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Summary 

Zidovudine (ZDV),  an anti-human immunodeficiency virus (HIV) therapy, has 
been associated with reduction in mortality and improvement of patients with ac- 
quired immunodeficiency syndrome (AIDS).  The ZDV recipients, however, ex- 
perience a multitude of side effects of which bone marrow suppression is the most 
noteworthy, especially among patients with low CD4 cell counts. The effect of ZDV 
and interleukin-2 (IL-2) on phytohemagglutinin (PHA)-induced proliferative re- 
sponse of peripheral blood mononuclear  cells (PBMs) from patients with HIV in- 
fection was investigated. ZDV 0.5 Ixg inhibited 40% of PHA-induced thymidine 
uptake in PBMs from healthy donors or patients with HIV, irrespective of their 
CD4 cell counts. However ,  IL-2 (10 U/ml) had differential effect on PHA-induced 
thymidine uptake that appeared to be dependent  on absolute CD4 cell counts. 
While PBMs from patients with CD4 cell counts of 400/mm 3 or more did not re- 
spond to IL-2 (low responders),  IL-2 enhanced the PHA-induced thymidine up- 
take in PBMs from patients with CD4 cell counts less than 400/mm 3 at an average 
of 60% (high responders).  Moreover ,  IL-2 restored the ZDV-induced inhibition 
by almost 100% in the high responder group while it did not affect counts in the 
low responder group. The production of IL-2 in vitro, in response to P H A  or re- 
call antigens, was equivalently inhibited in both groups. These data suggest that 
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ZDV and IL-2 could have an additive effect on immune parameters in certain 
groups of patients infected with HIV. The differential effect of IL-2 was inde- 
pendent of IL-2 receptor expression. 

ZDV; IL-2; AIDS; HIV 

Introduction 

The acquired immunodeficiency syndrome (AIDS), a growing major health 
problem, is well recognized for its devastating and fatal complications. The sever- 
ity of the disease is accounted for by the profound degree of immunosuppression 
observed which results in the development of opportunistic infections and malig- 
nancies. Human immunodeficiency virus (HIV), the causative agent of this syn- 
drome, has a characteristic tropism for T cells with CD4 molecules on their surface 
leading to the continuous selective depletion of this T cell subpopulation (Gottlieb 
et al., 1981; Bowen et al., 1985). Recently azidothymidine (zidovudine, ZDV) has 
been shown to inhibit HIV replication effectively (Mitsuya et al., 1985) with en- 
couraging improvement in the condition and a temporal increase of the 
helper/inducer CD4 cell counts of patients with advanced HIV infections (Fischl 
et al., 1987; Richman et al., 1987). In spite of the apparent efficacy of ZDV, it has 
been associated with a number of toxic side effects, the most serious of which is 
bone marrow suppression and its consequences (Richman et al., 1987; Gill et al,, 
1987). 

Further studies will be required to search for methods to overcome ZDV-in- 
duced side effects. The introduction of new approaches utilizing combination ther- 
apy with ZDV in addition to other antivirals or biological response modifiers is 
currently being conducted. Also, systematic studies of ZDV interactions with other 
drugs that could interfere with its metabolism are underway (Richman et al., 1987). 
In this report peripheral blood mononuclear cell (PBM) responses to ZDV and/or 
interleukin-2 (IL-2) and IL-2 production by PBMs from healthy donors and pa- 
tients with HIV infection were investigated. 

Materials and Methods 

Cell cultures and mononuclear cell blastogenesis assay 

The PBMs were obtained from heparinized blood from normal blood donors or 
patients infected with HIV, which ranged from asymptomatic to meeting CDC re- 
quirements for AIDS by layering onto Ficoll-Hypaque gradients and separating 
them by density centrifugation. Mononuclear cells were washed three times and 
adjusted to a concentration 2 x 10 6 cells/ml in 20% heat-inactivated human serum 
known to be complement fixation antibody negative to CMV. PBMs (2 x 105 cells) 
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were incubated in a multiple of 6 wells for lymphokine detection or quadruplicates 
for blastogenic transformation assays in 96-well microtiter plates in 0.2 ml of RPMI 
1640 supplemented with L-glutamine (2 mM), penicillin (100 U-/ml) and strepto- 
mycin (100 txg/ml) in the presence or absence of optimum concentrations of an- 
tigens and mitogens. Control wells for PHA had RPMI media, while wells for CMV 
Ag control had antigen prepared from uninfected cell cultures treated the same 
way as CMV infected cultures. Supernatants of cultures incubated at 37°C in a 5% 
CO2 atmosphere and treated with PHA 1:500 dilution of (Difco, Detroit ,  MI) or 
1:40 dilution (Davis strain prepared as previously described, Pollard et al., 1978). 
CMV Ag were harvested at 72 h and 7 days, respectively. This dose of PHA or 
CMV Ag used gave an optimum response in PMNs from healthy controls at the 
indicated time from preliminary kinetic experiments. Samples were then stored at 
-70°C until assayed for IL-2. For blastogenic transformation assays, cultures were 
harvested at the same time as above. At 24 h before harvest tritiated thymidine 
was added to each well (0.5 ~Ci/ml, specific activity 6.7 Ci/mmol, ICN chemical 
and radioisotope Div., Irvine, CA). Cells were then collected onto glass filter pa- 
per discs and washed with a semi-automated microharvesting device (Skatron Inc., 
Sterling, VA). The discs were air dried and placed in a scintillation cocktail (Scin- 
tiverse, Fisher Scientific Co., Pittsburgh, PA) and [3H]thymidine activity was de- 
termined by a Beckman LS9000 liquid scintillation counter. 

1L-2 assay 

IL-2 was determined by a human IL-2 ELISA test (Intertest 2, Genzyme Co., 
Boston, MA).  Briefly, 100 Ixl of IL-2 standard or specimen was incubated in a 96- 
well polystyrene immunoplate coated with mouse monoclonal anti-IL-2 antibody 
specific for IL-2 for 6 h at 37°C. At the end of the incubation, samples were as- 
pirated and the wells were washed 4 times with cold phosphate buffered saline 
(PBS)/Tween-20 washing buffer, then a second antibody (polyvalent rabbit anti- 
IL-2) was added for 1 h at 37°C in a humidified atmosphere. The plates were then 
washed 4 times with washing buffer and a 200 txl of a third antibody was added 
(goat anti-rabbit, alkaline-phosphatase-conjugated) and the plates were further in- 
cubated for another  1 h at 37°C. At the end of the incubation the plates were 
washed 4 times and a substrate reagent was added (para-nitrophenyl phosphate).  
A color reaction developed in 15-60 min at room temperature.  The appropriate 
color change was measured by the absorbance of each well on an ELISA reader 
at 405 or 410 nm (alkaline-phosphatase setting). An IL-2 standard curve was con- 
structed by plotting mean absorbance of the IL-2 standard dilutions versus the 
concentration of the IL-2 standards, and the IL-2 concentration in the test samples 
was determined by comparison with the curve. 

CD4/CD8 ratios and IL-2 receptor expression 

Absolute CD4 and CD8 cell numbers and IL-2 receptor (IL-2R) expression were 
determined by FACS analysis. For CD4 and CD8 cell determination whole blood 
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collected in EDTA was used. Blood samples (100 Ixl) were incubated with mon- 
oclonal antibodies to T4 and T8 (Coulter Immunology, Hialeah, FL) that were 
FITC-conjugated or with phosphate buffer saline (PBS) or mouse IgG-FITC con- 
jugate as control. After a 45 min incubation, the cells were washed twice with PBS, 
the red blood cells were then lysed with Immuno-lyse (Coulter Immunology, Hi- 
aleah, FL) and fixed with 2% paraformaldehyde. The cells were washed 2 more 
times with PBS and resuspended in 1 ml of the same buffer. The cells were then 
analyzed on a Coulter EPICS clinical flow cytometer. The fluorescence intensity 
was measured at a wave length of 488 nM and the number of cells gated for lym- 
phocytes was 3000 (Reinherz et al., 1982). For IL-2R, briefly, 1 × 106 PBM cells/ml 
were cultured in 1 ml in plastic tubes for 72 h in presence or absence of PHA or 
CMV Ag. At time of harvest the cells were washed and then stained with 20 ~1 
FITC conjugate of the anti-IL-2R monoclonal antibody (Becton Dickinson, 
Mountainview, CA) for 30 min at 4°C. Stained cells (as well as unstained controls) 
were washed twice and resuspended in 0.5 ml of cold buffer to which 0.5 ml of 2% 
paraformaldehyde was added. The samples were then stored in the dark at 4°C 
(period not exceeding 5 days) until analyzed (Kelly et al., 1987). 

Statistical analysis 

Statistical analysis and levels of significance were determined by using the Stu- 
dent t-test. 

Results 

IL-2 response of  PBMs from healthy donors and AIDS patients 

The IL-2 response of PBMs from healthy CMV-seronegative and seropositive 
individuals to specific and nonspecific mitogens was determined. There was no sig- 
nificant difference in the IL-2 response to PHA between CMV-seropositive and 
seronegative individuals (Fig. 1A). The IL-2 response to CMV Ag between the 
groups differed significantly (P<0.01) with CMV-seropositive PBMs producing IL- 
2 while PBMs from seronegative individuals did not (Fig. 1B). These data suggest 
that the production of IL-2 was immune specific. 

The PBMs from HIV-infected patients on the other hand failed to produce IL- 
2 to either specific (recall antigens) or nonspecific mitogens (Fig. 1C, D). This de- 
fect could be due to the fact that IL-2 is produced by CD4 cells which are partially 
depleted in these patients. Alternatively, the available cells could be functionally 
impaired or other IL-2 producing T cells could be dependent on a CD4 cell func- 
tion. Since IL-2 is an important immune regulatory lymphokine that is required 
for proper humoral and cellular immune response to foreign antigens, the lack of 
its production could partially explain the vulnerability of AIDS patients to re- 
peated infections. 
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Fig. 1. IL-2 response to PHA (A,C) and CMV Ag (B,D) peripheral blood mononuelear cell cultures 
from CMV seropositive and seronegative healthy blood donors (A,B) and HIV-infected patients (C,D). 
PHA and CMV Ag responses were determined at 3 and 7 days respectively. The mean is shown by a 

bar -+ SD. 

Effect of 1L-2 on PHA-induced mitogenic response in PBMs 

The effect of IL-2 on PHA-induced proliferative response in PBMs from HIV- 
infected individuals was determined next. Patients were divided into two groups, 
a low responder and a high responder group (Tables 1 and 2 respectively) based 
on the ability of IL-2 (10 U/ml) to enhance PHA-induced 3H-thymidine uptake by 
their PBMs. In group one, 3 out of 13 were diagnosed as AIDS (one was on ZDV) 
and the rest were HIV seropositive. In the high responder group 10 of 12 were 
AIDS (7 of those were on ZDV)  and 2 HIV seropositive. The IL-2 enhanced the 
[3H]thymidine uptake in the high responder and low responder group by an av- 
erage of 63% and less than 1% respectively. The IL-2 also failed to enhance PHA- 
induced proliferative response in PBMs from healthy individuals (Table 1). When 
the absolute CD4 cell counts were determined in both groups, it appeared that the 
high responders all had less than 400 cells/mm 3, while the low responders had more 
than 400 cells/mm 3, except for one. These data suggest that there was a correlation 
between CD4 counts and IL-2 enhancing ability of the response to PHA.  

It appears that the high responder group (majority were AIDS) produce insuf- 
ficient amounts of endogenous IL-2 in response to PHA and adding IL-2 to their 
culture enhances their response, while the low responder group probably makes 
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TABLE 1 

Effect of IL-2 on peripheral blood lymphocytes" proliferative response to PHA in HIV infected indi- 
viduals (low responders)" 

Patient No. T I  b CD4/mm 3 PHA c.p.m. PHA + IL-2 c Percent 
c.p.m, stimulation 

1 65 799 27405 27 260 -1  
2 184 408 22761 19 130 -16 
3 93 580 19 896 20 575 3 
4 70 490 21 799 22 487 3 
5 57 570 21689 21609 0 
6 52 2442 17 320 15 470 - 11 
7 76 720 22 960 22059 4 
8 39 441 13 220 13 990 6 
9 133 156 18749 21009 12 

10 179 408 28752 26983 - 6  
11 40 440 5 970 6 992 17 
12 32 ND 11 235 12 298 9 
13 41 560 7 748 7 756 0 

Mean 82 677 18 423 18 278 
+__ ± _+ 
14 163 1 964 1 745 

Healthy controls ~ 

Mean 118 824 18 155 19 415 

15 51 1 754 1 634 

0.008 

aLow responders: patients whose PBLs' PHA-induced response was not enhanced by more than 20% 
in presence of IL-2. 
~Fransformation index (derived by dividing the cpm of PHA containing wells by the cpm of control 
wells). 
el0 u/ml. 
dMean of 5 -+ SE of the mean. 

e n d o g e n o u s  I L - 2  suf f ic ien t  to  p r o d u c e  the  P H A  r e s p o n s e  bu t  no t  suf f ic ien t  to al- 

low an  exces s  to  b e  d e t e c t e d  in t h e  s u p e r n a t a n t s .  M o r e o v e r ,  cel ls  f r o m  n o r m a l  in- 

d iv idua l s  p r o d u c e  e n o u g h  e n d o g e n o u s  IL-2  in r e s p o n s e  to  P H A  to  d r ive  t he  p r o -  

l i f e r a t i ve  r e s p o n s e  a n d  in exces s  so  t h a t  it a p p e a r s  in t he  s u p e r n a t a n t .  

Effect of ZDV and IL-2 on PHA-induced mitogenic response in PBMs 

Z D V  has  b e e n  s h o w n  to  e x e r t  s o m e  tox ic  s ide  e f fec t s  in p a t i e n t s  wi th  A I D S .  T o  

d e t e r m i n e  if Z D V  a f fec t s  P B M  cel l  r e s p o n s e s  to  P H A ,  P B M s  f r o m  n o r m a l  h e a l t h y  

b lood  donor s  o r  pa t i en t s  wi th  H I V  infec t ion  w e r e  cha l l enged  with Z D V  (0.5 txg/ml) 

a n d / o r  P H A .  T h e  d o s e  o f  Z D V  u s e d  c o r r e s p o n d s  to t he  m e a n  p e a k  p l a s m a  leve l s  

o f  Z D V  a f t e r  o ra l  a d m i n i s t r a t i o n  o f  t h e r a p e u t i c  doses  o f  t he  d r u g  ( B l u m  et  a l . ,  
1988). T h e  p ro l i f e ra t ive  r e sponse ,  as d e t e r m i n e d  by [3H]thymidine up take ,  was then  

m e a s u r e d  at 72 h af ter  cu l ture  ini t ia t ion.  Z D V  inhib i ted  thymid ine  up take  in P H A -  
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TABLE 2 

Effect of IL-2 on peripheral blood lymphocytes' proliferative response to PHA in HIV-infected pa- 
tients (high responders) a 

Patient No. TI b CD4 PHA cpm PHA+IL-2 c cpm Percent stimula- 
tion 

1 243 ND 13 370 21 220 59 
2 269 189 10758 12 843 20 
3 85 112 6719 10 730 60 
4 57 72 2635 5 634 114 
5 42 72 2042 3461 70 
6 3 19 325 2 611 703 
7 46 87 4 866 10 313 112 
8 8 285 4045 8714 116 
9 107 81 12 180 15 435 27 

10 204 374 18342 30816 68 
11 90 ND 11 680 20 555 76 
12 51 198 6018 8887 48 

Mean 100 149 7 748 12 602 

25 47 1537 2 320 
63 

aHigh responders: patients whose PBMs' PHA-induced proliferative 
than 20% in presence of IL-2. 
t'Transformation index. 
el0 U/ml. 

response was enhanced by more 

t r e a t e d  l y m p h o c y t e s  f r o m  H 1 V  i n f e c t e d  ( l o w  r e s p o n d e r s  a n d  h i g h  r e s p o n d e r s )  o r  

h e a l t h y  i n d i v i d u a l s  b y  a n  a v e r a g e  o f  34,  44,  a n d  3 1 % ,  r e s p e c t i v e l y  ( T a b l e s  3 a n d  

4) .  T h e  e f f e c t  o f  Z D V  w a s  n o t  i n f l u e n c e d  b y  t h e  a b s o l u t e  C D 4  cel l  c o u n t s ,  

C D 4 / C D 8  r a t i o s  o r  t h e  r e l a t i v e  u p t a k e  o f  t h y m i d i n e  in t h e  a b s e n c e  o f  Z D V .  T h e r e  

w a s  a l so  n o  d i f f e r e n c e  in  t h e  m a g n i t u d e  o f  t h e  Z D V - i n d u c e d  i n h i b i t i o n  b e t w e e n  

TABLE 3 

Effect of ZDV and IL-2 on PHA-induced proliferative response in PBMs from healthy donors 

Sample [3H]Thymidine uptak& 

cpm Percent inhibition Percent reversal of 
ZDV effect 

PHA 18155 -+ 754 b'c 
P H A + Z D V  12512 -+ 231 b,d 31 
PHA+ZDV+IL-2  13 566 + 271TM 25 
PHA+IL-2 19415 -+ 861 - 7  

19 

aMeans from five healthy individuals. Determined at 72 h after culture initiation plus or minus SEM. 
The cpm for untreated controls (cells with RPMI) was 154, ZDV alone 130, ZDV and IL-2 951, IL-2 
alone 1254. 
bStatistically significant P<0.01. 
cStatistically significant P<0.01. 
dStatistically significant P>O.05. 
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TABLE 4 

Effect of ZDV and IL-2 on PHA-induced proliferative response in PBMs from HIV-infected patients 

Sample [3H]Thymidine uptake 

Low responders" High responders b 

cpm Percent Percent cpm 
inhibition reversal 

Percent Percent 
inhibition reversal 

PHA 18 353 7 748 

1 860 c'd 1537 ef 
PHA+ZDV 12 161 34 4 328 

1 042 c 789 c 
PHA+ZDV+IL-2 12013 35 -1 8009 

-4- ~- 

1 230 d 1 319 f 
PHA+ IL-2 18 278 0 12 602 

1 745 2 320 

44 

-3  107 

-63 

aThe cpm for untreated controls (cells with RPMI alone) was 243, ZDV alone 285, ZDV and IL-2 1057, 
IL-2 alone 1989. 
bThe cpm for untreated controls (cells with RPMI alone) was 96, ZDV alone 113, ZDV and IL-2 369, 
IL-2 alone 691. 
cStatistically significant P<0.01. 
dStatistically significant P<0.01. 
~Statistically significant P<0.01. 
fStatistically significant P>0.05. 

hea l thy  ind iv idua l s  and  H I V  pa t ien t s .  Z D V  also d imin i shed  the IL-2 induced  thy- 
mid ine  u p t a k e .  This  is poss ib ly  due  to its inh ib i to ry  effect  of  ce l lu lar  D N A  syn- 
thesis.  

The  effect  of  IL-2  on  Z D V - i n d u c e d  inh ib i t ion  of  the  p ro l i f e ra t ive  responses  in 
P B M s  in bo th  g roups  was then  e x a m i n e d .  W h e n  IL-2  was a d d e d  to P H A - s t i m u -  
la ted  cu l tu res  in the  p r e s e n c e  of  Z D V ,  the  Z D V - i n d u c e d  inhib i t ion  of  3H-thymi-  
d ine  u p t a k e  was r e v e r t e d  by  107% and  - 1 %  in high and low r e s p o n d e r  groups  
respec t ive ly  (Tab l e  4). M e a n w h i l e ,  IL-2  r eve r sed  only  19% of  the Z D V - i n d u c e d  
inh ib i t ion  of  P B M s  f rom hea l thy  dono r s  (Tab le  3), showing a p a t t e r n  s imi lar  to 
tha t  of  the  low r e s p o n d e r  g roup .  T a k e n  t o g e t h e r  these  da ta  show a co r re l a t ion  be-  
tween  abso lu t e  C D 4  cells counts ,  the  r e sponse  to  IL-2 ,  and  the  abi l i ty  of  IL-2 to 
rever t  Z D V  induced  inh ib i to ry  effects .  

1L-2 receptor expression on PBMs from HIV-infected patients 

The  r e l a t i onsh ip  of  I L - 2 R  express ion  and  C D 4  cell counts  in P B M s  f rom H I V  
in fec ted  ind iv idua l s  was then  inves t iga ted  (Tab le  5). A l t h o u g h  the pe rcen t age  of 
cells wi th  I L - 2 R  in pa t i en t s  wi th  C D 4  counts  m o r e  than  400/mm 3 was h igher  than  
f rom pa t i en t s  wi th  C D 4  counts  less than  400/mm 3 by 24 h af te r  P H A  s t imula t ion ,  
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Patient No. Stimulation CD4 % Cells positive 

24 h 72 h 168 h 

1 unstimulated 155 2.8 7.5 2.1 
PHA 4.7 37.6 - 
CMV Ag - - 61.5 

2 unstimulated 216 2.9 7.9 0.6 
PHA 4.9 46.7 - 
CMV Ag - - 1.5 

3 unstimulated 176 1.8 7.4 1.4 
PHA 6.7 36.6 - 
CMV Ag - - 28.3 

4 unstimulated 470 3.1 13.5 2.63 
PHA 18.1 40.6 - 
CMV Ag - - 15.5 

5 unstimulated 450 1.9 6.7 1.2 
PHA 15.3 40.3 - 
CMV Ag - - 33.1 

6 unstimulated 75 6.0 11.3 4 
PHA 11.0 44.4 - 
CMV Ag - - 64.9 

Normal a unstimulated 1124 --- 332 3.5 -+ 2 3.5 -+ 3 10.3 ~ 2 
control PHA 18.0 -~ 5 43.2 -+ 10 - 

CMV Ag - - 39.0 -+ 22 

aMean --+ SD of 5 healthy controls. 

at  72 h t h e r e  w e r e  n o  s ign i f i can t  d i f f e r e n c e s  a m o n g  t h e  p a t i e n t s  in b o t h  g r o u p s .  

T h e s e  d a t a  a p p a r e n t l y  i n d i c a t e  t h a t  t h e r e  w a s  n o  c o r r e l a t i o n  b e t w e e n  C D 4  cell  

c o u n t s  a n d  I L - 2 R  e x p r e s s i o n .  I t  a l so  s u g g e s t s  t h a t  t h e  f a i lu re  o f  IL-2  to  e n h a n c e  

P H A  i n d u c e d  p r o l i f e r a t i v e  r e s p o n s e s  o f  P B M s  f r o m  H I V  p a t i e n t s  w i th  C D 4  cell  

c o u n t s  a b o v e  4 0 0 / m m  3 w a s  i n d e p e n d e n t  o f  I L - 2 R  e x p r e s s i o n  a n d  was  n o t  d u e  to  

p o s s i b l e  d o w n r e g u l a t i o n  o f  t h e  r e c e p t o r .  In  a d d i t i o n ,  it s u g g e s t s  t h a t  t h e  e n h a n c e -  

m e n t  o b s e r v e d  a m o n g  t h e  h i g h  r e s p o n d e r  g r o u p  w a s  n o t  d u e  to  p o s i t i v e  u p r e g u -  

l a t i on  o f  t h e  r e c e p t o r .  

Discussion 

P a t i e n t s  w i t h  A I D S  h a v e  a m u l t i t u d e  o f  i m m u n o l o g i c  a b n o r m a l i t i e s  ( M a s u r  e t  

a l . ,  1981; B o w e n  e t  a l . ,  1985; L a n e  a n d  F a u c i ,  1985, B o n a v i d a  e t  a l . ,  1986) t h a t  

m a k e  t h e m  v u l n e r a b l e  to  l i v e - t h r e a t e n i n g  o p p o r t u n i s t i c  i n f e c t i o n s .  T h e  h a l l m a r k  
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of this syndrome is the gradual depletion of T cells with CD4 marker molecules 
on their surface (Gottlieb et al., 1981; Bowen et al., 1985). CD4 cells are central 
in regulating both the humoral and cell-mediated immune response through a cas- 
cade of events that are mediated by IL-2. Studies examining the production of IL- 
2 in response to mitogens in PBMs from AIDS have produced differing results. 
While some have shown no difference in IL-2 production between AIDS patients 
and uninfected controls (Reubin et al., 1985; Lane et al., 1985), others have shown 
impaired production of lymphokines in general (Murray et al., 1984) or of IL-2 in 
particular (Ciobanu et al., 1983; Kirkpatrick et al., 1985). The present observa- 
tions support the latter although the extent and magnitude of this inhibition was 
less than reported by other investigators. These differences could be attributed to 
differences in patient populations, the time of harvest, and the IL-2 assay system 
utilized. Inhibition of IL-2 production is not surprising, since sera from patients 
with AIDS have been shown to suppress PHA-induced IL-2 production by normal 
blood mononuclear  cells (Siegel et al., 1985). This suppression persisted and was 
not reversed by washing off the sera from the normal PBL cultures. 

The proliferative responses to PHA in these patients were variable and appar- 
ently depended on absolute CD4 cell counts. Exogenously added recombinant IL- 
2 produced a differential enhancing effect on the PHA induced proliferative re- 
sponses that was also dependent  on CD4 cell counts. While IL-2 enhanced PHA 
responses from patients with CD4 cell counts of less than 400/mm 3 and completely 
reconstituted the ZDV induced inhibition of DNA synthesis, it failed to enhance 
the PHA-induced proliferative responses of PBMs from normal healthy donors or 
HIV-infected patients with CD4 cell counts above 400/ram 3. The lack of response 
in the latter group was independent of IL-2R expression. Although HIV-infected 
patients did not respond to specific antigens by making IL-2, the IL-2 receptor 
expression was not impaired. Others have also shown variable responses of PHA- 
induced PBMs from AIDS patients to IL-2 (Ciobanu et al., 1983). Their data failed 
to reflect any correlation between CD4/CD8 ratio and the response to IL-2. The 
CD4/CD8 ratios in patients in the present study were similar to theirs (data not 
shown) with no correlation between the ratio and the degree of response. 

The inhibition of D N A  synthesis in PHA-induced PBMs by ZDV suggests a 
possible explanation for the observed side effects associated with the in vivo 
administration of the drug. Among those are macrocytic anemia, neutropenia 
(Richman et al., 1987) and pancytopenia (Gill et al., 1987), all of which require 
reduction in the ZDV dose administered to the patients (Hirsch, 1988). It is pos- 
sible that reduced amounts of ZDV in combination with IL-2 would produce an 
antiviral effect that is equivalent to that produced by high doses of ZDV admin- 
istered alone, thus increasing the therapeutic benefits. 

Cellular immune responses are important host defense mechanisms against op- 
portunistic infections. Patients with AIDS have a deficient antiviral cytotoxic T cell 
response and natural killer cell activity (Rook et al., 1983, Quinan et al., 1985). 
These responses have often been shown to be augmented in lymphocytes from those 
patients by IL-2 (Rook et al., 1983). These observations, plus data from the pres- 
ent study, constitute a rationale for the potential usefulness of IL-2 as a therapy 
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for pat ients  with A I D S .  Ear ly  trials using IL-2 (Lane et al., 1984) for t r ea tmen t  of 
A I D S  failed to show efficacy but  p roduced  in fo rmat ion  as to its to lerance and side 
effects. There fo re ,  its use in comb ina t i on  with Z D V  might prove useful in mod-  
ulat ing the i m m u n e  response  in A I D S  and thereby  alleviate some of the Z D V - i n -  
duced toxicity by decreasing the dosages of Z D V  required.  
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