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Abstract-The presence of circulating alpha-interferon and neopterin was investigated in sera of 
47 patients affected by African Kaposi’s sarcoma, both HIV-seropositive (13 patients) and HIV- 
seronegative (34 patients). For comparison, analyses were also performed in 20 HIV-seropositive 
symptomatic African subjects as well as in 20 African and 20 Italian healthy individuals. 

Alpha-interferon and neopterin levels appeared sign@antly higher in comparison with healthy 
control groups (P < 0.001) but not with HIV-seropositive African individuals without Kaposi’s 
sarcoma. Moreover, alpha-interferon and neopterin levels were significantb higher in progressive 
Kaposi’s sarcoma (2 7 patients) than in regressive Kaposi’s sarcoma (20 patients) ( P < 0.00 1) . A 
significant correlation between alpha-interferon and neopterin was observed (r = 0.57; P < 0.01). 
Furthermore, alpha-interferon levels of HIV-seropositive Kaposi’s sarcoma patients resulted 
significant~ higher in comparison with the seronegative ones (P < 0.05). 

It is concluded that alpha-interferon and neopterin may be reliable prognostic markers in Kaposi’s 
sarcoma patients. 

INTRODUCTION 
AN ASSOCIATION between the acquired immunode- 
ficiency syndrome (AIDS) and Kaposi’s sarcoma 
has become widely recognized during the past sev- 
eral years [l]. Nevertheless, it is conceivable that 
AIDS patients with Kaposi’s sarcoma represent 
a different spectrum of the disease. Because of 
differences in the clinical picture of AIDS in Africa 
and in Europe/USA., a provisional clinical case 
definition for African AIDS has been proposed 
which includes as a ‘minor feature’ the presence of 
Kaposi’s sarcoma, even if aggressive [2]. Compared 
to other AIDS diagnoses, in fact, Kaposi’s sarcoma 
is associated with both longer survival times after 
diagnosis and lower medical costs [3]. 
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Several lines of evidence indicate that cells of 
mononuclear phagocyte lineage frequently harbor 
HIV and perhaps they are the first cells in the body 
to become productively infected with HIV [4]. 
Moreover, it has been shown that the monocyte- 
mediated tumoricidal function of patients with 
Kaposi’s sarcoma without opportunistic infections 
is intact in vitro in contrast to the observed reduction 
in patients with AIDS and opportunistic infections 
and AIDS/Kaposi’s sarcoma and opportunistic 
infections [5]. Most studies have attributed such 
findings to the abnormal functions of lymphocytes 
in these patients; however, many of these same 
studies have not thoroughly investigated possible 
abnormalities in monocyte functions. 

Upon activation, human monocytes-macro- 
phages kill various microorganisms and inhibit 
intracellular microbial replication [6]. Deficient 
monocyte function has been associated not only 
with defective cellular immunity but also with an 
increased susceptibility to infection in humans. In 
addition to their importance in host defense against 
microbial and protozoa1 infections, gamma-inter- 
feron-activated macrophages have been shown to 
play a central role in the defense against the develop- 
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ment and metastatic spread of neoplasias such as 
AIDS/Kaposi’s sarcoma and lymphomas [7]. 

Since we observe such striking differences in the 
mode of spread and evolution of HIV infection, it 
appears to be very important to identify clinical 
parameters that might contribute to the increased 
susceptibility to HIV infection and HIV-related 
diseases including cancers. Therefore, we decided 
to analyze a macrophage product, such as neopterin, 
and a lymphokine, such as circulating alpha-inter- 
feron, in sera from African patients affected by 
Kaposi’s sarcoma collected from 1971 to obtain 
further information about monocytes/macrophages 
behavior in AIDS and in AIDS-related cancers such 
as Kaposi’s sarcoma. 

MATERIALS AND METHODS 

Patients 
We analyzed 47 sera ofpatients affected by Kapo- 

si’s sarcoma (47 men; mean age 44.06 + 12.95) 
collected from 1971 from Northern and Central 
Africa. The diagnosis was always biopsy-proven 
[8]. These sera were matched by sera from healthy 
African subjects according to sex, age, socioecon- 
omic living conditions and geographical location, 
and also by 20 healthy Italian controls (20 men; 
mean age 26.7 * 6 years). A group of 20 HIV- 
seropositive African subjects (15 ARC, 5 LAS) (20 
men: mean age 30.1 + 9.7) formed a further control 
group to investigate the markers studied in HIV- 
seropositive African patients without Kaposi’s sar- 
coma. 

The patients were screened for concomitant dis- 
eases (particularly second malignancies, lym- 
phomas and tuberculosis) and only those with 
Kaposi’s sarcoma alone as the primary malignancy 
were entered into the study. 

Staging was performed according to the clinical 
criteria proposed by Krigel et al. [9], grouping 
together Stage I and II as regressive Kaposi’s 
sarcoma and Stage III and IV as progressive Kapo- 
si’s sarcoma. On this basis, 20 patients had regress- 
ive Kaposi’s sarcoma and 27 progressive Kaposi’s 
sarcoma. 

Serologic studies 
The sera were kept at -80°C until analyzed. The 

constant value of anti-CMV, anti-EBV and anti- 
HSV 2 antibody titers suggested a good preser- 
vation of the sera examined [lo]. 

All sera were tested at dilutions of 1:5 and 1: 10 
for the presence of antibodies to HIV by a standard 
indirect immunofluorescence assay using HUT-78 
cells chronically infected with HIV-SF2 (formerly 
ARV-2). The sera were also tested by an immuno- 
blot technique and, in addition, by an ELISA 
procedure using infected HUT-78 cells. 

Since antibodies to HIV were not detected by 
any of these three techniques in the African sera 
obtained prior to 1975, as we have previously 
reported [lo], the sera ofKaposi’s sarcoma patients 
from this study were grouped as follows: 
- African Kaposi’s sarcoma sera (1971-1978) 

HIV-seronegative; 20 (four regressive Kaposi’s 
sarcoma and 16 progressive Kaposi’s sarcoma); 

-African Kaposi’s sarcoma sera (1987) HIV- 
seronegative: 14 (nine regressive Kaposi’s sar- 
coma and five progressive Kaposi’s sarcoma); 

-African Kaposi’s sarcoma sera (1987) HIV- 
seropositive: 13 (seven regressive Kaposi’s sar- 
coma and six progressive Kaposi’s sarcoma). 

Analysis of circulating alpha-interferon was perfor- 
med by the Boots Celltech Diagnostic SUCROSEP 
interferon-alpha immunoradiometric assay 
(IRMA) (Boots Celltech, U.K.). Results were 
expressed as Units/ml [ 11, 121. Detection limit of 
the assay was < 1 U/ml. Neopterin was determined 
by means of RIA kits obtained from Henning Berlin 
Laboratories, Berlin, F.R.G. Results were expressed 
as nmol/l [ 131. 

Statistical analysis 
Data were expressed as means + S.D. (standard 

deviation). For multiple group comparisons the 
significance of differences between the means of 
different groups was assessed by one-way analysis of 
variance. For comparisons of means of two groups, 
Student’s t test for unpaired observations was per- 
formed. Spearman’s rank correlation test and Pear- 
son’s correlation coefficient between neopterin and 
alpha-interferon values were calculated in Kaposi’s 
sarcoma patients. The cut-off for statistical signifi- 
cance was defined as P -C 0.05. 

RESULTS 
A significant difference of mean values in neop- 

terin levels between African and Italian HIV- 
seronegative healthy controls was seen (Table 1) 
(P < 0.05). In fact, raised amounts of alpha-inter- 
feron and neopterin were found in some apparently 
healthy individuals. Furthermore, increased 
amounts, stage-related, of alpha-interferon and ne- 
opterin were observed in the population of African 
Kaposi’s sarcoma patients studied (Table 1). 

Alpha-interferon and neopterin appeared directly 
and significantly correlated in the 47 African Kapo- 
si’s sarcoma patients evaluated (Fig. 1) (Pearson’s 
correlation coefficient = 0.36; P < 0.05; Spear- 
man’s correlation coefficient = 0.57; P < 0.01). 
This correlation was more significant when we 
evaluated only the HIV-seronegative patients (34 
patients) (Fig. 2) (P earson’s correlation coefficient 
= 0.66; P < 0.001; Spearman’s correlation coef- 
ficient = 0.61; P < O.Ol), whereas it was not sig- 
nificant in the 13 HIV-seropositive Kaposi’s sar- 
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Table 1. Alpha-interferon and neopterin levels inpatients affected by African Kaposi’s sarcoma related to clinical stage 
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Patients 

Alpha-interferon 
Mean T S.D. 

(No.) (Units/ml) Raised/total W) 

Neopterin 
Mean + S.D. 

(nmol/l) Raised/total W) 

Kaposi’s sarcoma 
‘regressive’ 

(20) 1.48 2 1.17 2120 (10) 8.72 2 14.24 1 I20 (8) 

Kaposi’s sarcoma 
‘progressive’ 

Healthy African 
controls 

(27) 3.38 t 2.63** 27127 (100) 50.40 t 24.92*** 27127 (100) 

(20) 1.54 k 1.41 4/20 (20) 6.48 * 2.60; 1 I20 (8) 

Healthy Italian 

controls (20) 1.20 + 0.04 o/20 (0) 4.96 2 1.20 0.20 (0) 

‘P < 0.05; **p < 0.001; ***P < 0.0001. P values refer to comparison of Kaposi’s sarcoma patient groups and African 
controls with the Italian control group. 
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Fig. 1. Correlation between circulating alpha-interferon and neoptetin 
levels in 47 Ajkican Kaposi’s sarcoma (a: six points; 6: eight points). 
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Fig. 2. Correlation between circulating alpha-interferon and neopterin 
levels in 34 HIV-seronegative Aftican Kaposi’s sarcoma (a: jive points; b: 

Jive points). 

coma patients (Spearman’s correlation coefficient 
= 0.36; NS; Pearson’s correlation coefficient 
= 0.27; NS), In this group, raised circulating alpha- 
interferon levels and low neopterin levels in two 
patients with regressive Kaposi’s sarcoma were 
observed. Indeed, the 13 HIV-seropositive Kaposi’s 
sarcoma patients showed alpha-interferon and 
neopterin levels significantly higher than African 

and Italian HIV-seronegative controls, but not 
significantly different with respect to the 20 HIV- 
seropositive symptomatic African individuals 
(Table 2). 

Moreover, Table 2 shows that the mean values 
of alpha-interferon in HIV-seropositive Kaposi’s 
sarcoma patients also appeared significantly raised 
with respect to the HIV-seronegative ones. On the 
contrary, no significantly raised neopterin levels in 
HIV-seropositive Kaposi’s sarcoma patients were 
observed as compared to the HIV-seropositive ones. 
The lack of significance may be probably due to the 
fact that 21/34 (61%) of Kaposi’s sarcoma HIV- 
seronegative patients had a progressive Kaposi’s 
sarcoma. 

DISCU!3!3ION 
The individual factors which determine evolution 

to AIDS of HIV-seropositive subjects are various 
and not yet defined, but certainly T-cell activation 
together with monocytes-macrophages imbalance 
play an important role [4]. Consequently, the search 
for prognostic markers of HIV infection must take 
into account not only the study of the CD4+ 
lymphocyte subpopulation but also of other par- 
ameters able to inform us about virus replication in 
the host organism in cells other than lymphocytes 
[ 14, 151. Therefore neopterin, a product of gamma- 
interferon-activated macrophages [ 161, has been 
suggested as prognostic marker in AIDS [ 17, 181. 

Alpha-interferon has been already shown to be 
present in sera of patients with AIDS and to be a 
significant quoad vitam parameter in patients affected 
by AIDWKaposi’s sarcoma [1!9-211. Furthermore, 
it has been hypothesized that the decreased pro- 
duction of gamma-interferon from cells from AIDS/ 
Kaposi’s sarcoma patients in vitro is caused by the 
continuous endogenous exposure to interferons in 
vivo [22]. The clear and direct correlation between 
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Table 2. Alpha-interferon and neopterin levels in HIV-seropositive and HIV-seronegative patients affected by Aftican 
Kaposi’s sarcoma 

Patients 

Alpha-interferon Neopterin 
Mean f S.D. Mean -t_ S.D. 

(No.) (Units/ml) P value (nmol/l) Pvalue 

(a) Healthy African controls (20) 1.54 If: 1.41 
HIV-seronegative 

6.48 ” 2.60 

(b) African Kaposi’s sarcoma (34) 2.06 +- 1.52 
HIV-seronegative 

(c) African Kaposi’s sarcoma (13) 3.90 f 3.42 
HIV-seropositive 

(d) African LAS-ARC (20) 3.43 ‘- 4.18 
HIV-seropositive 

b vs. a < 0.01 36.20 f 30.64 h vs. a < 0.001 

c vs. a < 0.001 23.28 rf- 24.76 c vs. a < 0.001 
c vs. b < 0.05 c vs. b N.S. 

d vs. a < 0.001 21.20 2 32.44 d vs. a < 0.001 
d vs. c N.S. d vs. c N.S. 

N.S. = not significant. 

alpha-interferon and neopterin observed in our 
African/Kaposi’s sarcoma patients appears to sup- 
port this hypothesis. 

Moreover, recent reports about the biologic role 
of neopterin, within gamma-interferon activated 
macrophages, may elucidate the prognostic value 
of this marker: they provide some evidence that, 
at least for some intracellular obligate pathogens, 
oxygen-independent mechanisms are important in 
gamma-interferon-mediated inhibition of growth, 
within both macrophages and other cell lines [6]. 
Gamma-interferon-induced tryptophan catabolism 
appears to be mainly responsible for such inhibition 
[23, 241, a mechanism also involved in the antipro- 
liferative effects of interferon-activated macro- 
phages [25]. 

Since reduced pteridines have been well estab- 
lished to be essential cofactors for the hydroxylases 
also needed for tryptophan metabolism, it has been 
suggested that the tetrahydroneopterin and trypto- 
phan pathways may be related during the ‘priming’ 
of monocytes-macrophages [26]. 

A continuous activation of these types of cells, as 
suggested by the constantly raised neopterin levels, 
could give the host organism a better resistance 
to Kaposi’s sarcoma and/or development of other 
‘opportunistic’ neoplasia, but also make them 
unable in time (exhaustion? Loss of negative feed- 
back?) to interrupt replication of the obligate intra- 
cellular pathogens in HIV-seropositive individuals 
or to avoid neoplastic diffusion. 

Raised neopterin levels are. more commonly 
observed in hemophiliacs than in homosexual men 
[27]; in our studies we have observed a significant 
increase in neopterin excretion in HIV-seropositive 
symptomatic individuals respect to HIV-seroneg- 
ative hemophiliacs, but the latter group showed also 
significantly raised neopterin levels as compared 
to normal controls, suggesting pre-activation of 
monocytes-macrophages as a consequence of an 

overload of transfusion antigens [28]: indeed, the 
appearance of a generalized Kaposi’s sarcoma or 
other ‘opportunistic’ neoplasias is a very rare and 
terminal event in hemophiliacs. Neopterin levels in 
the normal range were instead observed in classic 
Kaposi’s sarcoma patients, as well as in epidemic 
Kaposi’s sarcoma but without opportunistic infec- 
tions [29, 301. In fact, in our series of 47 African 
Kaposi’s sarcoma patients, we have not observed 
significant differences in neopterin levels between 
HIV-seropositive and HIV-seronegative subjects, 
instead their levels were correlated to the clinical 
stage. On the other hand, in the same group of 
African Kaposi’s sarcoma patients, we have 
observed that the presence of circulating alpha- 
interferon was significantly correlated with the 
HIV-seropositivity. 

Recently it has been reported that, in HIV infec- 
tion transmitted by sexual or skin contact, the cells 
first involved are the CD4+ Langerhans cells of the 
skin [31]. HIV-infection of these cells leads to a 
dramatic loss of MHC-II antigens. Since both the 
antigen-presenting and the immunostimulatory 
functions of dendritic (accessory) cells correlate 
with the expression of MHC-II [32], the primary 
infection of dendritic cells with HIV greatly reduces 
stimulation of the T-cell system, thus explaining the 
lower neopterin levels observed in homosexual men 
and patients affected by AIDS/Kaposi’s sarcoma 
without opportunistic infections [27, 291. Such an 
immune system impairment may account for the 
infections but also for the presence of accompanying 
neoplasias such as Kaposi’s sarcoma. 

The loss of the accessory function of Langerhans’ 
cells could explain our observation that the signifi- 
cant correlation between alpha-interferon and 
neopterin observed in HIV-seronegative African 
Kaposi’s sarcoma disappears in HIV-seropositive 
ones and the observation of two regressive Kaposi’s 
sarcoma patients with raised alpha-interferon levels 
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(index of virus replication) but neopterin levels in and sensitive tests for monitoring the virus repli- 
the normal range. cation and activation/exhaustion of cells like 

Individuals having already activated T-lympho- monocytes-macrophages. These cells could rep- 
cytes and monocytes-macrophages, such as hemo- resent the primary source of virus persistence and 
philiacs, will immediately replicate HIV on becom- diffusion in uivo (the ‘Trojan horse theory’) [4] but 
ing infected [33]. also the last defense in host protection against major 

Therefore, together with the CD4+ lymphocyte opportunistic infections and the metastatic spread 
count, the assays ofcirculating alpha-interferon and of ‘opportunistic’ neoplasias in HIV-seropositive 
neopterin, although not specific, appear to be simple individuals. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

REFERENCES 
Friedman-Kien AE. Kaposi’s sarcoma: an opportunistic neoplasm. J Invest Dermatol 1984, 
82, 446-448. 
Pallangyo KJ, Mbaga IM, Mugusi F et al. Clinical case definition of AIDS in African 
adults. Lancet 1987, ii, 972. 
Des Jarlais DC, Stoneburner R, Thomas P, Friedman SR. Declines in proportion of 
Kaposi’s sarcoma among cases of AIDS in multiple risk groups in New York city. Lancet 
1987, ii, 1024-1025. 
Ho DD, Pomerantz RJ, Kaplan JC. Pathogenesis of infection with Human Immunodefici- 
ency Virus. N Engl J Med 1987, 317, 278-286. 
Kleinerman ES, Ceccarulli LM, Zwelling LA et al. Activation of monocyte-mediated 
tumoricidal activity in patients with Acquired Immunodeficiency Syndrome. J Clin Oncol 
1985, 3, 1005-1012. 
Murray HW, Byrne GI, Rothermel CD. Lymphokine enhances oxygen-independent 
activity against intracellular pathogens. J Exp Med 1983, 158, 234-239. 
Pace JL, Russell SW, Torres BA, Johnson HM, Gray PW. Recombinant mouse gamma- 
interferon induces the priming step in macrophage activation for tumor cell killing. J 
Zmmunol 1983, 130, 201 l-2013. 
Ziegler GL, Templeton AC, Vogel CL. Kaposi’s sarcoma: a comparison of classical, 
endemic and epidemic forms. Sem Oncol 1984, 11, 47-55. 
Krigel RL, Laubenstein LJ, Muggia FM. Kaposi’s sarcoma: a new staging classification. 
Cancer Treat Rep 1983, 67, 531-534. 
Levy JA, Pan LZ, Beth-Giraldo E et al. Absence of antibodies to the Human Immunodefici- 
ency Virus in sera from Africa prior to 1975. Proc Nat1 Acad Sci USA 1986, 83, 7935-7937. 
Parry RP, Parry JV. Interferon assay as a diagnostic test. Lanret 1981, i, 506-507. 
Wright JF, Hunter WM. The sucrose layering separation: a non-centrifugation system. 
In: Hunter WM, Corrie JET, eds. Immunoassay for Clinical Chemistry. Edinburgh, Churchill 
Livingstone, 1983, 170-l 77. 
Werner ER, Bichler A, Daxenbichler G et al. Determination of neopterin in serum and 
urine. Clin Chem 1987, 33, 62-66. 
Fuchs D, Hausen A, Reibnegger G, Werner ER, Dierich MP, Wachter H. Activation of 
macrophages and T-cells: the regulative principle in HIV-infection. Zmmunobiology 1987, 
175, 278-282. 
Popovic M, Gartner S. Isolation of HIV-l from monocytes but not T-lymphocytes. Lancet 
1987, ii, 916. 
Huber C, Batchelor JR, Fuchs D et al. Immune response-associated production ofneopterin: 
release from macrophages primarily under control of interferon. J Exp Med 1984, 160, 
310-316. 
Fuchs D, Hausen A, Hinterhuber H et al. Urinary neopterin in the diagnosis of acquired 
immunedeficiency syndrome. Eur J Clin Microbial 1984, 3, 70-7 1. 
Perna M, Nitsch F, Santelli G, Marfella A, Giraldo G, Beth-Giraldo E. Urinary neopterin, 
a useful marker for AIDS? Lancet 1985, i, 1048. 
Skidmore SJ, Mawson SJ. Alpha-interferon in anti-HIV positive patients. Lancet 1987, ii, 
520. 
Buimovici-Klein E, Large M, Klein RJ. Is presence of interferon predictive for AIDS? 
Lancet 1983, ii, 344. 
Vadhan-Raj S, Wong G, Gnecco C et al. Immunological variables as predictors of prognosis 
in patients with Kaposi’s sarcoma and the acquired immunodeficiency syndrome. Cancer 
Res 1986, 46, 425-427. 
Fuchs D, Hausen A, Hengster P et al. In vivo activation of CD4+ cells in AIDS. Science 
1987, 235, 356. 
Byrne GI, Lehmann LK, Landry GJ. Induction of tryptophan catabolism is the mechanism 
for gamma-interferon-mediated inhibition of intracellular Chlamidia psittaci replication in 
T24 cells. Infect Immun 1986, 53, 347-351. 
Werner ER, Bitterlich G, Fuchs D et al. Human macrophages degrade tryptophan upon 
induction by interferon-gamma. Lz$ Sci 1987, 41, 273-280. 



1150 A. Marfella et al. 

25. de la Maza L, Peterson EM. Dependence of the in vitro antiproliferative activity of 
recombinant human gamma-interferon on the concentration of tryptophan in culture 
media. Cancer Res 1988, 48, 346-350. 

26. Werner ER, Hirsch-Kauffmann, Fuchs D et al. Interferon-gamma-induced degradation of 
tryptophan by human cells in vitro. Biol Chem Hoppe-Styler 1987, 368, 1407-1412. 

27. Fuchs D, Dierich MP, Hausen A et al. Are homosexuals less at risk for AIDS than 
intravenous drug abusers and haemophiliacs? Lancet 1985, ii, 1130. 

28. Beth-Giraldo E, Giraldo G, de Biasi R et al. Human Immunodeficiency Virus infection in 
haemophilia patients: a 4 years prospective study. In: Giraldo G, Beth E, Castello G, eds. 
Recent Advances in AIDS and Kaposi’s Sarcoma. Antibiot Chemoth. Karger, Base& 1987, Vol. 38, 
66-79. 

29. Niederwieser A, Joller P, Seger R et al. Neopterin in AIDS, other immunodeficiencies and 
bacterial and viral infections. Klin Wochensch 1986, 64, 333-337. 

30. Santelli G, Melillo G, Marfella A et al. Urinary neopterin and immunological features in 
patients with Kaposi’s sarcoma. Eur J Cancer Clin 0x01 1988,24, 1391-1396. 

31. Niedecken H, Lutz G, Bauer R, Kreysel HW. Langerhans cell as primary target and 
vehicle for transmission of HIV. Lancet 1987, ii, 519-520. 

32. Bjercke S, Gaudernack G, Braathen LR. Enriched Langerhans cells express more HLA- 
DR determinants than blood-derived adherent cells (monocytes and dendritic cells). &and 

J Immunol 1985, 21, 489-492. 
33. Fuchs D, Hausen A, Reibnegger G, Werner ER, Dierich MP, Wachter H. HIV-seroconver- 

sion in health care workers. JAMA 1987, 258, 2525-2526. 


