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Summary. We have investigated the effects of combina- 
tion therapy with thymosine l  and natural human 
lymphoblastoid interferon-~ in human immunodeficien- 
cy virus infection and have shown that in vitro this 
combination treatment: (1) synergistically stimulated the 
cytotoxic activity against natural killer-sensitive target 
cells of lymphocytes collected from human immunodefi- 
ciency virus-infected donors and (2) did not interfere with 
the antiviral activity of zidovudine. We thus studied the 
effects of combination therapy with thymosin cq, inter- 
feron-~ and zidovudine in patients with CD4+  lympho- 
cytes ranging from 200 to 500/mm a in a randomized non- 
blinded study and found that the treatment was well 
tolerated after 12 months of therapy and was associated 
with a substantial increase in the number and function 
of CD4 + T cells. A similar effect was not observed in 
human immunodeficiency virus patients treated with zi- 
dovudine alone or associated with single agents. These 
data suggest the need for a controlled, double-blind clin- 
ical triall recently initiated with the approval and the 
support of the Italian Ministry of Health. 
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Introduction 

Human immunodeficiency virus (HIV) infection causes 
chronic and progressive immunodeficiency syndrome 
(AIDS) characterized by immune dysfunction connected 
with the depletion of  CD4 + cells and loss o f T  helper cell 
function. This immune dysfunction appears to be due to 
at least two major modifications: (1) progressive loss of 
C D 4 +  cell number and function and (2) a progressive 
loss of CD8 + specific cytotoxic T celt and natural killer 
(NK) cell function [2, 5, 22]. 
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The exact mechanisms by which HIV suppresses T cell 
responses are not yet fully understood. The severe and 
selective depletion of  C D 4 +  T lymphocytes was, until 
recently, considered to be exclusively due to the cytopath- 
ic effect of HIV. There is now growing evidence to suggest 
that many other complex mechanisms could be responsi- 
ble for the depletion and immune impairment of CD4 + 
cells. Among these, autoimmune responses by antibodies 
or by cytotoxic MHC-restricted and non-restricted cells 
[23]. More recently, programmed cell death or apoptosis 
has been indicated as a possible crucial event in CD4 + 
cell depletion [1]. The mechanism of  loss of  immune func- 
tion is also at the moment unclear, and only partly ex- 
plained by the reduction ofcytokine production, particu- 
larly interleukin-2 (IL-2) [19]. In fact this cellular dys- 
function doesn't appear to be totally dependent on the 
decline in the C D 4 +  cell count. Some authors have 
now shown that the decline in cellular immune response 
(in IL-2 production) precedes a significant reduction in 
C D 4 +  cell number by at least 12 months [18, 21]. To date 
treatment strategies have focused on the use of  antiretro- 
viral agents, based on the assumption that viral prolifer- 
ation is a major factor involved in AIDS progression. The 
availability of zidovudine (AZT) reduced the risk of dis- 
ease progression by slowing the rate of the loss of CD4 + 
cells. As a result, AZT therapy has been shown to in- 
crease the median survival of HIV-infected patients by 
6 - 1 2  months [9, 13]. However, the beneficial effects of 
AZT are limited because it does not seem to affect the 
decline in immunological functions [24] and AZT-resis- 
rant strains have been described [16, 17]. As a conse- 
quence, the use of agents able to restore immune respons- 
es should be considered in association with antiretroviral 
therapy. 

Since our previous studies demonstrated the high 
degree of immunopotentiat ion achieved by combination 
therapy with thymosin cq (T~z~) plus interferon-c~ (IFN-c 0 
in experimental animal models of  immunodepression 
[6, 7, 1 / ] ,we  have examined the effects of this combina- 
tion immunotherapy in association with AZT in preclin- 
ical experiments and in a randomized, non-blinded 1-year 
clinical study. 
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Materials and methods 

Cytotoxic assay. Peripheral blood mononuclear cells (PBMC) from 
healthy seronegative donors or asymptomatic untreated HIV-posi- 
rive volunteers were obtained under sterile conditions by density 
gradient centrifugation, as previously described. Cells were washed 
and resuspended in complete medium (CM) consisting of 
RPMI 1640 supplemented with 5% fetal calf serum (FCS), 200 mM 
L-glutamine, 25 mM Herpes and antibiotics (all reagents were ob- 
tained from Flow, Irvine, Ayrshire, UK). PBMC were cultured in 
24-well plates (Flow) at 37~ in 5% CO2/95% air for 24 h at 
2 x 106/ml in 1 ml of CM in the presence or absence of 500 U/ml 
IFN-~ with or without pretreatment with T ~ .  For Ta t pretreat- 
merit, PBMC were resuspended in serum-free RPMI and preincu- 
bated for 1 h at 37~ with 100 ng/ml T ~ .  FCS and IFN-~ or 
diluent control were then added and the cultures were incubated as 
described above. At the end of culture, the cytotoxic activity against 
the NK-sensitive K562 cell line was tested according to the micro- 
cytotoxicity assay described by Herberman et al. [14]. The percent- 
age cytotoxicity was expressed as specific 5~chromium release and 
was calculated as follows: 

test c p m -  baseline cpm 

total cpm incorporated-baseline cpm 

In vitro treatment of HIV-infected cells. PBMC from healthy donors 
were prepared under sterile conditions by density gradient centrifu- 
gation as previously described. The cells were washed in phosphate- 
buffered saline, resuspended in CM supplemented with 20% FCS 
and cultured in 24-well plates at a final concentration of 1 • 10S/ml 
plus phytohemagglutinin at 10 I~g/ml (Sigma, St. Louis, Mo., USA) 
for 48 h in 5% CO 2 at 37 ~ Cultures were performed in triplicate. 
Twelve hours before infection, 1.5 ml of the supernatants were gen- 
tly collected in order to minimize cell loss and replaced by 1.5 ml of 
CM with 20% FCS, 10 U/ml IL-2 and the various drugs. The final 
concentrations of the drugs were: AZT 0.2 p.M, T ~  100 lag/ml and 
IFN-~r 20 U/ml. No cell toxicity was observed with these concentra- 
tions in control cultures of uninfected PBMC. The doses of the 
drugs were selected on the basis of preliminary experiments which 
showed that: (I) the dose of 0.2 ~tM AZT was able to efficiently 
inhibit HIV replication in vitro, (2) doses of  T~t ranging from 1 to 
10 I~g/ml (i.e., doses usually utilized to achieve immunomodulation 
in vitro) did not influence HIV replication in vitro and (3) 20 U/ml 
IFN-~ was suboptimal in inhibiting HIV replication in vitro. Drugs 
were utilized singly or combined. Cells were then infected by adding 
300 TCIDso/well (TCIDso=t ime culture infectious dose 50%) of 
virus HTLV~,~b (HIV,~) obtained from cultures of H9 cells and titred 
on MT4 cells. Every 3 days 1.5 ml of the supernatants were replaced 
by fresh CM containing the various drugs as previously described. 
Twelve days after infection, virus production was assessed by mea- 
surement of HIV-p24 gag protein production (expressed in pg/ml) 
in supernatants of infected cultures, using a commercially available 
HIV kit Abbott, Pomezia, Italy). 

Patient~ treatment and evaluation. Forty HIV-seropositive subjects 
(23 males and 17 females, aged 22-43 years) were enrolled in a 
randomized non-blinded clinical study between January and June 
1991. Of the 40 patients, 27 were drug abusers, 9 were homosexuals 
and 4 were heterosexuals. Of the 4 heterosexuals, 2 had sexual 
partners who were drug abusers. Criteria for eligibility were: (1) a 
positive ELISA for HIV with confirmation by Western blot (Du- 
pont de Nemours, Bruxelles, Belgium), (2) aged 18 years or older, 
(3) C D 4 +  lymphocytes ranging from 200 to 500/ram 3, (4) Centre 
for Disease Control classes II or III, Karnosky > 70, (5) no previous 
antiretroviral or immunomodulator treatment and (6) normal he- 
matological, hepatic, renal and coagulation function. Written in- 
formed consent was obtained from each patient. 

The subjects were randomly assigned to four groups which were 
homogeneous in terms of  age, risk factor and sex. The first group 
received 500 mg/day AZT (Wellcome, London, UK) in two admin- 

istrations, the second group, A Z T  plus 2 MU natural human 
lymphoblastoid IFN-~ (Wellcome) intramuscularly twice weekly; 
the third group, AZT plus l mg T ~  (Sclavo Pharmaceuticals, 
Siena, Italy) subcutaneously twice weekly; the fourth group AZT 
plus Tcr and IFN-~. After 1 year, 28 patients (7 from each group) 
had completed the cycle of treatment and were ready for evaluation; 
after 18 months the number of volunteers continuing in the study 
was reduced to 23 (6, 6, 6 and 5 patients for the four groups, 
respectively). None of the patients interrupting treatment withdrew 
because of side effects or disease progression, but rather due to 
either admission to therapeutic communities or lack of compliance. 

On enrolment and at 4-week intervals the patients were evaluat- 
ed by interview, symptom questionnaire, physical examination and 
by laboratory analysis, which included hematological, virological 
and immunological studies. Laboratory evaluation included com- 
plete blood count with differential, platetet count, glucose, elec- 
trolytes, blood urea nitrogen, liver function tests, cholesterol, tri- 
glycerides, coagulation profile and flz-microglobulin measured by 
turbidimetric immunoassay. 

Virological studies included determination of serum antibody 
and p24 by ELISA and HIV DNA analysis by the polymerase chain 
reaction (PCR) (after 12 months only). For this assay, blood sam- 
ples from patients treated with AZT alone or AZT plus T~ 1 and 
1FN-~ were collected in EDTA and mononuclear cells were ob- 
tained after medium separation in Ficoll gradient. DNA was ob- 
tained by enzymatic action with proteinase K (120 ~tl/ml, 1 h at 
60 ~ and 10 min at 95 ~ in a final volume of 600 ~d. Aliquots of 
12.5 and 25 I~1 (about 0.5 and 1 p.g of  genomic DNA) were subjected 
to the PCR with SK 38-39 primers. PCR was performed in a final 
volume of 100 ~t[ with 2.5 U of Amplitaq polymerase (Perkin Elmer 
Cetus), 200 I~M of each deoxynucleotide, in a buffer composed of 
50 mM potassium chloride, 10 mM TRIS-hydrochloric acid (pH 8.3), 
0.005% gelatin, 2.5 mM magnesium chloride, 0.25% Tween 20 and 
0.25% NP-40. DNA amplification was accomplished with 20 pmol 
of each primer and 35 cycles in an automatic thermal cycling heat 
block (annealing temperature was set at 55 ~ Amplified products 
were detected by electrophoresis on 2% agarose gels stained with 
ethidium bromide. They were also hybridized with internal oligo- 
nucleotide SK 19. The hybridization was revealed by the DEIA 
technique [4] (DNA Enzyme Immunoassay, Sorin Biomedica, 
Satuggia, Italy). PCR was quantified by comparison with a serial 
dilution of HIV genome (HIV control, Perkin Elmer Cetus). This 
positive control was run at the same time as the DNA samples. 

Immunological studies included the phenotypic characterization 
of peripheral blood lymphocyte subpopulations by monoclonal 
antibodies and flow cytometry and the proliferative response of 
PBMC to glycoproteins from the cell wall of Candida albicans 
(GMP, kindly provided by Professor A. Cassone, Istituto Superiore 
di Sanitfi, Rome, Italy) and to tetanus toxoid (TT, Wyeth, Marietta, 
Pa., USA). Lymphoproliferative responses to GMP and TT were 
measured as described by Quinti et al. [20]. Briefly PBMC from 
healthy donors or from patients, prepared under sterile conditions 
by Ficoll-Hypaque density gradient centrifugation (Nycomed, Oslo, 
Norway) from heparinized venous peripheral blood, were incubated 
in 5% CO 2 at 37~ in the presence of  GMP (final concentration 
50 p.g/ml) or TT (final concentration 2 Lf/ml) and harvested on 
day 7 of culture. Eighteen hours before harvesting radiolabelled 
thymidine was added at a final concentration of 1 I~Ci/well. 

Results 

In vitro effect o f  Tel and IFN on cytotoxic activity 
o f  P B M C  from H I V  patients 

P r e t r e a t m e n t  wi th  T e  1 s i g n i f i c a n t l y  p o t e n t i a t e d  the  cy to -  
tox ic  ac t iv i ty  o f  I F N - ~ - s t i m u l a t e d  P B M C  c o l l e c t e d  f r o m  
H I V - p o s i t i v e  pa t i en t s  (Tab le  1). P B M C  f r o m  h e a l t h y  
c o n t r o l s  also r e s p o n d e d  to T e l  p r e t r e a t m e n t .  T r e a t m e n t  
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with T~t a lone had  no effect on cyto toxic i ty  in ei ther  
group.  In cont ras t ,  as expected t r ea tmen t  with I F N  alone 
s t imula ted  the cy to tox ic  act ivi ty  o f  cells col lected f rom 
heal thy  donors  as well as those from HIV pat ients .  Af te r  
24 h in culture,  we also observed  an impa i rmen t  o f  cyto-  Group 
toxici ty  agains t  NK-sens i t ive  target  cells associa ted  with 
HIV infection.  A s imi lar  effect has been previous ly  de- 
scr ibed by o ther  au tho r s  with fresh P B M C  [2]. In teres t -  
ingly, in vi tro p r e t r ea tmen t  with Tcq o f  P B M C  f rom H I V  
pat ients  increased the I F N - i n d u c e d  cyto toxic  act ivi ty  to HIV-negative 
levels which were h igher  than  those  observed in P B M C  volunteers 
f rom heal thy  dono r s  when s t imula ted  by I F N - ~  alone,  HIV-positive 
ind ica t ing  a comple te  r e s to ra t ion  o f  the N K  cell response  volunteers 
to this cytokine .  N o  signif icant  difference in the total  
number  o f  cells recovered  af ter  24 h o f  cul ture  was ob-  
served a m o n g  the different  g roups  (da ta  not  shown).  

In vitro effect of  combination treatment with T~ t , 
IFN-et and A Z T  on H I V  replication 

Table 2 show the effect o f  c o m b i n a t i o n  t r ea tmen t  with 
T~ 1 , I F N - ~  and A Z T  on HIV viral ant igen p roduc t i on  by 
h u m a n  p r imary  cul tures  o f  P B M C  infected with HIV in 
vitro.  A Z T  exer ted its we l l -known ant iviral  effect when 
used singly, while no or  very little ant ivi ra l  effect was 
exerted by T~, or  I F N - ~  (at subop t ima l  doses) when used 
singly or  in c o m b i n a t i o n .  The  add i t i on  of  T~l  or  IFN-c~, 
or  both,  to an A Z T  t r ea tmen t  regimen,  sl ightly modi f ied  
the ant ivi ra l  ac t ion  o f  this drug.  Trea tment  with T~,  in 
vi tro did not  po ten t i a t e  the direct  ant ivi ra l  ac t iv i ty  o f  
I F N - ~  at a subop t ima l  dose,  whe ther  or  not  it was associ-  
a ted with AZT. However ,  T~ t and  I F N - ~  t rea tment ,  
when used as single agents  or  in combina t ion ,  d id  not  
interfere with the d i rec t  an t iv i ra l  act iv i ty  of  AZT. Hence  
T~ 1 and IFN-~x could  be used in assoc ia t ion  with A Z T  in 
HIV pat ients .  

The clinical stud), 

Side effects of  therapy. N o  adverse  effects or  m a j o r  toxic- 
ity were observed  in any  pa t ien t  and  none o f  the volun-  
teers had to d i scon t inue  t r ea tmen t  or  reduce the dosage  
o f  drugs  they were receiving. As shown in Table 3, hema-  
to logical  pa r ame te r s  and ,  in par t i cu la r ,  med ian  hemo-  
globin  values and  p la te le t  counts  did  not  s ignif icant ly  
change  with t he r apy  in any t r ea tmen t  group.  Othe r  bio- 
chemical  pa rame te r s  were also unchanged  in all pa t ien ts  
(da ta  not  shown).  N o n e  o f  the pa t ien ts  p rogressed  to 
A I D S  dur ing  the t r ea tment .  

Immunological and virological monitoring. D u r i n g  the 
course  o f  therapy ,  C D 4 +  cell counts  were measu red  
mon t h l y  in all pa t ien ts  us ing m o n o c l o n a l  an t ibod ies  and  
flow cytomet ry .  The  mean  abso lu te  CD4 + cell coun t s  o f  
pat ients  who comple t ed  the 1-year  t rea tment  regimen 
are shown at  t ime 0 and  af ter  3, 6, 9 and 12 m o n t h s  o f  
t r ea tment  in Fig.  1 and  Table 4. C D 4 +  lymphocy tes  in 
the A Z T  group  ave raged  382_+61 (mean_+SD) before  
t r ea tment  and  331_+63 af ter  12 months .  In  the g roup  
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Table 1. Effect of combination treatment in vitro with thymosin e~ 
(Te I) and interferon (IFN-c0 on cytotoxicity in peripheral blood 
mononuclear cells (PBMC) from human immunodeficiency virus 
(HIV)-seronegative or -seropositive volunteers" 

% Cytotoxicity (mean _+ SD) h 

In vitro treatment 

Control T% IFN-e T% + IFN-~ 

45.0-+7.0 40.2_+ 6.9 56.2_+9.31 76.2_+ 2.1 2 

35.0_+9.1 34.7_+11.2 51.7+9.53 61.1_+16.8 '~ 

1 P=0.0025 vs. control; 2P=0.0018 vs. control and P=0.0169 
vs. IFN-e; 3P=0.0001 vs. control: "~P=0.0001 vs. control and 
P=0.0156 vs. IFN-e 
a Separated PBMC from 10 HIV-seronegative or -seropositive vol- 
unteers were cultured (2 x 10.6/ml, 1 ml/well) in complete culture 
medium alone (control) or in complete medium with the addition of 
T~ 1 (100 ng/ml), IFN-:~ (500 units/ml) or both (T% +IFN)  
b Cytotoxicity against K-562 cells was tested after 24 h of culture 
with a 4-h 51chromium release assay. Results are expressed as mean 
values per group calculated from individual values of cytotoxicity 
obtained for each patient from quadruplicate wells at effector/target 
ratio of 50:1 +SD 

Table 2. In vitro antiviral activity of zidovudine (AZT) alone or in 
combination with Tcq and/or IFN-:~ a 

Treatment b % Viral inhibition c 

Control 0 _+13.5 
AZT 82.4_+ 4.3 
IFN-~ 17.4_+ 8.6 
Te t 3.1 _+ 1.1 
Te 1 + IFN-e 8.6_+ 14.1 
AZT+ IFN-e 93.0_+ 0.2 
AZT+Te  I 78.1_+ 0.6 
AZT+Te~ +IFN-e 90.6_+ 1.8 

" Antiviral activity was evaluated after 12 days' culture of PBMC 
from healthy donors infected with HIV in vitro 
b Drugs were added to the cultures every 3 days 
c Results are expressed as mean values from triplicate cultures 
+ SD, calculated as follows: 

p24 sample x 100) 
100 - k, p24 control 

The p24 concentrations were evaluated with a commercial kit 

Table 3. Platelet and hemoglobin levels and the start of the study 
and after 360 days of treatment 

Group Day 0 Day 360 

Platelets Hemo- Platelets Hemo- 
(x 103/gl) gtobin (x 103/p_l) globin 

(g/dl) (g/dl) 

AZT 182" 14.6 191 13.9 
AZT+IFN-e  153 14.0 175 13.9 
AZT+T% 182 13.5 200 14.1 
AZT+Te  I + IFN-e 175 14.9 191 15.1 

Results are expressed as mean values obtained from all evaluable 
patients in the study. No significant difference was observed on 
day 360 compared with day 0 by paired Student's t-test 
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Table 4. Individual absolute number ofCD4+ celts/mm 3 at enrol- 
ment (time 0) and after 6 and 12 months of therapy 

E. Garaci et al.: Zidovudine, interferon, thymosin in human immunodeficiency virus infection 

Sub- CD4+ cetls/mm 3 
ject 
no. Group 

AZT AZT+ IFN-~ AZT + T~z I AZT + T~z I 
+ I FN-c~ 

0 6 12 0 6 12 0 6 12 0 6 12 

1 323 295 299 452 666 461 279 452 260 354 504 888 
2 306 238 315 436 425 489 440 264 589 268 462 450 
3 481 213 445 248 234 189 498 453 513 453 698 731 
4 409 344 356 281 262 375 495 319 532 329 420 459 
5 361 233 315 378 407 233 404 316 437 280 221 386 
6 370 335 240 489 858 584 442 651 456 229 307 278 
7 424 432 348 488 418 410 319 438 334 247 180 280 

3 0 0  

. -  2 0 0  

..Q 
E 0 1 O0 

O') 
r'- 

r '  0 
0 \ 

\ ~ .  J 

i i i i 

3 6 9 12 

Months of treatment 

15 
- -100 

Fig. 1. Combination therapy with zidovudine, thymosin a, and in- 
terferon-~ (AZT+Tcq + IFN-c0: increase in CD4+ counts over 12 
months. Solid lines, mean values obtained in patients treated with 
AZT+ IFN-c~ (-e-),  AZT +Tcq (-v-) or AZT + Tal + IFN-ct ( - i - ) ;  
dashed line, mean values obtained in patients treated with AZT 
alone 

receiving A Z T  and  IFN-~ ,  the  C D 4 +  cell coun t  changed  
f rom 396_+98 to 392_+140, and  in the g roup  receiving 
A Z T  and T~ 1 the cell coun t  changed  f rom 41 1 _  84 to 
446 • 115. However ,  there were  no signif icant  differences 
in C D 4 +  values at t ime 0 a n d  af ter  12 mon ths  in any 
g roup  (pai red  S tuden t ' s  t- test) .  In contras t ,  in the group  
t reated with AZT, T~I and  IFN-ct ,  the C D 4 +  cell num- 
ber averaged 3 0 9 +  77 be fore  t r ea tmen t  and  496_+230 
af ter  12 months  ( P = 0 . 0 2 9 ) .  

The  prol i fera t ive  responses  o f  P B M C  to bo th  G M P  
(Fig. 2 a) and  TT (Fig. 2 b) were  s ignif icant ly  decreased  in 
all four  groups  c o m p a r e d  wi th  P B M C  from heal thy  
donors ,  ei ther at  en ro lmen t  o r  af ter  1 year  o f  t rea tment .  
However ,  the g roup  receiving T~I plus I F N - e  and  A Z T  
showed an increased response  to G M P  and  T T  after  
1 year  o f  t r ea tment  c o m p a r e d  with the o the r  g roups  of  
pat ients  a l te r  t year  o f  t r e a t m e n t  and  the same g roup  on 
ent ry  (P < 0.05 by Wi lcoxon  s igned ranks  n o n - p a r a m e t r i c  
two-s ided test). 

Serum a n t i b o d y  and p24 assays  gave no add i t iona l  
in fo rmat ion  on the s tatus o f  pat ients .  However ,  HIV 
D N A  analysis  by PCR (which was pe r fo rmed  only  in pa- 
tients receiving A Z T  alone or  A Z T  plus T~I and  IFN-~)  
de mons t r a t e d  that  the ca l cu la t ed  n u m b e r  o f  viral  copies 
per  C D 4 +  cells (expressed as  a percentage  o f  the total  
C D 4 +  cell popu la t i on )  was s ignif icant ly  lower  in pa- 
tients receiving the c o m b i n e d  t r e a t m e n t  (0.61 • 0 .16% vs. 
1.24_+0.55%, P = 0 . 0 1 3  by S t u d e n t ' s  two-s ided  t-test). 

hnmunological results after 18 months o f  therapy. A 
smal ler  cohor t  o f  pat ients  received t r ea tment  and  was 
fol lowed beyond 1 year.  The  C D 4 +  cell coun t s  o f  this 
coho r t  o f  pat ients  at 18 m o n t h s  are  r epor t ed  in Fig. 3. 
The  results conf i rmed the t rend  prev ious ly  observed ,  with 
the difference between pa t i en t s  receiving A Z T  plus T~ 1 
and I F N - ~  and o the r  g roups  being more  evident  than 
observed after  12 mon ths  o f  t he rapy .  In fact, while the 
mean  number  o f  C D 4 +  cells was essent ial ly  s table  or  
decreased in the pat ients  t r ea ted  with A Z T  a lone  or  A Z T  
plus single agents,  it increased  progress ive ly  f rom 583_+ 

A B 
50 r-  20 

o ~ o 
2 3 o  2 
X X 10 

~ ~o 

10 

0 0 
CO11~IS Az ' r  Az'r'-HFN Az ' r+T AZT+T+k~N ~ !  AZT AZT+tFN A Z T §  A Z T + T + I F N  

Fig. 2. Proliferative responses of peripheral blood mononuclear 
cells to cell wall extract from A Candida albicans or B tetanus toxoid 
from healthy human immunodeficiency virus (HIV) seronegative 
volunteers (controls) or HIV seropositive patients at enrolment (-,) 

or after 12 months of treatment (m) with AZT alone, AZT ptus 
IFN-ce, AZT plus Tc~ t or AZT plus Tcq and IFN-cc Results repre- 
sent mean values obtained from all evaluable patients in the 
study + SD 
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Months of treatment 
2 4  

Fig. 3. Combination therapy with AZT+T~+IFN-:c  CD4+ 
counts over I8 months from patients for whom data were available. 
Solid lines, mean values obtained in patients treated with AZT+ 
l FN-c~ (-o-), AZT + T:~ t (-v-) or AZT + T:~ t + l FN-~ (-,.-); dashed 
line, mean values obtained in patients treated with AZT alone 

216 at 12 months to 633___281 at 18 months in the group 
treated with AZT plus Ta I and IFN-~. 

Discussion 

This study was carried out in order to investigate the use 
of  combination therapy with Ta l ,  IFN-~ and AZT in 
HIV positive subjects. The rationale of  this new combina-  
tion therapy is based on our previous studies which 
showed that treatment with T~x~ followed by low doses of  
IFN-~ was highly effective in restoring cytotoxic activi- 
ties in animal experimental models of  immunosuppres-  
sion induced by tumors and/or cytostatic drugs [6-8,  
10-12].  Higher doses of  both T ~  and IFN-~x did not 
improve the results and the effect was inferior when high 
doses of  INF-~ were utilized. The possibility of  using a 
similar protocol in HIV-infected patients was then inves- 
tigated. 

This study demonstrated that, as in the murine system, 
a synergistic effect on cytotoxicity was observed in PBMC 
from HIV-infected patients. Moreover,  the antiviral ac- 
tivity of  AZT in vitro was not affected by the addition of  
T ~  or IFN-~ to the cultures. Neither Ta,  or IFN-~ 
showed major side effects or toxicities in vivo when ad- 
ministered either as single agents with AZT or in combi- 
nation. We observed only minor side effects, consisting of  
moderate  fever and minimal flu-like symptoms, related to 
the administration of IFN-~, as reported by other au- 
thors [15]. The combinat ion of  AZT, Ta t and IFN was 
more effective than AZT or AZT with either agent alone 
in increasing the number  of  circulating CD4 + lympho- 
cytes. During the first 6 months of  treatment with AZT 
and IFN-cq there was an increase in CD4 + cells, but this 
declined over the following 6 months. This temporary  
effectiveness appears  to coincide with the efficacy of  
AZT and decreases with the loss of  AZT activity. A num- 
ber of  other researchers have also observed that the dura- 
tion of the beneficial effects of  AZT therapy starts to 
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decrease alter 6 months and seems linked to the emer- 
gence of strains of  HIV-1 resistant to this antiretrovirat 
drug [3, 16, 17]. Moreover,  since progression to AIDS 
seems to correlate not only with the reduction in the 
number  but also the function of  C D 4 +  cells, the in- 
creased proliferative response to recall antigens of  PBMC 
from patients treated with AZT, Ta I and IFN is of  partic- 
ular interest. Combinat ion therapy with both cytokines 
appears to have a long-term beneficial effect, as indicated 
by the number o f C D 4  + cells in the group receiving AZT, 
Tcq and IFN-a  after 18 months of  treatment. 

The mechanism of action of combinat ion immuno- 
therapy appears to be indirect, since T a t ,  IFN-a  or the 
combination of Ta~ plus IFN-a  had no antiviral activity. 
Ta~ may induce thymic maturat ion of  the CD4 + popula- 
tion from more immature T cell populations and may 
increase IL-2 and IFN-7 production from CD4 + mature 
cells. Alternatively, Ta t could protect C D 4 +  cells from 
damage caused by mechanisms other than the direct cyto- 
pathic action of HIV, which are at present poorly defined. 
Moreover,  combination treatment could reduce CD4 + 
infected cells by increasing cytotoxic activities. In this 
respect the significant difference after 1 year in the num- 
ber of  viral copies between patients treated with AZT 
alone and those receiving combinat ion treatment is of  
interest. These results could also explain why the increase 
in the number of  C D 4 +  cells in patients treated with 
AZT plus Ta t and IFN-a  is significant after 12 months of 
therapy. A partial reconstitution of the immune system, 
at least in the few patients (n = 5) observed, could thus 
follow the reduction in viral burden during the 1st year of 
therapy. However, any conclusion is premature,  since 
only a very small number  of  patients continued to be 
treated and controlled. 

At present we are unable to evaluate the effect of  com- 
bination therapies versus AZT alone on disease progres- 
sion, since none of the patients in any of the groups has 
yet progressed to AIDS. The increase in the CD4 + cell 
number and the restoration of  some immune functions in 
the group treated with AZT, Ta 1 and IFN-a  is encourag- 
ing and suggests a possible impact  on the disease. Howev- 
er, the small number of  patients enrolled in this study 
does not allow any definitive conclusion on the efficacy of 
this novel combination therapy in HIV infection. 

In conclusion, our results, al though preliminary, sug- 
gest that the combination of  AZT, Ta t and IFN-e  was 
well tolerated in this cohort  of  patients and was associat- 
ed with a substantial and sustained increase in the num- 
ber and function of CD4 + cells. These data indicate the 
need for a controlled, double-blinded clinical trial in a 
larger cohort of  patients to assess the potential advan- 
tages and efficacy of  the combinat ion treatment in com- 
parison with groups of  patients treated with AZT alone 
or with single agents. Such a multicenter trial has recently 
been initiated with the approval  and the support  of  the 
Ministry of  Health of  Italy. 
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