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Abstract 

Among the immunomodulatory cytokines that have been evaluated for the treatment of HIV disease, e-interferon 
and interleukin-2 (IL-2) have been the most extensively studied. Monotherapy with e-interferon is effective therapy 
for HIV-associated Kaposi 's  sarcoma (KS) in patients with CD4 counts > 150 cells/mm 3. However, the doses necessary 
to achieve a significant anti-tumor effect are often poorly tolerated. Combination therapy with e-interferon and 
zidovudine is associated with dose-limiting toxicities and an anti-tumor effect similar to that of higher dose 
e-interferon monotherapy. The combination of e-interferon and zidovudine can synergistically inhibit HIV replica- 
tion in vitro; however, in vivo results suggest the anti-HIV effect of this combination is no greater than that seen with 
zidovudine monotherapy. Whether combination of interferon-or and other antiviral drugs will be useful in the 
treatment of HIV infection remains to be seen. Recent studies employing intermittent courses of IL-2 combined with 
continuous antiretroviral therapy indicate that sustained rises in CD4 counts can be achieved. The ability of IL-2 
therapy to result in a sustained rise in CD4 counts is critically dependent on the pre-treatment CD4 count. The 
immunologic and clinical significance of these IL-2-induced increases in CD4 counts is unknown. Larger, controlled 
trials are currently underway to evaluate the role of intermittent IL-2 therapy in HIV infection. 
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I.  Introduction 

A var ie ty  o f  cy tokines  have been eva lua ted  as 
po ten t i a l  the rapeu t i c  agents  in pa t ien ts  infected 
with  HIV.  A m o n g  them, the  interferons,  inter-  
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leukin-2  (IL-2),  and  the co lony  s t imula t ing  fac tors  
( G - C S F ,  G M - C S F )  have  received the mos t  a t ten-  
t ion.  A l t h o u g h  the co lony  s t imula t ing  fac tors  are  
effective in augmen t ing  neu t roph i l  n u m b e r  and  
funct ion ,  they have no  role in the  p r i m a r y  t rea t -  
men t  o f  H I V  infect ion.  This  p a p e r  will focus on 
the roles o f  in ter ferons  and  IL-2  in the  t r ea tmen t  
o f  H I V  infect ion.  
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2. Interferons 

2.1. Interferon-a 

Even before the AIDS epidemic, interferon-a 
was known to exhibit antiretroviral activity. With 
the identification of  HIV as the cause of  AIDS, 
several laboratories began to examine the effects 
of  interferon-a on HIV replication. It was initially 
shown that concentrations of  interferon-a in the 
range of  100 U/ml could suppress HIV replication 
in tissue culture (Ho et al., 1985). This effect was 
most pronounced when interferon-a was continu- 
ally present in the culture media and comparable 
in magnitude to the level of  suppression seen with 
zidovudine. Subsequent work demonstrated that 
inhibition of HIV replication was more pro- 
nounced for class I interferons than with inter- 
feron-7 (Yamada et al., 1988). At the molecular 
level, interferon-~ appears capable of  inhibiting 
multiple steps in the HIV life cycle, including 
pre-integration events, de novo transcription, 
post-transcriptional events, and the assembly and 
release of  progeny virus (Shirazi and Pitha, 1992; 
Francis et al., 1992; Ho et al., 1985). 

The first therapeutic trials of  interferon-a in 
HIV disease focused on the treatment of  Kapsoi's 
sarcoma (KS). In these studies, interferon-a in 
doses of  approximately 30-35 million units/day 
demonstrated significant anti tumor effect, with re- 
sponse rates of 20-67% (reviewed in Sneller and 
Lane, 1993). An important finding of  these studies 
was the strong correlation between clinical re- 
sponse and the level of immune competence, as 
measured by CD4% or absolute CD4 T cell num- 
ber. These results suggest that interferon-a is act- 
ing as a biological response modifier to mediate its 
anti tumor effect. 

In addition to the anti-tumor effect, these stud- 
ies provided evidence that interferon-a also had an 
antiretroviral effect. Like the antitumor effect, this 
anti-HIV effect was strongly correlated with the 
level of immune competence, again suggesting 
that, in vivo, interferon-a was acting to enhance 
the immune response rather than having direct 
antiviral activity. 

To better assess the antiretroviral activity of  
interfero.n-a, a randomized, placebo-controlled 

trial in asymptomatic HIV-infected individuals 
with CD4 counts )400 cells/mm 3 and positive 
cultures for HIV was carried out (Lane et al., 
1990). Of the 17 patients randomized to inter- 
feron-a treatment, seven (41%) developed persis- 
tently negative cultures for HIV, while only two of 
17 patients randomized to placebo became culture 
negative. During the treatment period, CD4 per- 
centages remained stable or increased in patients 
receiving interferon-a and declined slightly in pa- 
tients receiving placebo. Toxicity associated with 
interferon-a treatment was substantial as indicated 
by the fact that 35% of patients randomized to 
interferon-a withdrew from the study because of 
toxicity. The most prominent toxicities were flu- 
like symptoms, neutropenia and elevations of  hep- 
atic transaminases (Lane et al., 1990). The results 
of this trial suggest that, although it is associated 
with considerable toxicity, interferon-c~ may ex- 
hibit some antiretroviral activity in patients with 
)400 CD4 cells/mm 3. 

Combination therapy with zidovudine and in- 
terferon-a has been evaluated for the treatment of 
HIV-associated KS (Kovacs et al., 1989; Fischl et 
al., 1991). Co-administration of interferon-a and 
zidovudine is associated with a high frequency of 
certain toxicities (neutropenia, thrombocytopenia, 
and transaminase elevations) that are dose limit- 
ing. The maximum tolerated dose of interferon-~ 
is between 4 -10  million units/day depending on 
the zidovudine dose (Kovacs et al., 1989; Fischl et 
al., 1991). At these doses of interferon-a, the 
anti-KS effect seen with combination therapy is 
equivalent to that observed with higher dose inter- 
feron-a monotherapy. The combination of zi- 
dovudine and interferon-a also appeared to have 
anti-HIV activity in KS patients with higher CD4 
counts (Kovacs et al., 1989). These findings, plus 
the fact that zidovudine and interferon-a can act 
synergistically to inhibit HIV replication in vitro 
(Jonhson et al., 1990), led to clinical trials of 
combination therapy with these two agents in 
HIV-infected patients. To date, trials of zi- 
dovudine and interferon-a combination therapy 
have failed to show a clinically significant anti- 
HIV effect beyond that achieved with zidovudine 
monotherapy (Edlin et al., 1992; Jos Frissen et al., 
1994). Whether combination of  interferon-a and 
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other antiviral drugs will be useful in the 
treatment of HIV infection remains to be seen. 

2.2. Interferon-7 

Unlike interferon-e, interferon-7 has minimal 
antiretroviral activity in vitro and, in some sys- 
tems, can up-regulate HIV expression. Adminis- 
tration of interferon-7 to patients with 
HIV-associated KS has shown no apparent clini- 
cal benefit. However, interferon-7 is a potent 
macrophage activator and may have a role as 
adjunctive therapy in the treatment of certain 
opportunistic infections. 

3. lnterleukin-2 

Interleukin-2 (IL-2) is a glycoprotein produced 
by activated T lymphocytes that enhances the 
proliferation and differentiation of natural killer 
(NK) cells, T lymphocytes, and B lymphocytes. 
The rational for the use of IL-2 in the treatment of 
HIV infection comes from in vitro observations 
that IL-2 can enhance proliferation of peripheral 
blood T cells from HIV-infected individuals. In 
addition, N K  activity, which is also depressed in 
HIV infection, can be restored by the incubation 
of peripheral blood mononuclear cells with IL-2. 
These in vitro studies suggested that it might be 
possible to restore some degree of immune compe- 
tence in vivo by treatment of HIV-infected pa- 
tients with IL-2. 

Early trials of IL-2 therapy in AIDS and ARC 
patients met with little success (reviewed in Sneller 
and Lane, 1993). Because of marked variations in 
the doses, length of  treatment and route of admin- 
istration, it is difficult to compare the results of 
these trials. Nevertheless, no clinical benefits could 
be demonstrated in these studies and only tran- 
sient changes in lymphocyte counts were observed. 

The minimal immunologic changes seen with 
IL-2 monotherapy, along with concerns that IL-2 
induced T lymphocyte activation could lead to 
increased HIV replication and dissemination, led 
to a number of trials of  IL-2 combined with 
zidovudine (Table 1). Continuous intravenous in- 
fusion of IL-2 at doses in the range of 1.5-12 × 

106 IU/ m2/ day resulted in transient changes in 
CD4 counts and N K  activity in patients with CD4 
counts >400/mm 3 (Schwartz et al., 1991). In a 
follow-up study (Wood et al., 1993), 19 HIV-in- 
fected patients were treated with zidovudine com- 
bined with polyethylene glycol-conjugated IL-2 
(PEG-IL-2). PEG -IL-2 has a prolonged half life 
and was administered intravenously once a week. 
Acute dose related increases in CD4 counts, HIV- 
specific cytotoxicity, and NK activity were seen. 
No increases in p24 antigenemia or HIV DNA (as 
detected by polymerase chain reaction) were seen 
in this study (Wood et al., 1993). The maximum 
tolerated dose of IL-2 in this study was 3 × l0  6 

IU/m 2 with adverse reactions of hypotension, neu- 
tropenia and neurotoxicity. Similar results were 
obtained when IL-2 (0.2-2 x 106 IU/m2/day) or 
PEG -IL-2 (up to 1 x l0  6 IU/week) was adminis- 
tered by subcutaneous injection (McMahon et al., 
1994; Waites et al., 1992). Administration of zi- 
dovudine combined with low doses of PEG-IL-2 
(36 000 IU/week) given by subcutaneous injec- 
tion to patients with CD4 counts )100/mm 3 re- 
sulted in insignificant changes in CD4 counts and 
quantitative HIV cultures. Small but statistically 
significant increases in N K  activity were detected 
(Teppler et al., 1993a; Teppler et al., 1993b). 
Taken together, these studies indicate that admin- 
istration of IL-2 or PEG-IL-2 combined with 
zidovudine results in transient immunologic 
changes and is associated with significant, dose 
limiting toxicities. 

Sustained rises in CD4 counts have been re- 
ported in HIV-infected patients treated with an- 
tiretrovirals combined with intermittent IL-2 
therapy (Kovacs et al., 1995). In this study, IL-2 
was given at doses of 12-18 MIU/d for 5 days 
every 8 weeks. In 6 of l0 patients with baseline 
CD4 counts higher than 200 cells/~l, intermittent 
IL-2 therapy was associated with at least a 50% 
increase in the number of CD4 cells. A decline in 
the percentage of CD8 cells that expressed HLA- 
DR was also seen. Four patients had a transient 
but consistent rise in plasma HIV RNA at the end 
of each IL-2 infusion. In patients with baseline 
CD4 counts less than 200 cells//tl, IL-2 therapy 
was associated with increased viral activation, few 
immunologic improvements and substantial toxic- 
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ity. T h e  resul ts  o f  th is  s t udy  ind ica t e  t h a t  i n t e r m i t -  

t en t  cou r se s  o f  I L - 2  can  i m p r o v e  s o m e  o f  t he  

i m m u n o l o g i c  a b n o r m a l i t i e s  a s s o c i a t e d  w i t h  H I V  

in fec t i on  in p a t i e n t s  w i t h  C D 4  c o u n t s  h i g h e r  t h a n  

200 ce l l s /p l .  T h e  i m m u n o l o g i c  a n d  c l in ica l  signifi- 

c ance  o f  these  s u s t a i n e d  increases  in C D 4  c o u n t s  

is u n k n o w n .  La rge r ,  c o n t r o l l e d  t r ia ls  a re  c u r r e n t l y  

u n d e r w a y  to  e v a l u a t e  the  ro le  o f  i n t e r m i t t e n t  I L - 2  

t h e r a p y  in H I V  in fec t ion .  
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