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Abstract—We studied neopterin excretion levels and immunological features of 20 patients
affected by Kaposi’s sarcoma (KS), compared to 30 normal controls. Eighteen patients had the
classic form of Kaposi’s sarcoma (CKS), while two patients were anti-human immunodeficiency
virus (HIV) seropositive and affected by the epidemic form associated with the acquired immuno-
deficiency syndrome (AIDS). In CKS patients, a trend of an increase of neopterin levels with
more advanced stages appeared from our data whereas a significant reduction in CD3+ and
CD4+ lymphocytes subsets was observed already at early stages (P < 0.01). CD8+ cells did
not show significant variations. A significant increase in serum IgA immunoglobulins (P < 0.05)
was also observed.

Comparative analysis of the two patients affected by AIDS/KS showed the profound deficit
in T-cell immunity but also the prognostic value of neopterin monitoring. Furthermore these
findings seem to confirm Kaposi’s sarcoma as an ‘opportunistic neoplasia’ and indicate neopterin

as a useful prognostic marker.

INTRODUCTION
BEFORE the recognition of the acquired immuno-
deficiency syndrome (AIDS), Kaposi’s sarcoma
(KS) was considered a rarc and unusual dermal
tumor, occurring mainly in clderly men, generally
of Mcditerrancan or Jewish ancestry (classic KS,
CKS).

Recently, an epidemic of the fulminant lymph-
oadcnopathic varicty of KS (epidemic KS) appeared
particularly among young and middlc-aged homo-
sexual men in the United States [1]. Furthermore,
an association of the various forms of K§S with
human cytomegalovirus has been repeatedly found
[2].

Concerning the immunological profile, few stud-
ies are reported in the recent literature on patients
with CKS, while scveral papers have been published
on cpidemic KS.

Ncopterin is a mctabolite of an intermediate in
the biosynthesis of tetrahydrobiopterin (BH4), an
essential cofactor for the hydroxylases needed for
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biosynthesis of catccholamines and scrotonin [3].
Ncopterin is released by monocyte-macrophages
and seems to be related to the activation of the
ccll-mediated immune response. Constantly raised
ncopterin levels are associated with a persistent
activation of immunec system and are well correlated
with the clinical status of autoimmune discascs,
ncoplasias and infections by viruses such as human
immunodeficiency virus (HIV) [4].

Therefore ncopterin monitoring has been pro-
posed as a uscful prognostic marker in some types
of cancer [5] and also has been suggested that
it could help in identifving anti-HIV seropositive
subjects at high risk to develop full blown AIDS
[6].

The aim of this work was to evaluate the immune
status of KS paticnts, emphasizing the relationship
between neopterin and immunological parameters.

MATERIALS AND METHODS

Patients

Eighteen patients (13 men and five women; mean
age 64.4 * 10.8 ycars) affccted by CKS and two
affected by AIDS/KS, all untreated, were studied.
Urinc and blood samples were initially obtained at
time of the first observation.
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Two CKS patients were affected by a second
primary malignancy: a gastric adenocarcinoma
stage 111 and a Hodgkin’s discase stage IT1TA.

Staging was performed according to Krigel’s
classification [7], except that stage I1I and IV were
grouped together.

On this basis, among the sixteen paticnts with
CKS alone, six patients had stage I, six stage II
and four stage III discase. One paticnt with AIDS/
KS was a hemophiliac; his ncopterin excrction
levels together with immunologic and virologic
monitoring were evaluated starting from March
1985, about 20 months bcfore the appearance of
the specific skin lesions. The other patient affected
by AIDS/KS and opportunistic infections (OI) at
the first obscrvation was a homosexual man.

A group of 30 normal subjccts, matched by sex
and age, formed the control group.

Neopterin quantitation

The first urine of the morning was obtained from
patients and controls. Samples were cither analyzed
immediately in dim light or stored at —20°C in
darkened containers until used.

A Varian model LC5500 liquid chromatograph
was used in conjunction with a Varian Vista 402
computerized data system (Varian Ass. Inc., Palo
Alto, CA, U.S.A)). Owing to the physiologically
variable concentrations of urine samples, urinary
ncopterin was rclated to urinary creatinine. In
fact, earlier studies [8] showed that the neopterin/
creatinine ratio remains rclatively constant during
a 24 h period.

Use of such a neopterin/creatinine ratio makes
the analysis almost indcpendent of the physiological
variations in the urinary concentration and chimin-
ates possible errors due to sample preparation or
sample injections. HPLC scparation was achicved
according to Hausen’s method [8] by means of the
Varian Ncopterin System. Ncopterin was quanti-
tated by peak hecight with the computerized data
system using the external standard method. Results
were expressed as pmol/ml creatinine.

Immunological parameters

T cell and T cell subsets were identified, without
separation, by incubation with FITC-conjugate
monoclonal antibodics to the CD3, CD4 and CD8
antigens {Ortho Diagnostic System, Raritan, NJ,
U.S.A.), as phenotypic markers for total maturc
T cells, helper-inducer and suppressor-cytotoxic
subsets, respectively. Their subsequent enumer-
ation was obtained with a Spectrum II1 flow cyto-
meter (Ortho Diagnostic System).

Serum immunoglobulin levels (IgA, 1gG, IgM)
were determined by nephelometry with an immuno-
chemistry system (ICS Analyzer II, Beckman,
Fullerton, CA, U.S.A.).

Assay for HIV antibodies

Screcning of coded serum samples was initially
performed by an indirect immunofluorescence (11F)
assay. Moreover, all positive sera were confirmed
by the Western blot technique using commercial
kits as well as infected cellular extracts or purificd
virus from E11 ccll (HUT-78) cells which are 100%
persistently infected by HIV strain ARV-2 [9],
grown in our laboratory for 2 years. Both cell lines,
Ell and HUT-78, were kindly supplied by J.A.
Levy (Cancer Research Center, San Francisco,
U.S.A.). IIF was carried out as previously described
for other viral antibody titrations [10]. E11 and
HUT-78 cclls were mixed at a ratio 1:2 before
sceding on multispot slides, thus including an inter-
nal specificity control for cach spot [11]. Slides were
fixed in acetone at —20°C and stored at —80°C
until further usc.

Antigens prepared in this manner were used
within the following 4 wecks and no fluctuation
of expression was observed, except in very carly
passage of E11 cclls. All scra were tested twice at
appropriate dilution (gencerally at 1:10) and rcad
double blind. Borderline positive sera in IIF,
initially considered as positive, at retesting were
considered negative. All ITF-positive scra gave con-
cordant results in Western blot analysis.

-Statistical analysis

Statistical analysis was performed when appro-
priate using the Student’s ¢ test for unpaired obser-
vations and lincar regression. Valucs were expressed
asmean * S.D. according to conventional statistical
mcthods.

RESULTS

Table 1 shows clinical features, immunological
paramcters and ncopterin excretion levels of pati-
ents affected by KS considered in this study. The
values for anti-HIV scropositive patients were
determined at the time of the appearance of the
specific skin lesions. All CKS were anti-HIV
scroncgative, patients 19 and 20 (AIDS/KS) were
scropositive with high anti-HIV titers (1:3200) in
ITF.

A trend of an increasc of ncopterin levels with
morce advanced stages appcars {rom our data
(Fig. 1).

Considering the 12 patients affected by CKS
alone at stages I or 11, ncopterin values (166 = 72
pmol/mol), did not differ significantly from the
normal range obscrved in controls, whercas the
CD3+ cell population percentage alrecady showed
a significant reduction (61.8 = 7.1; P < 0.001).

Comparative results between the 16 patients
affected by CKS alonc and normal controls arc
summarized in Table 2.

A significant reduction in the percentage of
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Table 1. Clinical and immunological characteristics and urinary neoplerin levels of patients with Kaposi's sarcoma

Neopterin
Paticnts CD3+  CD4+ CD8+ CD4/CD8  IgA 1¢G IgM  (pmol/mol Diagnosis and
Sex Age (abs/mm?*) (abs/mm?*) (abs/m?) ratio (mg/dl)  (mg/dl) (mg/dl) creatinine) clinical stage
1. M 45 969 560 547 1.02 308 1130 103 67 CKS1
2. M58 830 549 464 1.18 174 1080 84 129 CKS1
3. F 56 2065 1085 980 I.10 152 900 92 145 CKS 1
4. M70 1410 1048 237 4.42 316 854 99 162 CKS 1
5. F 39 1725 1315 392 3.84 192 1250 92 230 CKS 1
6. M 63 1349 989 550 1.78 153 1160 47 250 CKS1
7. M54 1339 880 535 1.64 198 2710 97 63 CKS 11
8. M 76 1830 1210 760 1.59 318 1530 120 107 CKSII
9. M 56 868 642 345 1.85 138 954 92 133 CKS I
10. M 69 1206 908 317 2.86 220 1150 88 182 CKS I
1. M 62 1483 1064 419 2.54 368 1120 113 234 CKS 1
12. F 63 990 376 504 1.14 218 961 154 285 CKS 11
13. M 79 1050 723 519 1.39 314 1490 165 126 CKS II1
14. M 82 2196 866 712 1.21 461 1710 134 178 CKS 111
15. M 83 881 492 609 0.80 238 1210 77 397 CKS 111
16. F 68 829 451 378 1.19 588 1080 97 457 CKS 111
17. F 50 827 404 492 0.82 256 3170 206 449 CKS + gastric ca.
18. M 65 535 380 259 1.46 N.D. 879 67 681 CKS + Hodgkin d.
19. M 16 543 97 413 0.23 323 1230 99 1830 AIDS/KS + hemophilia A
20. M 31 901 114 647 0.17 298 1580 122 4058 AIDS/KS + O.1
4000 A
¥ - T * T The analysis of the serum immunoglobulin levels
. 1eoof i 1 Lt 1 did not show significant changes, except for a slight
% ] * but significant increase in the IgA class (P < 0.05).
§ ol This result was likely duc to the IgA increasc in
é 43.7% (7/16) of CKS patients, while IgG were
T ool increased only in two patients. IgA levels were
2 o . higher than normal in both epidemic KS. Finally,
HERCI o 50% of CKS individuals had at least one class of
% elevated immunoglobulins (and IgA was the most
: T e commonly clevated isotype).
: e Immunologic monitoring including ncopterin
7o e excretion values of the hemophilic patient with
. 0:0 AIDS/KS is shown in Fig. 2.
| ee Raised neopterin levels in the last 2 years (higher
than 400 pmol/mol) accompanied a severe
CKS il CKS m  CKB4SN  AIDS/KS reduction of CD4+ cells and development of AIDS/

Fig. 1. Urinary neopterin levels in patients affected by Kaposi’s sarcoma.
Abbreviation used: CKS = classic Kaposi’s sarcoma. Stage I-1I-111,
SN = second primary malignancy; AIDS/KS = epidemic Kaposi’s sar-

coma.

CD3+ and CD4+ cells was found in these patients;
on the other hand, the CD8+ cell population per-
centage was not significantly decreased.

Nocpterin excretion levels in these patients, com-
prchensive of CKS stage III, appcared slightly
raised (P < 0.02).

Nevertheless, a weak corrclavion between
reduction of CD3+ and CD4+ cells and raised
neopterin valucs appeared when considering all the
CKS patients, including the patients with sccond
primary malignancy (r=0.50 and r= 0.54
respectively), but the associations were statistically
significant (P < 0.03).

KS and OI as a terminal event. Both AIDS/KS
patients died within 2 months of the last neopterin
cvaluation.

DISCUSSION
The natural history and clinical course of KS are
strongly associated with host immunologic status. At
present, in fact, KS is considered an opportunistic
neoplasia developing in immunologically compro-
mised individuals [12, 13], in whom an un-conven-
tional oncogenic virus (CMV?) is probably acting in

the initiation of the transformation process [2].

This is supported by several pieces of evidence:

(a) the incidence of KS is higher in individuals
receiving immunosuppressive treatments, such
as those undergoing organ transplantation or
affected by autoimmune disorders [14];
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Table 2. Immunological features and neopterin excretion levels in patients affected by classic

G. Santelli et al.

Kaposi’s sarcoma

Patients* Controls*
No 16 No. 30 Pvaluet
CD3+ cells % 62.1 =79 71.8 £ 5.3 <0.001
CD4+ cells % 39.8 £ 8.2 46.4 + 4.8 <0.01
CD8+ cells % 25,5+ 8.6 26.9 £ 35 N.S.
CD4+/CD8+ 1.81 1.0 1.74 £ 0.3 N.S.
Neopterin (umol/mol
creatinine) 197 £ 110 134 + 42 <0.02
IgA (mg/dl) 272 * 122 194 + 92 <0.05
IgG (mg/dl) 1268 + 449 1173 + 259 N.S.
IgM (mg/dt) 103 + 29 150 + 89 N.S.

*Mean + S.D.

+P values were obtained with Student’s ¢ test for unpaired observations.

N.S.—not significant,

Tcellstabs/mmc}

— 3000

ﬂ 1000

URINARY NEQPTERIN tumal/mol creatinine}
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Fig. 2. T cell subsets and neopterin excretion levels in the 2 years follow up (F.U.) of a patient affected by hemophilia A, anti-
HIV seropositive, who developed a Kaposi’s sarcoma as a terminal evenl. The patient died 2 months after the last neopterin
evaluation (March 1987).

(b) the discase may frequently resolve with dis-
continuation or reduction of immunosup-
pressive therapy [15];

(c) theprimary KSis often associated with tumors
of immunologically committed cells [16];

(d) the recent arising of an cpidemic, lymphaden-
opathic varicty of KS in young subjeccts with
acquired immunodeficiency syndrome, where
prognosis and survival arc well-corrclated
with T cell immunity (17, 18].

However, the published data about the immunc
responsiveness in CKS patients are scarce and
somewhat contradictory. For cxample, Stahl et al.
[19] did not find any significant difference in the
absolute number of T and B cells and T subscts
compared to thc normal range, while La Nasa e/ al.
[20] reported a decrcasce of T cell number and a

strong reduction of the CD4+ subsct, an increase
of the CD8+ subsct and an abnormal CD4/CD8
ratio. Finally, Marinig ¢! al. [21] obscrved a marked
decrcasc of T suppressor cells with a significant
increase of the CD4/CDS8 ratio.

The data reported here—a slight increase of
scrum IgA with a significant reduction of T lympho-
cytes and T helper cclls—suggest an underlying
abnormal immunorcgulation in this discasc rather
than a profound immunodcpression. We do not
know the rcason for the conflicting reports in the
litcrature, although the different methodology, and
the rarity and heterogencity of the ncoplasia may
play a role.

Neopterin monitoring is a simple but sensitive
paramcter of the monocyte/macrophage activation
and constantly raised ncopterin levels specifically
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reflect activation of these cclls by interferon gamma
derived by stimulated T cells [4]. Patients affected
by indolent CKS, in our scrics, did not show raised
neopterin levels until more advanced stages and/
or sccond primary malignancies appcared. This
finding may reflect the maintenance of a functional
reserve in the monocyte/macrophage function and
suggest therefore a better prognosis.

Low levels of necopterin are associated indeed
with favorable prognosis also in other ncoplasias
[22, 23}.

On the contrary, immunological data of paticnts
affected by AIDS/KS and OI reported in the litera-
turc arc in good agreement among themsclves,
showing a profound deficit in T cells with a reduced
number of CD4+ cells, an inverted CD4/CD8 ratio
and raiscd urinary ncopterin levels [24]. In our
patient affected by hemophilia A, we observed a
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progressive increase in neopterin excretion corre-
lated with a fall in T cell number long before the
appearance of the aggressive form of AIDS/KS. The
persistent activation of the monocyte-macrophage
axis suggested by the raised ncopterin levels in
anti-HIV seropositive patients could allow for the
development of the opportunistic infections and of
the aggressive behavior of neoplasias [25].

In conclusion, ocur results are in favor of the
hypothesis that the different evolution of CKS and
AIDS/KS is more related to the immunological
status of the host rather than to a possible different
ctiopathogenctic mechanism and stress the role of
ncopterin monitoring as a uscful marker of KS
progression.
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