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Role of IL-15 in HIV-1-associated hypergammaglobulinaemia
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SUMMARY

IL-15is a novel cytokine, produced by monocytes/macrophages, with biological activities similarto IL-2
but with no significant sequence homology. IL-15 also stimulates human B cells to proliferation and
immunoglobulin secretion. We measured serum levels of IL-15 in 84 HIV-1-infected individuals at
different stages of disease in reference to 41 healthy blood donors. Our results show a marked elevation
of IL-15 serum levels during HIV-1 infection. Moreover, we found that this increase correlated with
serum levels of IgGr(= 0-376 P < 0-0001), and partly with serum IgMr (= 0-265P = 0-015). A
significant increase of IL-15 production by cultured peripheral blood mononuclear cells (PBMC) and
purified monocytes in the presence of HIV-1 virus suggests that monocytes/macrophages may be a
source of higher IL-15 serum levels in HIV-1-infected individuals. These findings indicate a participa-
tion of IL-15 in the hypergammaglobulinaemia frequently associated with HIV-1 infection.
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INTRODUCTION several human tissues such as heart, lung, liver, kidney, placenta,
Infection with HIV-1 is known to cause an intense polyclonal Skelett{.’“ ml;]scle snd eplthellgl cell Ilnes,t bL;t the h'%heSt levle 22
activation of B cells, as manifested by hypergammaglobulinaemiaSecre lon has been seen in monocytes/macrophages [12,16].

elevated serum levels of immune complexes and autoantibodie&\though it has no sequence homology with IL-2, IL-15 uses IL-2

increased numbers of spontaneous immunoglobulin-secretinréceptOr (IL-2R)3- andy-chains for binding and signal transduc-

_ ﬁon to the cell [14,17,18].
cells, and an elevated frequency of B cell lymphomas [1-3]. The The primary purpose for our investigations was to find an

HIV-1 envelope glycoprotein gp120 has been identified to bind and : . 2
. : : ; . . . . explanation for hypergammaglobulinaemia in late stages of HIV
induce immunoglobulin secretion via superantigen interaction by a

subpopulation of B cells, expressing thad/family of immuno- infection, when CD# T cells are diminished and no longer able to

globulin on their surface [4]. Recently, peptide epitopes that blockgtrg(\j”dvieamsetgtlraetg:{ iggzlrlj?nrIg\r/:?sdinBSzclel-lllIgfﬂ?(\j/:/tilggélénaf ur

binding of gp120 to immunoglobulin have been determined [5]. diff Y t st fth d WR | to WR VD) i . ith
The induction of B cell differentiation is a complex process that '1 |e_|r|evn 15_ a;)glyesdod N |se§se ( It 0 h )in colmtparlzo? w

is regulated by T lymphocytes and cytokines. Several mechanism ] ood donors. Lur results snow a correlation between

. L . IL-15 and immunoglobulin levels in serum of HIVtipatients.
for the excessive B cell activation in HIV-induced hypergamma- . : .
Moreover, we observed an increase in |IL-15 secretion from

globulinaemia have been suggested, including T cell contact- ‘ ltivated in th £ HIVL Vi isolat
dependent interactions [6,7], IL-6 and tumour necrosis factor-alph Hcl)\r;oi:y e)s cultivated in the presence of Hijfglvirus isolate
LB /-

(TNF-a) stimulation by monocytes [3,8—10] and IL-10 secretion
by B cells [11].
To shed more light on HIV-induced hypergammaglobulinae-
mia, we investigated the role of a novel cytokine, IL-15, which sagmples
shares many of the Stimu|at0ry activities associated with IL-ZSerum Samp|es were k|nd|y provided by Dr R. Zanger|e (Uni_
[12,13]. versitas-Klinik fiir Dermatologie, Innsbruck, Austria). The study
IL-15 is & 14—15-kD protein that stimulates proliferation of the population comprised 84 HIVA1lindividuals and 41 healthy blood
CTLL cell line, phytohaemagglutinin (PHA)-activated blasts [12], donors (HIV-I"). HIV-1* subjects were classified according to the
activation of natural killer (NK) cells [14] and secretion of IgM, alter Reed (WR) staging classification with 38 in WR I or I, 16

IgG and IgA by B cells [15] to the same extent and with similar jn WR Il or IV and 30 in WR V or VI. Serum samples were stored
potency as IL-2. Expression of IL-15 mRNA has been detected ingt —70°C.

MATERIALS AND METHODS

Correspondence: Dr L. Kacani, Institiitr fdygiene, Fritz-Pregl-Str. 3,  Detection of IL-15 in serum samples
Leopold-Franzens-Univerétta6020 Innsbruck, Austria. Various dilutions (undiluted samples and samples diluted 1:1,
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Table 1. Determination of IL-15 serum level in HIV#1 and HIV-1~ r
individuals 200 N v
L o o Q
L [¢] <o
IL-15 serum level E r
S S 150
HIV-1 infection stage Detectable/not detectable % = - A o
o
WR I-II (n = 38) 15/23 39 & i a °
WR -1V (n = 16) 8/8 50 € 100
WR V-VI (n = 30) 15/15 50 8 - a o
Healthy blood donorsn(= 41) 12/29 29 8 r A °
2 - v
4 50—
1:2, 1:4) of serum samples were assayed by an ELISA kit for the r i X
specific quantitative determination of human IL-15 (Genzyme, Y S akn g, N ! o
Cambridge, MA) according to the manufacturer’s instructions. HIV-1T™  WRI-l WRII-IV WRV-VI HIv-1*
The kit is specific for native or recombinant human IL-15 (detec- HIV-1 infection status

tion limit 10 pg/ml) with no detectable cross-reaction with other

. . Fig. 1. Determination of IL-15 serum levels in 41 healthy donors and 84
cytokines and serum proteins. '9 etermination o um |evels | y

HIV-17 individuals. HIV-1 individuals were divided in three groups

. according to the Walter Reed Classification (WR I-Il, WR 1lI-IV, WR
Detection of IgM and IgG V-VI). HIV-1~, healthy donors; horizontal bars, mean values of each
IgM and IgG levels in serum were measured by routine sandwiclyroup of subjects; dotted line, detection limit.

ELISA using polyclonal rabbit anti-lgM or anti-lgG as capture
antibody and polyclonal goat anti-lgM or anti-lgG antibodies,
conjugated to horseradish peroxidase (HRP; Dako A/S, GlostrupHIV-1~ serum samples. Spearman’s non-parametric test was used

Denmark) for antigen detection. for correlations between IL-15 and IgG or IgM serum levels. Two-
tailed Student's-test for unpaired data was applied for comparison
Mononuclear cells and monocytes of IL-15 levels in supernatants from PBMC and monocytes.

Peripheral blood mononuclear cells (PBMC) were obtained from
heparinized peripheral blood of healthy donors by centrifugation
on a Ficoll-Hypaque density gradient. Monocytes were separated RESULTS

from PBMC by adherence on gelatin-coated Petri dishes aserum levels of IL-15 in HIV-1-infected subjects

described previously [19]. Briefly, 10ml of PBMC suspension We were able to detect serum levels of IL-15 only in parts of
(3-6x 10° cells/ml) in RPMI 1640+ 10% fetal calf serum (FCS) HIV-1* and HIV-1~ subjects (Table 1). Only 29% of HIV-1
-+3% autologous human serum were incubated on gelatin-coateserum samples contained measurable levels of IL-15. With pro-
(2% gelatin in water) Petri dishes for 40 min af@7Non-adherent  gression of disease the number of IL-15-positive individuals
cells were aspirated and dishes washed three times with prewarmégcreased to 50% (WR I11-VI).

RPMI 1640+ 10% FCS medium. Adherent cells (92—97% CD14 The mean values of serum IL-15 showed a significant (Mann—
monocytes) were incubated for 10 min in RPMI 16400% FCS  Whitney test; P = 0-0034) increase in 84 HIVA individuals
medium with 5 nm ethylenediaminotetraacetate (EDTA). Detached compared with 41 HIV-1 donors (2683 + 4-47 pg/ml versus
monocytes were aspirated, washed and resuspended in RPMOD 78 + 501 pg/ml) (Fig. 1). Among HIV-T individuals, IL-15

1640+ 10% FCS medium. serum levels were higher in subjects at later stages (WR llI-IV
21:99+ 1191 pg/ml and WR V-VI 2865 + 6-:65 pg/ml) than in
Cocultivation of PBMC and monocytes with HlyglLisolate HIV-1* individuals at earlier stages (WR |1l T8~ 6:88 pg/ml)

HIV-1,,5 virus isolate was used in all experiments. Virus stock wasof the disease. After increase during WR IlI-IV stages, the IL-15
prepared by propagation in PBMC from healthy HIV-fionors.  serum level in ARC/AIDS patients (WR V—VI) remained stable. In
Virus was concentrated by ultracentrifugation and quantified byall groups, no significant difference was found for serum IL-15
capture ELISA for HIV-1 p24 antigen. Heat-inactivated 66 (P > 0-05).

for 30 min) HIV-1,z isolate (iHIV-1,5) was used in some

experiments. PBMC and monocytes X10° cells/well, 10Qul) Correlation between serum levels of IL-15 and gammaglobulins
were incubated in RPMI 1648 10% FCS medium with different The hypergammaglobulinaemia in HIVtIsubjects was mainly
HIV-1,5 concentrations for 7 days. One hundred microlitres ofdue to an increase in IgG, although IgM were also elevated. Our
1:1 diluted supernatants were used immediately for IL-15 deterresults show that, among HIVEicarriers, the mean IgM and IgG

mination as described above. level is higher in patients with detectable serum levels of IL-15
than in those with undetectable levels of IL-15 (for IgM
Statistical analysis 4032 = 694 mg/100ml versus 2473+ 306 mg/100 ml; for

Results are expressed as measie.m. of the data obtained from 1gG 21914 + 791 mg/100 ml versus 18111 * 34-:1 mg/100 ml)
two independent measurements of each serum sample performgfig. 2a,b). In addition, the difference in serum levels of IgG
in duplicate. Non-parametric Mann—Whitney test for unpaired datayas statistically significant (for IgGP < 0-0001, for IgM
was carried out for statistical comparison between HiVand P = 0-1351).

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$0814-18



16 L. Kacani, H. Stoiber & M. P. Dierich

(a) (b)
3000 — o
P=0-1351 3500 L P <0-0001 o
E 2500 E °
8 3 °
S S 3000 o
(2] o
£ 2000 £ o
5 s 8
= = 2500 — B
o o i o
£ 1500 - o =
Q ) [o]
(8] (8]
: 5 2000/ ; :
o o
£ 1000 o e E
3 3
5 o 5 B
° 5 1500 o
3 0 ; 2 :
k= : S
0 : \ . 1000 ; : .
- + - +
IL-15 presence IL-15 presence
(c) (d)
3000 — °
r=0-2656 3500~ = 0-3765 o
P=0-015 P < 0-0001 °
1S £
3 g 3000
S, 2000 — =
o
E £
c = 2500
2 1500 ° o 8
o o
€ 1
o 2
2 1000 o § 000
o [
(8] o
= (G
2 500 > 15002
0% J 1000 | I | 1 J
0 50 100 150 200 0 50 100 150 200
IL-15 concentration (pg/ml) IL-15 concentration (pg/ml)

Fig. 2. Correlation between IL-15 and immunoglobulin serum levels in HiVirdividuals. IgM (a) and IgG (b) serum levels in HIVEindividuals with
undetectable®) or detectable(()) levels of serum IL-15. Horizontal bars, mean values of each group of subffeeédiie, non-parametric Mann—Whitney
test for unpaired data. Correlations of IgM (c) and IgG (d) levels in sera with serum It &l P value, non-parametric Spearman’s test for correlation.

A moderate, but significant correlation was observed betweer5833 pg/ml; PBMC+ iHIV-1,,5 76:31 pg/mlversus40-17 pg/ml,
IL-15 and IgM serum levelsr(= 0-2656; P = 0-015) in HIV-1t PBMC+ HIV-1,,g 8893 pg/mlversus39-74 pg/ml). In addition, a
individuals (Fig. 2c). Moreover, we actually found a signifi- significant increase of produced IL-15 was observed by cultivation
cant correlation between serum levels of IL-15 and IgGof monocytes and PBMC with HIV4]s isolate at the concentra-

(r =0-3765; P < 0-0001) (Fig. 2d). tion 1 ng/ml and 10 ng/ml of HIV-1 p24 antige® & 0-01; Stu-
dent’st-test). IL-15 production from purified monocytes was much
IL-15 production by monocytes and PBMC higher than that observed from PBMC, thus confirming that

The production of IL-15 by cultured monocytes and PBMC wasmonocytes are the main cell type involved in IL-15 production.
examined to prove relevance of increased IL-15 serum levels in

HIV-1" individuals (Fig. 3). Monocytes and PBMC obtained from DISCUSSION

healthy donors showed a spontaneous production of IL-15 which

was increased after stimulation with HI\{zd or iHIV-1,5 iso- B lymphocyte dysfunctions, frequently observed during HIV
late. We detected maximum two-fold increase against mockinfection, include hypergammaglobulinaemia, circulating acti-
control in IL-15 production by stimulation with 10ng/ml of vated B cells, spontaneous immunoglobulin secretion and the
HIV-1 p24 antigen (monocytesiHIV-1,g 13954 pg/ml ver- presence of autoantibodies [1,20]. Several mechanisms have
sus 6924 pg/ml, monocytes HIV-1,5 15434 pg/ml versus been postulated to explain this abnormal B cell function. Some
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* differentiation of activated B cells. Among them, IL-6, IL-4 and
TNF-a were considered to induce B cell hyperactivity [8,22,23].
Some authors have ascribed the hypergammaglobulinaemia of
HIV-1-infected individuals to an increased production of IL-6 by
cells of the monocyte-macrophage system as a consequence of
HIV-1 infection [22,24]. Nevertheless, hypergammaglobulinaemia
in HIV-1-infected persons does not clearly correlate with plasma
levels of IL-6 [8]. We demonstrate that IL-15 levels correlate with
serum IgG in HIV-1" individuals ¢ = 0-376; P < 0-0001), but do

not clearly correlate with serum IgM & 0-265; P = 0-015). This

is the first report of serological analysis that describes a correlation
between HIV-1-associated hypergammaglobulinaemia and immu-
nological factors.

Since increased production of IL-15 by lipopolysaccharide
(LPS)-activated murine macrophages has been reported [16], in
further experiments we analysed IL-15 production by purified
monocytes and PBMC from healthy donors. We detected a two-
fold, significant increase in the amount of IL-15 released from
monocytes and PBMC stimulated with HI\(;d virus isolate.
These results suggest that HIV-1 virus exerts direct influence on
Fig. 3. Determination of IL-15 levels in culture supernatants of monocytes|L-15 production in monocytes and therefore also on IL-15 serum
and peripheral blood mononuclear cells (PBMCX(10° cells/ml) after 7 levels.
days incubation in presence or absence of Hjl¢-land iHIV-1y . Data In conclusion, we determined serum levels of IL-15 in HIV-1
are the mea;t s.e.m.f six separate expeiments performed in duplicate.persons at different stages of disease in comparison with
%oni?:)'\//ltgsi IHl-ill\\//]:_L* < SEEACJ“ HIV-1; &, monocytes-iHIV-1; W, healthy controls. We demonstrate that IL-15 levels are significantly

' ' elevated in HIV-1-infected individuals. Moreover, as investigated
in the present study, we have found correlation between IL-15

671 d ibed T cell tact-d dent activati fBand immunoglobulin serum levels, indicating that IL-15 may
groups [6,7] describe cell contact-dependent activation of By, b e to the pathogenesis of HIV-1-associated hypergamma-
cells by HIV infection. Nevertheless, none of these mechanism

. . . lobulinaemia, even in the later stages of infection. IL-15, secreted
.clearl.y explalneq hypergammaglgbullnaemm at. 6.1” stages of H by activated monocytes/macrophages, costimulates proliferation
mfectlon_, even in ARC/AIDS patients that exh|_b|t COA cell . and differentiation of activated B cells in a manner similar to IL-2
dysfunction. Unlike CDZ T cells, which are rapidly depleted in 15]. Because of its broad stimulatory activities, we suggest
HIV-1" individuals, monocytes/macrophages withstand prolonge hat this interleukin is a useful parameter for HI\}-disease and
periods of infection by HIV with significantly less cytopathology can provide more precise assessment of the immune status.
and cell death, show altered cytokine production and have an
activated phenotype [21]. Therefore, we propose that a monocytes/
macrophages-mediated cosignalling pathway rather than T cell ACKNOWLEDGMENTS
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