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A B S T RA C T The Sezary syndrome is a frequently
lethal disease characterized by circulating malignant
cells of thymus-derived (T)-cell origin. The capacity
of circulating malignant lymphocytes from patients
with this syndrome to synthesize immunoglobulins and
to function as helper or suppressor cells regulating
immunoglobulin synthesis by bone marrow-derived
(B) lymphocytes was determined. Peripheral blood
lymphocytes from normal individuals had geometric
mean immunoglobulin synthetic rates of 4,910 ng for
IgM, 1,270 ng for IgA, and 1,625 ng for IgG per
2 x 106 cells in culture with pokeweed mitogen for 7
days. Purified normal B cells had geometric mean
synthetic rates of 198 ng for IgM, 145 ng for IgA,
and 102 ng for IgG. Leukemic cells from patients
with the Sezary syndrome produced essentially no
immunoglobulins. Adding normal T cells to normal B
cells restored their immunoglobulin producing ca-
pacity. Leukemic cells from four of five patients
tested had a similar capacity to help immunoglobulin
synthesis by purified normal B cells. Additionally,
Sezary cells from one patient studied induced a nearly
10-fold increase in IgA synthesis by lymphocytes from
a child with ataxia telangiectasia and selective IgA
deficiency. Furthermore, these Sezary cells induced
more than a 500-fold increase in IgG and IgA synthesis
by lymphocytes from a child with Nezelof's syndrome.
When Sezary cells were added to normal unfrac-
tionated lymphocytes, they did not suppress immuno-
globulin biosynthesis. In addition, unlike the situation
observed when large numbers of normal T cells
were added to purified B cells, there was no depression
of immunoglobulin synthesis at very high malignant
T-cell to B-cell ratios. These data support the view
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that Sezary T cells do not express suppressor cell
activity. The results presented in this paper suggest
that neoplastic lymphocytes from the majority of
patients with the Sezary syndrome originate from a
subset of T cells programmed exclusively for helper-
like interactions with B cells in their production of
immunoglobulin molecules.

INTRODUCTION

The Sezary syndrome is of great clinical and theo-
retical interest. The hallmarks of this grave dis-
order are exfoliative erythroderma, generalized
lymphadenopathy, and circulating malignant lympho-
cytes with a propensity to infiltrate skin (1, 2).
These circulating neoplastic lymphocytes, referred to
as Sezary cells, have a deeply-folded or cerebriform
nucleus as their main morphologic feature.

Lymphocytes may be divided into two main
categories: bone marrow-derived cells (B cells) and
thymus-derived cells (T cells). Furthermore, certain
lymphoproliferative diseases can be classified as malig-
nancies of either B-cell or T-cell origin (3). B cells
are the immediate precursors of antibody secreting
cells. They are characterized by the presence of
surface membrane-bound immunoglobulin molecules
(4, 5) and receptor for antigen-antibody complement
complexes (6) or heat aggregated IgG (7). With these
criteria, most cases of chronic lymphocytic leukemia
are examples of a B-cell malignancy (8-10). HumanT
cells may be identified by the spontaneous formation
of rosettes with sheep erythrocytes (11, 12) or by
lysis in the presence of specific heterologous cytotoxic
antisera raised against thymic lymphocyte antigen and
rendered specific by prior absorption with B cells
(13). With these criteria, S6zary cells from most pa-
tients have a T-cell origin (1, 2, 14).
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TABLE I
Summary of Sezary Syndrome Patients Used in Lymphocyte

Immunoglobin Production Experiments in Vitro

Total leuikocvte Percentage
cotunt per etbic of S6zarv

Patient Age Sex millimeter cells* Clinical findings

yr

F. S. 69 F 240,000 >99 Exfoliative erythroderma and hepatosplenomegaly

J. N. 52 M 157,000 98 Exfoliative erythroderma

L. H. 69 M 37,000 95 Exfoliative erythroderma, hepatosplenomegaly, and
S6zary cell leukemic infiltration of lungs

R. B. 57 M 11,900 41 Exfoliative erythroderma

E. H. 64 M 80,100 88 Exfoliative erythroderma, multiple tumor-involved
skin plaques, and hepatosplenomegaly

M. C. 56 F 140,000 95 Exfoliative erythroderma and hepatosplenomegaly

J. H. 41 M 7,300 98 Exfoliative erythroderma, hepatosplenomegaly, and
S6zary cell leukemic infiltration of kidneys

* Expressed as a percentage of total leukocyte count. In all cases, neoplastic S6zary lymphocytes
comprised at least 95% of lymphocytes seen on peripheral blood smear.

T cells play a role in a number of immune systems.
These cells are critically involved in cell-mediated
immunity, which includes such phenomena as delayed
hypersensitivity, allograft rejection, and graft vs. host
reactions. Normal T cells proliferate when stimulated
by certain plant mitogens, such as phytohemagglutinin
and concanavalin A (15). They mediate the mixed
lymphocyte reaction (16), act as killer cells in models
of lymphocyte-induced cytotoxicity (17), and generate
certain soluble effector prodtucts known as lympho-
kines (18). In addition, T cells plav a critical role in
the regulation of humoral immune responses bv acting
as potentiators (helper cells) or inhibitors (stuppressor
cells) of the transition of B cells into immunoglobulin
producing plasma cells (19, 20). Both antigen-specific
and nonspecific helper and suppressor functions have
been identified.

The leukemic T cells of patients with the S6zary
syndrome have been examined for their capacity to
mediate certain of the normal T-cell functions involved
in cell-mediated immunity. The overall conclusion is
that the S6zary cells from various individuals differ in
the degree of normal T-cell activity they can express
(1, 2). Thus, the leukemic cells of some patients
responded normally to plant mitogens, while the cells
of the majority of patients responded poorly or not
at all. The S6zary cells from most of the patients did
not transform normally to preformed blastogenic factor
(2). Leukemic cells from a few patients fumnctioned as
both effective stimulators and responders in miixed
lymphocyte reactions, whereas cells from others were
either weak stimulators, weak responders, or both (1,
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2). Sezary cells from most patients were poor killers
in assays of T-cell-mediated cytotoxicity (21). On the
other hand, the majority of Sezary syndrome patients
had leukemic cells that produced a lymphokine
resembling migration inhibition factor (22).

The capacity of S6zary cells to act as helper cells
or suppressor cells in humoral immune responses has
not been investigated. The purpose of this study was
to determine whether S6zary cells can regulate the in
vitro svnthesis of immunoglobulins by lymphocytes
derived from normal individuals and from patients with
thymic deficiency states. The results indicate that the
neoplastic lymphocytes from most of the patients
with the S6zarv syndrome studied represent a
proliferation of T cells that act as helper T cells
but not suppressor T cells, in the process of immuno-
globulin production.

METHODS

Patient population. Seven patients with the S6zary syn-
drome undergoing diagnostic evaluation at the National
Cancer Institute were studied. All patients in this study had
exfoliative erythroderma, generalized lymphadenopathy, and
a leukemia of lymphocytes with the membrane properties
of T cells and with the characteristic morphologic features
of S6zary cells as determined by light or electron microscopy
(1, 2). These cells had a high nuclear: cytoplasmic ratio
and had deeply-folded, cerebriform nuclei. The absolute
abnormal lymphocyte count ranged from 4,900 cells/mm3 to
240,000 cells/mm3 at the time of study (Table I). In all
cases, S6zary cells comprised more than 95% of the
lymphocytes seen on peripheral blood smear at the time of
study. Controls for this study consisted of 22 healthy individ-
*ials whose ages ranged from 18 to 56 yr.



Measurement of immunoglobulin synthesis by lymphocytes
in vitro. To study the transition of circulating lymphocytes
into immunoglobulin secreting plasma cells, peripheral blood
lymphocytes were cultured in the presence of pokeweed
mitogen. This plant lectin is known to induce polyclonal
immunoglobulin production in vitro (23, 24). This technique
is described in detail elsewhere (24). Briefly, lymphocytes
were obtained from 35-50 ml of heparinized, venous blood
and washed 12 times with Mishell-Dutton balanced salt solu-
tion (National Institutes of Health Media Section, Bethesda,
Md.) containing 5%heat-inactivated fetal calf serum (Grand
Island Biological Co., Grand Island, N. Y., control C742923) to
remove detectable human serum proteins. 2 million lympho-
cytes were incubated in loosely capped 1-dram vials with
pokeweed mitogen (Grand Island Biological Co., lot A232502)
at 37°C in 5% CO2 for 7 days in 1-ml RPMI 1640 media
(Grand Island Biological Co.) containing 4 mML-glutamine,
50 U/ml penicillin, 50 ug/ml streptomycin, and 10% heat-
inactivated fetal calf serum. The dose of the pokeweed
mitogen was lO.ul/culture, a dose determined to be optimal
in preliminary cultures. At the termination of the culture
period, the amount of IgM, IgA, and IgG synthesized and
secreted into the medium was determined by double-anti-
body radioimmunoassay of these immunoglobulins with
techniques essentially identical to those previously described
for IgE (25).

Preparation of normal T-cell and B-cell populations. We
prepared T cells and populations of B cells freed of T cells
by a two-step procedure that takes advantage of the observa-
tions that normal human T cells pass through anti-Fab
immunoabsorbent columns and form spontaneous rosettes
with sheep erythrocytes, whereas normal B cells are
selectively retained by immunoabsorbent columns because of
their surface-bound immunoglobulin moieties and do not form
spontaneous rosettes with sheep erythrocytes. The technique
of immunoabsorbent chromatography, which has been
described in detail previously (26), was modified slightly
in the current study. The mononuclear cells from 250 ml of
heparinized whole peripheral blood were isolated by Ficoll-
Hypaque centrifugation and washed three times with Hanks'
balanced salt solution containing 5% heat-inactivated fetal
calf serum. The cells were incubated at 37°C for 30 min.
Then, 3 x 108 cells suspended in RPMI 1640 media, contain-
ing 2.5 mMN EDTA, were applied to a disposable syringe
column which had been packed with 15 ml of Sephadex
G-200 beads (Pharmacia Fine Chemicals, Inc., Piscataway,
N. J.) conjugated to pure rabbit antihuman Fab. The column
had been previously equilibrated with RPMI 1640-EDTA
buffer. The T-cell population was harvested by elution with
15 ml of buffer and held overnight at 4°C. The column
was then washed with an additional 90 ml of buffer. The
B-cell fraction was then harvested by competitive elution
using RPMI-EDTA buffer containing 10 mg/ml of human
gamma globulin (Cohn's Fraction II, Miles Laboratories,
Inc., Elkhart, Ind.). The B-cell fraction eluted from the
immunoabsorbent column contained B cells, monocytes, and
a few T cells. The contaminating T cells were removed by
a sheep erythrocyte rosetting technique. The cells eluted
from the column were washed twice in RPMI 1640 media
containing 4 mML-glutamine and resuspended to 3 x 106/ml.
Two parts of the washed B-cell fraction were added to one
part of heat-inactivated fetal calf serum previously absorbed
with sheep erythrocytes, and three parts of a washed sheep
erythrocyte suspension containing 108 erythrocytes/ml. The
cells were mixed and centrifuged immediately at 1,000 rpm
for 5 min and then stored at 4°C overnight. 16 h later the
pellet was resuspended, layered over Ficoll-Hypaque, and
centrifuged at 1,300 rpm for 40 min. Cells remaining at the
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FIGURE 1 Immunoglobulin production by peripheral blood
lymphocytes after stimulation by pokeweed mitogen. The
geometric means±SD of 22 normal persons and the in-
dividual values of 7 patients with the Sezary syndrome
are shown.

interface were termed the B-cell population. An additional
fractionation to remove monocytes was not performed. The
T-cell and B-cell populations were then processed for in vitro
immunoglobulin biosynthesis as described above for un-
separated lymphocytes.

Assays of suppressor cell activity. The presence of circu-
lating suppressor cells was assessed by a co-culture technique
(24). Peripheral blood Sezary cells from patients and peri-
pheral blood lymphocytes from controls were cultured
together (1 x 106 cells from each source) in 1 ml of medium
in the presence of pokeweed mitogen. The synthesis of
immunoglobulin (Ig) by cells of two subjects in co-culture
was related to the sum of the expected contribution by each
cell population as follows: Synthesis of Ig by cells in co-
culture as percentage of Ig synthesized individually = 100
x Synthesis of Ig by 108 cells from both subjects/Y2 x sum
of Ig synthesized by 2 x 106 cells of each subject cultured
separately.

Assays of helper cell activity. As indicated below, poke-
weed mitogen-stimulated B-cell populations, freed of T cells,
synthesized very small quantities of immunoglobulin
molecules. The ability of added cells to augment immuno-
globulin synthesis by these B cells was used as a test
for helper cell activity. The standard tests for helper activity
consisted of culturing 0.5 x 108 B cells with 1.0 x 106 purified
T cells or S6zary cells in 1 ml of media in the presence
of pokeweed mitogen. In certain experiments, where the
object was to test the effect of high T-cell to B-cell ratios,
0.2 x 108 B cells were cultured with varying numbers (from
4 x 105 to 1.6 x 106) of normal T cells or Sezary cells.

RESULTS

Failure of Sezary cells to produce Ig after stimulation
by pokeweed mitogen. The unseparated peripheral
blood lymphocytes from patients with the S6zary
syndrome studied had a markedly reduced capacity to
produce immunoglobulins in vitro. As shown in Fig. 1,
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TABLE II
Failure of Sezary Cells to Inhibit Ig Synthesis When Co-

cultured with Normal Peripheral Blood Lymphocytes. Ig
Synthesis by Normal Lymphocytes Co-cultured with

Sezary Cells Expressed as a Percentage of Ex-
pected Synthesis for Normal Lympho-

cytes Cultured Alone

Patient IgM IgA IgG

F. S. 320 410 470
J. N. 170 171 143
R. B. 115 121 87
E. H. 155 191 109
M. C. Not done 104 81

whereas the peripheral blood lymphocytes of 22 normal
individuals had geometric mean synthetic rates of
4,910 ng for IgM, 1,270 ng for IgA, and 1,625 ng for
IgG, the peripheral blood lymphocytes from the seven
Sezary syndrome patients studied produced essen-
tially no immunoglobulins. This observation is in
accord with the view that the Sezary leukemic cells
are T cells and thus lack the capacity to become
immunoglobulin synthesizing and secreting cells. The
low immunoglobulin synthesis by the cells of the
patients with the Sezary syndrome studied probably
reflects the dilution of the B cells of these patients
by leukemic T cells. Thus, very few B cells were
present in the 2 million lymphocytes cultured from
these patients. The alternative possibility that the
Sezary cells suppressed the transition of B cells into
plasma cells was excluded by the studies presented
below.

Absence of suppressor cell activity by Sezary
cells. It is known that peripheral blood mononuclear
cell populations from certain immunodeficient patients
contain suppressor cells (24, 27). The peripheral blood
T cells from such patients depressed the in vitro
synthesis of immunoglobulins by co-cultured normal
lymphocytes by 85-100%o. Since circulating lympho-
cytes from Sezary syndrome patients produced very
small quantities of immunoglobulins, we tested
whether -such cells could suppress the Ig synthesis of
co-cultured lymphocytes from normal individuals. As
shown in Table II, 1 x 106 circulating lymphocytes from
the five Sezary syndrome patients tested failed to
inhibit immunoglobulin synthesis when co-cultured
with equal numbers of normal peripheral blood
lymphocytes. This provides evidence that circulating
lymphocytes fror patients with the Sezary syndrome
do not have detectable suppressor cell activity. Further
evidence that Sezary cells lack even the modest sup-
pressor cell activity of normal peripheral blood
polyclonal T cells is presented below.

Helper activity of normal T cells for immunoglobu-
lin synthesis. We next turned our attention to the
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capacity of T cells to function as helper cells that
augment the transition of normal B cells into immuno-
globulin synthesizing and secreting cells. The data
based on seven normal individuals is summarized in
Fig. 2. Pokeweed mitogen-stimulated normal B cells
freed of T cells (0.5 x 106 cells/culture) had very low
synthetic rates for IgM, IgA, and IgG, with geometric
synthetic rates of 198 ng for IgM, 145 ng for IgA, and
102 ng for IgG. In addition, purified T cells (106 cells)
from normal individuals did not produce detectable
immunoglobulins when cultured in vitro with poke-
weed mitogen. However, the addition of 106 normal
T cells to 0.5 x 106 normal B cells restored the capacity
of these B cells to produce large quantities of all
three major immunoglobulin classes with geometric
synthetic rates of 1,820 ng for IgM, 1,071 ng for IgA, and
1,122 ng for IgG. Other workers have also shown
that immunoglobulin synthesis by human peripheral
blood lymphocytes stimulated with pokeweed mitogen
required helper T cells (28, 29). Helper activity could

2500wF

2000
-

ui

cc

-i

D

- 1500

.-.

z

D00
a

a

w

w

- 500

I -

I -

k

olLJm

D Normal B cell
n geometric mean

Normal T cell
geometric mean

r Normal B+T cell mixture
geometric mean

[Ii F11
IgM IgA IgG

FIGURE 2 Immunoglobulin production by normal B cells
alone, normal T cells alone, and mixtures of B cells plus
T cells. The geometric means±SD of seven normal persons
are shown. Note the drastic impairment of immunoglobulin
secretion by purified B cells. Immunoglobulin production
is restored (i.e., there is a helper effect) by the addition of
T cells. In these experiments, 0.5 x 106 B cells were co-
cultured with 1.0 x 106 T cells.

I I .I ___jIa -t



cn

LU)

100_
Z w

LL~
00

0 -Cl, 5

IcP

0U 0

IL~~~~~~~~~~~~

NUMBEROF NORMALT CELLS ADDEDTO 2x105 B CELLS

FIGURE 3 Immunoglobulin production by normal B cells as
a function of the number of normal T cells added to the
culture. The vertical bars represent the SD of the mean for
each point. Immunoglobulin (Ig) values illustrated represent
IgA production. Note that at high normal T-cell to B-cell
ratios immunoglobulin production declines.

be seen when even small numbers of normal T cells
were added. Thus, as few as 10,000 T cells produced
significant augmentation of immunoglobulin synthesis
when they were added to 500,000 normal B cells.
When progressively increasing numbers of normal,
polyclonal T cells (4 x 105- 1.6 x 106 cells) were added
to a constant number of B cells (2 x 105 cells), an
interesting pattern was observed (Fig. 3). When small
numbers of T cells were added to the B cells, an
augmentation of immunoglobulin synthesis was ob-
served. However, when the ratio of T cells added to
the constant number of B cells exceeded four: one, there
was a progressive suppression of immunoglobulin
synthesis until, at a ratio of eight T cells to one B cell,
the synthesis of immunoglobulin was less than 30%o
of the peak level. These observations are consistent
with the view that normal peripheral blood T cells
include both helper and suppressor T-cell subpopula-
tions.

Helper activity of Sezary cells. We then tested
the capacity of the leukemic lymphocytes from patients
with the Sezary syndrome to function as cells that
help normal B cells to produce immunoglobulins. Four
of the five patients tested had peripheral blood neo-
plastic cells which retained helper activity. The helper
activity of the Sezary cells from these four patients
is demonstrated in Fig. 4. There was a 6- to over 30-
fold augmentation of immunoglobulin synthesis by
B cells after the addition of Sezary cells. A series
of control studies was initiated to define the signifi-
cance of this helper cell activity of the Sezary cells.
The first control studies were designed to determine if
the helper cell function was a specific property of
the cells from the patients with the Sezary syndrome
or was merely the result of co-culturing allogeneic
cells. In these studies, it was found that the culturing
of lymphocytes from patients with chronic lymphocytic

leukemia (a malignancy of B cells) or cells of the
long-term B-cell tissue culture lines NC 37 and PA3
did not augment immunoglobulin synthesis by purified
normal B cells. Similarly, the long-term T-cell line,
MOLT IV, did not mediate helper activity. This
supports the view that the mere co-culture of allo-
geneic cells does not lead to apparent helper cell
activity. A second series of control studies was designed
to exclude the possibility that the helper cell activity
of the peripheral blood Sezary cells was due to a
small number of contaminating normal T cells. As
shown in Fig. 5, some helper activity was observed
when as few as 10,000 Sezary cells were added to
500,000 normal B cells. At this dilution, the Sezary
cells were at least as effective as normal T cells
in helping B cells produce immunoglobulin molecules.
This is evidence against the possibility that the helper
activity is due to a small percentage of contaminating
normal T cells in the Sezary cell population.
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FIGURE 4 Immunoglobulin production by normal B cells
alone, S6zary cells alone, and mixtures of normal B cells
plus S6zary cells. Sezary cells were derived from the fol-
lowing patients: Experiment A, patient J. H.; Experiment B,
patient R. B.; Experiment C, patient E. H.; and Experiment D,
patient J. N. Note that S6zary cells from these patients
demonstrate helper cell activity. In these experiments, 0.5
x 106 B cells were co-cultured with 1.0 x 106 S6zary cells.
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FIGURE 5 Immunoglobulin production by normal B cells in
the presence of low numbers of normal T cells or Seary cells.
In these experiments 0.5 x 106 B cells were tested with varying
dilutions of normal or neoplastic helper cell populations.
Immunoglobulin values illustrated represent IgM. Sezary
cells were from patient R. B.

Wenext examined the effect of adding progressively
more Sezary cells (4 x 105- 1.6 x 106 cells) to a constant
number of B cells (2 x 105 cells). The pattem of
immunoglobulin synthesis by B cells with increasing
numbers of neoplastic T cells contrasted with that

observed when normal T cells were added. As noted
above, when increasing numbers of normnal T cells
were added to purified normal B cells, relative sup-
pression of pokeweed mitogen-induced immuno-
globulin synthesis was observed at high T-cell to B-
cell ratios. In contrast, as shown in Fig. 6, there
was a progressive increase in the quantity of immuno-
globulin synthesized by normal B cells with increases
in the number of S6zary T cells added. The typical
decline of immunoglobulin synthesis was not seen
even at very high T-cell to B-cell ratios. This observa-
tion is in accord with the view that S6zarv T
cells represent pure helper cells, and not mixtures
of suppressor and helper cells. This view is further
supported by the observation that the addition of
Sezaiy cells to mixtures of normal B cells and T cells
could reverse the decline of immunoglobulin synthesis
brought about by large concentrations of normal T cells.
As noted in Fig. 7, the addition of a constant number
of Sezary cells (1 x 106 cells) to B-cell plus T-cell
mixtures prevented the decline in immunoglobulin
production associated with high normal T-cell to
normal B-cell ratios.
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FIGURE 6 Immunoglobulin production by normal B cells as

a function of the number of S6zary cells added to the culture.
In the experiment illustrated, S6zary cells were from patient
E. H. Immunoglobulin values illustrated represent IgA. Note,
in contrast to the results using normal T cells (Fig. 3),
immunoglobulin synthesis is not suppressed at high neo-

plastic T-cell to B-cell ratios.
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FIGURE 7 Restoration of immunoglobulin production at high
normal T- and B-cell ratios by the addition of S6zary cells.
In these experiments, varying numbers of normal T cells
were added to 2 x 105 normnal B cells. In addition, certain
Bcell-T cell mixtures received a constant number (1.0 x 106)
of Sezary cells derived from patient E. H. Immunoglobulin
values illustrated represent IgA.
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Helper interaction of S'ezary T cells with lympho-
cytes from patients with thymic deficiency states.
The majority of patients with immunoglobulin defi-
ciencies do not have a lack of helper T cells as
their fundamental defect, and the addition of normal
T cells or S6zary cells does not augment immuno-
globulin biosynthesis by lymphocytes of these patients
in vitro. Two children with thymic deficiency states
provided interesting exceptions to this generalization.
The first patient was an 8-yr-old girl with Nezelof's
syndrome (30) and an associated severe thymic defi-
ciency as manifested by recurrent infections, absent
delayed hypersensitivity, inability to reject skin allo-
grafts, and markedly decreased proliferative responses
of peripheral blood lymphocytes when cultured in the
presence of mitogens and specific antigens. This child
also had reduced specific circulating antibody forma-
tion after repeated immunizations. As shown in Fig.
8 (top), the lymphocytes from this child were not
capable of synthesizing IgG and IgA in the presence of
pokeweed mitogen. However, when the lymphocytes
from this thymic deficient child and lymphocytes from
a S6zary syndrome patient (patient J. N.) were co-
cultured (1 x 106 cells from each source), there was
copious synthesis of IgG and IgA (more than 30,000 ng).
The neoplastic Sezary T cells from this patient
also promoted an increased immunoglobulin synthesis
by the lymphocytes from a 7-yr-old child with ataxia
telangiectasia (31) and selective IgA deficiency. The
lymphocytes from this child produced only 120 ng of
IgA when cultured alone in the presence of pokeweed
mitogen. However, when 1 million Sezary cells
were added to 1 million of the patient's cells, there
was a 10-fold augmentation of IgA synthesis, thereby
restoring the rate of IgA synthesis to normal (Fig. 8
bottom).

DISCUSSION

Recently recognized membrane and functional differ-
ences between B and T cells have provided an elegant
basis for classifying neoplastic lymphocytes. Such a
classification has therapeutic and prognostic relevance,
as in characterizing lymphomas and certain leuke-
mias. In addition, the study of neoplastic lymphocytes,
plasma cells, and their products has resulted in many
new insights regarding the normal cells of the immune
system and their effector proteins. This is especially
true since these malignant cells appear to be unique
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clonal populations that cannot be easily obtained from
normal individuals or from experimental animals. The
study of the malignant T cells and their products
from patients with the Sezary syndrome may prove
to be as exciting in answering questions regarding
the T-cell system as chronic lymphocytic leukemia
cells, myeloma cells, and their products have proved
to be in answering questions concerning the immuno-
globulin synthesizing system.

One of the most critical questions concerning the
T-cell regulation of immunoglobulin synthesis is
whether a single population of T cells can mediate
both helper and suppressor activity under appropriate
conditions, or whether help and suppression are ac-
complished by two distinct populations of T cells,
each genetically programmed to carry out only helper
or suppressor functions. It has been suggested by
several workers that suppressor T cells and helper T
cells might be the same cells. Thus, suppression in
any system has been viewed as either "too much
help" (32) or a consequence of T-cell signals acting
directly on B cells in the absence of macrophages (33).
It has also been proposed that suppressor or helper
effects depend upon the state of activation of the
responding cells with stimulation taking place when
the activity of the responders is low and suppression
taking place when the activity of the responders is
high (34). However, a considerable body of recent
evidence indicates that there are two distinct groups
of T cells, one programmed for helper function and the
other programmed for suppressor function. The most
clear-cut demonstration that suppressor T cells and
helper T cells are distinct populations has been ob-
tained by examining the genetically controlled Ly
system of antigens in mice (35). These antigens repre-
sent markers expressed exclusively on the surface of
cells undergoing thymus-dependent differentiation.
Each of the Ly surface antigens is determined by a
single genetic locus (Ly-1 on chromosome 19 and
Ly-2 and Ly-3 closely linked on chromosome 6),
having two alleles. With the use of specific antisera
for the antigens of the Ly system, peripheral T cells
can be subclassified on the basis of the differential
expression of surface antigens belonging to the three
Ly systems; Ly-1, Ly-2, and Ly-3. Three groups of
T cells have been identified, one population bearing
all three of the Ly determinants (Ly-123+), one popu-
lation bearing Ly-1 determinants alone, and a third
population bearing Ly-23. It has been demonstrated
that antisera to Ly-1 eliminated both antigen specific
helper activity and concanavalin A-induced non-
specific helper T-cell activity, whereas antiserum to
Ly-23 does not affect helper activity (36, 37). Thus,
helper T cells or TH cells are Ly-1+ cells. In contrast,
antisera to Ly-1 does not affect either specific or
nonspecific suppressor activity, whereas antisera to

Ly-23 eliminated these functions. Thus, it appears from
these studies that suppressor cells or Ts cells bear
Ly-23 determinants on their surface and are distinct
from the helper T cells.

The results of the studies reported in this paper are
in accord with the view that human helper cells
are distinct from human suppressor cells. The Sezary
cells of four of the five patients studied appeared
to be a homogenous expansion of helper T cells
(TH cells) comparable to the cells bearing the Ly-1
antigen in mice. The cells from these patients were
capable of greatly augmenting the amount of immuno-
globulin produced by purified B cells. The helper
activity of the Sezary cells from patient J. N.1 is
of special interest since in previously published studies
this patient's neoplastic T cells failed to proliferate
in the presence of mitogens and specific antigens
(1, 2). Furthermore, this patient's Sezary cells could
not serve as stimulating or responding cells in mixed
leukocyte reaction tests (1). Therefore, helper cell
activity is not necessarily linked to other more
commonly assayed T-cell functions. The previously
reported studies in patient J. N., in conjunction with
the control studies discussed above, indicate that the
Sezary cell helper function reported here is not a
simple example of the so-called allogeneic effect (19).
The conclusion that the Sezary cells represent a
homogeneous expansion of helper cells is supported by
the results of adding graded increases of T cells to a
constant number of B cells. When progressively more
normal T cells were added to purified normal B
cells, suppression of pokeweed mitogen-induced
immunoglobulin production was observed at high
T-cell to B-cell ratios. At least one explanation for
this is that normal circulating lymphocyte populations
contain both helper and suppressor T cells. In contrast,
there was a progressive increase in the quantity of
immunoglobulin synthesized by normal B cells when
increasing numbers of Sezary cells were added,
with no evidence of decline in immunoglobulin syn-
thesis at very high neoplastic T-cell to B-cell ratios.
Furthermore, the addition of Sezary cells to mixtures
of normal B cells and normal T cells reversed the
decline of immunoglobulin production caused by
excessive numbers of normal T cells.

Three points are worth emphasizing. First, the rela-
tive suppression of immunoglobulin production at high
normal T-cell to B-cell ratios is not due to simple
crowding or exhaustion of essential tissue culture
nutrients since the addition of even more cells to
the system (i.e. Sezary cells) restored immunoglobulin
production. Second, the helper function mediated by
circulating lymphocytes from patients with the Sezary
syndrome is not merely the result of residual normal

1 Patient J. N. was previously labeled "Patient 1" (1).
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helper T cells. Helper cell activity was seen with
small numbers of S6zary cells. Furthermore, a small
residual population of normal T cells would not be
expected to totally overcome the suppressive effect
of adding excessive. numbers of T cells to B cells.
Third, Sezary cells from certain patients appear

to be exclusively programmed for helper interactions
with B cells. Sezary cells from the patients studied
thus far do not express suppressor activity in vitro.
Continued research may show that Sezary cells from
the majority of patients originate from lymphocytes
which are the human counterparts of mouse Ly-1+ T
cells. However, it is likely that human lymphomas
and leukemias originating from T cells corresponding
to Ly-23+ lymphocytes and expressing suppressor cell
activity will be discovered eventually.

Sezary lymphocytes exerted profound helper-like
activity when co-cultured with lymphocytes from a

patient with severe thymic dysfunction and humoral
antibody deficiency. Neoplastic T cells from the same

patient also promoted a 10-fold increase in the in vitro
synthesis of IgA by lymphocytes from a child with
ataxia telangiectasia and selective IgA deficiency.
These observations suggest that certain forms of
humoral immunodeficiency may be due to a helper
cell deficiency, and not only due to an intrinsic
defect of the B cells alone or excessive numbers
of suppressor cells. Indeed, it is exciting to consider
that certain classes of neoplastic T cells, or soluble
factors produced by such cells, could prove useful
in the treatment of immunodeficiency states due to
thymic dysfunction.
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