
Cancer Immunol Immunother (1987) 25:59-64 

Impaired T- and B-cell functions in patients 
with Hodgkin's disease 

  ancer 
mmunol9gy 
mmunotherapy 

© Springer-Verlag 1987 

Reduced mitogenic responsibility and 11-2 production 
is not caused by defective CD4+-cells 

L. Bergmann, P. S. Mitrou, M. Demmer-Dieckmann, F. T. Ruhmann, and E. Weidmann 

Division of Haemotology/Oncology, Department of Internal Medicine J. W. Goethe University, Theodor-Stern-Kai 7, 
D-6000 Frankfurt/Main, Federal Republic of Germany 

Summary. The mitogenic response of T-cell subsets, the 
production of interleukin-1 (I1-1) and interleukin-2 (I1-2) 
and in vitro immunoglobulin production was investigated 
in patients with Hodgkin's disease (HD). The mitogenic re- 
sponse of mononuclear cells (MNC) and the OKT4 + and 
OKT8 + subsets was greatly reduced in advanced disease 
stages and could only partially be restored with exogene- 
ous I1-2. In untreated patients with HD - except those with 
highly advanced disease - the OKT4 + lymphocytes 
showed normal response to phytohemagglutinin in con- 
trast to the MNC suggesting inhibiting agents or cells with- 
in the MNC. These findings corresponded to reduced I1-2 
synthesis of MNC, whereas isolated OKT4 + - cells pro- 
duced normal or elevated amounts of II-2. MNC or mono- 
cytes produced normal or even higher amounts of lipo- 
polysaccharide-induced II-1 than controls. The results do 
not confirm a defect in this component of the interleukin 
system in HD. The immunological impairment was not 
limited to the T-cell system but involved B-cell activation 
and differentiation as well. The pokeweed mitogen- 
induced IgM, IgG and IgG production was highly sup- 
pressed in untreated HD, whereas the MNC of previously 
treated patients produced subnormal amounts of immuno- 
globulin in vitro. It is not yet clear whether this defect is 
T-cell-mediated or primarily a B-cell deficiency. 

Introduction 

Multiple studies have revealed that patients with untreated 
Hodgkin's disease (HD) had impairments of their cellular 
immunity, as manifested by impaired delayed hypersensi- 
tivity to recall and neoantigens (Advani et al. 1979; Young 
et al. 1972), decreased lymphocyte and T-cell counts (Berg- 
mann et al. 1985; Bj6rgholm et al. 1981) and reduced re- 
sponses to lectins or soluble antigens (Schulof et al. 1981 ; 
Ziegler et al. 1975). Some of these abnomalities persist 
even in disease-free long-term survivors (Bergmann et al. 
1985; Case et al. 1977). More recently, in vitro studies have 
focused on regulatory abnormalities of T-cell interaction. 
Increased suppressor activity of monocytes or T-cells, in- 
creased sensitivity of effector T-lymphocYtes to normal 
suppressor cells and circulating soluble suppressor factors 
have been implicated as causes of the immunological de- 
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fect (Engleman et al. 1979; Fisher et al. 1981; Hillinger 
and Herzig 1978). With the development of monoclonal 
antibodies directed to lymphocyte antigens, it has become 
possible to characterize and isolate lymphocyte subpopu- 
lations with different functional characteristics (Reinherz 
et al. 1979, 1982; Reinherz and Schlossman 1980). A dise- 
quilibrium of peripheral T-cell subsets characterized by 
monoclonal antibodies has been demonstrated in some pa- 
tients with HD, particulary in those with constitutional 
symptoms and/or  advanced disease (Bergmann et al. 
1985; Bj6rgholm et al. 1982; Schulof et al. 1981). However, 
the quantitative changes in T-cells and their subsets do not 
seem to account for the impairment of the in vitro lympho- 
cyte reactions alone (Bj6rgholm et al. 1982). These reac- 
tions are mediated by soluble factors produced by macro- 
phages (e.g. interleukin-1 = I1-1) or T-cell subsets (e.g. in- 
terleukin-2 = 11-2). These molecules stimulate prolifera- 
tion and differentitation within the immune system (Fal- 
koff et al. 1983; Farrar et al. 1982; Solbach et al. 1982). To 
explore the possible defect(s) of the in vitro T-cell reactivi- 
ty in HD, we studied the phytohemagglutinin (PHA)-in- 
duced proliferation of T-lymphocyte subpopulations, the 
interleukin production of peripheral lymphocytes and 
monocytes and the pokeweed mitogen (PWM)-induced 
immunoglobulin (Ig) synthesis by mononuclear cells 
(MNC) of patients with untreated or previously treated 
HD. 

Materials and methods 

Patients 

The patient population consisted of 7 newly diagnosed un- 
treated and 7 previously treated patients with HD. All pa- 
tients with treated disease were in complete remission at 
the time of investigation. The main clinical characteristics 
and some immunological findings are summarized in 
Table 1. Peripheral blood was taken from the untreated 
patients at the time of initial presentation, before clinical 
and staging procedures were instituted. Age-matched heal- 
thy volunteers were used as controls. Clinical and patho- 
logical stage were defined according to the Ann Arbor 
classification. In the treated group, patients had received 
radiotherapy or combined modality treatment (Table 1). 
Chemotherapy consisted of cyclophosphamide, vincris- 
tine, procarbazine and prednisolone. 
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Table 1. Patient characteristics 

Patient Age/sex Stage Histology Pre- 
treatment 

Therapy-free 
interval1 
(months) 

Lymphocytes OKT3 + OKT4 + OKT8 + 

Cells/lxl 

OKT4/OKT8 

1 37 F IA NS no - 
2 20 M IIA NS no - 
3 23 M IIA LP no - 
4 26 M IIBs MC no - 
5 25 M IIIB MC no - 
6 68 M IIIB MC no - 
7 38 M IVB MC no - 

8 23 F IA MC RT 35 
9 40 F IIA NS RT 39 

10 44 F IIIA MC CT, RT 82 
11 34 M IIIA LP CT, RT 12 
12 46 F IIIB NS CT, RT 36 
13 29 M IVB LP CT, RT 12 
14 45 F IVB MC 30 

Normal values 

1197 886 622 287 2.17 
920 644 258 377 0.68 

2680 2064 1501 670 2.24 
2550 1836 1148 714 1.61 
1824 1058 584 474 1.23 
n.d. n.d. n.d. n.d. n.d. 
493 375 316 74 4.27 

1980 1287 673 594 1.13 
1771 797 266 531 0.50 
1976 1146 692 514 1.35 
1704 699 341 341 1.00 
3337 1835 734 1168 0.62 
2204 1212 507 639 0.79 
4290 3046 1888 1244 1.52 

1933±577 1527±403 1030±317 507±136 2.07 ±0.51 

LP = lymphocytic predominant; NS = nodular sclerosis; MC = mixed cellularity; CT = chemotherapy; 
RT = radiotherapy; n.d. = not determined 

Methods 

Lymphocyte separation. The M N C  were separa ted  by Fi- 
co l l -Hypaque  sedimenta t ion  from hepar in ized per iphera l  
b lood.  The viabi l i ty  de te rmined  by t rypan  blue exclusion 
as was approx imate ly  98%. 

Surface markers. The methods  for surface marker  studies 
have been descr ibed in detail  elswhere (Bergmann et al. 
1982). In brief,  surface Ig-expressing cells (slg, B-cells) 
were identif ied by an immunof luorescent  test using luores- 
cein isothiocynate  (FITC)- label led  goa t -an t i -human-Ig  
F(ab) fragments  (Kal les tadt  Lab., Chaska,  Minn.).  T-cells 
and  T-cell subsets were marked  with monoc lona l  ant ibod-  
ies OKT3,  OKT4,  OKT8;  Ortho,  Westwood,  Mass.;  Rein- 
herz and Schlossman 1980) using FITC- labe l led  goat  anti- 
mouse-Ig  F(ab) fragments  as second ant ibodies  (Tago, 
Burl ingame,  Calif.). A min imum of  200 cells was evaluated 
using a Zeiss microscope  equipped  with vertical  fluores- 
cent i l luminat ion and phase  contrast.  The absolute  counts 
o f  lymphocyte  subsets were calculated f rom their  p ropor -  
t ion of  the total  lymphocyte  count. 

Isolation of macrophages and T-cell subsets. Macrophages  
were ob ta ined  from M N C  by adherence  to plast ic  accord-  
ing to Mor imoto  et al. (1981). The adherent  cells (AC) 
were f inal ly resuspended at a concentra t ion of  0.25 x 106 
cel ls /ml .  More  than 85% of  the AC had morphologica l  
characterist ics o f  monocytes  by  Pappenhe im staining and 
were capable  of  ingesting latex particles.  

For  funct ional  analyses T-cell subsets were separa ted  
by  a modi f ied  pann ing  technique according to Reinherz et 
al. (1979). The 6-well macrot i t re  plast ic  plates (Greiner ,  
Nfirt ingen,  FRG)  were coated with 1 p.g/well of  affinity 
pur i f ied goat -ant i -mouse-Ig  (Tago, Burl ingame,  UK)  at 
4 °C for at least 18 h pr ior  to use. Then the plates were 
washed with cold phosphate-buffered  saline solut ion 
(PBSS) and fi l led with PBSS supplemented  with 2% fetal 
calf  serum (FCS) and 1% penic i l l in-s t reptomycin  until  ad- 
di t ion of  label led cells. Concurrent ly ,  the non-adheren t  

cells were subdivided and marked  either with OKT4 or 
OKT8. After  3 washings with R P M I  1640 the pellet  was 
resuspended in R P M I  1640 at a concentra t ion of  6 x 106 
cel ls /ml .  Then 1 ml of  suspension was added  to each coat- 
ed well, centrifuged at 100 g for 5 min and incubated  for 
30 min at 37 °C. After  removing the supernatant  by exten- 
sive washings the adherent  lymphocytes  were removed af- 
ter an incubat ion with R P M I  1640 conta ining 2.5 m M  
E D T A  for 1 h at 37 °C and resuspended in R P M I  1640 
at 3 x  l06 cel ls /ml .  The posi t ively separa ted  cells were 
enriched to about  95% as tested by immunof luorescent  
staining. 

Proliferation assays. The MNC,  OKT4 + and OKT8 + lym- 
phocytes  were tested for their  mitogenic  response to P H A  
with or without  substi tution of  10% human  I1-2 (Lympho-  
cult-T, Biotest, Frankfurt ,  F R G )  which has been shown to 
be the opt imal  concentra t ion in controls  and  pat ients  (data  
not  shown). The microcultures with 50 000 cel ls /wel l  were 
pe r fo rmed  in tr ipl icate at opt imal  doses of  0.5 lxg/ml 
PHA-P  (Wellcome, Beckenham, UK).  To the separated 
OKT4 + and OKT8 + cells, 10% macrophages  were added.  
The cells were cultured for 72 h at 37 °C in a humidif ied  
a tmosphere  and afterwards pulsed with 0.5 IxCi/well H 3 
thymidine.  The H 3 thymidine  uptake  was measured after 
24 h. All  cultures were per formed with R P M I  1640 supple- 
mented  with 10% FCS, 2 m M  L-glutamine,  10 m M  Hepes  
buffer  and 1% penici l l in-s t reptomycin.  

II-2 production and II-2 assay. A 1.5 x 106 ce l l s /ml  sample  
of  M N C  or OKT4 + lymphocytes  was s t imulated with 
0.5 l~g/ml PHA-P  for 24 h at 37 °C. Afterwards,  the super- 
na tan t  was removed and stored at - 2 0  °C until  assayed 
for I1-2 activity. For  the I1-2 assay, 5000 mur ine  I1-2-de- 
penden t  cytotoxic T- lymphocytes  were grown in the pres- 
ence of  log di lut ions of  the putat ive II-2-containing super- 
na tant  in microti tre plates (Nunc,  Kampst rup ,  Denmark)  
in a total  volume o f  200 p] /wel l  for 28 h. At  6 h pr ior  to 
harvesting,  the microcultures were pulsed with 0.5 p~Ci H 3 
thymidine.  The I1-2 concentrat ions  were calculated by 
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probi t  analysis using s tandard  11-2 prepara t ions  (Lympho-  
cult-T, Biotest, Frankfur t ,  FRG).  

1l-1 production and 11-1 assay. A 2.5 x 106 ce l l s /ml  sample  
o f  M N C  or monocytes  was s t imulated with 20 p~g/ml l ipo- 
polysacchar ide  (LPS) (Escherichia coli 055 :B5, Difco, De- 
troit ,  Mich.) for 24 h at 37 °C and the putat ive I I - l -con-  
ta ining supernatants  removed.  The samples were assayed 
for I1-1 activity using C 3 H / H e J  mice thymocytes  accord-  
ing to Fa lkof f  et al. (1983). Thymocytes  were incubated in 
microplates  with 0.5 x 106 cel ls /wel l  in 100 ~tl fully supple- 
mented  RPMI  1640 in the presence of  0.5 Ixg PHA-P  and 
log2 dilutions of  putat ive I I - l -conta in ing  supernatants  
(100 p.1/well) for 96 h at 37 °C. The cultures were pulsed 
with 0.5 IxCi/well H 3 thymidine  24 h before  harvesting. 
The I1-1 concentrat ions were calculated by probi t  analysis 
using the I I - l -conta in ing  supernatant  of  an acute myelo- 
monocyt ic  leukemia (M4-FAB) as in-house labora tory  
s tandard.  

In vitro Ig synthesis. Peripheral  M N C  were tested for their  
abil i ty to synthesize Ig in vitro spontaneously  or after 
PWM-induced  st imulation.  Using a total  volume of  200 ~tl 
0.2 × 106 cel ls /well  were cultured with or without  1.0 p.g/ 
ml PWM (Gibco,  Long Is land,  NY) at the opt imal  di lut ion 
for 7 days at 37 oC. The supernatants  were removed and 
tested for IgA, IgG and IgM by a modif ied  enzyme-l inked 
immunosorben t  assay (ELISA) technique with AP-label led 
ant ibodies  according to Engval  and Per lman (1971). The 
sensitivity was 25 ng /ml .  

Statistics. Differences between groups were tested for sta- 
tistical significance by the t-test for dependent  samples. 

R e s u l t s  

Mitogen stimulation of  MNC and T-cell subsets 

The M N C  and T-cell subsets were cultured with P H A  
alone or P H A  and varying dilut ions of  par t ia l ly  purif ied 
I1-2. A 10% (vol /vol )  p repara t ion  of  11-2 was the opt imal  
final concentra t ion for increasing the lymphocyte  response 
to P H A  in controls  and patients.  

Table 3. PHA-induced 11-2 production of MNC or separated 
OKT4 + cells and lipopolysaccharide-induced I1-1 production of 
MNC and monocytes in patients with Hodgkin's disease (HD) 

11-2 Production (units/ml a) MNC OKT4 + cells 

Controls 1.2 + 1.0 4.6 _ 5.3 
HD, untreated 0.6 + 0.7 6.0 + 6.8 

II-I Production (units/ml ~,) MNC Monocytes 

Controls 0.9 + 0.6 1.0 _+ 0.6 
HD, untreated 2.2+ 1.7 2.6+ 1.1 

Definition of units see Materials and methods 

The prol iferat ive response of  the M N C  of  4 untreated 
pat ients  (patients 1, 2, 4, 5) was low but  still within the 
normal  range (Table 2). Isola ted OKT4 + and OKT8 + lym- 
phocytes showed a normal  response to P H A  in 5 cases (pa- 
tients 1-5).  In the 2 cases with depressed prol i ferat ive re- 
sponse of  both  OKT4 + and OKT8 + ceils to P H A  (patients 
6, 7) exogenous I1-2 increased the prol i fera t ion  of  the 
OKT4 + lymphocytes ,  but  d id  not  restore the mitogenic  re- 
sponse (Table 2). 

Similar  results were obta ined  with M N C  and separated 
T-cell subsets of  patients in remission (Table 2). In 1 of  3 
cases (patient  10) the II-2 substi tution normal ized  the de- 
pressed prol iferat ive response of  the MNC.  St imulat ion of  
M N C ,  OKT4 + and OKT8 + cells was subnormal  or de- 
creased with and without  addi t ion  of  I1-2 in the remaining 
2 cases (patients 13, 14) with stage IV disease pr ior  to treat- 
ment  (Table 2). 

Lymphokine synthesis 

LPS-st imulated M N C  or per iphera l  monocytes  of  patients 
with untreated or  previously t reated H D  p roduced  higher 
amounts  of  I1-1 when compared  to the controls  (Table 3). 
Product ion of  11-2 was only studied in pat ients  with un- 
t reated HD. Their M N C  synthesized less II-2, whereas sep- 
ara ted  OKT4 + cells were able to p roduce  comparable  

Table 2. Phytohemagglutinin (PHA)-induced proliferation of mononuclear cells (MNC) and T-cell subsets with and without substitution 
of human interleukin-2 (I1-2) (cpm x 103) 

Patient MNC OKT4+-cells OKT8+-cells 

- I1-2  + I1-2 - I1-2  + I1-2 - I1-2  + I1-2 

1 12.0 22.1 38.1 48.3 18.5 30.7 
2 17.7 19.1 28.5 25.2 25.2 18.7 
3 5.1 21.1 14.8 30.5 13.3 17.4 
4 15.4 34.3 59.7 93.9 48.3 35.9 
5 12.1 12.9 54.1 63.4 12.5 13.9 
6 3.8 4.2 4.0 10.4 4.5 4.6 
7 2.9 5.6 1.1 2.2 0.5 1.1 

8 29.2 32.7 29.6 32.6 25.0 26.7 
9 . . . . . .  

10 9.8 24.0 21.7 28.0 14.8 16.4 
11 17.2 19.8 11.6 17.8 14.8 13.8 
12 13.9 17.9 13.8 14.6 9.8 10.5 
13 2.5 3.2 1.9 2.9 1.5 1.9 
14 10.6 10.7 5.9 6.5 1.6 2.5 

Controls 34.1 +21.1 34.5+ 15.5 35.8+21.5 44.4+25.3 23.8+ 15.2 26.7+ 12.9 
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Table 4. Spontaneous and pokeweed mitogen (PWM)-induced immunoglobulin (Ig) production of MNC in patients 

Patient PWM-Ig induced synthesis Serum 

IgM (ng/ml) IgG (ng/ml) IgA (ng/ml) IgM 
mg% 

- P W M  + P W M  - P W M  + P W M  - P W M  + P W M  

IgG IgA 
rag% mg% 

1 102 305 460 630 304 310 238 
2 40 115 455 350 60 80 78 
3 160 2410 270 2070 75 710 66 
4 <30 215 300 340 320 385 243 
5 55 75 190 450 205 170 402 
6 2970 1940 - 2270 470 305 816 
7 <30 40 350 350 - 455 47 

Median 55* 215" 325 450* 255 310 238 
range (<30-2,970)(40-2,410) (190-460) (350-2,270) (75-470) (80-710) (47-816) 

1010 431 
1580 385 
1120 197 
831 163 

1710 332 
1150 173 
433 52 

1150 197 
(433-710) (52-431) 

8 185 1650 440 2655 240 540 138 
9 <30 455 600 1380 220 460 63 

10 <30 4700 550 15630 180 2305 53 
11 <30 880 415 7530 245 900 56 
12 . . . . . .  57 
13 115 890 615 920 360 335 77 
14 <30 555 210 715 120 315 64 

Median <30* 885 485 2020 230 500 63* 
range (<30-185)  (455-4,700) (210-615) (715-15,630) (120-360) (315-2,305) (53- 138) 

1230 276 
947 220 

1590 282 
980 134 

1430 227 
983 99 

1120 172 

1120 220 
(947- 1,590) (99- 282) 

Controls 

Median 400 2430 650 2605 260 1055 122 
range (<30-1,405)(790-7,585) (180-3,355)(1,720-4,800) (<30-1,300) (360-2,325) (71-386) 

1117 209 
(879- 1,660) (133-299) 

o~ 
o 

x 

* P < 0.05 compared to controls 

amounts  of  11-2 when compared  to heal thy individuals  
(Table 3). 

Ig synthesis in vitro 

In vitro Ig synthesis was measured  using an E L I S A  tech- 
nique after a 7-day culture o f  M N C  with or  without  the T- 
cel l -mediated po lyc lona l  B-cell act ivator  PWM. iVLNC 
from untrea ted  and previously  t reated pat ients  spontane-  
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F i g .  1. PWM induced 1 g synthesis in HD 

ously (without PWM) produced  small  amounts  of  all three 
Ig classes (Table 4). Spontaneous  IgM synthesis was in- 
creased in only 1 untreated case (pat ient  6) cor responding  
to elevated polyc lona l  IgM levels in the serum. 

PWM-st imula ted  M N C  produced  very low levels of  
IgG and IgM in 5 out  of  7 pat ients  with unt rea ted  HD. In 
the case (pat ient  6) with a high spontaneous  IgM synthesis, 
B-cell s t imulat ion with P W M  did  not  further increase Ig 
product ion.  In  3 out of  7 cultures, IgA synthesis was com- 
parab le  to that  of  the controls  (Fig. 1). In  previously  treat- 
ed patients with H D  the PWM-induced  Ig produc t ion  var- 
ied considerably  and d id  not  differ  significantly f rom that  
o f  the controls  (Table 4, Fig. 1). 

D i s c u s s i o n  

The immunologica l  abnormal i t ies  in H D  are reflected by  
impai red  cel l -mediated immuni ty  including depressed pro-  
l iferative responses of  T-cells to mitogens and antigens in 
vitro. Recent  studies have demonst ra ted  that  imbalances  o f  
T-cell subsets may occur  in the per iphera l  b lood  and be- 
tween b lood  and lymphat ic  tissues in patients with H D  
(Bergmann et al. 1985; Forn i  et al. 1985; Schulof  et al. 
1981). The exact aet iology of  the T-cell defects are still ob- 
scure. Our  in vitro studies suggest that  not  only one but  
different  mechanisms may  be responsible  for the abnor-  
malit ies detected. 

In  accordance  with other investigators (Schulof  et al. 
1981; Ziegler et al. 1975) the prol i ferat ive response o f  
M N C  to P H A  was decreased in all pat ients  with unt rea ted  
H D  irrespective to the stage o f  disease. In  contrast  isolated 
T-cell subsets had  a normal  mi togen- induced  D N A  syn- 
thesis i n t h e  major i ty  of  these patients.  These results sup- 
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port the idea that the isolation procedures of the T-cell 
subsets may eliminate soluble or cellular suppressive 
agents in the MNC fraction and enable a normal response 
of T-cell subsets to PHA. Recombination experiments be- 
tween various lymphocyte-monocycyte fractions from the 
same patient and from patients and healthy donors are re- 
quired to confirm this hypothesis. However with regard to 
suppressor mechanisms as a cause for the impaired im- 
mune response in HD, earlier studies have demonstrated 
that T-cell and/or  macrophage-mediated suppression ac- 
count for a considerable degree of the immunodeficien- 
cies. Both increased suppressor activities of monocytes 
and T-cells and an increased sensitivity of effector cells to 
suppressor cells have been described (Case et al. 1977; 
Fisher et al. 1981; Hillinger et al. 1978; Vanhaelen et al. 
1981). Furthermore, monocytes in HD have been reported 
to produce high levels of prostaglandin E (PGE), which is 
known to suppress II-2 production and may account for 
immunological impairment (Rappaport and Dodge 1982; 
Estevez et al. 1985). 

One cause for the depressed mitogenic response of 
MNC in HD may be the highly decreased 11-2 production 

o f  MNC (Table 3, Ford et al. 1984). However, isolated 
OKT4 + lymphocytes produced amounts of I1-2 compa- 
rable to those of the controls (Table 3). These results sug- 
gest that the relative inability of MNC to generate 11-2 ac- 
tivity after mitogenic stimulation is not a primary cellular 
defect of the predominantly I1-2-producing T-cell popula- 
tion as discussed in earlier reports (Ford et al. 1984). Addi- 
tionally, an abnormality of the expression of the 11-2 re- 
ceptor does not appear to play a major role in the prolifer- 
ative impairment of T-cells, as exogenous 11-2 normalized 
or at least partially restored the response to PHA in most 
untreated patients. 

In 4 untreated or previously treated patients with ad- 
vanced disease stages and constitutional symptoms the 
proliferative response of MNC and separated OKT4 + and 
OKT8 + lymphocytes was markedly suppressed. Exoge- 
nous 11-2 was not able to restore the mitogenic response. 
These data may indicate an intrinsic defect of MNC and 
T-cell subsets in this subgroup of patients and exclude the 
possibility of a lack of II-2 production as the major site of 
hyporesponsiveness to PHA within this group. Additional- 
ly, suppressive mechanisms may be responsible for the re- 
duced proliferative response of T-cell subsets in the pa- 
tients with advanced stage of disease, including an in- 
creased susceptibility of the proliferating cells to normal 
suppressor cells or an increased suppressive activity in 
each T-cell subset. The latter possibility should also be 
considered, as the OKT4 + lymphocytes are heterogeneous 
and contain a subset of suppressor-inducer cells (Reinherz 
et al. 1982; Thomas et al. 1981). 

In vitro substitution of 11-2 increased the mitogenic re- 
sponse of OKT4 + cells to PHA in healthy controls 
(P< 0.05) and in some patients with HD. In contrast, the 
proliferation of OKT8 + cells was not changed by the addi- 
tion of 11-2 in controls and patients. It is conceivable that 
pre-incubation of T-cells with the OKT8 antibody may in- 
hibit the mitogenic response of OKT8 + cells and provides 
a negative response to 11-2 (Welte et al. 1983). 

The importance of the monokine 11-2 in the scheme of 
T-cell activation has been previously demonstrated (Fal- 
koff et al. 1983; Kaye et al. 1984). 11-2 initiates T-cell acti- 
vation after antigenic recognition and induces the produc- 

tion and secretion of 11-2 and the expression of I1-2 recep- 
tors (Kaye et al. 1984). To ascertain if patients with HD 
have a defect in this part of T-cell activation, we studied 
the LPS-induced I1-1 production in these patients. MNC 
or monocytes from untreated patients produced compar- 
able or even higher amounts of I1-1 than the corresponding 
cells from healthy controls. These results and those of ear- 
lier reports (Ford et al. 1984) do not confirm a defect in 
this component of the interleukin system in HD. However, 
it remains to be delineated, whether the recently described 
hypersecretion of PGE by monocytes in HD plays a major 
role in the immunodeficiency of these patients (Estevez et 
al. 1985). 

It is assumed that humoral immunoreactions are not 
impaired in HD. Surprisingly, the PWM-induced Ig syn- 
thesis was reduced or even absent in the majority of pa- 
tients with untreated HD. MNC from patients in remission 
produced varying amounts of Ig in vitro (Fig. 1). There 
was considerable overlap between this patient group and 
the controls with regard to individual responses to PWM. 
The activation of B-cells by PWM is a complex event re- 
quiring a number of antigen non-specific growth and mat- 
uration factors produced by activated macrophages and 
'helper' T-cells (Howard et al. 1984). In addition, PWM 
activates precursors of suppressor cells inhibiting Ig syn- 
thesis (Miyawaki et al. 1982). Depressed PWM-induced Ig 
synthesis could be due to a primary defect of B-cell pro- 
moting factors or to excessive suppressor cell activity. The 
normalization of in vitro Ig production in disease-free sur- 
vivors suggests a reversible defect of T-B interaction. 

The data presented reveal heterogeneity of the mech- 
anism(s) accounting for the immune dysfunctions in HD, 
which is assumed to be dependent on the stage of disease 
and therapy. Both, T- and B-cells are involved, whereby 
the major defect may be located within the T-cell system. 
The elucidation of the aetiology of the immunological im- 
pairments in HD may open the possibility for immune-res- 
toring therapeutic modalities. 
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