J c I The Journal of Clinical Investigation

Impaired Lymphocyte Transformation in Hodgkin's Disease.
EVIDENCE FOR DEPLETION OF CIRCULATING T-
LYMPHOCYTES

Kenneth M. Matchett, ... , Andrew T. Huang, William B. Kremer

J Clin Invest. 1973;52(8):1908-1917. https://doi.org/10.1172/JCI107374.

Research Article

The kinetics of lymphocyte transformation induced by phytohemagglutinin (PHA) and pokeweed mitogen (PWM) were
studied daily, with blood lymphocytes from normal individuals and from untreated patients in all stages of Hodgkin's
disease (HD). In addition, spleen lymphocytes and lymph node lymphocytes were studied with similar techniques.

Peripheral blood lymphocyte transformation stimulated by PHA was found to be depressed in all patients with HD
(including those with localized disease and no symptoms) when small numbers of lymphocytes were cultured and studied
during a 7-day period. Most patients with HD had an increased number of cells circulating in their blood which were
actively synthesizing DNA. HD lymphocytes which demonstrated the highest initial rate of spontaneous DNA synthesis
usually did not respond to PHA stimulation.

Blood lymphocytes from normal individuals responded equally well to PHA and PWM in our system. HD blood
lymphocytes consistently responded better to PWM than to PHA, with the response to PWM frequently within the normal
range. Unless the spleen was extensively infiltrated with HD, spleen lymphocytes from patients with HD responded to
PHA, even though the blood lymphocyte response was severely reduced. Lymph node lymphocyte response to PHA from
patients with HD was variable, but correlated roughly with the blood lymphocyte response.

It is hypothesized from the data presented that in HD, circulating thymus-dependent (T-)lymphocytes are stimulated by
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ABstTrAacCT The kinetics of lymphocyte transforma-
tion induced by phytohemagglutinin (PHA) and poke-
weed mitogen (PWM) were studied daily, with blood
lymphocytes from normal individuals and from un-
treated patients in all stages of Hodgkin's disease
(HD). In addition, spleen lymphocytes and lymph
node lyvmphocytes were studied with similar techniques.

Peripheral blood lymphocyte transformation stimu-
lated by PHA was found to be depressed in all patients
with HD (including those with localized disease and
no symptoms) when small numbers of lymphocytes
were cultured and studied during a 7-day period. Most
patients with HD had an increased number of cells
circulating in their blood which were actively syn-
thesizing DNA. HD lymphocytes which demonstrated
the highest initial rate of spontaneous DNA synthesis
usually did not respond to PHA stimulation.

Blood lymphocytes from normal individuals responded
equally well to PHA and PWM in our system. HD
blood lymphocytes consistently responded better to
PWM than to PHA, with the response to PWM fre-
quently within the normal range. Unless the spleen was
extensively infiltrated with HD, spleen lymphocytes
from patients with HD responded to PHA, even
though the blood lymphocyte response was severely
reduced. Lymph node lymphocyte response to PHA
from patients with HD was variable, but correlated
roughly with the blood lymphocyte response.

It is hypothesized from the data presented that in
HD, circulating thymus-dependent (T-)lymphocytes are
stimulated by the presence of active disease. This
stimulation of T-lymphocytes leads to a circulating T-
cell depletion and to an increase in the number of cells
circulating that are active in DNA synthesis. The de-
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gree of impairment of cell-mediated immunity would
then depend upon the degree of T-lymphocyte depletion.

INTRODUCTION

Well-recognized concomitants of advanced Hodgkin's
disease (HD)* include abnormalities in cell-mediated
immune reactions as manifested by increased suscepti-
bility to certain pathogens (1), impaired delayed cu-
taneous hypersensitivity (2-7), prolonged skin graft
rejection (8), and depressed in vitro lymphocyte trans-
formation (9, 10). Reports have varied, however, about
the degree and consistency of impaired lymphocyte func-
tion in patients with HD, particularly in those patients
in the early stages of the illness (11-19). While it
appears that defective cell-mediated immunity may not
be of etiologic importance in HD, it may be critically
important in the pathophysiology of the disease and its
complications.

It is now recognized that small lymphocytes in the
circulating blood comprise a heterogeneous population
of cells which, despite similar morphologic character-
istics, have different life spans, cell surface components.
receptor sites, and immunologic functions. In man and
other animal species, there exists a distinct population
of thymus-dependent Ivmphocytes (T-lymphocytes)
that are primarily involved in cell-mediated immune
reactions. A thymus-independent population, which in
fowls is dependent on the bursa of Fabricius for de-
velopment, has also been identified and is designated as
bursa-equivalent lymphocytes (B-lymphocytes). These
cells play a central role in humoral antibody synthesis

L {bbreviations used in this paper: B, bursa-equivalent:
HD, Hodgkin’s disease; [*H]TdR, tritiated thymidine;
PHA, phytohemagglutinin; PWM, pokeweed mitogen; T,
thymus-dependent; TCA, trichloroacetic acid.
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(20-22). Recent studies indicate that cell populations
may be identified by their response to various mitogens.
Although not yet settled, it appears that phytohemag-
glutinin (PHA) stimulates T-lymphocytes predomi-
nantly, if not exclusively (23-35), whereas pokeweed
mitogen (PWM) may stimulate both B- and T-lym-
phocytes (32, 33). There is, however, some data to
suggest that the B-lymphocyte response to PWM may
be greater than that of the T-lymphocyte (31, 33, 35).

The major objective of the present study was to use
a standardized quantitative test of lymphocyte trans-
formation employing both PHA and PWM as the mito-
genic stimulus to investigate the response in patients
with untreated HD. Emphasis was placed on the time-
course as well as the degree of the mitogen-induced
transformation. Havemann and Rubin have previously
shown the discriminatory value of such a kinetic ap-
proach in studies of lymphocyte transformation in
chronic lymphocytic leukemia (36). Results presented
herein provide evidence for the thesis that there are
consistent abnormalities in PHA-induced lymphocyte
transformation for all patients with HD. In addition,
the data indicate that a mechanism for the abnormal
PHA response in HD involves the depletion of a lym-
phocyte population in the blood capable of responding
to PHA stimulation.

METHODS

Patient selection. 26 untreated patients representing all
clinical stages and histologic cell types of HD comprised
the test group and were compared with 20 healthy labora-
tory personnel free from recent viral illnesses (Table I).
Clinical staging was determined by lymphangiography and
bone marrow biopsy in all patients, and exploratory lapa-
rotomy when required, according to the Rye classification
(37). Pathologic interpretation of the histologic material
was performed by the Department of Pathology, Duke
University Medical Center, using the Lukes-Butler classi-
fication (38); in many instances the tissue sections were
also reviewed by the Lymphoma Task Force. With the
advent of laparotomies for staging, we were able to obtain
adequate lymph node lymphocytes for culture in five pa-
tients and spleen lymphocytes in nine patients. In the nine
patients undergoing laparotomy, peripheral blood was stud-
ied before surgery in five patients, on the day of surgery
in three patients and after splenectomy in one patient. None
of the patients studied had received steroids, analgesics, or
phenothiazines except for one patient, studied after splenec-
tomy, who had received a total of 200 mg of meperidine
48 h before the study of his peripheral blood lymphocytes.
Only one normal spleen could be obtained for comparison
and that was removed from a 12-yr-old boy with idiopathic
portal hypertension. Pathological examination of this spleen
revealed no evidence of intrinsic abnormality in the spleen,
and the patient had not received corticosteroids or other
agents known to affect lymphocyte transformation.

Specimen preparation and culture techniques. Under
sterile conditions, “buffy coat” leukocytes were obtained
by sedimentation of 50 ml heparinized blood (5 U/ml) to
which 10 ml Plasmagel (Laboratoire Roger Bellon, Neville,

Lymphocyte Transformation in Hodgkin’s Disease

TaBLE I
Patient Population Studied

Patient Age Sex Stage Histology*
P. G 32 F IA mc
C.L 57 M 1A Ip
M. R. 23 M IA mc
E. A J. 20 M TA Ip
M. P. 22 M 1A ns
B. A. 27 F I1A ns
C.D. H. 27 F 11A mc
A. C. 29 M IIA ns
C. J. 40 M I1A mc
C. McF. 18 M 1IA mc
P.S. S. 21 F ITA ns
D. G. 17 F I1A ns
T. S. 33 F ITA ns
D. D. 32 F I11A ns
J.C. P. 20 M I1IB ns
G. S. 56 F 1B Ip
B. S. 20 F 1IB mc
T. G. 21 M I11A mc
J. B. 53 M I1IB ns
E. B. 25 F 1I1IB mc
G. H. 37 M IVB Id
R. P. 37 M IVB mc
A.S. 46 M IVB ns
E. W. 18 M IVB Id
G. M. G. 32 F IVB mc
J. McG. 51 M IVB 1d

*1d, lymphocyte-depleted; Ip, lymphocyte predominance;
mc, mixed cellularity; ns, nodular sclerosis.

France) was added. Lymphocytes from fresh surgical speci-
mens of spleens and lymph nodes trimmed of fat were teased
in cold TC-199 with fine scissors. When spleen specimens
contained nodules of obvious HD, these areas were avoided
and only uninvolved portions of the spleen were used to
obtain lymphocytes for culture. Particulate tissue was al-
lowed to sediment by gravity and the leukocyte-rich super-
nate was centrifuged at 1000 g for 15 min. The cell button
was resuspended in fresh TC-199. From this point on,
peripheral blood leukocytes and tissue lymphocyte suspen-
sions were processed in an identical manner. Triplicate cell
counts were made on each sample and the cell concentration
adjusted with TC-199 to contain 2.0 X 10° lymphocytes/ml.
The number of granulocytes present was determined for
each peripheral blood culture. 30 individual culture tubes
were then prepared with 2 ml of modified McCoy’s S5a
media (15% fetal calf serum) containing no mitogen, 2%
PHA-M or 1% PWM (Grand Island Biological Co., Grand
Island, N. Y.). 0.5 ml of the lymphocyte suspension was
added to each culture, giving a final lymphocyte concentra-
tion of 0.4 X 10° lymphocytes/ml. This concentration of
lymphocytes was chosen after a cell concentration and PHA
response curve had been determined on the 4th day (Fig. 1).
Thymidine incorporation per cell was greatest with lym-
phocyte concentrations from 0.2 to 0.4 X 10* ml but was
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Ficure 1 Effect of lymphocyte concentration on the up-
take of [*PH]TdR in PHA-stimulated cultures of normal
lymphocytes. Cells were exposed to [*H]TdR for a 2-h
labeling period on the 4th day of culture.

depressed with higher cell concentrations. In 10 experi-
ments lymphocytes were also cultured in 20% autologous
plasma. Cultures were incubated at 37°C in 5% carbon
dioxide in air.

Determination of relative rate of thymidine incorporation.
1 h after the start of incubation and at the end of each
subsequent 24-h period for 7-10 days, triplicate samples from
each group were labeled with 5 uCi of tritiated thymidine
([*H]TdR, sp act 20Ci/mmol, New England Nuclear, Bos-
ton, Mass.). After the labeled cultures were incubated for
an additional 2 h, incorporation of [*H]TdR was stopped by
centrifuging the cultures for 10 min at 2000 g at 0°C. The
supernate was discarded and the cell button solubilized in
1 ml of 1.0 N NaOH and 0.01 N disodium EDTA solution.
The samples were then stored at 4°C until all samples in
one group had been collected. 0.1 ml of the solubilized
material was pipetted onto Whatman 3MM filter paper
disks, air-dried, and the DNA precipitated onto the disks
by submerging them in ice-cold 5% trichloracetic acid
(TCA). The disks were washed twice with cold 5% TCA,
twice with cold 95% ethyl alcohol, and once with acetone.
Once dried, the radioactivity of each disk was determined
by covering it with 3 ml toluene phosphor and counting
in a Nuclear-Chicago Scintillation Counter (Nuclear-Chi-
cago Corp., Des Plaines, Ill.). Background activity was
determined by incubating triplicate culture tubes in ice with
[PH]TdR for 2 h and then processing them in the identical
manner described above. Background activity was always
less than 50 cpm. After correction for background, the
counts per minute of triplicate samples was averaged and
specific activity expressed in counts per minute per 10°
lymphocytes, the total number of lymphocytes in each
2.5-ml culture.

RESULTS

Peripheral blood lymphocytes. None of the patients
with HD had an entirely normal response to PHA-in-
duced lymphocyte transformation over the 7-day period.

1910

Fig. 2 illustrates the kinetics of PHA-lymphocyte trans-
formation in 26 patients grouped according to the stage
of disease, compared to the range of transformation ob-
tained in 20 normal individuals. Although in stage IA
patients there was some overlap with the normal re-
sponse on days 2 and 3 of culture, all patients had an
abnormal response to PHA on day 4 and thereafter.
The difference in PHA response between the HD pa-
tients and the normals was statistically significant from
day 4 on when analyzed by Student’s ¢ test (P < 0.001).
Lymphocytes from patients that did have some response
to PHA, albeit reduced, showed a normal time-course
of response. Cultures from patients with HD contained
more granulocytes than did the normal controls (Fig.
3A). The increased granulocyte content was seen in cul-
tures from patients in all stages of HD, and did not

STAGE IA

STAGE ITA

cpm x 10108 LYMPHS
NS
7

A R

Ficure 2 Kinetics of PHA-stimulated uptake of [*H]TdR
by blood lymphocytes in cultures from 26 patients with un-
treated HD, compared to the response of those from 20
normal subjects. Patients are grouped according to stage
of disease as indicated in each panel. For reference the
shaded area depicts the range of the normal lymphocyte
response to PHA.

K. M. Matchett, A. T. Huang, and W. B. Kremer
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Ficure 3 Granulocyte content of peripheral blood cultures. A: Concentration of granulo-
cytes per 10° lymphocytes in cultures from normals and HD patients grouped according to
stage of disease. B: Relationship of peak PHA response by HD lymphocytes to granulocyte

content of culture.

correlate with the extent of disease. This was because
patients with stage I-II disease usually had an absolute
granulocytosis, but those patients with advanced disease
had an absolute lymphocytopenia. The degree of PHA
unresponsiveness in the patients with HD did not cor-
relate with the number of granulocytes in culture (Fig.
3B). The effect of autologous plasma on PHA-induced
transformation was variable in the HD patients (Table
IT). At times transformation was improved when lym-
phocytes were incubated free from autologous plasma,
but in no instance did the PHA-response curve return to
normal. The most common result was no significant
change in lymphocyte transformation when cultured
with or without autologous plasma.

Another difference apparent in the HD patients’ pe-
ripheral blood cells was an increased uptake of ["H]TdR

TasBLE II
Effect of Autologous Plasma on HD Lymphocyte Resopnse

Peak PHA response*

Fetal calf serum

Patient Autologous plasma

E. W. 6.0 20.0
G. S 8.4 5.5
P.S. S. 18.7 24.2
M. R 81.0 62.3
R. P 25.5 37.2
T. G 1.1 4.9
M. P 14.6 13.7
D. G 62.5 63.9
T.S 33.0 61.4
D.D 44.3 29.4
B.S 4.2 35.0

* cpm X 1073/108 lymphocytes.

Lymphocyte Transformation in Hodgkin’s Disease

on day 0 (Fig. 4). This was spontaneous [*H]TdR up-
take and occurred with or without PHA in the culture
medium. The differences noted were significant, with
a P value of < 0.002. Fig. 4 also illustrates that lympho-
cytes of patients with HD who had the highest initial
spontaneous uptake of [PH]TdR usually did not respond
to PHA. In our series there were only four patients with
this pattern of response, all of which had clinical stage
IIT or IV disease. Because the number of patients in
this study was not sufficiently large, we cannot yet firmly
correlate other responses with specific stage or histology

—_——

cpm/10° Lymph

:

-

Normal

Hodgkin's Disease

Ficure 4 Spontaneous DNA synthesis by unstimulated
lymphocytes from HD patients and normal subjects. Uptake
of [*H]TdR by lymphocytes was determined on the day
of isolation (day 0 of incubation) after a 2-h labeling
period. Horizontal lines indicate the mean uptake of each
group. (@) represents those patients who showed a subse-
quent response to PHA and (O) indicates those patients
who did not respond to PHA.
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Ficure 5 Comparison of the kinetic response of [PH]TdR uptake by HD and normal blood
lymphocytes stimulated with either PHA or PWM. Upper left, indicated as normals, repre-
sents the mean response =1 SE of lymphocytes from 10 normal individuals. The other panels
demonstrate the response of 11 HD patients, identified by their initials, stage of disease, and
histologic pattern of HD (lp, lymphocyte predominance; mc, mixed cellularity; ns, nodular
sclerosis; 1d, lymphocyte depleted). For reference, the shaded area depicts the range of the
normal lymphocyte response to PWM. (@), PWM response; (O), PHA response.

except to note that generally the more extensive the
disease, the poorer the PHA response.

Blood lymphocytes from normal individuals respond
equally well to both PHA and PWM, although the re-
sponse to PWM may be prolonged (Fig. 5). Fig. 5
compares the PHA and PWM response in 11 patients
with HD. It is evident that the PWM response in these
patients is normal or approaches normal. even though
the PHA response is reduced. In each instance, the
PWM response in HD patients was significantly in-
creased over the PHA response, whereas in normals,
response to the two mitogens was quite similar.

Spleen lymphocytes. The kinetics of PHA-induced
lymphocyte transformation for lymphocytes obtained
from spleen and blood of eight patients with HD are
illustrated in Fig 6. Control cultures without mitogen
had no increase in [*"H]TdR uptake over the 7-10-day
period. In all patients, except J. McG.* (not shown),

? Patient J. McG. is the only patient whose spleen lym-
phocytes did not respond to PHA. He had stage IVB HD

1912

spleen lymphocytes incubated with or without autologous
plasma responded much more than blood lymphocytes,
although the response was delayed and frequently
showed a heterogeneous pattern, with peaks on the 4th,
S5th, or 6th day of culture, and again on the 7th or 8th
day of culture. Fig. 7 shows the mean and standard
error of the studies performed on lymphocytes obtained
from the spleens and peripheral blood of these eight
patients with HD, contrasted with the response avail-
able from one normal spleen. The PHA response of the
normal spleen lymphocytes was delayed, with a broad
pattern nearly identical to the mean value of the HD
spleen lymphocytes.

Lymph node lymphocytes. Lymphocytes from lymph
nodes of patients with untreated HD were available for
study in five instances. As depicted in Fig. 8, the re-

with a massively enlarged spleen diffusely infiltrated with
HD. It was impossible to find an uninvolved area for study
and in this respect the patient differed from all other pa-
tients studied.

K. M. Matchett, A. T. Huang, and W. B. Kremer
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FiGure 6 Kinetics of PHA-stimulated uptake of [*H]TdR by blood and spleen lymphocytes
in eight patients with HD. Each panel represents eight patients, identified by their initials,
stage of disease, and histologic pattern of HD. (mc, mixed cellularity; ld, lymphocyte-

depleted ; ns, nodular sclerosis).

sponse of lymph node lymphocytes to PHA was vari-
able, but was usually poor and correlated roughly with
the blood lymphocyte response. Patients T. G. and E. B.
had a poor PHA-blood lymphocyte response with a
similar lymph node lymphocyte response. Occasionally
a single peak of PHA response occurred, as with pa-
tients G. H. and D. P. Four of the patients had HD
involving the lymph node, from which the lymphocytes
were taken for study. C. J.s lymph node contained very
few lymphocytes, histologically was not diagnostic for
HD, and did not respond to PHA.

DISCUSSION

All of the HD patients in this series had abnormal PHA-
induced blood lymphocyte transformation when the daily
uptake of [*H]TdR was used as an index of transforma-
tion. Aside from the fact that all of the patients in this
study were previously untreated, this study differs in
two important aspects from published reports that have
concluded that lymphocyte transformation in HD is
variable and often normal in the early stages of the
disease (11, 15-19). First, we observed the entire time-
course of the PHA course. The deficient transformation

Lymphocyte Transformation in Hodgkin's Disease
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Fieure 7 Kinetics of PHA-stimulated uptake of ["H]TdR
by HD spleen and blood lymphocytes, compared with the
response by normal spleen lymphocytes. (®), mean re-
sponse =1 SE by spleen lymphocytes from seven HD pa-
tients; (O), mean response =1 SE by blood lymphocytes
from the same seven patients with HD; dark line represents
the response by normal spleen lymphocytes from one in-
dividual.
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Ficure 8 Kinetics of PHA-stimulated uptake of [*H]TdR
by blood and lymph node lymphocytes in five patients with
HD. Each patient is identified by initials, stage of disease,
and histologic pattern of HD. (ns, nodular sclerosis; mc,
mixed cellularity ; 1d, lymphocyte-depleted).

2 4 6 8

in HD patients’ blood lymphocytes would not have been
as apparent if only one point in time, e.g., day 3, had
been taken to represent the entire PHA response. The
deficiency is striking, and statistically significant when
the kinetics of the complete PHA response are compared
with those of the normal PHA response. Second, our in
vitro cultures contained limiting concentrations of lym-
phocytes. The small number of lymphocytes per culture
allowed for a maximum PHA-induced ["H]TdR uptake
per lymphocyte, and perhaps allowed this system to be
more sensitive to small defects in transformation that
might be missed if an excess of lymphocytes capable of
responding to PHA were present. The number of stage
IA and ITA patients in this series was not sufficiently
large to conclude that all HD patients, no matter how
minimal the extent of involvement, have detectable ab-
normalities in lymphocyte transformation. However, the
' demonstration of impaired PHA response in all patients
in this series, including those with localized disease and
no symptoms, indicates that impaired lymphocyte func-
tion is inherent to HD and is not a complication of far-
advanced and extensive disease only.

1914

In this study, peripheral blood cultures from HD
patients contained more granulocytes than did the nor-
mal cultures. In one study, increasing concentrations of
granulocytes appeared to inhibit PHA-induced lympho-
cyte blastogenesis (39), and there are data to indicate
that high granulocyte concentrations have an inhibitory
effect in mixed leukocyte cultures (40-42). Although the
inhibitory effect of granulocytes must be considered as a
possible explanation for the impaired PHA response by
HD lymphocytes, the lack of correlation between PHA
unresponsiveness and granulocyte content, and the nor-
mal PWM response in the face of depressed PHA re-
sponse argues against this possibility.

In addition to the fact that all of the HD patients had
a reduced PHA response, most HD patients had cells
circulating in their blood active in DNA synthesis.
Those patients who showed no transformation to PHA
had the highest spontaneous uptake of [PH]TdR. The
difference between HD patients and normal subjects in
this regard was statistically significant, and as can be
seen from Fig. 4, there was little overlap in values. Simi-
lar observations of increased spontaneous DNA synthe-
sis by the leukocytes of the HD patients have been made
by Crowther, Fairley, and Sewall (43, 44). Utilizing
autoradiographic techniques, they showed that the cells
actively engaged in DNA synthesis were large pyro-
ninophilic lymphocytes, and that similarly increased num-
bers of these lymphocytes also occurred after various
infections and after immunizations. Recently, Hersh,
Butler, Rossen, Morgan, and Suki (45) have also shown
an increased [PH]TdR uptake by blood lymphocytes
from patients in the early phase of renal transplant re-
jection. Several previous reports on lymphocyte trans-
formation in HD have noted that in a small number of
patients, no PHA-induced lymphocyte transformation
occurred, and that the cells “died” by the 3rd or 4th
day of culture (11, 13, 17). The reciprocal relationship
shown in this report between spontaneous [*"H]TdR up-
take at the initiation of culture and the subsequent ab-
sence of PHA-induced transformation by HD lympho-
cytes is similar to the in vitro behavior of lymphocytes
from patients with renal transplant rejection and chronic
uremia (45, 46). This relationship indicates that lym-
phocytes already transformed in vivo may be refractory
to or may not survive for in vitro stimulation. More di-
rect evidence for this type of relationship is seen with
spleen cells from tumor-bearing mice or immunized with
membrane antigens. Spleen cells recovered from these
animals had undergone in vivo transformation, as judged
by increased unstimulated DNA synthesis and a shift
of the cell population to a less dense fraction on density
gradients, and they also had an impaired blastogenic
response to PHA in vitro (47). However, an earlier
study using rabbit spleen cells demonstrated increased

K. M. Matchett, A. T. Huang, and W. B. Kremer



in vitro PHA response in animals previously immunized
as compared to control animals (48). Whether the four
patients with no PHA response and high spontaneous
DNA synthesis represent a distinct group or whether
they represent the end of a spectrum of patients with a
gradually increasing number of blood lymphocytes active
in DNA synthesis and a depletion of cells capable of
responding to PHA is not clear. The latter seems more
likely since most of the patients with some PHA re-
sponse also had a significant increase in spontaneous
[PH]TdR uptake.

The PWDM-induced response of HD blood lympho-
cytes were normal or approached normal, but the PHA
response in the same patients was distinctly abnormal.
In normal individuals the two responses in our system
were nearly identical, whereas in HD the PWM response
was always greater than the response to PHA. All pa-
tients with HD responded to PWM, including one pa-
tient who had no response to PHA. From these data it
appears that the abnormality in lymphocyte transforma-
tion in HD is relatively specific for the PHA-stimulated
lymphocyte. If in fact the PWMe-induced response re-
flects to some degree B-lymphocyte function in man, as
has been suggested (31), these data correlate well with
the observations that humoral immunity remains rela-
tively intact in HD (7, 11, 49).

Unless the spleen was completely infiltrated with HD,
spleen lymphocytes responded to PHA with increased
[*H]TdR uptake, even though the blood lymphocytes
from the same patient either failed to respond or re-
sponded poorly to PHA. The spleen lymphocyte response
differed from the peripheral blood response in that it was
delayed and sustained, but the magnitude of the spleen
lymphocyte PHA-induced response was in the same
range as the normal blood lymphocyte response. In the
one normal spleen available, a similar delayed and sus-
tained response was seen, which was nearly identical to
the mean response of the eight HD spleens studied. Al-
though it is not yet possible to explain the kinetic pat-
tern of the spleen lymphocyte response to PHA, it is
apparent that in HD, spleen lymphocytes undergo blast
transformation, even when the blood lymphocytes are
severely deficient in PHA responsiveness. This does not
appear to be a plasma effect, since incubating spleen cells
in autologous plasma did not inhibit the spleen lympho-
cyte PHA response. The observation that spleen lym-
phocytes can still respond to PHA when blood lympho-
cytes do not suggests that the spleen may be an important
storage compartment for these cells. Indeed T-lympho-
cytes, identified by characteristic membrane receptors,
have been found to be diffusely distributed throughout
the human spleen but have not been found in the follicu-
lar areas of the white pulp (50). Whether this distribu-
tion is altered in HD and interferes with the normal

Lymphocyte Transformation in Hodgkin’s Disease

transit of T-lymphocytes is not known. Lymph node
lymphocytes responded variably to PHA, but in general
the response of these cells paralleled that of the periph-
eral blood. Unfortunately, the number of lymph nodes
studied to date is too small to correlate the type of
response with the histologic pattern.

There are at least four possible mechanisms for an
abnormal PHA lymphocyte response in vitro: first, one
or more serum factors inhibiting PHA-induced lympho-
cyte transformation, second, an intrinsic abnormality
of the circulating lymphocyte, third, a central defect
preventing the development of PHA-responsive lympho-
cytes, and fourth, a decreased number of PHA-respon-
sive cells present to respond to the stimulus.

Although serum factors have been implicated in the
diminished PHA-induced lymphocyte transformation in
HD (13), most studies demonstrate either no consistent
inhibition by HD plasma (10, 14), or a persistent de-
fect in lymphocyte transformation when cultured in nor-
mal serum (15, 17, 51). In a recent study, Han was
unable to demonstrate any inhibitory effect of plasma
from a large number of patients with active HD on the
PHA response by normal lymphocytes (52). In the
present study, both the failure of plasma removal to sig-
nificantly improve the PHA response of HD blood
lymphocytes and the ability of HD spleen lymphocytes
cultured in autologous plasma to respond to PHA argue
against serum factors being an important cause of the
abnormal PHA response in HD. In view of the PWM
response by HD lymphocytes, any inhibitory serum fac-
tor postulated would have to have a differential effect,
inhibiting PHA-induced transformation more than the -
PWM-induced transformation.

The normal kinetic but diminished HD blood. lym-
phocyte response to PHA, the differential response seen
when these lymphocytes are stimulated with PWM, and
the response of spleen lymphocytes to PHA in the face
of a diminished blood lymphocytes response support the
concept that impaired PHA lymphocyte transformation
in HD is due to a depletion of circulating cells capable of
responding to PHA, rather than to an intrinsic defect of
the lymphocyte, or a failure of development of PHA-
responsive lymphocytes. The observation that PHA
transformation can return to normal in patients achiev-
ing a remission of their disease after treatment (16, 17)
indicates that this depletion of PHA-responsive lympho-
cytes is a reversible phenomenon.

As indicated earlier, there is suggestive evidence from
experimental animal studies, as well as observations in
patients with immunodeficient diseases, to consider PHA
responsiveness a function of the T-lymphocyte system,
and PWM responsiveness a measure of the B-lympho-
cyte system (although not exclusively) (20-35, 53). Our
data may indicate that in HD a depletion of circulating
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T-lymphocytes occurs, probably in all stages of disease,
but most evident in advanced HD, while B-lymphocytes
appear to be present in relatively normal amounts. Along
with the depletion of T-lymphocytes, a new population
of cells appear in the blood actively synthesizing DNA.
These cells might be abnormal (or even malignant) but
because a similar increase in DN A-synthesizing lympho-
cytes has been shown to occur after in vivo antigenic
stimulation, these cells may very well represent lympho-
cytes already stimulated and committed.

From the data, we hypothesize that in HD, circulating
T-lymphocytes are stimulated by the presence of HD in
the involved lymph node. The finding of HD tumor-
associated antigens may indicate the reasor for this
stimulation (54). Whether this is a response to the
presence of a malignant reticulum cell, or, as hypothe-
sized by Order and Hellman (55), a response of T-
lymphocytes to virus-infected lymphocytes, which then
leads to the development of neoplastic reticulum cells is
not known. This stimulation of T-lymphocytes leads to
a circulating T-cell depletion and to an increase in the
number of cells circulating which are active in DNA
synthesis. The degree of impairment of cell-mediated im-
mune reactions seen in HD will then depend upon the
‘degree of T-lymphocyte depletion and the sensitivity
of the tests used to detect these reactions.
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