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Polymorphonuclear granulocytes (PMN; or neutrophils) from uninfected or human immunodeficiency
virus-infected subjects were tested for their ability to inhibit growth of Candida albicans and produce
interleukin-l1 (IL-1If) and IL-6 in vitro. It was seen that PMN from AIDS (Centers for Disease Control stage
IV) patients expressed equal if not greater anticandidal activity compared with the activity expressed by
neutrophils from all other subjects examined. On exposure to granulocyte macrophage-colony-stimulating
factor or to a mannoprotein constituent (MP-F2) from C. albicans itself, PMN from AIDS patients showed
enhanced antifungal activity and production ofremarkable quantities ofIL-1" and IL-6. These findings suggest
that the functional abilities of PMN to inhibit Candida growth and secrete relevant proinflammatory and
immunomodulatory cytokines are intrinsically preserved in AIDS patients.

Patients with AIDS suffer from immunologic defects
which almost invariably lead to increased susceptibility to
opportunistic pathogens, among which Candida albicans has
a prominent role (5, 7). Various forms of mucosal candidiasis
are indeed common in these patients, but deep-seated can-
didiasis is rare and seems to occur only in AIDS patients
with major risk factors for disseminated disease such as
neutropenia or high-dose steroids (6, 7). As polymorphonu-
clear leukocytes (PMN; or neutrophils), possibly with the
participation of monocyte-macrophages and antibodies to
specific constituents of C. albicans (2, 10), play a critical role
in the defense against disseminated candidiasis, their anti-
candidal activity should not be expected to be grossly
impaired in AIDS subjects. Nonetheless, neutrophil dys-
functions leading to defective candidacidal activity in AIDS
subjects have been repeatedly reported (4).
PMN can be largely potentiated in their antimicrobial

activity by stimulants like cytokines and bacterial lipopoly-
saccharide (LPS). Interestingly, mannoprotein constituents
of C. albicans itself (MP-F2) are as powerful as LPS and
granulocyte macrophage-colony-stimulating factor (GM-
CSF) in potentiating the anti-Candida activity of PMN from
healthy subjects in vitro (12). On this basis, we reexamined
the in vitro anticandidal activity by unstimulated or MP-F2-
or GM-CSF-stimulated neutrophils from subjects at different
stages of human immunodeficiency virus (HIV) infection.
We also assayed unstimulated and stimulated neutrophils for
their ability to produce cytokines as markers of their activa-
tion.

This study was carried out with outpatients visiting a
clinical immunology section of a department of infectious
diseases, during a period of 6 months. All adult subjects who
gave informed consent to donate blood for the specific aims
of the study were eligible for inclusion. All subjects taking
antimycotics in the 2 weeks preceding blood collection were
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excluded. Thus, we enrolled 44 adult subjects (10 women
and 34 men). The 28 with HIV infection were subgrouped
according to their clinical stage (13), with 10 subjects in
Centers for Disease Control (CDC) stage II or III and 18
subjects in CDC stage IV (C1 or C2). The mean numbers (±
standard deviations) of CD4+ peripheral blood lymphocytes
were 456 (+225) and 201 (±140) for subjects at CDC stages
II and III and at CDC stage IV, respectively. The absolute
neutrophil counts were (3,160 ± 1,120) x 106/liter and (2,570

1,140) x 106/liter (means ± standard deviations) for the
two groups of subjects, respectively. In particular, none of
the AIDS patients was frankly neutropenic, as defined by
PMN counts of less than 1,000 x 106/liter. Of the 16
HIV-negative subjects, 9 were healthy individuals not be-
longing to any recognized risk category for HIV infection,
while 7 were drug addicts (4 individuals) or had HIV-positive
sexual partners (3 individuals). All CDC stage IV patients
were under treatment with zidovudine for at least 6 months.
None of the HIV-positive subjects was affected by oropha-
ryngeal, vaginal, or esophageal candidiasis at the time of the
study. The mean age and male/female ratio did not differ
between HIV-negative and HIV-positive subjects, as well as
between CDC stage II and III and CDC stage IV subjects.
The strain of C. albicans used as the target of neutrophil

activity and the cell wall mannoprotein fractions (MP-F2)
used throughout this study were described elsewhere (12,
13). In particular, MP-F2 was obtained by ion-exchange
chromatographic separation of a mannoprotein-rich extract
(GMP) from C. albicans, previously characterized for its
immunogenic properties (12, 13). MP-F2 was devoid of any
contaminating LPS (12).

All procedures in this study were performed with endo-
toxin-free media and reagents to avoid nonspecific activation
of neutrophils. Heparinized blood samples were diluted 1:2
in RPMI 1640 and layered on 10 ml of Lymphoprep (Nye-
gaard, Oslo, Norway). After centrifugation (30 min at 400 x
g) at room temperature, the PMN layer lying on the surface
of the erythrocyte pellet was collected and the erythrocytes
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TABLE 1. Stimulation of neutrophil anticandidal activity by mannoprotein of C. albicans or GM-CSF

PMN anticandidal activity' (mean + SE inhibition units)
HIV infection stage subjects Unstimulated GM-CSF MP-F2

stimulated stimulated

HIV negative 16 180.1 ± 33.9" 491.4 ± 121.4c 455.4 ±60.4
CDC stages II and III 10 137.4 ± 28.2e 538.2 ± 151.3f 423.4 ± 91.8g
CDC stage IV 18 359.0 ± 74.3" 998.7 ± 229.5i 895.3 + 187.8'

a Expressed as the number of PMN causing 20% Candida growth inhibition (see text). The statistical significance of the differences in the anticandidal activity
was the same when the activity was calculated in terms of 50% inhibition of Candida growth (not shown in the table). P < 0.05 (pooled Student's t test), b or
e versus h;P < 0.05 (pooled Student's t test), d versusj; P < 0.01 (paired Student's t test, b versus c or d, e versusforg, and h versus i orj. All other comparisons
gave statistically nonsignificant differences (P > 0.05).

were lysed by hypotonic shock with sterile distilled water for
30 s at room temperature. The cells were washed twice in
RPMI 1640 before they were readjusted to the desired den-
sity. Cytocentrifuged, Giemsa-stained preparations showed
these cells to be >99% PMN by morphology.
The anti-Candida activity of neutrophils was determined

by a radiolabel microassay to measure growth inhibition of
C. albicans, as described elsewhere (3, 12). Briefly, various
numbers of neutrophils in RPMI 1640 containing 2% heat-
inactivated fetal calf serum (FCS), 5 mmol of HEPES (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer per
liter, 2 mmol of L-glutamine per liter, 10 U of penicillin per
ml, and 100 ,ug of streptomycin per ml (FCS medium) were
added to triplicate wells of a 96-well flat-bottomed mi-
croplate. For PMN activation, 10 jig of MP-F2 per ml or 103
U of GM-CSF per ml was added to the wells and the
neutrophils were incubated for 30 min at 37°C. Then C.
albicans yeast cells, suspended in 25 pl of FCS medium,
were added to each well to result in effector/target (E,T)
ratios of 60/1, 30/1, and 15/1. Candida cells were also added
to empty wells to serve as controls. After incubation at 37°C
for 18 h under 5% CO2, 10 ,uCi of [3H]glucose (D-[5,6-
3H]glucose) specific activity, 66.9 Ci/mmol; Dupont de Ne-
mours & Co., NEN Products, Boston, Mass.) per ml in
sterile water was added. After an additional 3 h of incubation
at 37°C, the cells were harvested and the mean incorporation
of triplicate cultures was determined with a ,-counter (Be-
taplate; LKB, Bromma, Sweden) (the standard error was
usually within 5% of the mean). The percent growth inhibi-
tion of Candida cells was given by the following: (cpm of
Candida cells alone - cpm of PMN/Candida cell)/cpm of
Candida cells alone x 100.

Inhibition units were calculated and expressed as inhibi-
tion units 107 effector cells on the basis of the various E/T
ratios used. One inhibition unit is defined as the number of
effector cells causing 20% growth inhibition of 500 Candida
cells. The growth inhibition was linear over the range of E/T
ratios tested, and the average values of the slopes of the
curves relating E/T ratios to growth inhibition were not
significantly different among the different groups of subjects
studied.

Interleukin-13 (IL-113) and IL-6 production was assayed
by enzyme-linked immunosorbent assay (Quantikine) in
supernatants of neutrophils (2.5 x 106/ml of FCS medium in
24-well Costar plates) after 18 h of incubation in the presence
or absence of MP-F2 (10 ,ug/ml).

Since the anticandidal activity of neutrophils from HIV-
negative normal subjects and that from HIV-negative sub-
jects belonging to risk categories were almost equal, all data
from HIV-negative subjects have been cumulated in a single
group in Table 1.

There was no statistically significant difference between
the anticandidal activity of neutrophils from this group of
subjects and that of PMN from CDC stage II and III
subjects. Unstimulated PMN from AIDS patients (CDC
stage IV) showed not only an intact Candida growth-inhib-
itory potential but also an activity globally higher than that
expressed by the unstimulated neutrophils from all other
subjects. Table 1 also shows that the neutrophils were
strongly enhanced in their anticandidal activity by GM-CSF
and MP-F2. The potentiation observed in all HIV-positive
subjects fell in the same range (about 2.5 times the value of
unstimulated neutrophils) as that achieved by GM-CSF or
MP-F2 in PMN from HIV-negative subjects. Thus, the
highest anticandidal activity was shown by GM-CSF- or
MP-F2-stimulated PMN from AIDS patients (998 + 229 and
895 + 187 inhibition units, respectively). The enhancement
of the anticandidal activity of PMN by the mannoprotein
constituent of C. albicans was, in all subject groups, statis-
tically not different from that obtained with GM-CSF. There
was no statistically significant difference in neutrophil counts
between AIDS patients and all other HIV-infected subjects
(see above), and no relationship could be found between
inhibition unit levels and neutrophil count.

Figure 1 shows the individual values of anticandidal
activity in unstimulated and MP-F2-stimulated PMN. De-
spite the large individual variations, mostly evident in AIDS
patients, in all subjects the stimulated neutrophils had higher
inhibition unit levels than the unstimulated counterpart at
each stage of HIV infection. It is noteworthy that (i) three of
the five CDC stage IV subjects showing extreme PMN
anti-Candida activity values (>1,000 inhibition units) had
fewer than 10 x 106 CD4+ cells per liter and (ii) one of these
subjects also had the lowest absolute PMN count, i.e., 1,060
x 106/liter.
The neutrophils from the subjects at different stages of

HIV infection who donated sufficient quantities of blood
were assayed for IL-11 and IL-6 production at the 18th hour
of incubation in the presence or in the absence of MP-F2.
Table 2 shows that the neutrophils produced the two cyto-
kines under MP-F2 stimulation and that the cytokine level
was similar in all study groups.

Previous reports on the anticandidal activity of neutro-
phils in AIDS patients have led to contrasting conclusions
because different groups of subjects, different PMN func-
tions, and different anticandidal assays have been studied. In
particular, no data on the effect of candidal components
themselves on PMN activity have been presented. In their
comprehensive review, Ellis et al. (4) noticed that binding of
C. albicans for phagocytosis was impaired in PMN from
AIDS-related complex or AIDS patients. However, the
neutrophils had increased expression of a functionally rele-
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FIG. 1. Anticandidal activity of PMN from uninfected or HIV-infected subjects. The neutrophils were either unstimulated (C) or

stimulated with the mannoprotein activator of C. albicans (MP-F2). The arrows point to median inhibition unit values.

vant surface component such as the iC3b receptor. Other
authors attributed to heroin abuse rather than to HIV
infection the decreased ability of AIDS-related complex or
AIDS patients' PMN to ingest and kill C. albicans (8).

Contrasting results have also been reported concerning
the phagocytosis and killing of Staphylococcus aureus by
PMN from AIDS patients (1, 4, 11). In general, the results
suggesting dysfunctions in the anticandidal activity of the
neutrophils from AIDS patients are not in keeping with
current clinical evidence that even terminally ill, profoundly
immunodepressed AIDS patients, though suffering from
extensive mucosal candidiasis, are not particularly prone to
invasive disease.
The radiolabel microassay of PMN anticandidal activity

used here cumulates candidastatic with candidacidal effects
and is equally effective in monitoring the growth inhibition
(and/or killing) of both ingestible yeast particles and un-

ingestible hyphal filaments (3, 12). This avoids the strong
bias inevitable in the enumeration of CFU when multicellu-
lar hyphae are present, as is the case in all tissue culture
media. The conditions of our assay may also better reflect
the in vivo situation, in which the anti-Candida effectors are

challenged by both yeast and mycelial elements and both
candidacidal and candidastatic mechanisms are likely to be
expressed by the neutrophils (14).
Thus, we obtained clear-cut evidence that (i) neutrophils

from HIV-infected subjects are as effective in inhibiting
growth of C. albicans in vitro as those from HIV-uninfected
subjects; (ii) PMN from highly immunodepressed AIDS
patients may nonetheless be potent anti-Candida effectors in
vitro, capable of responding positively to a physiological
stimulant (GM-CSF) or an active component of C. albicans
itself; and (iii) PMN from HIV-infected subjects are capable
of synthesizing relevant proinflammatory and immunomod-
ulatory cytokines, such as IL-1, and IL-6, upon stimulation
with mannoprotein of C. albicans, exactly as occurs with
neutrophils from healthy subjects (12). Interestingly, the
baseline Candida growth inhibitory potential of PMN from
AIDS patients averaged a higher value compared with that of
PMN from non-AIDS-patient subjects. Although statistically
significant, this difference should be taken with caution
because of the particularly large spread in the anticandidal
response of PMN from AIDS patients (Fig. 1) and the
relatively low number of subjects studied in each category.

TABLE 2. IL-1 and IL-6 production by PMN from different groups of uninfected or HIV-infected subjects

Cytokine productiona (mean + SE [pg/ml]) (no. of subjects examined)

Subject group IL-1 IL-6

Unstimulated MP-F2 stimulated Unstimulated MP-F2 stimulated

HIV negative 18.9 ± 7.0 (11) 151.5 ± 81.3 (10) 6.8 ± 3.4 (9) 430.9 ± 119.4 (9)
CDC stages II and III 3.8 ± 2.5 (8) 127.2 ± 84.5 (8) 1.2 (5)b 407.3 ± 141.4 (5)
CDC stage IV 5.3 ± 3.1 (9) 160.0 ± 90.4 (9) 29.6 ± 14.9 (9) 339.0 ± 156.5 (9)

a There were no statistically significant differences in cytokine production among the three subject groups, whatever the stimulus used. There were no
statistically significant differences in age and male/female ratio between the subjects tested for PMN cytokine production and the untested ones.

b Only one subject gave a measurable amount of cytokine.
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Nonetheless, it is of interest that the anticandidal activity
of unstimulated PMN from AIDS patients approached to
that of GM-CSF- or MP-F2-stimulated PMN from uninfected
subjects (Table 1). This raises the possibility that the AIDS
patients studied here had somewhat preactivated PMN in
vivo, because of either circulating cytokines, as, for in-
stance, tumor necrosis factor alpha (9), or concurrent infec-
tions. As Candida mannoprotein is detectable in the blood of
several AIDS patients, with or without clinical signs of
mucosal candidiasis (2a), this constituent itself could act in
vivo. These possibilities are currently being evaluated.
Overall, the data shown here strongly suggest that the AIDS
patient neutrophil is per se still an efficient anticandidal
effector, matching the clinical evidence that patients with
AIDS are not at risk of deep-seated candidiasis unless they
become severely neutropenic. Our data also raise the theo-
retical possibility that neutrophils from AIDS patients are
able to respond in vivo to activation signals, such as those
furnished by GM-CSF, other cytokines, and microbial im-
munomodulators (LPS and mannoprotein), thus exerting
more effective antimicrobial activity.

This work was supported by a grant from Ministero della Sanita,
Istituto Superiore di Sanita, contract 720/X (National AIDS
Project).
We are greatly indebted to A. M. Marella for help in preparing the

manuscript.

REFERENCES
1. Baldwin, G. C., J. C. Gasson, S. G. Quan, J. Fleischmann, R

Weisbart, D. Oette, R. T. Mitsuyasu, and D. W. Golde. 1988.
Granulocyte-macrophage colony-stimulating factor enhances
neutrophil function in acquired immunodeficiency syndrome
patients. Proc. Natl. Acad. Sci. USA 85:2763-2766.

2. Bodey, G. P., and V. Fainstein. 1985. Systemic candidiasis, p.
135-188. In G. P. Bodey and V. Fainstein (ed.), Candidiasis.
Raven Press, New York.

2a.De Bernardis, F., et al. Unpublished data.
3. Djeu, J. Y., A. Parapanissios, D. Halkias, and H. Friedman.

1986. A rapid 3H-glucose incorporation assay for determination
of lymphoid cell-mediated inhibition of Candida albicans

growth. J. Immunol. Methods 92:73-79.
4. Ellis, M., S. Gupta, S. Galant, S. Hakim, C. VendeVen, C. Toy,

and M. S. Cairo. 1988. Impaired neutrophil function in patients
with AIDS or AIDS-related complex: a comprehensive evalua-
tion. J. Infect. Dis. 158:1268-1276.

5. Fauci, A. S. 1988. The human immunodeficiency virus: infectiv-
ity and mechanisms of pathogenesis. Science 239:617-623.

6. Imam, I., C. C. J. Carpenter, K. H. Mayer, A. Fisher, M. Stein,
and S. Danforth. 1990. Hierarchical pattern of mucosal Candida
infections in HIV-seropositive women. Am. J. Med. 89:142-
146.

7. Klein, R. S., C. A. Harris, C. Butkus Small, B. Moll, M. Lesser,
and G. H. Friedland. 1984. Oral candididasis in high risk
patients as the initial manifestation of the acquired immunode-
ficiency syndrome. N. Engl. J. Med. 311:354-356.

8. Lazzarin, A., C. Uberti Foppa, M. Galli, A. Mantovani, G. Poli,
F. Franzetti, and R. Novati. 1986. Impairment of polymorpho-
nuclear leucocyte function in patients with acquired immuno-
deficiency syndrome and with lymphadenopathy syndrome.
Clin. Exp. Immunol. 65:105-111.

9. Matsuyama, T., N. Kobayashi, and N. Yamamoto. 1991. Cyto-
kines and HIV-infection: is AIDS a tumor necrosis factor
disease? AIDS 15:1405-1417.

10. Matthews, R., J. Burnie, D. Smith, I. Clark, J. Midgley, M.
Conolly, and B. Gazzard. 1988. Candida and AIDS: evidence for
protective antibody. Lancet ii:263-265.

11. Murphy, P. M., H. C. Lane, A. S. Fauci, and J. I. Gallin. 1988.
Impairment of neutrophil bactericidal capacity in patients with
AIDS. J. Infect. Dis. 158:627-630.

12. Palma, C., D. Serbousek, A. Torosantucci, A. Cassone, and J. Y.
Djeu. 1992. Identification of mannoprotein fraction of Candida
albicans enhancing human PMN functions and involvement of
lactoferrin in PMN inhibition of Candida growth. J. Infect. Dis.
166:1103-1112.

13. Quinti, I., C. Palma, E. C. Guerra, M. J. Gomez, I. Mezzaroma,
F. Aiuti, and A. Cassone. 1991. Proliferative and cytotoxic
responses to mannoproteins of Candida albicans by peripheral
blood lymphocytes of HIV-infected subjects. Clin. Exp. Immu-
nol. 85:485-492.

14. Sohnle, P. G., and C. Coilins-Lech. 1990. Comparison of candi-
dacidal and candidastatic activities of human neutrophils. In-
fect. Immun. 58:2696-2698.

VOL. 31, 1993


