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A B S T R A C T The distribution of peripheral blood
lymphocytes that contain surface Ig has been studied
by means of immunofluorescence in humans. Normal
individuals, individuals with sex-linked and acquired
agammaglobulinemia, selective IgA deficiency, cellular
immune deficiencies, and individuals with chronic lym-
phatic leukemia (CLL) were studied. Approximately
28% of the peripheral blood lymphocytes from normal
individuals contained surface Ig. On an average 15%
contained IgG, 6%, IgA, and 8%, IgM; and the kappa:
lambda ratio was 2: 1. Lymphocytes from patients with
CLL appeared to be "monoclonal" in that the cells
from a given individual had a single Ig associated with
them (e.g., kappa IgM). In three-quarters of the cases
the H chain class was IgM; in the remaining one-
quarter no H chain could be detected on the cell sur-
face. The L chain class was kappa in 12 cases and
lambda in 8. Four patients with sex-linked agamma-
globulinemia and one with "acquired" agammaglobu-
linemia had markedly decreased numbers of cells with
surface Ig (0-4%). In contrast, the three patients with
selective IgA deficiency and no detectable serum IgA
contained normal numbers of cells (6-8%) with sur-
face IgA. Five patients with cellular deficiency states,
including two with Wiskott-Aldrich syndrome, con-
tained a normal or low percentage of cells with surface
Ig.

INTRODUCTION
Small lymphocytes have been shown to have immuno-
globulin-like molecules on their cell surface. The first
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indirect demonstration of this phenomenon was that of
Sell and Gell (1) who used a variety of anti-immuno-
globulin antisera to stimulate blast transformation of
rabbit peripheral blood lymphocytes. Subsequently, di-
rect demonstration of immunoglobulin (Ig)1 molecules
by radioiodinated and fluorescein-conjugated anti-Ig
antisera has been possible in mice, rabbits, and chickens
(2-5). The source of lymphocytes with surface Ig has
been shown to be the bone marrow (or bursa of Fab-
ricius in the chicken [5]) and the source of the cells
which lacks Ig to be the thymus (6). The purpose of
the present report is to characterize the surface im-
munoglobulins in normal human blood and to deter-
mine any deviations from the normal distribution that
might be encountered in certain immunologic deficiency
diseases and lymphoproliferative disorders in order to
gain information regarding the origin of the cellular
dysfunction (i.e., thymus or bone marrow). The spe-
cific disease entities investigated were sex-linked and
acquired hypogammaglobulinemia, selective IgA de-
ficiency, cellular immune deficiency states, and chronic
lymphatic leukemia.

METHODS
Antisera. Rabbit anti-immunoglobulin antisera to the

major heavy-chain classes, IgG, IgA, and IgM, and the
two light-chain types, kappa and lambda, were produced in
rabbits by immunization with normal IgG and parapro-
teins of the IgA and IgM class, respectively. Antisera to
kappa and lambda light chains were prepared in rabbits im-
munized to Bence Jones proteins of the appropriate type.
The antisera were rendered monospecific by immunoad-
sorption with Ig coupled to cyanogen bromide-activated

'Abbreviations used in this paper: B, bone marrow-de-
rived (lymphocytes); CLL, chronic lymphatic leukemia;
HBSS, Hanks' balanced salt solution; Ig, immunoglobulin;
T, thymus-derived (cells).
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Sepharose columns (7). IgG antisera were adsorbed with
F (ab')2; IgA and IgM with normal IgG and cord serum;
kappa and lambda antisera with IgG myeloma proteins of
the opposite types. After immunoadsorption, the IgG frac-
tion of the rabbit antisera prepared by DEAE-cellulose
chromatography were fluoresceinated as previously described
and further fractionated on DEAE-cellulose (3). Conju-
gated antisera having fluorescein: protein ratios varying
between 2: and 3: 1 were used for direct immunofluorescent
identification of immunoglobulins on the surface of lympho-
cytes.
Lymphocyte preparations. Cell suspensions of spleen and

lymph nodes were made by gently pressuring the minced
organ through a stainless steel wire mesh into tissue cul-
ture dishes containing Hanks' balanced salt solution (HB-
SS). Peripheral blood lymphocytes were prepared by cen-
trifugation on a Ficoll (Pharmacia Fine Chemicals, Inc.,
Piscataway, N. J.) gradient (8) or a modification of the
Ficoll-Triosil (sodium metrizoate) method (9) using Hy-
paque (sodium diatrizoate; Winthrop Laboratories, New
York) instead of Triosil. In most cases, the blood was
allowed to sediment in 3% dextran (Pharmacia Fine Chemi-
cals, Inc.), and the white cell-enriched supernatant was
used for the Ficoll-Hypaque centrifugation rather than
whole blood. The preparations prepared from peripheral
blood were routinely 85-95% lymphocytes. The yield of lym-
phocytes was generally in the range of 70%. Spleen and
lymph node preparations were contaminated with approxi-
mately 30% macrophages.
Radial immunodiffusion. Quantitation of serum immuno-

globulin levels was performed as previously described (10).
Paraproteins at known concentrations were used as stan-
dards. Quantitation of the amounts of kappa and lambda in
serum was performed on serum which was reduced with
0.1 M 2-mercaptoethanol for 1 hr at room temperature
before filling the wells.
Immunofluorescent staining. Cells were washed three

times in HBSS before being reacted with fluoresceinated
antisera. To portions of 1-10 X 10" cells in about 0.1 ml
was added 0.1 ml of fluoresceinated antisera (at a concen-
tration of 1-3 mg/ml), and the reaction mixture was in-
cubated at room temperature for 30 min with occasional
gentle shaking. Cells were then washed three times with
HBSS and resuspended in 0.5 ml of the same buffer. A
drop of the cell suspension was placed on a slide, overlayed
with a cover slip, and the edges sealed with melted paraffin.
The immunofluorescence was examined with a Zeiss ultra-
violet microscope equipped with an Ossran HBD 200
mercury arc lamp as a light source. Total cell numbers
and cell types were evaluated in the absence of a barrier
filter.

RESULTS
Peripheral blood lymphocytes with surface Ig from

normal individuals. Lymphocytes from the peripheral
blood of 10 normal individuals were examined for the
presence of surface immunoglobulins. The appearance
of lymphocytes with and without detectable surface Ig
is illustrated in Fig. 1. The positive cells had a speckled
distribution of Ig on their surface; the crescentic pat-
tern observed with great frequency in the mouse (3)
was much less apparent in human lymphocytes. The
data obtained for different Ig classes on the 10 normal

TABLE I
Surface Ig on Normal Human Peripheral

Blood Lymphocytes
Patient G A M K X

Abe. 14 3 7 13 8
Aug. 14 8 7 17 11
Sta. 19 5 9 14 14
Gua. 12 6 8 18 9
Bit. 12 4 11 22 11
Gre. 19 4 8 22 11
Ore. 11 3 3 12 2
Har. 15 7 9 21 11
Stu. 14 8 1 1 24 8
All. 15 7 7 23 8

Avg. 14.5 5.5 8.0 18.6 9.3

individuals studied, ranging in age from 8 to 40, are
given in Table I. A range of 11-19% of cells stained
with IgG-specific antiserum, 3-8% with IgA, 3-11%
with IgM, 12-24% with kappa, and 2-14% with
lambda. The average percentage of positive cells is
shown at the bottom of the Table. On average, 28% of
lymphocytes stained with kappa or lambda antisera.
When a polyvalent antiserum was used instead of class
specific antisera, approximately the same percentage
of cells stained for Ig as the sum of the positive cells
staining for IgG, IgA, and IgM, or kappa and lambda
light chains. In all cases, the staining could be shown
to be specific for the immunoglobulin class that was
tested by absorption of the antisera before staining
with different Ig preparations including the Ig for
which the antiserum had specificity. Only if the non-
specific absorption had no effect and the specific ab-

TABLE I I
Surface Ig on Human Lymphocytes

Spleen and lymph nodes

Organ Patient G A M K X

Spleen Onu. 7 2 5 14 5
Gol. 20 3 1 1 27 8
Hec. 15 6 11 28 9
How. 25 8 17 43 10
Vec. 12 9 10 23 5
Cam. 9 5 1 1 20 9
Avg. 14.7 5.5 10.8 25.8 7.7

Lymph node How. 9 8 15 20 10
Vec. 7 3 1 10 3

Thymus Mic. -* NDt ND - ND
Cal. - - - - -

* Indicates less than 1%.
t ND, not determined due to insufficient material.
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FIGURE 1 Immunofluorescent appearance of cells con-
taining surface Ig. Normal peripheral blood lympho-
cytes were stained with fluoresceinated anti-IgM. Three
positive cells and several negative cells are illustrated.
X 1200.

sorption removed the reactivity were the antisera con-
sidered specific.
Surface immunoglobulin on the lymphocytes of spleen,

lymph node, and thymus. Spleen, lymph nodes, and
thymus were obtained from autopsy material or patients
that had undergone splenectomy for Hodgkin's disease.
Only those spleens that showed no abnormal histology
were included in the study. The data shown in Table II
indicate that an average of 33% of human spleen cells
contained detectable amounts of surface immunoglobulin
and that the distribution of the different immuno-
globulin classes was similar to that observed in periph-
eral blood. Only two lymph node preparations were
available for examination, so that no conclusions can

be drawn regarding any possible differences in dis-
tribution of lymphocytes with surface Ig between this
material and peripheral blood. The virtual absence of
surface Ig-containing cells in the thymus is in keeping
with data obtained in mice, chickens, and rabbits (2-5).

Surface immunoglobulin on human lymphocytes from
patients with chronic lymphatic leukemia. The periph-
eral blood of a total of 20 patients with chronic lym-
phatic leukemia was examined for surface immuno-
globulin on their lymphocytes. In most instances it was
possible also to examine the serum immunoglobulin
levels of these patients. The results of these studies are
shown in Table III. The data were clearly divisible into
three antigenic classifications. With two exceptions the
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TABLE III
Surface Ig on Human Lymphocytes

Chronic lymphocytic leukemia

Surface Ig Serum Ig

Group Patient G A M K X G A M K X

% mg/mi
1 Mar. * 76 84 - 8.0 0 1.5 ND: ND:

Smi. - - 90 70
Fol. 6 5 52 90 3 9.6 1.9 0.3 4.8 1.5
Hin. 3 30 80 3.3 0.9 0.3 5.4 1.4
Ves. 13 10 30 40 7 13.7 1.3 1.1 7.8 2.5
Wal. 63 60 15.6 2.8 1.1 24.0 2.5
Gre. 76 96
Swa. 95 100 6.0 1.0 0.5 3.3 1.3

2 Kos. - - 80 40
Kau. 4 - 40 50
Lin. - 95 100 2.6 0.2 0.3 1.4 0.5
Oia. 90 90 5.8 0.3 0.3 2.8 1.0
Val. - 100 40 10.8 0.8 1.2 6.9 2.1
Pie. - 100 90 4.8 0.6 0.3 3.0 0.8
Rud. - 40 - 75

3 Gar. 2 77 9.8 0.5 0.3 6.8 1.7
Hay. 61 11.4 0.5 0.2 4.2 3.9
Ste. 2 - - 60 4.8 0.5 0.2 2.0 0.7
Lar. 2 - 1 100 12.0 1.4 0.3 11.1 2.1
Zie - - - 42 8.0 0 0.2 4.8 0.7

* Indicates less than 1%.
t ND, not determined.

cells from these patients had a restricted distribution
of immunoglobulins on their surface since in contrast
with the findings with normal blood in which all of the
major Ig classes were represented, only one heavy-
chain class and one light-chain type were seen on the
cells of an individual patient with chronic lymphatic
leukemia. In groups 1 and 2 the heavy-chain class that
was represented in a high percentage of the cells from
any individual was IgM. In group 1 the light-chain
type was kappa; in group 2 the light-chain type was
lambda. In group 3 none of the major heavy-chain
classes were identified in more than a very small per-
centage of the cells whereas a large proportion of the cells
had either kappa or lambda light chains on the surface. In
two cases (Fol. and Ves.), a significant percentage of
IgG- and IgA-containing cells were also observed, and
in the case of Ves., a significant number of lambda
chains as well as kappa chains were seen. It may be
significant that due to chemotherapy, the lymphocyte
counts in both of these cases were under 10,000. It is
quite clear from these data that in many instances not
all of the cells contained surface Ig, the percentage of
positive cells ranging from 30 to 100%. Also, there

was no strict correlation between the percentage of cells
that contained light-chain determinants and those that
contained heavy-chain determinants. In some instances
only half the cells that contained heavy-chain determi-
nants contained detectable light-chain determinants and
vice versa. With one exception (Wal.), there was no
evidence that a paraprotein of type similar to that
present on the surface of the lymphocytes was present
in the serum. Kappa: lambda ratios for the patients
containing kappa chains on their lymphocytes were no
different on average from the kappa: lambda ratios
from patients containing lambda chains on their lym-
phocytes (3.18: 1 vs. 3.16: 1). Also, there was no ele-
vation of the IgM levels in any of the cases studied,
and in no case was a paraprotein peak evident on cellu-
lose acetate electrophoresis. The Ig levels in most of
these patients were depressed, and the depression in
IgM was in general similar to that observed in IgG
and IgA. The patients studied represented a spectrum
of disease activity from remission to very active disease.
There was no correlation between the degree of ac-
tivity (as measured by peripheral lymphocyte count,
splenomegaly, or lymphadenopathy) and the results ex-
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TABLE IV
Clinical and Laboratory Features of Patients with Humoral and/or Cellular Deficiency States

Age at Serum Humoral Cellular
Patient Age Sex onset Ig* immunity immunity Clinical features

yr yr
Cow. W. 15 M 1 GAMI Absent Intact Recurrent pyogenic infections. Male

sibling (R. Cow.) has agammaglobu-
linemia.

Cow. R. 12 M 1 GAMI Absent Intact Recurrent pyogenic infections. Male
sibling (W. Cow.) has agammaglobu-
linemia.

Car. 17 M 1/2 GAMI Absent Intact Recurrent pyogenic infections. One male
sibling had agammaglobulinemia; died
of meningitis. One male sibling died at
1 yr of sepsis.

Ols. 16 M 2 GAMI Absent Intact Recurrent infections, G. 1. malabsorption.

Lan. 32 F 29 GAM4 Absent Intact Recurrent sinusitis and pneumonitis for
past 3 yr. Daughter has low Ig levels.

Van. 7 M 2 G-. Intact Intact Chronic diarrhea since age 2.
AMI

Kru. 20 F 16 GM_ Intact Intact Systemic lupus erythematosus, + L. E.
AI prep, + Coombs test, + rheumatoid

factor.

Wol. 2 M At birth GM Intact Intact Congenital rubella, lymphadenopathy,
Al splenomegaly; failure to thrive.

The. W. 6 M 1 wk GM Intact Skin tests neg. to bacterial, Mucocutaneous candidiasis, juvenile
Al fungal antigens and diabetes; recurrent infections, failure

DNCB; skin homograft to thrive. Received "Transfer factor"
intact 2 + yr.$ after this study.

The. P. 9 F 1 wk GA Intact Neg. to all skin tests; skin Mucocutaneous candidiasis, recurrent
M T homograft rejected infections, failure to thrive.

15 days.

Rob. 8 M 1 G-- Intact (carbohydrate Negative to all skin tests. Eczema, thrombocytopenia, recurrent
AT antigens not infections. Reported in (11).
Ml tested)

Per. 11 M 1 GA - Anti-protein intact; Negative to all skin tests. Eczema, thrombocytopenia, received
Ml anticarbohydrate "Transfer factor" before study-

deficient reported in (12).

Mil. 19 F At birth GAM Intact Negative to all skin tests; Mucocutaneous and systemic candidiasis,
skin graft intact 1 + yr. juvenile diabetes, recurrent infections,

Coombs pos. hemolytic anemia;
retarded puberty.

* , normal Ig levels; 4, below normal Ig levels; T, above normal Ig levels.
Antigens tested for included: tuberculin, candida, mumps, histoplasmin, blastomycin, coccidiomycin, and trichophyton.

pressed in Table III with the exception noted above
that two patients with low lymphocyte counts due to
chemotherapy had some degree of heterogeneity in
their surface Ig pattern. We conclude from these ex-
periments that in the vast majority of cases of chronic
lymphatic leukemia the leukemia represents what would
appear to be a monoclonal expression of a given cell
type which in most cases contains IgM on the surface,
either of kappa or lambda type, and in a few cases
would appear to contain only light-chain determinants.
Humoral immune deficiency states. Four cases of

Bruton type agammaglobulinemia and one case of "ac-
quired" agammaglobulinemia in a 32 yr old female
were examined for surface immunoglobulins on periph-

eral blood lymphocytes. Also, three cases of selective
IgA deficiency were examined (see Table IV). All five
individuals with agammaglobulinemia had no detectable
serum IgA and IgM and low but detectable amounts
of IgG in part due to their receiving gamma globulin
therapy (Table V). All of these patients had much
lower levels of IgG before the institution of treatment.
All patients with Bruton type agammaglobulinemia had
a very low number of peripheral blood lymphocytes
that contained detectable surface immunoglobulin. In
three cases, the total number of lymphocytes that were
positive for surface immunoglobulin were 1% or lower.
In the fourth case, 2% of the peripheral lymphocytes
were positive. In the one case of "acquired" agamma-
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TABLE V
Humoral Immune Deficiency Diseases

Surface Ig Serum Ig
Type of

deficiency Patient Total G A M G A M

% mg/mi
Bruton Cow. W. * - - 0.12 Ot 0
Bruton Cow. R. 1 - 0.66 0 0
Bruton Car. 1 - 1.8 0 0
Bruton Ols. 2 1.6 0 0
Acquired Lan. 4 1 2 2 0.8 0 0
Selective IgA Van. G. 13 6 9 13.6 0 0.22
Selective IgA Kru. 14 8 10 34.4 0 1.15
Selective IgA Wol. 10 7 16 11.8 0 0.59

* Signifies less than 1% of positive cells.
t 0 indicates not detectable by techniques used. For IgA and IgM, the lower limit of detection is
0.01 mg/ml.

globulinemia there was a slightly greater number of
positive lymphocytes; however, the number of positive
lymphocytes was still markedly reduced from the aver-
age present in normal peripheral blood (25-30%). In
the three patients with selective IgA deficiency, there
were normal numbers of cells containing all immuno-
globulins, including IgA, despite the fact that there
was no detectable IgA in the serum of these three
individuals.

CeUular immune deficiency states. The blood from
five children with cellular immune deficiency disease
was examined (Table VI). Two cases had well docu-
mented Wiskott-Aldrich syndromes (Rob. and Per.)
which have been previously recorded (11, 12), and three
cases were of unclassified cellular deficiency states char-
acterized by negative skin reactions to a variety of
bacterial antigens, a prolonged survival of skin homo-
graft, and a history of chronic infections. In all cases,
either normal numbers of peripheral blood lymphocytes
with surface immunoglobulins were seen or a moderate
to marked decrease in these cells (Rob.). In no case was
there any elevation in the percentage of cells that con-
tained surface immunoglobulins.

DISCUSSION
Immunoglobulins have been identified on the surface
of small lymphocytes in all vertebrate species that have
been investigated using techniques similar to those de-
scribed in the present study. In all of these species
there are two clearly distinguishable lymphocyte popu-
lations: those that have detectable Ig on their surface
and a population of cells that lacks detectable Ig.
Quantitative studies indicated that 50-150,000 molecules
of Ig are present on those cells that contain detectable
surface Ig, whereas 0-1000 molecules per cell may be

present on those cells which lack detectable surface Ig
(3, 6).
The source of those cells that contain detectable im-

munoglobulin and those that do not, has been exten-
sively studied in the mouse and chicken. Studies by
Raff and associates (2, 13) indicated that there was an
inverse relationship between the presence of immuno-
globulin on the surface of cells and the presence of
theta antigen, a marker for thymus-derived cells, in that
peripheral blood and lymph nodes were rich in cells
containing theta antigen and relatively poor in cells that
contained surface Ig, whereas in the spleen the reverse
situation held. This observation led to the suggestion that
surface Ig-containing cells were derived from the bone
marrow and the negative cells from the thymus. These
studies were extended in the mouse in a study using
neonatal and adult thymectomized animals reconstituted
with bone marrow and/or thymus (6). When the spleens
of neonatally thymectomized animals or adult thymecto-
mized, lethally irradiated, bone marrow- transplanted
animals were examined, a very high percentage of
Ig-positive lymphocytes (in many cases approaching
100%) were observed. These results indicated that the
Ig-containing cells were, to a large extent, derived from

TABLE VI
Cellular Immune Deficiency Diseases

Surface Ig Serum Ig

Patient G A M K X G A M

% mg/mi
The. P. 8 12 17 24 11 20.1 2.4 2.3
The. W. 5 7 11 11 10 12.0 0 0.5
Mil. 20 1 8 23 ND 19.0 0.9 0.9
Rob. 3 2 2 3 1 14.1 4.7 0.3
Per. 15 10 10 15 ND 17.7 2.4 0.6

Immunoglobulins on the Surface of Human Lymphocytes 2373



bone marrow. When syngeneic bone marrow and FE
thymus were transplanted into lethally irradiated thy-
mectomized animals, it was possible to demonstrate by
use of an H2 antiserum that the negative cell popula-
tion was derived from the transplanted F1 thymus. In
experiments in the chicken involving neonatal bursec-
tomy and irradiation, it was similarly shown that the
bursa of Fabricius was the major source of the positive
cell population since neonatal bursectomy reduced the
per cent of positive cells in the peripheral blood from
45% to 2-9% (5).

These animal experiments clearly indicate that the
bone marrow (or the bursa of Fabricius in the chicken)
is the major source of those cells which contain de-
tectable quantities of surface immunoglobulins and that
the thymus is the source of those cells which lack de-
tectable surface immunoglobulins. For this reason sur-
face Ig can be reasonably used as a marker for bone
marrow-derived (B) lymphocytes and the lack of sur-
face Ig as an indicator for thymus-derived (T) cells.
The results of the present study will be discussed on
the assumption that this premise is basically correct.

Three groups of patients with lymphocyte-related dis-
orders were examined for the presence of surface Ig-con-
taining cells: (a) patients with hypogammaglobulinemia
either involving all Ig classes or only IgA; (b) patients
with defective cellular immunity; and (c) patients with
chronic lymphatic leukemia. The four patients with sex-
linked hypogammaglobulinemia who were examined,
formed a rather uniform group with respect to the pres-
ence of surface Ig-containing cells. These cells were
found in very low numbers in the peripheral blood of all
patients examined. The straightforward interpretation of
these data would be that this disease is characterized by
a generalized lack of B lymphocytes in the peripheral
blood. This interpretation is supported by the fact that
B cells have been shown to be the precursor of antibody-
forming cells which are absent in hypogammaglobu-
linemics. Whether the cellular defect which leads to the
absence of B cells in the periphery is due to a lack of
the appropriate stem cell or whether the defect lies in
the maturation of a stem cell to a differentiated B cell
with surface Ig, cannot be answered from our data. The
data that were obtained from three patients with selec-
tive IgA deficiency were in contrast with those obtained
with sex-linked agammaglobulinemia (as well as the
one patient with acquired agammaglobulinemia). Despite
the complete absence of IgA in the serum of these indi-
viduals, a normal percentage of circulating lymphocytes
contained surface IgA. These data are interpreted as
indicating that differentiated B cells of the IgA class
are present in the peripheral blood of these individuals,
but the immunologic defect lies in the maturation pro-
cess involving the conversion of a B precursor cell into

an active antibody-producing plasma cell. It is of interest
that the presence of surface IgA-containing lymphocytes
in IgA-deficient individuals was suggested by the stud-
ies of Oppenheim, Rogentine, and Terry, (14) who found
that anti-IgA antiserum induced the same degree of
blast transformation in IgA-deficient individuals as in
normals.
The results obtained with the lymphocytes from pa-

tients with cellular immune defects of the Wiskott-
Aldrich type are most easily explained in a manner simi-
lar to the explanation given for the presence of IgA B
cells in IgA-deficient individuals. The presence of normal
or increased numbers of cells which lack surface Ig indi-
cates that there is no deficiency in the number of T cells
present in these individuals and that the defect presum-
ably lies in the expression of the T cell function (i.e., de-
layed hypersensitivity and homograft rejection). This
is in keeping with previous morphological studies which
indicated normal thymic development and for a time at
least normal development of the thymus-dependent areas
of peripheral lymphoid tissue in patients with Wiskott-
Aldrich syndrome (11). Other forms of cellular im-
mune deficiency such as Nezelof's and Di George's syn-
dromes in which there is greatly abnormal thymic de-
velopment may be expected to show a picture analagous
to the Bruton hypogammaglobulinemia in which there
is an absence of the T cell population rather than a mal-
function of it.
From the examination of peripheral blood lympho-

cytes from 20 patients with chronic lymphatic leukemia
(CLL), a fairly clear-cut picture of a "monoclonal"
expression of a single immunoglobulin class emerged.
Either kappa or lambda light chains were expressed on
any one individual's leukemic cells but with one excep-
tion there was no instance where appreciable amounts
of both kappa and lambda were detected in a leukemic's
peripheral blood lymphocytes. IgM was the major heavy-
chain class that was identified in all of these patients and
with two exceptions the only heavy-chain class. We also
observed five cases in which only light chains could be
detected by immunofluorescence. These results extend the
recent observations of Klein and associates (15, 16) on
a few cases of CLL and Burkitt lymphoma in which
IgM was found on the surface of the leukemic and lym-
phoma cells. The present study together with those of
Pernis (17) make a very striking association of IgM
on the surface of CLL cells. The authors are aware of
approximately 45 patients who have been studied, and in
no case has any other heavy-chain class been found.
These findings raise several interesting questions. First,
there appears to be a restriction in the leukemic process
to cells that contain surface immunoglobulin. Two pos-
sibilities exist for this findings: (a) the bone marrow-
derived cells are the only lymphocytes susceptible to the
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leukemic process, and (b) thymic-derived cells can be
transformed into leukemic cells but in so doing, differ-
entiate to produce detectable amounts of IgM on their
surface. The further restriction of CLI to cells expres-
sing the IgMl class is also very striking, and the samne
reasons can be invoked to explain the phenomenon as
mentioned above viz., that only IgM-containing cells are
susceptible to the leukemic process or part of the leuke-
mic process involves a differentiation of the malignant
cells to produce IgM. The finding of five leukemias in
which only light chains were detectable on the lympho-
cyte surface makes an interesting analogy to the situa-
tion which occurs in multiple myeloma where occasion-
ally one sees production of light chains in the absence
of heavy chains with resultant Bence Jones proteinuria.
In the case of lymphatic leukemia, since at present we
are identifying these immunoglobulins solely by means
of immunofluorescence, considerable caution should be
exercised with regard to interpreting these data.
There were varying numbers of CLL lymphocytes in

any individual case which lacked detectable immuno-
globulin. The source of these cells is at present unknown;
however, it would appear reasonable to suggest that a
similar situation exists to that described in human cul-
tured cell lines where just after mitosis during the early
GI phase of the cell cycle, no immunoglobulins are pro-
duced and that the cells in this phase of the cell cycle
show no detectable immunoglobulins (18). The other
possibility to explain the negative cells would be that
they represent a background of normal thymic-derived
cells.
Although the finding that CLL cells are restricted to a

single light-chain and heavy-chain class is suggestive, it
is not in itself sufficient proof that the surface Ig is
"monoclonal." Some immunologic or chemical evidence
of homogeneity in the variable region of the Ig must also
be sought. To this end we are currently attempting to
raise idiotypic antibodies to the surface immunoglobulin.
If this proves to be successful, it would represent very
strong evidence that the surface Ig in CLL is structur-
ally homogeneous (19).
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