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A B S T RA C T Binding of 125I-leukoagglutinin (LPHA)
to lymphocyte membrane receptors at equilibrium
generated similar curvilinear Scatchard plots in 20 pa-
tients with bursa-derived (B)-cell-type chronic lym-
phatic leukemia (CLL) and 15 controls. If biphasic
plots are assumed, the two linear components show
markedly diminished receptor capacity (15 and 137
ngI106 lymphocytes) in CLL as compared to controls
(60 and 668 ng). In contrast, affinity was similar in
patients (1.0 x 108 M-1 and 2.1 x 106 M-1) and con-
trols (1.8 x 108 M-1 and 1.5 x 106 M-1). Highly puri-
fied B cells from patients and controls generated
binding data comparable to that obtained from the
mixed lymphocyte (ML) suspensions from which they
originated. Maximal DNAsynthesis of highly purified,
normal, thymus-derived (T) and B cells in response to
LPHA stimulation was comparable to that of ML
(mitotic index [MI] 19.9, 20.1, and 23.4, respectively),
though B-cell responses were slightly delayed. In CLL
the markedly decreased and delayed DNAsynthesis
by ML(MI 2.3), and by highly purified T (MI 1.6) and
B (MI 1.9) cells seemed out of proportion to their de-
crea3ed receptor capacity for LPHA. The impaired
mitogenic responses of leukemic cells from five pa-
tients were not enhanced when cocultured with normal
lymphocytes. In contrast, cells from eight patients in-
hibited cocultured normal lymphocyte responses to
LPHAby 94.3%. Sera from these patients and super-
nates from their cultured cells did not mediate this sup-
pressor effect. These observations indicate that the
decreased DNAsynthesis observed in CLL is not an at-
tribute of B cells and does not represent the expected
response of a few residual normal T lymphocytes, but
rather reflects impaired responses by all CLL cells. The
defect does not relate to the density or function of mem-
brane receptors for LPHA, to the presence of inhibitors
in these patients' sera, or to depletion of helper T cells.
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Our data strongly suggest that one mechanism for the
immunoincompetence observed in CLL reflects exces-
sive suppressor-cell activity.

INTRODUCTION

The decreased (1) and delayed (2) response of chronic
lymphatic leukemia (CLL)1 cells to phytohemag-
glutinin has been attributed to a few normal thymus-
derived (T) cells diluted by a majority of unresponsive
monoclonal bursa-derived (B) lymphocytes (3), or al-
tematively has been viewed as the expected response
of the predominant B cell (4). However, several other
mechanisms must be entertained: (a) a quantitative
imbalance in cells that regulate immune responses
such as an excess of suppressor cells or a depletion of
helper cells (5-7); (b) a deficiency of humoral factors
necessary for the expression of immune competence
(8); (c) the presence in CLL plasma of inhibitory factors
which hinder cell proliferation (9); (d) because normal
B lymphocytes possess binding capacity for leukoag-
glutinin (LPHA) comparable to that of normal T cells
(10, 11) and are reactive to LPHA (11), the demonstra-
tion of decreased receptors for erythroagglutinin (12),
and other lectins (13) on CLL cells suggests a physical
basis for the abnormal mitogenic responses observed
in CLL. Because the binding of LPHA to normal
lymphocyte receptors and the resulting cell activation
have been well characterized (14-16), this lectin is
particularly suited to ascertain whether the impaired
mitogenic responses of neoplastic lymphocytes might
reflect defective membrane events such as decreased
receptor capacity or affinity for the lectin (17). In the
present studies we have examined the proliferative
responses of neoplastic lymphocytes and have at-

1 Abbreviations used in this paper: CLL, chronic lymphatic
leukemia; FCS, fetal calf serum; Ka, receptor affinity; LPHA,
leukoagglutinin; ME medium, Eagle's Minimum Essential
Medium; MI, mitotic index; ML, mixed lymphocytes; MLR,
mixed lymphocyte reactions; Ro, receptor capacity.
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tempted to elucidate whether these cells' functional
impairment relates to altered receptor density or af-
finity for LPHA, the presence of inhibitory serum fac-
tors, depletion of functional helper cells or excess
numbers of suppressor cells, or whether the metabolic
abnormality observed reflects a defect of effector-cell
function inherent to the neoplastic cell.

METHODS

Selection of donors. 20 patients with CLL ranging from 37
to 66 yr of age with stages III and IV disease (18) and a mean
absolute lymphocyte count of 58.8±19.3 x 103/,ul constituted
our patient population. No patient received any chemotherapy
within 3 wk of study. 15 healthy volunteers ranging from
22 to 49 yr of age with a mean absolute lymphocyte count of
2,014+146 x 104/,ul and who were taking no medications were
used as controls.

PHA purification and iodination. Bactophytohemag-
glutinin (Difco Laboratories, Detroit, Mich.) was purified ac-
cording to a modification of the column chromatography
method of Weber (19) to homogenous LPHA as previously
described (15). This mitogenic fraction was utilized for both
metabolic and receptor studies. For receptor studies, LPHA
was iodinated (reductant-free 1251, 17 Ci/mM sp act, ICN,
Chemical & Radioisotope Div., Life Sciences Group,
Irvine, Calif.) by the chloramine-T method of Hunter (20)
and adjusted to a final specific activity of 150,000 cpm/,.ug
LPHA-protein in 0.5% bovine serum albumin (albumin,
Grand Island Biological Co., Grand Island, N. Y.). Details of
the LPHApurification and iodination procedures have been
published elsewhere (15).

Cell characterization by immune markers. T- and B-
lymphocyte subpopulations were assessed by the E-rosette
and immunofluorescence techniques, respectively. Spon-
taneous rosette formation with sheep erythrocytes (E-rosette)
was evaluated according to a modification (21) of the technique
of Jondal et al. (22). The presence of membrane immuno-
globulins was investigated by direct immunofluorescence (23)
as follows. Two million cells were incubated at room tem-
perature for 60 min with 0.1 ml of fluorescein-conjugated anti-
sera specific for each heavy and light chain, and with poly-
valent antiserum (Meloy Laboratories, Inc., Richmond, Va.).
After washing the cells twice with Eagle's Minimum Essential
Medium (ME medium, Grand Island Biological Co.), one drop
of cell suspension was placed on a slide, covered, and exa-
mined with a Leitz fluorescent microscope (E. Leitz, Inc.,
Rockleigh, N. J.) equipped with an Osram HBD200 mercury
arc lamp (Osram, Inc., Berlin, West Germany) and with an
interference primary filter fluorescein isothiocyanate 495.
The specificity of the conjugates was ascertained by double
diffusion and by staining fixed marrow specimens from
patients with myeloma of known immunoglobulin class
and type.

Lymphocyte isolation and purification procedures. Mixed
lymphocytes (ML), virtually free of granulocytes, platelets,
and erythrocytes, were prepared according to previously
described methods (24). Monocytes represented <1 and 0%
of the total as determined by morphology (supravital and
Wright stains) and by phagocytosis of carbonyl iron particles
(SF-special, GAFCorp., NewYork), respectively. In addition,
purified T and B cells from some patients and controls were
obtained by repeatedly submitting ML to Ficoll-Hypaque
(Ficoll, Pharmacia Fine Chemicals, Piscataway, N. J.;
Hypaque, Winthrop Laboratories, Sterling Drug Co., New
York) gradients after E-rosette. formation as follows: 1 ml of

sheep erythrocytes (4 x 108/ml) was added to 1 ml of ML
(5 x 107/ml) and heat-inactivated fetal calf serum (FCS, Grand
Island Biological Co.). This mixture was centrifuged at 200 g
for 5 min and incubated at room temperature for 60 min. Cells
from two or three such incubations were pooled, gently re-
suspended, layered over 4 ml of Ficoll-Hypaque, and centri-
fuged at 400 g for 40 min. The cell button containing T cells
and sheep erythrocytes was washed twice in MEmedium,
gently agitated, and layered over a Ficoll-Hypaque gradient
to break up the rosettes and remove the sheep erythrocytes,
respectively. The population at the interface, rich in B cells,
was reprocessed through the rosette-gradient cycle once or
twice. These procedures yielded a recovery of 40-60% B cells
and 70-80% T cells in controls but somewhat less in patients.
The final T-cell population in patients and controls was >98%
pure and contained <1%contaminating B cells. The final B-
cell suspensions from patients and controls were >98% and
>97%pure, respectively, with <1%T-cell contamination. All
lymphocyte suspensions were washed three times in ME
medium before use.

Lymphocyte cultures. The LPHA-induced metabolic
responses of MLand purified T- and B-cell subsets from pa-
tients and controls were ascertained by DNAsynthesis meas-
urements (25). Unless otherwise specified, 106 lymphocytes
were cultured in a 2-ml vol of MEmedium, with 20% FCS,
antibiotics (100 U/ml penicillin, 100 ,g/ml streptomycin, and
100 U/ml mycostatin), and the appropriate concentrations of
LPHA. To ascertain the full spectrum of lymphocyte responses
to LPHAstimulation, lectin concentrations ranging from 0.1 to
200 ,ug/culture were used. For all other studies, cells were
exposed to 20 ,ug/culture which induced maximal or near
maximal responses from controls and CLL cells, respectively
(as will be shown). After incubation for up to 7 d (to be
specified for each set of experiments) at 37°C, DNA was
pulse labeled (4 h) with 0.5 gCi of tritiated thymidine (New
England Nuclear, Boston, Mass.; 6.7 Ci/mmol sp act), pre-
cipitated twice with 10% trichloroacetic acid, washed twice
with 95% methanol, dissolved in 0.3 ml of Nuclear Chicago
solubilizer and counted in a toluene-based scintillation fluid.
cpm were measured at ambient temperature in an LS-150
Beckman spectrometer (Beckman Instruments, Inc., Fuller-
ton, Calif.) with counting efficiency of 45.0±0.9%, calculated
according to the external standardization method (26). All
cultures were done in triplicate plastic culture tubes (Falcon
Plastics, Div. BioQuest, Oxnard, Calif.). Results are expressed
either as mean±SEMdpm or as mean±SEMmitotic index
(MI) (dpm LPHA-stimulated culture/dpm unstimulated culture).

Characterization of LPHA binding to lymphocyte recep-
tors. The methodology involved in the evaluation of the
binding of LPHAto specific lymphocyte membrane receptors
has been described in detail elsewhere (15, 16). In brief,
aliquots of 106 lymphocytes suspended in 0.1 ml of ME
medium containing 0.1% bovine serum albumin (ME Me-
dium/albumin) were incubated in duplicate plastic culture
tubes with 125I-LPHA concentrations ranging from 5 to 200 ,mg
(0.1-200 ,ug in some cases) containing in 0.4 ml of phosphate-
buffered saline with 0.1% albumin (NaCl-Pi/albumin). In-
cubation tubes were presoaked in 0.5% albumin in NaCl-Pi
adjusted to pH 7.2 to reduce nonspecific binding. After 60-
min incubation at 22°C, the reaction was abruptly terminated
by temperature jump (addition of 10 ml of NaCl-Pi/albumin
at 4°C). Unbound 125I-LPHA was removed by washing four
times with cold (4°C)ME medium containing 0.1% albumin,
cells were extracted and collected on 0.5% albumin-presoaked
0.45-jum filters (Millipore Corp., Bedford, Mass.), and cell-
bound radioactivity was assessed in an Autowell gamma
counter (Picker Corp., Charlotte, N. C.). The nonspecific
binding component determined from replicates containing
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no cells was subtracted from the total counts to obtain recep-
tor-specific data.

RESULTS

Lymphocyte subpopulations. An average of 21.8
+0.9% of normal lymphocyte bore membrane immuno-
globulin. Characteristically, heavy and light chains
were variously represented in each individual. In con-
trast, 86.3±2.8% of CLL lymphocytes were B cells of
monoclonal origin. The surface immunoglobulin
identified was ZK in 18 patients, uX in 1, and yX in 1.
Stained lymphocytes demonstrated the characteristic
punctuate fluorescence discretely distributed but oc-
casionally polarized in a crescent formation. The in-
tensity of the fluorescence was subnormal in patients
with CLL. However, reproducibility was excellent
regardless of the cell source and the type or percentage
of the immunoglobulin identified. Although 62.0±2.8%
of normal circulating lymphocytes formed E-rosettes,
only 5.4±1.0% of CLL lymphocytes were T cells (range
of 1-12%).

Measurements of LPHA binding to lymphocyte
receptors. Specificity in the binding of 125I-LPHA to
lymphocyte membrane receptors has previously been
reported (15). Binding to leukemic lymphocytes was
time and temperature dependent, as was binding to
normal cells (15). Binding equilibrium was reached
after 60 min incubation at 22°C, twice the equilibrium
binding time to normal lymphocytes (15). Furthermore,
the magnitude of 125I-LPHA binding to leukemic cells
was markedly subnormal. Binding capacity and af-
finity by leukemic and normal lymphocytes were
assessed by Scatchard analysis (27). Data obtained from
a 40-fold 125I-LPHA concentration spectrum (5-200
,ug) demonstrated straight forward second order
kinetics. However, using a 2,000-fold concentration
range (0.1-200 ,ug), the linearity of the Scatchard plot
gave way to complex binding curves in both patients
and controls (Fig. 1). As noted in the literature (16, 28),
the complexity of receptor-ligand interactions is only
brought forth when studied over a wide spectrum of
ligand concentrations, thus explaining the straight-
forward single component plots obtained with narrow
concentrations of erythroagglutinin (12) and LPHA
(11). After exclusion of alternate models (15, 29, 30),
curvilinear Scatchard plots of upward concavity may be
attributed to (a) multiple classes of binding sites, each
with different but fixed affinity on the same or differ-
ent cells; (b) a single class of receptors with variable
affinity inversely proportional to receptor occupancy;
or (c) multiple classes of interacting binding sites. Our
equilibrium data reflect complex receptor-LPHA inter-
actions of all LPHA-binding lymphocytes rather than
the existence of distinct orders of receptors on differ-
ent lymphocyte subsets. Support for this view comes
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FIGURE 1 Scatchard plots of receptor-specific binding of 125I-
LPHAto normal and CLL lymphocytes. Bound/unbound 125I1
LPHA(x 100) is plotted as a function of nanograms of bound
125I-LPHA/106 cells. Plot A was generated by normal lympho-
cytes; plot B emerged from CLL cells. If biphasic plots are
assumed, the first components in controls (n = 12) and pa-
tients with CLL (n = 5) show receptor capacities of 60 and 15
ng '25I-LPHA/106 lymphocytes (P < 0.01) with affinities of
1.8 and 1.0 x 108 M-1 (P > 0.05) and correlation coefficients
>0.98 (P < 0.001) and >0.93 (P < 0.001), respectively. The
second components yield capacities in controls (n = 15) and
patients (n = 20) of 668 and 137 ng 1251-LPHA/106 lympho-
cytes (P < 0.01) with affinities of 1.5 and 2.1 x 106 M-1 (P
> 0.05) and correlation coefficients >0.94 (P < 0.001) and
>0.98 (P < 0.001), respectively.

from characteristic curvilinear Scatchard plots gener-
ated (a) by ML from patients and controls (Fig. 1); (b)
by highly purified B cells from controls and patients
with B-cell CLL (not shown); and (c) by highly purified
T cells isolated from controls and from a patient with
T-cell-type CLL (not shown). Detailed studies on
receptor-LPHA dissociation kinetics suggest that the
binding complexity reflects site-site interactions result-
ing in occupancy-dependent receptor affinity (16), thus
precluding accurate calculations of lymphocyte bind-
ing capacity (Ro) for LPHAand of physically meaning-
ful affinity constants (Ka). However, if a biphasic plot
is assumed, Ro and Ka can be calculated from the inter-
cept on the abscissa and from the slope of each com-
ponent, respectively. These values (Table I) indicate
that although the density of membrane receptors for
1251-LPHA on leukemic cells was 20-25% of normal,
affinity for the ligand was normal. Purified B cells from
patients and controls generated binding data com-
parable to that obtained from the MLfrom which they
originated (Table I). The decreased receptor capacity
for LPHA and other mitogens (12, 13) reflects struc-
tural membrane abnormalities of these cells rather than
their subnormal size (31) because it appears out of pro-
portion to the small difference in cell size. Further-
more, other membrane abnormalities on CLL cells are
well documented (32, 33).
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TABLE I
Normal and Leukemic Lymphocyte Receptors for 1251-LPHA*

Mixed lymphocytes B Lymphocytes
Receptor

capacity/affinity Normal CLL Nonnal CLL

Rol, ng/1106 cells 60±13t 15±6 (<0.01) 45±5 8±1 (<0.01)
Kaj, x 108 M-1 1.8±0.6t 1.0±0.4 (NS) 1.6±0.4 1.1±0.4 (NS)

Ro2, ng/106 cells 668±86t 137±20 (<0.01) 540±64 104±60 (<0.01)
Ka2, x 106 M-1 1.5±0.2t 2.1±0.7 (NS) 1.9±0.6 2.4±0.7 (NS)

* Ro and Ka derived from the intercept on the abscissa and from the slope of each
component of Scatchard plots (see text) are expressed as mean±SEM.
t Within each donor group, the differences observed in Rol, Ka,, Ro2, and Ka2 between
cell populations were NS.

LPHA stimulation as a function of lymphocyte
subpopulations and incubation time. These experi-
ments were undertaken to ascertain the extent to which
LPHA stimulated highly purified T and B cells. Such
information is pertinent to the study of CLL by virtue
of conflicting data from normal B-cell responsiveness
to PHA (11, 34-36) and the suggestion that the im-
paired and delayed PHAresponses by CLL cells might
reflect a B-cell attribute (4).

The time-course of lymphocyte stimulation by 20
,ug LPHAI106 lymphocytes is shown in Fig. 2. The
kinetics of DNAsynthesis by normal and leukemic ML,
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FIGURE 2 Time-course of lymphocyte responsiveness to
LPHA. DNAsynthesis by normal mixed lymphocytes (n = 15)
and by highly purified normal T (n = 7) and B (n = 4) cells
are depicted as the upper curves of panels A, B, and C, respec-
tively. Lower curves represent mitogenic responses by
leukemic mixed lymphocytes (n = 20) and by leukemic T
(n = 3) and B (n = 7) cells. Results are expressed as mean
+SEMMI and are plotted as a function of time.

highly purified T and B lymphocytes are depicted
as the upper and lower curves of panels A, B, and C,
respectively. Several points are apparent. First, normal
B cells responded to LPHAas well as did normal ML
and T cells, though their peak response occurred on the
4th rather than the 3rd d. Second, normal T- and B-cell
responses at 6 and 7 d were less than that of ML. Third,
responses by ML, T, and B leukemic cells were delayed
and markedly impaired when compared to their respec-
tive normal counterpart.

LPHA stimulation as a function of lectin concen-
trations. DNAsynthesis in response to 2.5-200 ,g
of LPHA/106 lymphocytes (0.1-200 ,ug in five patients
and five controls) was ascertained at the time of peak
response (after stimulation of normal and CLL lympho-
cytes for 3 and 6 d, respectively). A characteristic
normal lymphocyte response profile is shown in Fig. 3
(upper curve). Significant cell activation occurred in
response to 8.5 ng of receptor-bound 125I-LPHA/106
lymphocytes. Escalation of LPHA concentrations
magnified the DNA synthesis response reaching a
maximum (MI 23.4±5.4) when 120.8 ng of 125I-LPHA
was receptor-bound, beyond which the lectin becomes
progressively lymphotoxic (17). In contrast, DNA
synthesis by CLL cells (Fig. 3, lower curve) was
markedly impaired. Whenanalyzed in each individual
patient, DNA synthesis was consistently subnormal
and bore no relationship to the size of the T-cell sub-
set. The abnormal CLL response profile is character-
ized by cell insensitivity to the lectin (17), judged by
the greatly increased (>fivefold) amounts of cell-bound
lectin needed to induce a significant response, and by
the impaired or absent metabolic responses to the sub-
normal amounts of receptor-bound LPHA. Indeed,
when calculated as a function of cell-bound 125I-LPHA,
DNA synthesis by CLL cells was only a fraction of
normal. This suggests that the decreased density of
LPHA receptors on leukemic lymphocytes might not
satisfactorily explain these cells' impaired responses to
the lectin.
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FIGuRE 3 Lymphocyte responsiveness to LPHAstimulation.
DNAsynthesis from normal (n = 15) and leukemic (n = 20)
mixed lymphocytes are shown as the upper and lower curves,
respectively. Results expressed as mean±SEM dpm/106
lymphocytes are plotted as a function of the stimulating lectin
concentrations.

Cocultured experiments. Another explanation for
the abnormal CLL response might relate to alterations
in cells or humoral factors that regulate immune reac-
tions. To determine whether the hyporesponsiveness
to LPHA in CLL was a result of an intrinsic defect of
effector cell function or whether it could derive from a
lack of helper cells or from an excess of suppressor cells
(5-7) we examined the LPHA-induced DNAsynthesis
by leukemic and normal lymphocytes cocultured with
normal and leukemic cells, respectively.

DNAsynthesis by CLL cells cocultured with normal
lymphocytes. Leukemic cells (0.8 x 106) and normal
lymphocytes (0.2 x 106) were cultured separately and
together in the presence and absence of 20 ,g of LPHA
for 6 d (Table II). All other culture conditions were
kept constant. If the mitogenic hyporesponsiveness of
CLL cells reflects a lack of helper cells, addition of a
small number of normal lymphocytes containing the
putative helper cells would be expected to amplify the
DNA synthesis response of effector CLL cells. The
adequacy of the leukemic:normal cell ratio used is sug-
gested by several reports (37, 38). The small numbers
of normal lymphocytes used was also selected to mini-
mize mixed lymphocyte reactions (MLR) and to reduce
these cells' direct contribution to total DNAsynthe-
sized by the cocultured cells. The adequacy of the in-
cubation time is based on our Fig. 2. Indeed, whether
the kinetics of an enhanced response by leukemic ef-
fector cells "reconstituted" with normal helper cells
follows a normal or leukemic pattern (peak response at
3 or 6 d, respectively), such enhancement would be ap-

parent by day 6. The impaired leukemic cell responses
were not corrected by the addition of normal lympho-
cytes, thus excluding defective helper function in CLL.
Indeed, as shown in Table II, spontaneous and LPHA-
induced DNAsynthesis by cocultured cells were not
significantly different than that of leukemic cells cul-
tured separately. Significant MLRwas ruled out by
these results and by appropriate controls (not shown) in
which mitomycin-C-treated (25 ,ug/ml) stimulating
leukemic or normal cells were cocultured with re-
sponding normal or leukemic cells, respectively, in the
absence of LPHA.

DNA synthesis by normal lymphocytes cocultured
with leukemic cells. Normal lymphocytes (0.8 x 106)
and leukemic cells (0.2 x 106) were cultured separately
and together in the presence and absence of 20 ,ug of
LPHA for 3 d. All other culture conditions were kept
constant. Such cell mixtures would not be expected to
generate appreciable MLR after 3-d cultures (39).
Furthermore, absence of MLRwas documented in con-
trol experiments (not shown) using mitomycin-C-
treated cells, as described above. As shown in Table
III, CLL cells inhibited normal lymphocyte responses
to LPHAby 94.3% (P < 0.001). This effect was observed
for each of eight CLL patients studied (range of inhibi-
tion, 83-100%). Moreover, spontaneous DNAsynthe-
sis by normal lymphocytes was inhibited by 75%
(P < 0.001) and was induced by cells from all patients
(range of inhibition, 68-87%). To determine whether
this suppressor effect was mediated by humoral factors
secreted or released by leukemic cells, normal lympho-
cytes were cultured in 20% leukemic serum from three
of the eight patients shown to have suppressor activity,
and in cell-free supernates obtained from leukemic
cells cultured 48 h with and without 20 ,g LPHA.
Selection of 48-h supernates was based on the premise
that if suppression observed in cocultures at 72 h is
humorally mediated, suppressor activity should be

TABLE II
DNASynthesis by CLL Cells Cocultured with

Normal Lymphocytes*

CLL cells plus
Normal cellst CLL cellst normal cells§

DNAsynthesis (n = 5) (n = 5) (n = 5)

dpmlculture

Spontaneous 491+45 495±34 516±44"
LPHA-induced 951±147 707±81 863±104"

* Expressed as mean±SEM.
t Normal cells (0.2 x 106), CLL cells (0.8 x 106) cultured
separately.
§ CLL cells (0.8 x 106) cocultured with normal cells (0.2 x 106).
"I Significance of difference between CLL cells and CLL cells
plus normal cells was NS.
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TABLE III
DNASynthesis by Normal Lymphocytes Cocultured with CLL Cells*

Nonnal cells plust

CLL cells§ Normal cells5 CLL cells CLL supernates CLL sem Normal sera
DNAsynthesis (n = 8) (n =8) (n =8) (n = 3) (n =3) (n =3)

dpmlculture

Spontaneous 639±90 2,189±1361 549±57 2,011±85 2,056±144 1,978±157
LPHA-induced 693±92 22,160±855"1 1,585±338 17,524±1,583 18,277±2,171 28,383+1,668
* Expressed as mean±SEM.
t Normal cells (0.8 x 106) cocultured with CLL cells (0.2 x 106), or cultured in CLL supernates; CLL sera; and
normal sera.
§ CLL cells (0.2 x 106), normal cells (0.8 x 106) cultured separately.
Significance of differences between normal cells and normal cells plus CLL cells was <0.001, between normal cells

and normal cells plus either CLL supemates, CLL sera, and normal sera was NS.

present in 48-h supernates. Normal cells cultured in
20% FCS and in 20% autologous serum served as con-
trols. These experiments demonstrated (Table III) that
the marked suppressor effect of leukemic cells on
spontaneous and LPHA-induced DNA synthesis by
normal lymphocytes was not mediated by humoral
factors. Indeed, the mild inhibitory effect that leukemic
sera and supernates appeared to exert on normal
lymphocyte responses was not significant (P > 0.05)
and was seen in only two of the three patients studied.
To determine the origin of CLL suppressor cells, i.e.,
whether T or B cells are responsible for the suppres-
sion, normal lymphocytes (0.8 x 106) were cocultured
as described above with highly purified T, B, or with
mixed cells (0.2 x 106) from three patients with sup-
pressor activity. The marked suppressor effect (71%)
of mixed cells on normal lymphocyte responses to
LPHA was also exerted by highly purified CLL T
(65%) and by highly purified CLL B (68%) cells. The
degree of suppression by the various cell populations
was comparable for each patient studied.

DISCUSSION

The decreased proliferative responses of leukemic
lymphocytes to LPHAcan be attributed to: (a) In vitro
cell death. This is excluded, however, by the com-
parable cell viability observed in patients and con-
trols; (b) A small fraction of residual normal T cells as
the only proliferating cell (3). Although a few diluted T
cells contribute to the overall response observed, they
are not the only proliferative cells, because there was
no discernible correlation between DNAsynthesis and
the size of the T-cell subpopulation in our group of pa-
tients. Furthermore, highly purified T lymphocytes
from three patients with B-cell-type CLL showed no
greater responses to LPHA than their B-cell counter-
parts. In addition, a 1:10 dilution of PHA-responsive
cells with mitomycin-C-treated autologous lympho-

cytes or with autologous acute myeloblastic leukemic
cells failed to delay maximal responses to PHA (36);
(c) Hyporesponsive leukemic B cells reflecting their
nonthymic origin rather than their neoplastic nature.
This view (4) is based on the reported absolute or rela-
tive insensitivity of normal B lymphocytes to soluble
mitogens (34, 36). However, in this and other studies
(11, 35) normal B cells were as responsive to LPHA
stimulation as were T cells and ML from which they
originated. Moreover, we observed markedly impaired
DNAsynthesis by highly purified T cells isolated from
patients with B-cell CLL and from one patient with T-
cell CLL; (d) A functional or quantitative defect of leu-
kemic receptors for LPHA. However, leukemic recep-
tor affinity for LPHA was normal and the decreased
LPHA receptor density on leukemic cells might not
satisfactorily explain their diminished proliferative re-
sponses to the lectin. Indeed, equivalent amounts of
receptor-bound LPHA induced greatly diminished
responses from CLL cells, as compared to normal
lymphocytes. Furthermore, little response to LPHA
(MI 7.3 in response to 20 ,ug LPHA) was observed in a
patient with T-cell-type CLL (with 87% T and 2% B
cells) in spite of normal receptor capacity and affinity
for the lectin; (e) The presence of humoral mitogenic
inhibitors or absence of lymphokines necessary to
amplify and accelerate the mitogenic response. How-
ever, our failure to demonstrate mitogenic inhibitors in
patients' sera and in supernates of CLL cell cultures,
and the production of lymphokines by CLL cells
despite their poor PHA responses (8) argue against
these possibilities; (f) The presence of suppressor cells
or the absence of helper cells. Our studies show that
mitogenic responses of cells from five randomly
selected patients with CLL were not enhanced when
cocultured with normal lymphocytes. In contrast, cells
from eight random patients markedly inhibited cocul-
tured normal lymphocyte responses to LPHA. This sup-
pressor effect was not mediated by humoral factors
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in patients' sera or in cell-free supernates, suggesting
either very labile soluble suppressor factors or the need
for direct suppressor-target cell interactions. The dis-
tribution of lymphocyte subsets in our patient popula-
tion and the virtual absence of monocytes from our cell
suspension suggest that suppressor cells in CLL might
be of nonthymic origin. However, we could not link
suppressor activity to presence of membrane immuno-
globulins or E-rosette receptors. This suggests at least
three possibilities: (a) the presence of CLL T and CLL
B suppressor cells with similar nonspecific suppressor
activity, an unlikely possibility; (b) contamination of
our T- and B-cell suspensions by an undetectable, small
number of highly functional suppressor cells of homo-
geneous origin; (c) alternatively, suppressor CLL cells
may be homogeneous in origin but may exhibit hetero-
geneous surface determinants. Membrane abnormali-
ties (perhaps related to neoplastic transformation)
shown in this and other reports (12, 32, 33), suggest
that the true origin of CLL cells may not be conclu-
sively ascertained by the presence or absence of surface
markers. It could be argued that the decreased receptor
density for LPHA on leukemic cells and their poor
mitogenic response to the lectin might suggest shed-
ding of LPHAreceptors or LPHAblocking factors from
the CLL cell surface into the supernate, thus explain-
ing the decreased mitogenic responses by cocultured
normal lymphocytes. However, the suppressor effect
exerted by CLL cells on normal lymphocytes was not
mediated by CLL supernates and was also observed in
the absence of LPHA. In addition, the markedly de-
creased mitogenic responses by CLL cells was out of
proportion to their decreased receptor capacity for
LPHA.

Suppressor cells have been described in a number of
congenital and acquired immunodeficiencies in animal
models and in the human (6, 7, 37, 38). These cells ap-
pear to play a primary as well as a secondary pathogenic
role in the development of certain diseases (6). Our
studies did not examine whether the development of
suppressor cells in CLL represents a primary patho-
genic mechanism or whether leukemic lymphocytes
exhibit intrinsic cell defects reflecting the neoplastic
transformation with secondary acquisition of suppres-
sor cells. However, whether primary or secondary,
through nonspecific inhibition (7, 40) of various target
tissues, suppressor cells may exert a significant role in
the pathogenesis of several complications of CLL.
Thus, blocked of polyclonal B-cell maturation by sup-
pressor cells similar to that reported in experimental
(41) and human multiple myeloma (6) may also account
for the hypogammaglobulinemia frequently present in
patients with CLL. Of interest is the recent report that
severe anemia in a case of T-cell-type CLL may be a
result of interactions between neoplastic T cells and
erythroid precursors (42). The biologic role of suppres-

sor cells may be the inhibition of tumor cell prolifera-
tion. However, suppressor cells of tumor bearing hosts
may inhibit in vivo immune responses to the tumor by
interfering with in vivo expansion of tumor-reactive T
cells in a manner similar to the nonspecific inhibition
of in vitro LPHA-induced lymphoproliferation shown
in this report.
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