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A B ST R A CT B and T lymphocytes in 37 untreated
patients with malignant lymphoma and Hodgkin's dis-
ease were studied. B cells in the peripheral blood were
investigated with respect to surface immunoglobulins
and in a few patients with respect to intracytoplasmic
immunoglobulins by means of immunofluorescence. T
cell function was studied by direct phytohemagglutinin
(PHA) microtest (from the same sample of whole
blood), mixed lymphocyte culture (MLC), and by
delayed hypersensitivity to various antigens. In the
13 patients with Hodgkin's disease the histologic sub-
type was nodular sclerosis in nine, lymphocyte pre-
dominant in two, mixed cellularity in two. Only one
of these patients had disseminated disease (stage IV);
he showed impaired cellular immunity, a very low
percentage of B cells and low levels of serum im-
munoglobulins. Of the remaining patients with Hodg-
kin's disease, with one exception, normal percentages
but rather low absolute numbers of B lymphocytes per
mm3of blood were found. One patient with a low per-
cent and low absolute number of B lymphocytes showed
very high serum IgG. Of 24 patients with non-Hodg-
kin's malignant lymphoma, seven (29%) showed mono-
clonal B cell proliferation in the peripheral blood (five
1AK, two 'yK). By morphologic criteria, 14 patients had
involvement of bone marrow, five of these had involve-
ment of peripheral blood. Four of the latter five patients
showed marked increases in percentages and absolute
numbers of B lymphocytes in the peripheral blood reflect-
ing the monoclonal proliferation. In three additional pa-
tients monoclonal proliferation of lymphocytes was found
by immunofluorescence although the blood smears ap-
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peared morphologically normal. Serum immunoglobu-
lin abnormalities without monoclonal B cell prolifera-
tion in the peripheral blood were observed in six
patients.

INTRODUCTION
Detection by immunofluorescence of plasma membrane-
associated immunoglobulins on lymphocytes provides a
direct and reliable method to study B lymphocytes in
human and other species (1). Studied by immunofluo-
rescence, immunoglobulins seem to be present on the
majority of B cells and absent from the surface of T
cells (2-5). Independent and also cooperative roles for
B and T cells in the immune response were postulated
some time ago (6-8) and have now been confirmed (9-
10). Immunologic mechanisms of defense against in-
fections and neoplasms appear to depend on the func-
tion of these two populations of lymphocytes (11-13).
The B or T origins of chronic and acute lymphocytic
leukemia and the B and T cells in primary immuno-
deficiency diseases have been studied rather extensively
(14-24). In these conditions the primary involvement
of lymphocytes is readily apparent. However, at present,
less is known about B cells in the malignant lymphomas,
including Hodgkin's disease. The lymphomas probably
represent a rather heterogeneous group of diseases.
Moreover, duration of disease and treatment seems to
influence the peripheral blood and bone marrow. All
these factors may account for the somewhat conflicting
observations that have already appeared (25-27).

The present study evaluates B and T cell populations
in the peripheral blood of recently diagnosed, un-
treated patients with malignant lymphomas and Hodg-
kin's disease. Special emphasis was placed on examining
both B and T cell populations in blood samples drawn
on the same day. The B lymphocytes were quantified
by means of plasma membrane-associated immuno-
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globulins, the T lymphocyte function by response to
phytohemagglutinin (PHA) in direct micromethod of
whole blood (28), and in some cases by stimulation
with allogeneic lymphocytes in mixed lymphocyte cul-
ture (M\LC). Quantitative serum immunoglobulin levels
and skin delayed hypersensitivity reactions to various
antigens supplemented the evaluation of cellular and
humoral immunity in the patients studied.

MtETHODS
ILatic ts. Patients studied were newt ly diagnosed cases

of malignant lymphoma seen at the University of MNinne-
sota Hospitals between June 1972 and June 1973. The his-
tologic diagnosis of the non-Hodgkin's malignant lympho-
mas was based on the Lukes' modification of the Rappa-
port classification (29). The diagnosis of WValdenstrdm's
macroglobulinemia was based on the criteria of Rappaport
(30). The cases of Hodgkin's disease were subclassified
after Lukes, Butler, and Hicks (31). Patients with both
Hodgkin's and non-Hodgkin's malignant lymphoma were
staged according to the recommendations of the 1971 Ann
Arbor Conference on Staging in Hodgkin's Disease (32).
In all patients evaluation included bilateral iliac crest
trephine bone marrow biopsies, lymphangiograms, and per-
cutaneous liver biopsy. Patients with Hodgkin's disease
underwent exploratory laparotomies if they were initially
not of stage IV. Patients with non-Hodgkin's malignant
lymphoma also had complete gastrointestinal X-rays and
laparotomies if they were initially of clinical stage I or II.

Lvniphocvtes. Blood from patients was collected in
heparin. One part was used for quantitative response to
phytohemagglutinin in direct microtest (28), and to de-
termine white blood total and differential counts. The
remaining blood wvas separated on Ficoll-Hypaque gradient
for isolation of lymphocytes as previously described (24).
These lymphocytes were used for determination of B cells
by immunofluorescence and in some cases for "one-way"
stimulation by allogeneic lymphocytes in mixed lymphocyte
culture.

Immnunoffluorescence. Monospecific antisera directed against
the major heavy-chain classes (a,,L,-y) were obtained from
goats and conjugated with fluorescein isothiocyanate as
previously described (24). Antisera directed against E-
heavy and K- and X-light chains were purchased f rom
Meloy Laboratories Inc. (Sprinfield, Va.) and checked for
specificity by immunoelectrophoresis, gel double diffusion,
and absorption with appropriate antigens. The pure IgE-
myeloma from McIntyre's case was a gift from Dr. Alfred
Michael. Immunofluorescent staining was carried out as
previously described (24). 400-500 cells were evaluated
on every slide using the Zeiss ultraviolet microscope (Carl
Zeiss, Inc., New York) (24). In some cases an additional
aliquot of unstained cells was spun in a cytocentrifuge
(Shandon-Elliott, London, England) and after fixation for
5 min in absolute alcohol stained for the detection of
intracytol)lasmic immunoglobulins using the same fluores-
ceinated antisera in appropriate dilutions. For checking
the cap formation the immunofluorescent staining was car-
ried out at ice-bath temperature but in the absence of
sodium azide. The slides were examined after being kept
at room temperature for 30-45 min.

Intinuiiotlobulii& determinationi. Quantitation of serum
immunoglobulins was performed by single radial im-
munodiffusion using commercial plates (Hyland Div., Tra-
venol Laboratories, Costa Mesa, Calif.). The monoclonal

component (MI ) of serum immunoglobulins was detected
by electrophoresis in cellulose acetate strips and subse-
(luently by immunoelectrophoresis in agar-gel against mono-
specific anti-K and anti-X antisera (Behring Diagnostics).

PHA response. The PHA response was determined by
the direct micromethod using 50 ul of peripheral blood.
Lymphocyte stimulation was performed with three different
concentrations of PHA and the maximum response from
this dose-curve was used to determine the stimulation ratio
by labeling with tritiated thymidine ([stimulated culture,
cI)m] / unstimulated culture, cpm]) (28).

Mil.rcd lvniplhocyte culture. The "one-way" mixed lym-
phocyte culture was performed using isolated lymphocytes.
105 respon(ler lymphocytes and 105 mitomycin-C treated
stimulatory (allogeneic) lymphocytes were incubated in
1.0 ml of culture medium (RPMI1 1640) with 15%, pooled
normal human male serum. Lynmphocyte transformation
was quantified by labeling with [2-`4C]thymidine (New
England Nuclear Corp., Boston, Mass.). All cultures were
performed in triplicate.

Skin tests. The skin tests used for evaluation of T
lymphocyte function were as follows: PPD, mumps, tri-
chophyton, candida, and streptokinase-streptodornase. Re-
sponse (erythema and induration of 5 mm or more at
24-48 h) to at least one of the antigens wsas considered a
positive result.

RESULTS
On the basis of the histological classification, the 37
lpatients were divided into three groups: (a) Hodg-
kin's disease, (b) malignant lvmphoma, and (c) lym-
phonia-special types (Tables I, III, and V).

Hodgkin's disease. This group comprised 13 pa-
tients (Table I). Seven were under 30 yr of age. All
but two who were classified histologically as mixed
cellularity tNlpe were found to have either lymphocyte
predominant or nodular sclerosis ty pe of Hodgkin's
disease; all but three were classified clinically as stage
I or II. Five patients presented wvith lolw lymphocyte
counts in the peripheral blood; four of these had nega-
tive or low PHA response. However, the skin tests
were positive in four of the five patients who were
tested, and the mixed lymphocyte culture was positive
in all cases tested.

In nine patients the percentage of B lymphocytes in
the peril)lleral blood falls within the normal range for
our laboratory, as well as for other laboratories, that is,
15-29%7, (Table II).' Two patients (nos. 2 and 7)
showed very low percentages of B cells. In patient no.
2 this abnormiality was accompanied by low levels of
serum immniunoglobulins, but in patient no. 7 bv an

elevated serum IgG level. In all patients the distribution
of inmmulnoglobulins on lymphocytes as well as the ca-

pacity for cap formation were similar to those observed

1 The total Ig-bearing lymphocytes is the sum of the
percent cells stained with anti--y, -,i, -a, and -E antiserums.
Mean values for normals in this study are lower than
those reported in the previous paper (24). This is espe-
cially true for IgG-bearing lymphocytes and is related to
the improved methodology for eliminating monocytes.
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TABLE I
Hodgkin's Diesase

Lymphocyte
count Skin

Patient Age Sex Diagnosis* Stage (per mm3) MLC PHA$ tests

1. L.W. 75 M L.P. IA 1,898 + Neg +
2. G. S. 42 M L.P. IV A 1,802 ND L
3. E. K. 26 F N.S. IIE A 945 + Neg ND
4. S. W. 12 F N.S. IIA 1,121 + N
5. A.V. 56 M N.S. IIIA 700 ND L +
6. C.A. 25 M N.S. IIB 270 + Neg +
7. J. M. 61 M N.S. II B 1,750 ND Neg +
8. 1. S. 79 F N.S. II B 1,377 + N +
9. J. H. 17 M N.S. II A 1,683 + N +

10. M. R. 20 M N.S. III A 1,470 + L +
11. D. L. 26 M N.S. II B 875 + L +
12. D. K. 18 M M.C. II A 1,910 + N +
13. K. H. 30 F M.C. II B 2,651 + N +

* L.P., lymphocyte predominant; N.S., nodular sclerosis; M.C., mixed cellularity.
t Stimulated cpm/unstimulated cpm, normal (N) >20, low (L) 10-20, negative (Neg) <10; ND,
not done.

in normal individuals. The percentages of lymphocytes
bearing receptors of different heavy and light chains
did not show significant differences when compared
with normal controls. Only the absolute numbers of
circulating B lymphocytes tended to be low. This is
understandable since the lymphocyte counts were often
low and the percentages of B lymphocytes were within
normal limits.

Malignant lymphoma. This group comprised 20 pa-
tients, ranging in age from 35 to 87 yr (Table III).
They represented different histological types of lym-

phoma. The largest group consisted of nine patients
diagnosed as having diffuse poorly-differentiated lym-
phocytic lymphoma. 15 of 20 patients were of stage
IV: 14 exhibited bone marrow involvement. In con-
trast with Hodgkin's disease, only three patients pre-
sented with a low lymphocyte count. One of them
(patient no. 17) was 86 yr old and was found to
have negative skin tests. This patient also had a very
low percentage and absolute number of B lymphocytes.
All other patients, except five who were not tested, had
positive delayed hypersensitivity skin reactions but

TABLE II
B Cell Evaluation in Hodgkin's Disease

Circulating
Surface Ig on lymphocytes B lympho- Serum Ig

cytes
Patient -yM YG -yA YE Kappa Lambda Total (per mm3) IgM IgG IgA

mg/100 ml
1 9.4 7.4 1.0 ND 10.6 10.3 20 380 66 1,460 273
2 3.0 2.7 0 1.0 4.5 2.0 6 108 <10 880 80
3 7.0 8.0 1.5 1.0 12.5 4.8 17 160 96 1,420 177
4 8.3 5.3 0.3 ND 7.0 5.0 13 146 108 1,710 300
5 7.6 5.2 1.2 0.6 6.8 6.8 14 98 ND ND ND
6 21.5 8.5 4.5 ND ND ND 34 92 76 1,670 143
7 2.2 0.6 1.0 ND 1.6 1.3 4 47 65 4,020 280
8 7.0 11.0 7.0 0 14.0 14.0 25 344 86 1,180 275
9 11.3 6.2 2.0 ND 16.0 11.7 18 303 120 1,720 300

10 4.0 5.5 3.5 0.5 5.5 8.0 13 191 57 1,470 242
1 1 14.0 6.5 2.7 1.0 12.5 8.8 22 192 66 1,300 190
12 7.7 14.8 1.7 0 11.5 9.5 24 468 57 1,640 231
13 5.4 14.0 0.7 0.7 16.0 9.0 21 557 124 2,460 238

Controls
Mean 8.8 8.6 4.2 0.9 13.7 7.8 21 401
Range (4.4-13.7) (4.1-16.3) (0.8-8.7) (0-1.5) (8.2-21.9) (3.4-14.1) (14-33) (298-610) 36-280 520-1,800 44-540
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TABLE III
Malignant Lymphoma

Involvementl
Lymphocyte

Bone count Skin
Patient Age Sex Diagnosis* Stage Blood marrow (per mm3) MLC PHA§ tests

1. G. B. 52 M PDL-N IVA - + 1,960 + L +
2. F. C. 87 M PDL-N IVA + + 2,700 + Neg +
3. F. V. E. 65 M PDL-N IVA - + 950 ND Neg ND
4. J. L. V. 35 NM PDL-N IV A + + 33,760 ND ND ND
5 W. F. 68 M WX'DL-D IVA - + 2,750 ND L ND
6. A. B. 67 F PDL-D II A - - 630 + L +
7. XV. G. 47 MI PDL-D II A - - 1,540 ND Neg +
8. M. L. 56 F PDL-D IVA + + 2,030 + L +
9. L. P. 40 F PDL-D IV A + + 2,860 + L +

10. R. B. 61 F PDL-D IVA - + 1,363 ND Neg ND
11. W. A. 76 AI PDL-D IV A - + 1,487 ND N +
12. F. B. 59 F PDL-D IVA - - 2,380 + Neg +
13. R. Mi. 42 M PDL-D IV B - + 6,432 + Neg +
14. O. S. 47 MI PDL-D IVA - + 1,170 + N +
15. U. K. 79 AI H-N III B - - 1,651 ND ND +
16. N. K. 59 F H-D III A - - 1,875 ND N +
17. G. F. 86 MI H-D II A - - 360 ND Neg
18. E. W. 61 F L-U IV B - - 1,173 + Neg +
19. T. M. 63 M L-U IV B - + 1,300 ND Neg +
20. M. D. 75 F W'-M1 IVA + + 12,301 ND Neg ND

* PDL-N, poorly-differentiated lymphocytic-nodular; PDL-D, poorly-differentiated lymphocytic-diffuse; WDL-D, well dif-
ferentiated lymphocytic-diffuse; H-N, histiocytic-nodular; H.D, histiocytic-diffuse; L-U, lymphoma, type unspecified; W-M,
Waldenstrom's macroglobulinemia.
t Involvement of bone marrow and peripheral blood by morphologic criteria.
§ Stimulated cpm/unstimulated cpm; normal (N) >20, low (L) 10-20, negative (Neg) <10; ND, not done.

many of them had negative direct PHA microtests.
However, the MLC was positive in all cases in which
it was done (Table III).

In contrast to the patients with Hodgkin's disease,
the group of lymphoma patients frequently demon-
strated abnormalities in the B cell population mani-
fested by increased absolute numbers, changed per-
centages of B cells and changed immunoglobulin type
on B lymphocytes in peripheral blood, as well as ab-
normal serum immunoglobulin levels (Table IV). In
five patients with bone marrow involvement, the periph-
eral blood was also morphologically involved with
lymphoma. Four of these five patients showed prolifera-
tion of B cells with monoclonal immunoglobulin bound
to their plasma membranes. In patients nos. 9 and 20,
it was AKc, in patient no. 2, vK. Patient no. 4 presented
proliferation of lymphocytes bearing /A-heavy chain but
the determination of surface-associated light chain was

not done. In two patients, the serum IgAM level was

low; in one it was high and of monoclonal character
(patient no. 20-Waldenstrdm's macroglobulinemia).
In two additional patients who did not show a signifi-
cant increase in white blood count and in whom the

lymphocyte population appeared normal morphologi-
cally, the immunofluorescence study demonstrated mono-
clonal proliferation of B lymphocytes (patients nos.
13 and 18). In patient no. 13, the proliferating lympho-
cytes possessed Uc-membrane-associated immunoglobu-
lin. Unfortunately, because of a technical error, we do
not have the percent of y-receptors in this case. This
is the reason for the question mark in Table IV. The
serum IgM of this patient was very low but other
immunoglobulins fell within the normal range. Pa-
tient no. 18 showed more than 50% of blood lympho-
cytes to have membrane-associated -yK. The levels of
serum immunoglobulins were normal in this patient.

The remaining 14 patients showed normal percent-
ages of B lymphocytes with normal distribution among
different heavy and light chain classes. The absolute
numbers of B cells were not significantly abnormal. In
one of these patients a small number of malignant cells
was present in the peripheral blood on hematologic
evaluation, but the immunofluorescence analysis did
not show an abnormality reflecting clonal proliferation
(patient no. 8). In 6 of the 14 patients, low levels of
serum immunoglobulins were seen; patients nos. 1, 6,
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FIGURE 1 Plasma membrane-associated IgM (mu) in the case of Waldenstr6m's macroglo-
bulinemia. Note uniform, bright fluorescence of all lymphocytes. (X 1,000)

and 11 had low levels of IgM; patients nos. 3 and 10,
of IgG; and patient no. 14 of IgA.

Patient no. 20 with Waldenstr6m's macroglobulin-
emia deserves special comment. The peripheral white
blood count was 20,850 with 10% lymphocytes and

49% lymphoblasts. Virtually all circulating lymphoid
cells showed membrane-associated ,uK-immunoglobulin
(Fig. 1). The distribution of these receptors wvas rather
uniform, in the form of small "dots." The fluorescent
staining was of much higher intensity than that seen

TABLE IV
B Cell Evaluation in Malignant Lymphoma

Circulating
Surface Ig on lymphocytes B lympho- Serum Ig

cytes
Patient YM YG yA yE Kappa Lambda Total (per mm3) IgM IgG IgA

mg/100 ml
1 5.0 6.5 2.2 1.5 6.7 5.6 15 294 10 1,540 188
2 1.4 41.7 0.7 0.3 37.7 0.3 44 1,188 32 1,250 270
3 3.0 5.2 1.2 1.6 5.4 3.6 11 104 44 464 81
4 56.6 3.2 6.0 ND ND ND 66 22,281 ND ND ND
5 10.0 22.0 1.0 ND 14.2 15.0 33 907 62 1,200 151
6 8.2 10.0 1.5 2.2 17.0 ND 22 138 24 890 205
7 4.0 11.0 0.5 1.0 10.5 6.5 17 261 115 1,080 62
8 11.6 9.7 4.2 ND 12.7 12.5 25 507 76 1,450 342
9 19.2 11.7 4.5 0 30.2 6.5 35 1,001 90 820 70

10 8.8 7.4 0 ND ND 1.8 16 218 70 88 70
11 3.7 5.7 3.0 1.3 ND ND 14 208 26 900 594
12 7.3 18.3 4.7 1.0 21.3 6.5 31 737 81 1,420 370
13 52.2 ?* 0.4 0.2 70.4 14.8 85 5,267 22 1,280 238
14 3.0 2.3 2.7 0 8.7 4.3 8 93 37 680 33
15 1.7 8.5 0.3 0 8.0 2.0 10 165 100 1,230 630
16 11.5 7.0 4.3 0.7 8.7 11.2 23 431 82 1,380 195
17 2.5 2.0 0.5 0.5 3.0 7.0 10 36 330 1,490 131
18 6.0 58.4 1.0 ND 53.4 5.2 65 762 57 1,030 260
19 4.3 3.3 2.0 0.3 6.7 4.5 10 130 ND ND ND
20 99.3 0.3 0 ND 99.6 0 100 12,301 2,450 560 104

Controls
Mean 8.8 8.6 4.2 0.9 13.7 7.8 21 401
Range (4.4-13.7) (4.1-16.3) (0.8-8.7) (0-1.5) (8.2-21.9) (3.4-14.1) (14-33) (298-610) 36-280 520-1,800 44-540

* ? indicates that because of technical error the percentage is not available.
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FIGURE 2 Intracytoplasmic IgM (/ts) in medium-size lymphocytes in the case of Walden-
strom's macroglobulinemia. (X 1,000)

in chronic lymphocytic leukemia. When stained for
intracytoplasmic immunoglobulins, only 0.7% of cells
contained /AK-immunoglobulin; all of them were either
medium-size or large lymphocytes (Fig. 2). The bone
marrow of this patient also was involved but, unfor-
tunately, we did not have an opportunity to study it by
immunofluorescence. The serum immunoglobulins
showed markedly increased IgM of monoclonal AK-type,
the same as was observed on the surface of circulating
lymphocytes and in the cytoplasm of some larger lym-
phocytic cells. The IgG level was slightly decreased.

Lymphoma, special types. This group consisted of
four patients with unusual tumors (Table V). Reticulum
cell sarcoma of the brain can not be histologically dis-
tinguished from microgliomatosis of the brain (33).
Malignant lymphoma of the eyelid is also considered a

special case (34). Lymphoepithelioma of the lacrimal
gland is a distinct entity both histologically and clinically
because of its relationship to Sjogren's syndrome and
its apparently benign clinical course (35). All four
patients were staged as extralymphatic localized in-
volvement, JE A. All showed normal cell-mediated im-
munity as measured by direct PHA microtest and by
skin tests. Patient no. 1 is the only one who presented
an abnormal B cell population in the peripheral blood
with increased percentage of B lymphocytes on two
evaluations performed three months apart (Table VI).
Both times monoclonal AK-bearing lymphocytes pre-
vailed. Moreover, this patient showed markedly ele-
vated serum IgM and decreased IgG and IgA but
without evidence of a monoclonal globulin spike in
cellulose acetate strip electrophoresis or in immuno-

TABLE V
Lymphoma-Special Type

Involvement
Lymphocyte

Bone count Skin
Patient Age Sex Diagnosis Stage Blood marrow (per cmm) PHA* tests

1. M. M. 39 F Lymphoepitheliorma of IE A - - 2,550 N +
lacrimal gland

2. A. H. 55 F Malignant lymphoma- IE A - - 3,465 N +
fornix of the eye

3. L. S. 54 F Reticulum cell IE A - - 760 N ND
sarcoma of the brain

4. L. H. 75 F Reticulum cell IE A - - 2,484 Neg +
sarcoma of the brain

* Stimulated cpm/unstimulated cpm; normal (N) >20, low (L) 10-20, negative (Neg) < 10; ND, not done.
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TABLE VI
B Cell Evaluation in Lymphoma-Special Type

Circulating
Surface Ig on lymphocytes B lympho- Serum Ig

cytes
Patient -YM -yG .yA yE Kappa Lambda Total (per mm') IgM IgG IgA

mg/10O ml
1 27.9 8.7 3.2 0.5 37.9 7.2 45 1,137 768 256 18

45.3 4.3 1.3 ND 35.0 9.3 45
2 10.0 10.3 4.0 1.3 20.0 7.0 27 935 73 1,150 293
3 10.3 6.3 2.3 1.0 8.7 6.3 1 7 129 326 760 119
4 4.5 14.0 3.0 0.5 11.0 12.2 23 546 30 840 311

Controls
Mean 8.8 8.6 4.2 0.9 13.7 7.8 21 401
Range (4.4-13.7) (4.1-16.3) (0.8-8.7) (0-1.5) (8.2-21.9) (3.4-14.1) (14-33) (298-610) 36-280 520-1,800 44-540

electrophoresis in agar-gel run against anti-K and anti-X
antisera. However, a small amount of M-component
might have been missed by these techniques. Repeated
hematologic study failed to show the abnormal lympho-
cytes, by morphologic criteria, in the peripheral blood
or in the bone marrow.

DISCUSSION
The findings reported here seem of interest from sev-
eral points of view. We have reported studies of B
lymphocytes in the blood from a total of 24 patients
with non-Hodgkin's lymphoma and 13 patients with
Hodgkin's disease. Four of the former represent special
forms of lymphoma in which the disease appeared
only in unusual extralymphatic locations such as the
eye or brain. We have focused on the number and
nature of B lymphocytes in blood (as revealed by
analysis of surface immunoglobulins using immuno-
fluorescence) and on the relation of the numbers of B
lymphocytes to serum immunoglobulin levels and to
T cell functions. Interpretation of the observations on
in vitro evaluation of T cell numbers and functions is
complex. Analyses employing multiple stimuli, dose re-
sponse curves and analysis of the influence of serum
factors must be included in a comprehensive study.
The data on this point included in our paper must be
expanded in future studies to give more than crude
information about T cell function. Our efforts in this
direction with some of the patients included in this
study and in an additional group of patients will be
subsequently reported.2 In this study the MLC was
uniformly positive, but the PHA response of whole
blood lymphocytes was often low or negative. This
finding could mean, simply, that inhibitors of PHA-

2 Hansen, J. A., C. Bloomfield, K. J. Gajl-Peczalska, B.
Dupont, and R. A. Good. In vitro lymphocyte responses in
patients with Hodgkin's disease and non-Hodgkin's lym-
phoma. In preparation.

induced lymphocyte transformation are present in the
blood. Although T lymphocyte-dependent immunologi-
cal functions have often been shown to be depressed
in patients with Hodgkin's disease (36-38), Young
et al. have shown that T lymphocyte deficiencies may
be minimal early in the course of Hodgkin's disease
(39). Our results showing a deficiency of PHA re-
sponsiveness in some of these patients, as determined in
our microculture system, may be indicative of quanti-
tative differences in the function of these lymphocytes.
Indeed, it has been shown that minimal deficiency of
delayed skin reactivity may exist early in the course
of Hodgkin's disease, but demonstration of any de-
ficiencies requires the use of very critical doses of
2-4 DNCBfor sensitization (40).

Deficits of T cells in patients with other diseases
such as Di George's syndrome (23), leprosy (41), and
sarcoidosis (42) are very often accompanied by in-
creased percentages and increased absolute numbers
of B cells. Instead of revealing increased numbers of
B lymphocytes, our cases of Hodgkin's disease pre-
sented rather decreased total numbers of B cells and
in two instances decreased percentages of B lympho-
cytes. Other investigators have reported increased per-
centages of B lymphocytes in Hodgkin's disease (25-
27). The differences may be explained on the basis of
stage of disease and prior treatment given in their
cases (26, 27). In one of our patients with Hodgkin's
disease the circulating B cell number and the per-
centage were very low. In serum taken at the same
time, however, a markedly elevated IgG was found.
We have seen similar discrepancies in two cases of
multiple myeloma where B lymphocytes in the periph-
eral blood were very low even though large amounts of
myeloma protein were being produced.' Several pos-
sible explanations can be considered for these findings.
Our patient with Hodgkin's disease had a severe

'Gajl-Peczalska, K. J. Unpublished observations.
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chronic pulmonary infection at the time his B lym-
phocytes were quantified. It could be that depression
of B lymphocytes reflects the stress of his disease
operating through the pituitary-adrenal axis. Alterna-
tively the chronic infection may have mobilized B
lymphocytes to the lung leading to a deficiency in the
blood.

It is clear from our analysis that many non-Hodg-
kin's malignant lymphomas are of B cell origin and
that this fact can frequently be established by applica-
tion of relatively simple studies to the cells in the
peripheral blood. In 6 of 20 patients with lymphoma,
evidence of monoclonal proliferatio of the B lympho-
cyte population was obtained. Fur er, in one of four
cases of the special type lymphon , a lymphoepitheli-
oma of the lacrimal gland, evidence of monoclonal
proliferation of B lymphocytes was present. That these
patients were experiencing a monoclonal expansion of
B lymphocytes was established by the fact that cells
having one class of immunoglobulin heavy chain and a
single type of light chain prevailed in the blood. Since
double fluorescent staining was not used in this inves-
tigation, the high percentages of cells staining for
either a single heavy or a single light chain is not
absolute proof for a single monoclonal population of
lymphocytes. The remote possibility that these patients
have two malignant clones, one bearing only heavy
chain and one only light chain markers, however un-
likely, cannot be excluded. Such a monoclonal expansion
of B cells extending to the peripheral blood is, how-
ever not the rule in patients with lymphoma, even in
instances where morphologic studies of bone marrow
and blood reveal clear evidence of malignancy. This
finding may indicate that the malignancy has not al-
ways extended to the peripheral blood in quantity suf-
ficient to be recognized by immunofluorescence or that
the malignant cells making up the tumor have derived
from cells other than those of the B cell line. Addi-
tional studies applying immunofluorescence to the
tumor tissue and bone marrow are needed to re-
solve this question. Such studies should be especially
pertinent in patients where perturbations of B cell
number and class distribution are not present but in
whom depression or imbalance of the immunoglobulins
(products of B cell differentiation) are demonstrable.
Such disturbances were seen in six cases reported
here. Some such cases will most probably turn out to

be B cell malignancies that have not yet extended to

the blood. Others, however, will doubtless turn out to

be lymphomas of other origins such as T lympho-
cytes, monocyte precursors, or various types of stem

cells that look morphologically like lymphocytes.
Although Moore, Miglore, Schullenberger, and Alex-

anian found monoclonal gammopathy in a significant

proportion of patients with malignant lymphoma (43),
we encountered this abnormality in only one patient,
namely in a patient with Waldenstrdm's macroglobu-
linemia. The peripheral blood lymphocytes of this
patient showed a most homogenous population of IgM-
K-bearing cells. These findings differed from those of
Preud'homme and Seligmann who reported that their
patients with Waldenstrdm's macroglobulinemia had
B lymphocytes showing a great variety of fluorescent
patterns after staining with anti-i sera (44). They in-
terpreted their observations to indicate that in Walden-
strom's macroglobulinemia the IgM-bearing B lympho-
cytes represent many different stages of differentiation
and maturation into IgM-secreting cells. Our case
seems to represent a more homogenous pattern such as
that observed in patients with chronic lymphatic leu-
kemia and other patients with solid lymphomas. How-
ever, 0.7% of lymphocytes from the blood of our pa-
tient with Waldenstr6m's macroglobulinemia contained
IgM-K globulin in the cytoplasm. Whether these or the
less mature lymphocytes with only plasma-membrane
associated immunoglobulins represent the source of
serum immunoglobin in these patients still remains to
be determined. The further analysis of this question
may, however, require the use of methods designed to
evaluate separately the processes of synthesis and secre-
tion of immunoglobulin (45, 46). It is of interest that
none of the remaining six patients whose monoclonal
B lymphocyte proliferation was clearly reflected in the
peripheral blood presented a monoclonal immunoglobu-
lin spike in the serum. These cells too should be
further evaluated for their separate capacity to syn-
thesize and secrete immunoglobulins.

The B lymphocyte origin of malignant lymphomas
has already been postulated. The studies of Stein, Len-
nert, and Parwaresch using homogenates of tissues that
were involved by malignant lymphomas presented evi-
dence for the presence of immunoglobulin of one class
in approximately one-half of the tumors (47). The
methods used were, however, not adequate to establish
the monoclonality of the immunoglobulin or its origin
from secretory B cells or B cells with surface immuno-
globulin. Indeed, an immune response directed toward
tumors might account for such immunoglobulin concen-

tration in tissue homogenates (19). Moore et al. found
monoclonal IgM spikes in the serum probably reflect-
ing a monoclonal nature of the lymphoma in approxi-
mately 4% of more than 500 cases of diffuse lymphoma
(43). Burkitt's lymphoma has been shown to represent
B lymphocytes. The evidence for the presence of
plasma membrane-associated monoclonal immunoglobu-
lin was obtained by studying the lymphoma cells di-

rectly and in established culture line (48). Aisenberg
and Bloch reported three cases of lymphosarcoma cell
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leukemia which had IgM-producing B lymphocytes of
an apparent monoclonal pattern in the peripheral blood
(17). One cell line from Burkitt's lymphoma, Raji has
been found by other criteria to be of B cell origin even
though it lacks surface immunoglobulins (49). Tech-
niques for identifying and evaluating B lymphocytes
are developing rapidly. In addition to the surface im-
munoglobulin techniques upon which we have relied in
this investigation, identification of B lymphocytes as
those lhaving surface receptors for the Fc portion of
IgG and receptors for the third component of comple-
ment have been and are being used. Excellent agree-
ment between the numbers of lymphocytes identified
by these three methods has been obtained in normal
healthy persons, but considerable variations haveturned
up in patients in a variety of diseases (50, 18). Since
the methodology of the three basic analyses used for
B lymphocytes has only recently been perfected, all
three were not used in our study. Subsequent analyses
using these three techniques and even using along with
them scanning electron microscopic techniques to ana-
lyze human lymphomatous disease are surely needed.

Advantages of the methods used in this study to ana-
lyze malignant lymphomas already seem clear from
prior reports of our own material (51). By a relatively
simple study of living cells from the lymph node we
could establish the *existence of a monoclonal prolifera-
tion of the lymphoid cells before histologic analysis
could detect recurrence of the lymphoma. It seems cer-
tain that the methodologies used in this study and appli-
cation of other markers already available can yield
much new, clinically useful, information about malig-
nant lvmphomas. It seems certain as well that such
fundamental new information about the tumors could
have important implications for treatment of the ma-
lignancv and management of such patients (52).
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