total RNA was extracted from the SCzaty cells, and a cDNA 

library was generated via exposure to reverse transcriptase. 
Complementary DNA at varying dilutions was subjected to 
the PCR in the presence. of cytokine-specific primers. Tran- 
script expression was determined via gel electrophoresis as 
the presence of expanded DNA having the predicted num- 
ber of base pairs for the respective primers. 

subject were cocultured with B lymphocytes puri- 
fied from a second unrelated healthy, nonatopic 
control subject. After 9 days, supernatants were 
collected and assayed for IgE concentration by 
ELISA. The data are displayed in Table II. Sup- 
pernatants derived from the coculture of T and B 
lymphocytes obtained from the two control sub- 
jects did not demonstrate IgE production. How- 
ever, T lymphocytes obtained from the patient 
with SCzary syndrome induced increased IgE se- 
cretion by B lymphocytes from a nonallergic con- 
trol subject as shown by the presence of 1.25 
rig/ml of IgE in these supernatants. 

RT-PCR for detection of cytokines 

Total RNA was extracted from peripheral 
blood T lymphocytes and cDNA generated via 
exposure to Moloney murine leukemia virus re- 
verse transcriptase. PCRs were performed with 
1:40 (Fig. 1, A) and 1: 10 (Fig. 1, B) dilutions of 
the cDNA in the presence of primers specific for 
IL-2, IL-4, IL-5, GM-CSF, and interferon-y. The 
results are displayed in Table III. At a 1:40 
dilution of the cDNA, only IL-5 transcripts were 
detected. At a 1: 10 dilution IL-2, IL-4, IL-5 and 
GM-CSF -but not interferon-y -were detected. 
Specificity of IL-5 was confirmed by hybridization 
of the PCR product to a 33P-end-labeled single 
stranded nested oligonucleotide probe (Fig. 2). 

In situ hybridization 

PBMCs enriched with presumed SCzary cells 
were hxed to glass slides, and in situ hybridization 
was performed to detect B-2, IL-4, and interfer- 
on-y transcripts. Representative fields for the 
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FIG. 2. Hybridization of RT-PCR product to IL-5-specific 
nested oligonucleotide probe. Reverse transcriptase and 
ILd-specific PCR were performed as described. The PCR 
products at a 1 : 40 dilution of cDNA were electrophoresed 
on 2% agarose, denatured, and electrophoretically trans- 
ferred to nylon paper. Hybridization was performed in the 
presence of a 5’ y3’P-ATP end-labeled nested IL&specific 
probe, and autoradiography was performed. 

negative control probe and for IL-4 are displayed 
in Fig. 3, A and B, respectively and the results for 
all three cytokines are summarized in Table IV. 
Transcripts for IL-4 were detected in 84% of cells, 
whereas 62% of cells contained IL-2 mRNA and 
18% contained interferon-y mRNA. No cytokine- 
specific transcripts were observed in unstimulated 
lymphocytes obtained from the control subject 
(data not shown). 

DISCUSSION 

We report the case of a 62-year-old man with 
SCzary syndrome who presented with an elevated 
serum IgE level (11,900 IU/ml) and hypereosino- 
philia (16% of 9100 white blood cells). SCzary 
syndrome is a lymphoma associated with the dif- 
fuse cutaneous infiltration of malignant T lympho- 
cytes, producing an erythroderma.‘, 2 This disease 
is diagnosed on the basis of the characteristic 
appearance of the malignant cells, with hyper- 
chromatic lymphoid cells containing a convoluted 
nucleus. The malignant cells usually represent 
mature T lymphocytes of the T, phenotype. Thus 
these cells demonstrate surface expression of 
CD3 and CD4. In addition, these cells are char- 
acterized by the absence of CD7.” In addition to 
displaying the phenotype of T, lymphocytes, 
SCzary cells may behave as metabolically active 
helper cells, the functional profile of which in- 
cludes induction of immunoglobulin synthesis and 
the production of cytokines.‘, ‘, ‘l-l4 Thus SCzary 
cells of the HUT 78 human T-cell line have been 
demonstrated to produce IL-2, inteferon-y, tumor 
necrosis factor-a [TNF-cu], and transforming 
growth factor-p, cytokines characteristic of T, 
cells.6 

Our patient’s SCzary syndrome presented with 



128 Borish et al. J ALLERGY CLIN IMMUNOL 
JULY 1993 

FIG. 3. In situ hybridization of SBzary cells. SBzary cells were fixed on glass slide and allowed to 
hybridize in the presence of %-labeled cDNA probes. After extensive washing, the hybridized 
label was visualized by immersion in silver emulsion. A represents the negative control probe 
derived from A DNA HindIll fragments. B was performed with an IL-4-specific cDNA probe. 

TABLE IV. Cytokine production by 
S6zary cells as detected by 
in situ hybridization 

Cytokine Percent positive 

IL-2 62 
IL-4 84 
Interferon-y 18 

SCzary cells were fixed on glass slides and hybridized with 
35S-labeled cDNA for the respective cytokines. Slides were 
washed, and the hybridized label was visualized after im- 
mersion in developing solution. Three slides were examined 
for each cytokine, and data represent the mean percent of 
100 consecutively examined cells displaying cytokine-specific 
mRNA. 

the unusual features of an elevated serum IgE 
level and hypereosinophilia. Immunologic factors 
that regulate the production of IgE and eosino- 
philia have been the subjects of intense investiga- 
tions. Both of these features are typical of allergic 
diseases, and it has long been recognized that they 
are both regulated by secreted products of T 
lymphocytes.‘* 15-ls We therefore investigated the 
capacity of the patient’s lymphoma cells to induce 
IgE production by B lymphocytes. As shown in 
Table II, T cells derived from the patient but not 
T cells purified from a nonallergic donor induced 
IgE production. These data support the concept 
that the patient’s marked elevation in serum IgE 
occurred as a result of the production of factors 
by his lymphoma cells. 

The cytokines produced by T lymphocytes that 
are involved in the regulation of IgE and eosino- 
philia have recently become better understood. 
Participation in the induction of an isotype switch 
to IgE production is an activity of IL-4.19-26 Thus 
IL-4 induces IgE production by B lymphocytes in 
vitro cultures, and the capacity of human T cell 
clones to support IgE production is directly pro- 
portional to their IL-4 production. On the con- 
trary, interferon-y is a counterbalance to this 
activity of IL-4 on B-cell IgE synthesis, and the 
capacity of a T-cell clone to support IgE pro- 
duction is inversely proportional to interferon-y 
production and clones, which produce both IL-4 
and interferon-y will only induce IgE produc- 
tion in the additional presence of anti-interferon- 
Y* *O, 23Z 26-31 A second biologic activity of IL-4 is its 
capacity to induce expression of the low-affinity 
IgE receptor (F&RI1 or CD23) on monocytes.32* 33 
These receptors are normally not expressed on 
the monocytes of nonatopic subjects but are dis- 
played at increased concentrations on those of 
allergic individuals.33-38 Support for the involve- 
ment of IL-4 in this patient’s clinical syndrome 
was the presence of F&RI1 on -96% of his 
monocytes (Table I), as suggested by the presence 
of surface-bound IgE. Alternatively, however, 
CD23 may also be induced by other cytokines 
such as GM-CSF39 or virus-derived transactivating 
factors.40 

Eosinophilia represents the sequela of the ac- 
tivity of three other cytokines. IL-5 represents the 
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most potent eosinophilopoietin, and incubation of 
bone marrow cells with IL-5 results in the gener- 
ation of pure colonies of eosinophils.4’v 42 IL-5 also 
activates and promotes the survival of mature 
eosinophils.43x 44 IL-3 and GM-CSF share with 
IL-5 this capacity to prolong the survival of ma- 
ture eosinophils.45-47 With our observation that 
this patient’s lymphoma cells induced IgE produc- 
tion, we therefore investigated their capacity to 
produce IL-4 and interferon-y, and similarly, the 
patient’s hypereosinophilia prompted us to inves- 
tigate the production of IL-5 and GM-CSF. 

An extremely sensitive technique for detection 
of RNA transcripts (-- 10 or less per cell) is the 
sequential application of reverse transcription 
and the polymerase chain reaction (RT-PCR).6-7 
RT-PCR ‘was performed for IL-2, IL-4, IL-5, 
interferony, and GM-CSF; the results are dis- 
played in ‘Table III. To provide semiquantitative 
data on the relative concentrations of each cyto- 
kine transcript observed, the PCR was performed 
at a 1: 10 and 1: 40 dilution of the cDNA mix. At 
the higher dilution, only IL-5 transcripts were 
observed. At a 1: 10 dilution, transcripts for all of 
the cytokines with the exception of interferon-y 
were detected. Although less sensitive and less 
specific than RT-PCR, in situ hybridization was 
performed to confirm the data obtained by RT- 
PCR and to permit us to quantify the percent of 
the lymphoma cells involved in production of each 
of the cytokines. These data are displayed in 
Table IV. These data demonstrate that produc- 
tion of IL-2 and IL-4 was a characteristic feature 
of the patient’s Sezary cells, whereas very few 
demonstrated interferon-y. 

Neither our RT-PCR experiments nor the in 
situ hybridizations are able to distinguish cytokine 
production by Sezary cells from that of the pa- 
tient’s nonmalignant T lymphocytes. However, the 
nonmalignant T lymphocytes were not activated, 
as demonstrated by their failure to express high- 
affinity IL-2 receptors (CD25) (Table I). Because 
resting T lymphocytes do not produce cytokines, 
these nonmalignant cells are not likely to be 
contributing to our results. Furthermore, insofar 
as --85% of the patients’ peripheral blood T 
lymphocytes represented Sezary cells and 62% 
and 84% were synthesizing IL-2 and IL-4, respec- 
tively, then most if not all of the cytokine produc- 
tion must be ascribed to the leukemic cells. 

In addition to its role in regulating IgE synthe- 
sis, the diminished synthesis of interferon-y has 
been proposed to have a role in evolution of 
cutaneous T-cell leukemias from a localized (my- 

cosis fungoides) to a leukemic phase (Sezary syn- 
drome). Thus interferon-y is an important in- 
ducer of intercellular adhesion molecule-l 
(ICAM-1) on many cell types including epidermal 
keratinocytes.4”’ 49 SCzary cells express lymphocyte 
function associated antigen -1 (or CDlla) and an 
ICAM-l-lymphocyte function associated antigen- 
1 interaction has been proposed to support the 
localized binding of SCzary cells to the skin in 
mycosis fungoides.‘” Decreased synthesis of inter- 
feron-y is associated with loss of ICAM- expres- 
sion and possibly with dissemination of the Sezary 
cells.51 

T lymphocytes do not necessarily produce all of 
their cytokines on activation. In the mouse sub- 
classes of T helper lymphocytes can be identified 
among antigen-specific T-cell clones on the basis 
of their repertoire of cytokines.‘2~ 53 Type 1 helper 
cells produce interferon--y, IL-2, and TNF-B but 
not IL-4 and IL-5. Type 2 helper cells produce 
IL-4, IL-5, IL-6, and IL-10 but not interferon-y, 
IL-2, or TNF-B. Both classes produce GM-CSF 
and IL-3. Type 1 helper lymphocytes, through 
their production of IL-2 and interferon-y, will 
induce T-cell and monocyte activation and there- 
fore promote cell-mediated immune responses. 
IL-4, IL-5, and IL-6 production by type 2 helper 
cells will induce B-cell maturation and are there- 
fore important in antibody-dependent immunity. 
Type 2 helper lymphocytes, which either produce 
excessive IL-4 and IL-5 or function in the absence 
of interferon-y, are likely candidates for inducing 
an allergic immune response. 

This THI, and T,, dichotomy is less apparent in 
human T-cell clones. The primary difference is 
that virtually all human T-cell clones produce 
IL-2 and may produce both interferon-y and IL-4. 
However, there is an inverse relationship between 
the tendency of a T-cell clone to produce inter- 
feron-y as opposed to producing IL-4 or IL-5.“, ” 
Similarly, T lymphocytes derived from the lungs of 
subjects with allergic asthma are more likely to 
express mRNA transcripts for IL-2, IL-4, and 
IL-5 and not for interferon-y.54. *’ The presumed 
malignant T-lymphocyte clone present in our pa- 
tient had these typical features of human type 2 
helper lymphocytes, lending support for the con- 
cept that this subclass of lymphocytes exists in 
human beings and may be critically important in 
generating atopic disease. 

In summary, this patient presented with Sezary 
syndrome, with leukemia cells characterized by 
the presumed production of IL-2, IL-4, and IL-5 
and GM-CSF and the relative absence of inter- 



130 Borish et al. J ALLERGY CLIN IMMUNOL 
JULY 1993 

feron-y. This is in contrast to previously charac- 
terized SCzary syndrome T lymphocytes, which 
produced IL-2, interferon-y, TNF-a, and trans- 
forming growth factor-p. Consistent with our cur- 
rent understanding of the regulation of IgE, our 
patient’s production of IL-4 in the relative ab- 
sence of interferon-y was associated with a 
marked elevation of his serum IgE. Similarly, his 
production of IL-5 and GM-CSF was associated 
with hypereosinophilia. Together these data sup- 
port the concept that these cytokines perform 
functions in vivo in a manner similar to that 
d&scribed for them in vitro and, by extension, that 
these cytokines may be involved in the dysregula- 
tion of IgE production and eosinophilia that char- 
acterize allergic diseases. 

REFERENCES 

1. Wieselthier JS, Koh HK. SCzary syndrome: diagnosis prog- 
nosis, and critical review of treatment options. J Am Acad 
Dermatol 1990;22:381-401. 

2. Murphy GF. Cutaneous T cell lymphoma. Adv Path01 
1988;1:131-56. 

3. Wood GS, Deneau DG, Miller RA, Levy R, Hoppe RT, 
Warnke RA. Subtypes of cutaneous T-cell lymphoma de- 
fined by expression of Leu-1 and Ia. Blood 1982;59:876-82. 

4. Wood GS, Abel EA, Hoppe RT, Warnke RA. Leu-8 and 
Leu-9 antigen phenotypes: immunologic criteria for the 
distinction of mycosis fungoides from cutaneous inflamma- 
tion. J Am Acad Dermatol 1986;14:1006-13. 

5. DeKruyff RH, Turner T, Abrams JS, Palladino MA, 
Umetsu DT. Induction of human IgE synthesis by CD4+ 
T-cell clones. J Exp Med 1989;170:1477-93. 

6. Brenner CA, Tam AW, Nelson PA, et al. Message ampli- 
fication phenotyping (MAPPing): a technique to simulta- 
neously measure multiple mRNAs from small numbers of 
cells. BioTechniques 1989;7:1096-103. 

7. Rappolee DA, Mark D, Banda MZ, Werb Z. Wound 
macrophages express TGF-alpha and other growth factors 
in viva: analysis of mRNA phenotyping. Science 1988;241: 
708-10. 

8. Strieter RM, Kunkel SL, Showell HJ, et al. Endothelial cell 
gene expression of a neutrophil chemotactic factor by 
TNF-a, LPS, and IL-l@ Science 1989;243:1467-9. 

9. Del Pozo V, DeAndres B, Martin E, et al. Murine eosino- 
phils and ILl: aIL-1 mRNA detection by in situ hybridiza- 
tion. J Immunol 1990;144:3117-22. 

10. Haynes BF, Metzgar RS, Minna JD, Bunn PA. Phenotypic 
characterization of cutaneous T-cell lymphoma. N Engl J 
Med 1981;304:1319-23. 

11. Broder S, Edelson RL, Lutzner MA, et al. The Sezary 
syndrome: a malignant proliferation of helper T cells. 
J Clin Invest 1976;58:1297-306. 

12. Abrams JT, Lessin SR, Ghosh SK, et al. Malignant and 
nonmalignant T cell lines from human T cell lymphotropic 
virus type I-negative patients with Sezary syndrome. 
J Immunol 1991;146:1455-62. 

13. Yoshida T, Edelson R, Cohen S, Green I. Migration 
inhibitory activity in serum and cell supernatants in pa- 
tients with S’ezaty syndrome. J Immunol 1975;114:915-8. 

14. Vowels BR, Cassin M, Boufal M, Vonderheid E, Rook 
AH. Cutaneous T cell lymphoma may represent a Th2 
helper cell proliferative disease [Abstract]. J Invest Der- 
matol 1991;96:609A. 

15. Michael JG, Bernstein IL. Thymus dependence of reaginic 
antibody formation in mice. J Immunol 1973;111:1600-1. 

16. Ito K, Ogita T, Suko M, et al. IgE levels in nude mice. Int 
Arch Allergy Appl Immunol 1979;58:474-6. 

17. Basten A, Beeson PB. Mechanism of eosinophilia. II. Role 
of the lymphocyte. J Exp Med 1970;131:1288-1305. 

18. Katona IM, Urban JF Jr, Finkelman FD. The role of 
L3T4 + and Lyt-2+ T cells in the IgE response and 
immunity to Nippostrongylus brasiliensis. J Immunol 1988; 
140:3206-11. 

19. Paul WE, Ohara J. B cell stimulatory factor l/interleukin 
4. Ann Rev Immunol 1987;5:429-59. 

20. Del Prete GF, Maggi E, Parronchi P, et al. IL4 is an 
essential factor for IgE synthesis induced in vitro by 
human T cell clones and their supematants. J Immunol 
1988;140:4193-8. 

21. Pene J, Rousset F. Briere F. Interleukin 5 enhances 
interleukin-4-induced IgE production by normal human B 
cells. The role of soluble CD23 antigen. Eur J Immunol 
1988;18:929-35. 

22. Vercelli D, Jabara HH, Arai K, Yokota T, Geha RS. 
Endogenous IL-6 plays an obligatory role in IL-4 induced 
human IgE synthesis. Eur J Immunol 1989;19:1419-24. 

23. Romagnani S. Regulation and deregulation of human IgE 
synthesis. Immunol Today 1990;11:316-21. 

24. Vercelli D, Jabara HH, Arai K, Geha RS. Induction of 
human IgE synthesis requires interleukin 4 and T/B cell 
interactions involving the T cell receptor/CD3 complex 
and MHC class II antigen. J Exp Med 1989;169:1295-1307. 

25. Finkelman FD, Katona IM, Urban JF Jr, Snapper CM, 
Ohara J, Paul WE. Suppression of in vivo polyclonal IgE 
responses by monoclonal antibody to the lymphokine 
BSF-1. Proc Nat1 Acad Sci U S A 1986;83:9675-8. 

26. Finkelman FD, Holmes J, Katona IM, et al. Lymphokine 
control in vivo immunoglobulin isotype selection. Ann Rev 
Immunol 1990;8:303-33. 

27. Coffman RL, Carty J. A T cell activity that enhances 
polyclonal IgE production and its inhibition by IFN-r. 
J Immunol 1986;136:949-54. 

28. Pene J, Rousset F, Briere F, et al. IgE production by 
normal human B cells induced by alloreactive T cell clones 
is mediated by IL-4 and suppressed by IFN-7. J Immunol 
1988;141:1218-24. 

29. Wierenga EA, Snoek M, deGroot C, et al. Evidence for 
compartmentalization of functional subsets of CD4+ T 
lymphokines in atopic patients. J Immunol 1990;144: 
4651-6. 

30. Finkelman FD, Katona IM, Mosmann TR, Coffman RL. 
Interferon-y regulates the isotypes of immunoglobulin 
secreted during in vivo humoral immune responses. 
J Immunol 1988;140:1022-7. 

31. Pene J, Rousset F, Briere F, et al. IgE production by 
normal human lymphocytes is induced by interleukin 4 
and suppressed by interferons y and OL and prostaglandin 
E2. Proc Nat1 Acad Sci U S A 1988;85:6880-4. 

32. Vercelli D, Jabara HH, Lee B-W, Woodland N, Geha RS, 
Leung DYM. Human recombinant interleukin 4 induced 
FceR2/CD23 on normal human monocytes. J Exp Med 
1988;167:1406-16. 

33. Yokota A, Kikutani H, Tanaka T, et al. Two species of 



J ALLERGY CLIN IMMUNOL Borish et al. 131 
VOLUME 92, NUW3ER 1, PART 1 

human Fee receptor II (FccRIIICDW): tissue-specific and 
IL-4 specific regulation of gene expression. Cell 1988;55: 
611-8. 

34. Spiegelberg HL, Melewicz FM. Fc receptors specific for 
IgE. on subpopulations of human lymphocytes and mono- 
cytes. Clin Immunol Immunopathol 1980;15:424-33. 

35. Melewicz FM, Spiegelberg HL. Fc receptors for IgE on a 
subpopulation of human peripheral blood monocytes. 
J Immunol 1983;125:1026-31. 

36. Benveniste J. Involvement of immunoglobulin E in the 
secretory processes of alveolar macrophages from asth- 
matic patients. J Clin Invest 1983;71:221-30. 

37. Melewicz FM, Kline LE, Cohen AB, Spiegelberg HL. 
Characterization of Fc receptors for IgE on human alve- 
olar macrophages. Clin Exp Immunol 1982;49:364-70. 

38. Borish L, Pellegrini J, Rabson A. Increased expression of 
low affinity IgE receptors in patients with allergic 
disorders: correlation with IgE concentration. Int J Immu- 
nopathol Pharmacol 1990;3:1-9. 

39. Williams J, Borish L. Expression and regulation of low 
affinity receptors on human mononuclear phagocytes [Ab- 
stract]. J ALLERGY CLIN IMMUNOL 1991;87:245A. 

40. Wang F, Gregory CD, Rowe M, et al. Epstein-Barr virus 
nuclear antigen 2 specifically induces expression of the 
B-cell activation antigen CD23. Prox Nat1 Acad Sci U S A. 
1987;87:_7’452-6. 

41. Sanderson CJ, O’Garra CJ, Waren DJ, Klaus GGB. 
Eosinophil differentiation factor also has B cell growth 
factor activity: proposed name interleukin 4. Proc Nat1 
Acad Sci U S A 1986;83:437-40. 

42. Clutterbuck EJ, Hirst EMA, Sanderson CJ. Human inter- 
leukin 5 (IL-5) regu1ate.s the production of eosinophils in 
human bone marrow cultures: comparison and interaction 
with IL-l, IL-3, IL-6, and GMCSF. Blood 1989;73:1504- 
12. 

43. Lopez AF, Sanderson CJ, Gamble JR, Campbell HD, 
Young IG, Vadas MA. Recombinant human IL-5 is a 
selective activator of human eosinophils. J Exp Med 1988; 
1671219-124. 

44. Rothenberg ME, Petersen J, Stevens RL, et al. IL-5 
dependent conversion of normodense human eosinophils 
to the hypodense phenotype uses 3T3 fibroblasts for 
enhanced viability, acce.lerated hypodensity, and sustained 
antibody-dependent cytotoxicity. J Immunol 1989;143: 
2311-6. 

45. bapez AF, Williamson J, Gamble JR, et al. Recombinant 

human granulocyte-macrophage colony-stimulating factor 
stimulates in vitro mature human neutrophil and eosino- 
phi1 function, surface receptor expression, and survival. 
J Clin Invest 1986;78:1220-8. 

46. Owen WF Jr, Rothenberg ME, Silberstein DS, et al. 
Regulation of human eosinophil viability, density, and 
function by granulocytelmacrophage colony-stimulating 
factor in the presence of 3T3 fibroblasts. J Exp Med 
1987;166:129-41. 

47. Rothenberg ME, Owen WF, Silberstein DS, Soberman RJ, 
Austen KF, Stevens RL. Human eosinophils have pro- 
longed survival, enhanced functional properties, and be- 
come hypodense when exposed to human interleukin 3. 
J Clin Invest 1988;81:1986-92. 

48. Griffiths C, Nickoloff BJ, Voorhees JJ. Gamma interferon 
induces different keratinocyte cellular pattern of expres- 
sion of HLA-DR, DQ and intercellular adhesion mole- 
cule-l antigens. Br J Dermatol 1989;120:1-8. 

49. Dustin ML, Singer HK, Tuck DT, Springer TA. Adhesion 
of T lymphoblasts to epidermal keratinocytes is regulated 
by interferon y and is mediated by intercellular adhesion 
molecule 1 (ICAM-1). J Exp Med 1988;167:1323-40. 

50. Nickoloff BJ. Role of interferon-y in cutaneous-trafficking 
of lymphocytes with emphasis on molecular and cellular 
adhesion events. Arch Dermatol 1988;124:1835-43. 

51. Nickoloff BJ, Griffiths CEM, Baadsgaard 0, Voorhees JJ, 
Hanson CA, Cooper KD. Markedly diminished epidermal 
keratinocyte expression of intercellular adhesion mole- 
cule-l (ICAM-1) in SCzary syndrome. J Am Med Assoc 
1989;261:2217-21. 

52. Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, 
Coffman RL. Two types of murine helper T cell clones 1. 
Definition according to the profiles of lymphokine activi- 
ties and secreted proteins. J Immunol 1986;136:2348-57. 

53. Mosmann TR, Coffman RL. THl and TH2 cells: different 
patterns of lymphokine secretion lead to different func- 
tional properties. Annu Rev Immunol 1989;7:145-73. 

54. Kay AB, Hamid Q, Azzawi M, et al. Expression of mRNA 
for interleukin-5 in mucosal bronchial biopsies from 
asthma [Abstract]. J ALLERGY CLIN IMMUNOL 1991;87:213a. 

55. Dishuck J, Watson C, Borish L, Rosenwasser LJ. Identi- 
fication of interleukin-2 and interleukin-4 messenger RNA 
in bronchial alveolar lavage cells and allergen specific cell 
lines from atopic individuals [Abstract]. J ALLERGY CLIN 

IMMUNOL 1991;87:206. 


