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Summary

The effect of human recombinant interleukin-2 (rIL-2) on Punta Toro virus
(PTV) infection was mvestigated in C57BL/6 mice. Immunologic and viral par-
ameters were assessed after mice were treated 1.p. with rIl.-2 for 5 days Treatment
of mice with 25000 and 12500 units/mouse of rIL-2 resulted 1n significant mnhi-
bition of the disease as indicated by increases in survival of mice as well as
decreases in liver and serum virus titers Serum glutamic oxalic acid and pyruvic
acid transaminase levels were also lowered indicating reduced liver damage.
Murine IL-2 production returned to normal or above-normal levels in rIL-2 treated
mice. Natural killer cell activity was also moderately stimulated by rIL-2 treat-
ment. Significant amounts of interferon were not detected 1n the sera of treated
muce. Weight gain and survival rates were sumilar for both toxicity and normal con-
trols indicating that rIL-2 treatments had no toxic effect.

Punta Toro virus; Phlebovirus; Bunyaviridae; Interleukin 2; Immune response

Introduction

Punta Toro virus (PTV) 1s a Phlebovirus and a member of the Bunyaviridae
fammly. Some Phieboviruses, including Rift Valley (RFV) and sandfly fever (SFV)
viruses, cause serious disease 1n man. Two major epidemics have occurred 1n the
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last 15 years due to RFV During 1977-1978 1 Egypt, an outbreak resulted in 698
deaths (Meegan et al , 1977) More recently an outbreak in the West African coun-
try of Maurnitania resulted in 1264 human infections leading to an estimated 224
deaths (Jouan et al , 1988). Sandfly fever, an acute, incapacitating but self-limiting
disease, has caused significant morbidity (Bartellom and Tesh, 1976) During
World War II over 12000 members of the allied armed forces in Italy and Sicily
were hospitalized with infections caused by SFV (Sabin, 1951) Several Central or
South American Phleboviruses, including PTV, have been reported to cause a dis-
ease similar to sandfly fever (Sather, 1970, Travassos de Rosa, 1983) PTV has
been used successfully as a model for RFV and SFV 1n the study of potential antivi-
ral agents (Huggins et al, 1984; Sidwell et al. 1988a.b, 1990; Smee et al,
1990a,b).

Interleukin 2 (IL-2) has been shown to be an effective natural immunomodula-
tor, capable of inducing desired changes in immune parameters in animal models
and in humans (Winkelhake and Gauny, 1990) Human recombinant IL-2 (rIL-2)
has been used successfully to treat virus-infected rodents, with herpes simplex
virus (HSV-2) infected guinea pigs (Weinburg et al., 1987) and mice (Rouse et al .
1985) demonstrating increased survival rates and enhancement of various immune
functions.

The current study was undertaken to determine the influence this cytokine had
on modulating PTV infections Three immune parameters were studied the effect
on IL-2 production, natural killer (NK) cell activity and imterferon (IFN) pro-
duction The mouse PTV model originaily developed by Pifat and Smith (1987)
and used by us 1n other chemotherapy studies (Sidwell et al , 1988a,b, Smee et al ,
1990a,b) was employed for these experiments The results of this study indicate
that rIL-2 therapy caused a significant inhibition of the disease and enhancement of
at least one immune parameter

Material and Methods
Virus

The Adames strain of PTV was used as described previously (Sidwell et al,
1988a) It was provided by the U S Army Medical Research Institute for Infectious
Diseases (USAMRIID) and was originally 1solated from the serum of a patient n
Panama 1n 1972

Animals

Three-week-old C57BL/6 mice (Simonsen Laboratories, Gilroy, CA) were used
for all studies They were quarantined 24—48 hours prior to use. Mice received
Wayne Laboratory chow and given tap water ad libitum
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Test compound

Human rIL-2 was produced and provided by Cetus Corporation (Emeryville,
CA) The specific activity of IL-2 was 1.8 x 10’ IU/mg. Dilutions were prepared by
diluting rIL-2 in 5% sterile dextrose at various dose concentrations

In vivo treatment with riL-2

Mice were infected with 10° plaque forming units (PFU) of PTV and treated 1 p.
with rIL-2 once daily for 5 days beginning 4 h post virus mnoculation. Five dosage
levels of rIL-2 were used- 25000, 12500, 6250, 3125, and 1563 units per mouse.
Ribavirin, a known positive PTV inhibitor (Sidwell et al , 1988b) was tested 1n par-
allel using a dose of 75 mg/kg/day on the same treatment schedule Five uninfected
mice from each treatment group (rIL-2, and placebo) were treated 1n parallel as
toxicity controls. Five PTV-infected mice from each treatment group (rIL-2, and
placebo) were sacrificed 15 min and 2 h after final treatment for immunological
assays. The mice were assayed at two time points because IL-2 1s rapidly degraded
and 1t was anticipated that in vivo effects might be initially heightened and then
decreased with ime Ten PTV-infected mice from each treatment group were sacri-
ficed after the last treatment (day 5 post virus inoculatton) for viral assays, determi-
nation of liver score, and performance of liver function tests (serum glutamic
oxalic acid and pyruvic acid transaminase [SGOT, SGPT]). Ten additional infected
mice from each treatment group (rIL-2 and ribavirin) and twenty mice from the
placebo treated, infected group were examined daily through day 21 for death.

Interferon (IFN) assay

Monolayers of mouse L cells were incubated with 0 1 ml serially diluted mouse
serum samples for 18-24 h at 37°C 1n a 96-well microtiter plate. The sera were
removed and monolayers were subsequently infected with a 0.1 ml of vesicular sto-
matitis virus (VSV) strain Indiana and incubated for 6 days at 37°C. The VSV had
a titer of 1000 50% 1nfectious dose/0.1 ml 1n this assay. A standard IFN inducer,
poly(I): poly(C) at a concentration of 10 gg/ml in DEA dextran (Calbiochem, San
Diego, CA) was employed to induce the production of interferon in mouse L cells,
This interferon was used concurrently with the mouse sera as a positive control
The IFN sample titers were expressed as the reciprocal of the highest dilution of
sera which caused an 50% reduction in VSV cytopathic effect.

Processing of tissues for immunological and viral assavs

Spleens were removed for immunological assays, suspended in RPMI-1640
medium and homogenized using a stomacher (Tekmar, Cincinnati, OH). Red blood
cells were removed by hemolytic lysis. Remaining splenocytes were washed three
times 1n RPMI-1640 and resuspended in medium contamning 20% fetal calf serum
and counted using a Coulter counter (Hialeah, FL) before use in immunological
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assays Livers were removed for viral assays. examined for hepatic icterus and
assigned a score of 0 to 4, according to the degree of discoloration Each liver sam-
ple was then homogenized to a 10% (w/v) suspension prepared in mimimum essen-
ttal medium and varying 110-fold dilutions assayed for virus by adding 0 2 ml por-
tions to triplicate wells of LLC-MK; cell monolayers in 96-well microplates Viral
CPE was determined after 5 days incubation at 37°C, and 50% endpoints were
determined Each serum sample was assayed n a similar manner for infectious
virus 1n triplicate Titrations of SGOT and SGPT (run in duplicate) were and
accomplished by using colorimetric kits (Sigma Chemical Co ., St Lous, MO)
Spectrophotometric readings were obtained using a microplate autoreader (Bio-
Tek Instruments, Inc, Winooski, VT) Sera were also taken from mice used
immunological assays for detection of human IL-2 This was accomplished using
an enzyme-linked immunosorbent kit (Genzyme Corporation, Boston, MA)
Assays were performed according to procedures outlined 1n kit manuals

Assay for IL-2 production

Splenocytes were tested for their ability to produce IL-2 by incubating 2 x 10°
cells in 2 ml of RPMI-1640 medium containing 10% fetal bovine serum, phy-
tohemagglutinin (PHA), and 2-mercaptoethanol for 48 h at 37°C The supernatants
were removed, briefly centrnifuged at 500 x g to remove cells, and assayed for IL-2
production by incubating 0 1 ml supernatant aliquots with 4 x 10* HT-2 cells (a
murine BALB/c cloned cell line that 1s IL-2 dependent) Cells were pulsed with
[*H]thymudine for 4 h, after incubating 20 h at 37°C. Thymudine uptake was deter-
mined using a beta counter (Packard Instrument Co , Mernden, CT)

Natural killer (NK) cell assay

Splenocytes were assayed for their ability to lyse YAC-I tumor cells 1n a conven-
tional chromium release assay YAC cells were labeled with sodium chromate-51,
washed and incubated 1n 96-well round-bottom plates with spleen cells 1n a ratio
of 1001 effector to target cells for 4 h at 37°C An aliquot (0.1 ml) of cell-free
supernatant was collected from each well at the end of the 4 h incubation and the
amount of *'Cr released was determined using a gamma counter (Hewlett-Packard,
Palo Alto, CA). Background cpm was determined by spontaneous release of target
cells in RPMI-1640 medium and maximum cpm was determined by incubating tar-
get cells 1n saponin (detergent). Percent specific lysis was expressed using the fol-
lowing equation*

% Lysis = 100 x Experimental culture cpm — background cpm

Maximum cpm (detergent lysis) — background cpm
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Statistical analyses

Increased survival was analyzed by using Chi square analysis with Yates’ cor-
rection, Increased mean survival time of ammals that died on or before day 21,
reductions in SGOT, SGPT, and PTV levels n the liver and serum and immunolo-
gic assays were evaluated by using Student’s z-test. The Wilcoxon ranked sum
analysis test was used to compare inhibition of mean liver scores.

Results
Viral parameters

Table 1 summarizes the effect of 5-day treatment with rIL-2 in PTV-infected
mice. Total numbers of mice surviving were increased to a significant extent in the
mice treated with the two highest doses of rIL-2. Virus titers were reduced 1n the
liver and sera at most doses. Liver enzymes (SGOT and SGPT) which are elevated
when severe liver damage occurs, were reduced 1n rIL-2 treated mice, but few dif-
ferences were observed 1n hver scores between treated and non-treated mice. Riba-

TABLE 1

Effect of once daily 1 p treatments of rIL-2 or nbavirin on PTV infections 1n mice

Compound Dosage Toxicity Infected, treated
controls

Surv/ Hostwt Surv/ MST® Mean Mean Mean Mean Mean
total change* total (days) liver SGOT SGPT liver serum

() score* vIrus virus
titer titer*
(logio) (logm)
rIL-2 25000 5/5 24 8/10" 45 18 1201 685" 32° 30”
(U/mouse)
12500 4/4 28 810" 65 22 1713°  2180° 32° 33
6250 5/5 19 6/10 45 25 2746 4085 43 44
3125 5/5 20 5/10 52 15 1278™ 1494 33" 38
1563 5/5 29 3/10 44 20 2000" 2382 297 34
Ribavirin 75 5/5 16 10/10™ >210" 017 143" 33" 07" 11
(mg/kg/day)
H,O + 5% - - - 6/20 50 27 3244 4328 52 53
dextrose
Normals - 55 22 - - 00 166 32 00 00

‘Difference between imtial weight at start of treatment and weight 18 h following final treatment of toxicity
control mice

"Mean survival time of mice dying on or before day 21

‘Scores of 0 (normal liver) to 4 (maximal discoloration) assigned to each liver removed on day 5 (animals
dying prior to day 5 assigned a liver score of 4)

‘Geometric mean of samples taken 5 days after virus moculation

P<0 05, "P<001
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TABLE 2

Etfect of treatment with rIL-2 on splenocyte IL-2 production in PTV-infected mice

Treatment Dosage Mean IL-2 production (CPM) = SD*
(units/mouse) 15 min post-treatment 2 h post-treatment
PTV-infected PTV-infected
rIL-2 25000 3990 + 701 2 3266+ 910 6
12500 3934 +1973 1 2267 £8308
6250 3041 +£3437 1624 £5770
3125 3443 + 8896 1661 £ 11063
1563 2201 +6881 1214 £7755
5% Dextrose in water (rlL- - 1530 £13201 1530 £ 13201
2 diluent)
Normal controls - 3559 *5832 3559 £5832

“Standard deviation
‘P<0 05, P < 001, compared to diluent-treated PTV-infected controls

virin exerted the positive activity expected using all disease parameters. Unin-
fected mice treated with 25000 or 12500 units/mouse had SGOT values of 175 and
105 and SGPT values of 35 and 23 SF umts/ml, respectively

No toxic effects were observed 1n any of the treatment doses using either rIL-2
or ribavirin Toxicity controls all survived and the 1L-2-treated mice gained weight
comparable to normal controls. The liver appearance in these controls remained
normal (0) The mice receiving ribavirin also gained weight but to a lesser extent
than normals.

This experiment was repeated using 12500 through 1563 units of rIL-2, with
very stmilar resulits on the virus infection (results not shown)

IL-2 production

Table 2 summarizes the effect rIL-2 treatment had on splenocyte production of
murine IL-2 in PTV-infected mice at 15 min and 2 h post-treatment. A decrease of
greater than 50% 1n IL-2 was observed in the placebo-treated, mnfected mice com-
pared to uninfected controls. Treatment with rIL-2 of infected ammals increased
the murine IL-2 production to normal or shghtly above normal levels at the highest
doses Splenocytes taken at the 15 min post-treatment assay time showed shightly
higher levels of IL-2 production than those taken 2 h post-treatment No human IL-
2 was detected 1n the sera of mice at either time point, suggesting that IL-2 pro-
duction observed 1n the assay was not due to undegraded, exogenous IL-2 from the
final treatment. Ribavinn’s effects on IL-2 were not determined, since that drug
was run only as a positive control

NK cell activity

Table 3 demonstrates the effect of rIL-2 treatment on NK cell activity at 15 min
post treatment A 12% reduction was observed in NK cell activity in placebo trea-
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TABLE 3

Effect of treatment with human IL-2 on splenocyte NK cell activity in PTV-infected mice

Treatment Mean NK cell activity (% °'Cr release) £ SD*
Dosage (umts/mouse) 15 min post-treatment 2 h post-treatment
rfL-2 25000 394" £19 3747 %21
12500 ' 3827+23 3687 +05
6250 4007 +28 3697 +04
3125 4147415 380" +07
1563 354 £22 350 £67
5% Dextrose i water (IL-2 0 327 +058 327 2058
diluent)
Normal Controls - 370 58 370 58

*Standard deviation
P < 001, compared to diluent-treated PTV-infected controls

ted, uninfected mice compared to normal umnfected controls. Treatment with rIL-
2 resulted in an elevation i NK cell activity to above normal levels 1n all but the
lowest rIL-2 dosage group.

IFN production

No production of IFN could be detected in the uminfected, rIL-2 treated muice.
Low levels of IFN (1 7 log,o titer compared to interferon standard of 3.6 log;, titer)
were detected n infected, rIL-2 treated mice but were comparable to levels
observed 1n placebo-treated, PT V-infected mice.

Discussion

The current study has demonstrated that 1.p. admmstration of rIL-2 aided in the
recovery from PTV infections in mice. This therapeutic effect was evidenced by
significantly increased numbers of mice surviving the infection and by decreases in
virus titers 1n the liver and sera as well as reductions m liver enzymes (SGOT,
SGPT).

Although high levels of rIL-2 were used, no toxic effects were observed 1n the
mice. Toxicity control mice appeared to gain weight and liver enzyme levels
remained unaffected.

Doses of 25000 U and 12500 U of rIL-2 were the most effective in preventing
death, reducing viremia and virus titers i the liver, and lowering serum liver
enzyme levels, as well as increasing immune parameters. Other studies have dem-
onstrated that high doses of rIL-2 are more efficacious than low doses in the treat-
ment of certain diseases. Rosenberg and co-workers treated mice with 18000
IU/day and reported remarkable anti-tumor effects (Rosenburg et al., 1985). Butler
et al. (1988) described both enhanced anti-tumor and anti-herpes virus activity
when mice were treated with 500000 U/day.
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Immunologic parameters were observed to be only shightly higher m mice
assayed 15 mun rather than 2 h post treatment Two time points (15 min and 2 h
post treatment) were used because IL-2 15 rapidly degraded (Donohue and Rosen-
burg, 1983) and cells may be stimulated and relapse again into a resting state [t
was anficipated that any immunologic effects induced by this cytokine may have
been lost 1f assayed later, but this apparently did not occur

IL-2 15 a T cell growth factor that has been'shown to trigger clonal expansion of
activated T cells and affects the function of a wide array of immune cells (Winkel-
hake and Gauny, 1990) In studies involving virus-infected ammals, enhancement
of T cell actvity (Rouse et al., 1985), NK cell activity (Weinburg et al , 1986),
macrophage function (Kohl and Loo. 1988). and IFN production has been reported
(Wemburg et al., 1987).

The role which rIL-2 played in modulating the immune system in PTV infected
mice 1s not clear. Augmentation of murine IL-2 production ex-vivo from infected
amimals was observed One explanation of increased production would be acti-
vation and proliferation of T cells in vivo. NK cell activity, although significantly
increased 1n treated groups, may not be of sufficient biological sigmficance to
explain increased survival

PTV infections in mice cause an immunosuppression characterized by decreased
numbers of white blood cells, lymphocytes and IL-2 levels (Pifat and Smuth, 1987)
It was also observed 1n the present study that PTV infection 1n placebo treated mice
resulted 1n decreased IL-2 and NK cell activity Spleen cells from infected mice
have been shown by us to have recoverable virus. Restoration of immune status
seems critical and should aid 1n recovery. Human rlIL-2 was used in the present
study to modulate PTV infections in mice Although this 15 essentially a foreign
protemn in a murine system, which may have some differences in 1its biological
effects, 1t has been used to demonstrate significant modulation of immune respon-
ses 1 animal models. Sayers et al (1985) demonstrated activation of NK cells fol-
lowing treatment with human rIL-2 Induction of cytotoxic T cells with concurrent
augmentation of viral clearance was reported 1n virus-infected, immunosuppressed
mice treated with rIL-2 (Rouse et al , 1985). Increased survival rates of 42-85%
have also been demonstrated in HSV-2 virus-infected neonatal mice treated with
rIL-2 (Kohl and Loo, 1988).

Few studies have attempted to elucidate the immune effectors necessary for
recovery from PTV infections. Anubody and nterferon, however, have been
shown to be of great importance (Pifat and Smith, 1987). Passive transfer of anti-
body alone 1s capable of providing protection against lethally infected mice Pifat
and Smuth (1987) have demonstrated that anti-IFN antibodies markedly affected
the outcome of PTV infections Mice receiving such antibodies became highly sus-
ceptible to infection Interestingly, no IFN was detected in the IL-2 treated mice in
this study, suggesting that IFN was not involved as an effector mechanism or was
of an intracellular nature and consequently not detectable by the methodology used
mn this expeniment It may also be that assay conditions were not optimal and low
concentrations of IFN could not be detected, although the IFN standard tested in
parallel had the activity expected
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One study that demonstrated the capability of rIL-2 to activate NK cell activity
reported that this activation was preceded by or dependent on the generation of [FN
(Sayers et al., 1985). This may explain why only moderate increases in NK activity
with correspondingly negligible IFN production were observed. This study also
noted that peak NK activity occurred after 3—4 days, suggesting that NK cell
activity may have been declining at the time of assay.

In the present study the data suggest that the natural immunomodulator rIL-2
may be useful n the treatment of sertous Phlebovirus infections. Further study mto
the mechanmisms of action of rIL-2 on PTV infections 1s necessary 1n order to iden-
ufy affectors responstble for survival and recovery. Work by others has suggested
that rIL-2 may also be used in combination with chemotherapeutics to reduce the
toxicity of these compounds (Winkelhake and Gauny, 1990) If so, 1t may be nter-
esting to investigate the use of rIL-2 in combination therapies.

Acknowledgements

This work was supported by the U.S. Army Medical Research and Development
Command (contract DAMD-17-86-C-6028)

References

Bartelloni, PJ and Tesh, R B (1976) Clinical and serological responses of volunteers infected with
phlebotomus fever virus (Sicihan type) Am J Trop Med Hyg 25, 456462

Butler, L D, Browne, C P, Layman, N.K , Riedl, P, Tang, J , Marder, P, Delong, D, Manetta, J , Bob-
bitt, L, Strnad, J and Gadski, R (1988) In vivo effects of recombinant human interleukin 2 on anti-
tumor and antiviral natural tmmunity 1n or induced of natural murine immunodeficiency states Can-
cer Res 48, 6081-6089

Donohue, J H and Rosenburg, S A (1983) The fate of interleukin-2 after in vivo administration J
Immunol 130, 2203-2208

Fleming, J, Bignall, J R and Blades, A N (1947) Sandfly fever Review of 664 cases Lancet 1, 443-445

Hefeneider, S H, Conlon, PJ, Henney, CS and Gillis, S (1983) In vivo interleukin 2 admimistration
augments the generation of alloreactive cytolytic T lymphocytes and resident natural killer cells J
Immunol 130, 222-227

Huggins, J W, Jahrling, P, Kende, M and Canonico, P G (1984) Efficacy of nibavirin agamnst virulent
RNA virus infections In R A Smith, V. Kmight and J AD Smuth (Eds), Climical Applications of
Ribavirm, pp 49-64 Academic Press, New York

Jouan, A, Le Guenno, B, Digoutte, J P, Phulippe, B , Riou, O and Adams, F (1988) An RFV epidemic
in southern Mauntania Ann Inst Pasteur/Virol 139, 307-308

Kohi, S and Loo, L S (1988) Use of interleukin-2 and macrophages to treat herpes simplex virus infec-
tions in neonatal mice J Infect Dis 157, 1187-1192

Meegan, J M, Watten, R H and Laughlin, L W (1981) Climcal experience with Rift Valley fever in
humans during the 1977 Egyptian epizootic Conf Epidemiol Biostat 3, 114-123

Pifat, DY and Smith, J F (1987) Punta Toro virus infection of C57BL/6J mice a model for Phlebovir-
us-induced disease Microb Pathogen 3, 409422

Rosenburg, S A, Mule, J I, Spiess, P J, Reichert, C M and Schwarz, S L (1985) Regression of establi-
shed pulmonary metastases and subcutaneous tumor mediated by the systemic administration of
high-dose recombinant mterleukin 2 J Exp Med 161, 11691188



340

Rouse, T . Miller, L, Turtinen, L and Moore, R (1985) Augmentation of immunity to herpes simplex
virus by 1n vivo adminstration of interleukin 2 J Infect Dis 134, 926-930

Sabin, A B (1951) Experimental studies on Phlebotomus (Pappataci, Sandfly) fever A disease of milit-
ary importance Summary of existing knowledge and prelimiary report of original investigations J
Am Med Assoc 125, 693-699

Sather, GE (1970) Catalogue of arthropod borne viruses of the world Am J Trop Med Hyg 19,
1103-1104

Sayers, T, Rossiter, H, Chung, J , Hren, A and Armerding, D (1985) In vivo activation of murine natu-
ral killer cell functions by human recombinant DNA interleukin 2 Immunobiology 169, 303-318

Sidwell, R W . Huffman, ] H, Barnard, DL and Pifat, DY (1988) Effects of nbamidine, a 3-carbox-
amidine derivative of ribavirin, on experimentally induced Phlehovirus infections Antiviral Res 10,
193-208

Sidwell, R W , Huffman, J H , Barnett, B B and Pifat, DY (1988) In vitro and in vivo Phlebovirus inhi-
bition by ribavirin Antimicrob Agents Chemother 32, 331-336

Sidwell, R W, Huffman, J H . Coorbes, J , Remss, H . Huggins, J and Keude, M (1990) A comparison
of pyrimidinone analog immunomodulators for treatment of Phlebovu us infections in mice Antivi-
ral Chem Chemother 1, 241-248

Smee, D F, Huffman, J H, Coombes, J, Higgins, J W and Sidwell, R W (1990a) Prophylactic and
therapeutic activities of 7-thia-8-oxoguanosine aganst Punta Toro virus infections in mice Antiviral
Res 15,229-239

Smee, D F, Huffman, JH Hall L L, Huggins J W and Sidwell R W (1990b) Inhibition of Phlebovi-
rus infections in vivo by tiazofunin and selenazofurin Antiviral Chem Chemother 1 211-216

Travassos de Rosa, AP A, Tesh, R B, Pinheiro, FP ., Travassos da Rosa, JFS and Peterson, NE
(1983) Characterization of eight new phlebotomus fever serogroup arboviruses (Bunyaviridae Phle-
bovirus) from the Amazon region of Brazil Am J Trop Med Hyg 32 1164-1171

Weinberg, A , Basham, TY and Merngan, T C (1986) Regulation of guinea pig immune functions by
mterleukin 2 Critical role of natural killer activity 1n acute HSV-2 genital infection J Immunol
137, 3310-3317

Weinburg, A , Konrad, M and Merigan, T C (1987) Regulation by recombinant interleukm-2 of protec-
tive immunity aganst recurrent herpes simplex virus type 2 genital infection in guinea pigs J Virol
61 2120-2127

Winkelhake, J L and Gauny, S S (1990) Human recombinant interleukin-2 as an experimental thera-
peutic Pharmacol Rev 42, 1-29



