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Liposomal amphotericin B was immunosuppressive on target cell lysis in vitro and on protection mediated
by cytotoxic CD8 T cells in murine listeriosis. When dosages usually used for therapy in humans were
compared, the immunosuppressive effect of 5 mg of liposomal amphotericin B/kg of body weight/day was
similar to that of standard amphotericin B at 1 mg/kg/day, but a dosage of liposomal amphotericin B of 1
mg/kg/day was not suppressive in vivo.

Amphotericin B is the most important drug for the treat-
ment of life-threatening fungal infections in the immunocom-
promised host (2, 3). Amphotericin B is a polyene macrolide
which binds to ergosterol and other sterol components of the
fungal cell membrane (2). Apart from other detrimental effects
which limit the maximum dosage applicable in humans to 1
mg/kg of body weight/day, amphotericin B inhibits cellular
functions of the immune system, including mitogen and anti-
gen-induced proliferation of T and B cells in vitro (1, 7, 10, 13)
as well as the cytolytic function of cytotoxic T cells (4). When
higher dosages must be used the reduction of undesirable side
effects is indispensable.

One means to achieve this goal is incorporation into lipo-
somes. This has been shown to alter the pharmacokinetic prop-
erties of amphotericin B and the relative efficiencies in differ-
ent organs because liposomes are accumulated in the organs of
the reticuloendothelial system, including the liver (2, 8, 15). In
spite of the alterations in the pharmakokinetic properties in-
corporation in liposomes has been shown to ameliorate most
of the side effects of the substance so that higher dosages,
usually 3 to 5 mg/kg/day may be used for the treatment of
critically ill patients. Similar dosages of 1 mg/kg/day for lipo-
somal amphotericin and standard amphotericin B may be used
in special situations including prophylaxis (1, 2, 15).

In this study we compared the suppression of cytotoxic T-cell
function by dosages of standard and liposomal amphotericin B
commonly used in therapeutic situations. We used in vitro and
in vivo models for Listeria monocytogenes infection which are
established models for the study of cytotoxic-T-cell-dependent
immunity (11). Because CD8 T cells specific for the protein
p60 of L. monocytogenes have been shown to confer efficient
protection against L. monocytogenes (6) we used a CD8 T-cell
line specific for the peptide p60 fragment including residues
449 to 457 (p60 449–457) to investigate the effect of liposomal
incorporation on the suppressive effect of amphotericin B.

Amphotericin B (CAS 1397-89-3) complexed with deoxy-
cholate was obtained from Bristol-Myers Squibb (Munich,
Germany). Liposomal amphotericin B (AmBisome) was ob-
tained from Nexstar, Munich, Germany. CD8 T cells specific
for p60 449-457 were derived and cultured from L. monocyto-
genes-infected BALB/c mice as described (4, 5) and used in the
in vitro and animal experiments. In vitro cytolytic assays were
performed as described (4) with 103 51Cr-labeled P815 target
cells per well. Peptide-specific cytolysis was tested after 60 min
of incubation of target cells with p60 449–457. All targets were
tested in triplicate in a 4-h cytolytic assay with an effector-to-
target cell ratio of 10:1. For in vivo experiments female BALB/
cOlaHsd (H-2d) mice were purchased from Harlan-Winkel-
mann (Borchen, Germany) and used at 8 to 12 weeks of age.
Naive mice were adoptively transferred intravenously (i.v.)
with 5 3 106 CD8 T cells. Immediately after transfer mice were
challenged i.v. with 5 3 103 CFU of L. monocytogenes 1/2a
EGD. Treatment with standard and liposomal amphotericin B
was performed i.v. 30 min before and 24 and 48 h after chal-
lenge. Amphotericin was used at a dose of 1 mg/kg, which was
the highest dose tolerated by the mice. Liposomal amphoter-
icin B was used at doses of 1, 2, 5, 7, and 10 mg/kg, which were
well tolerated. Control animals received isotonic saline instead
of amphotericin B and CD8 T cells, respectively. Mice were
killed, the organs were homogenized in distilled water 72 h
after challenge and the number of CFU was determined as
described (4). Extraction of amphotericin B from the organ
homogenates for high-performance liquid chromatography
(HPLC) was performed as described (9). The statistical signif-
icance of the results of the in vivo experiments was checked
with Tukey’s test for multiple comparisons at the 0.05 sig-
nificance level using WINKS statistical analysis software
(Texasoft, Cedar Hill, Tex.).

Figure 1 shows the relative amphotericin B-mediated inhi-
bition of target cell lysis. The presence of amphotericin B in
deoxycholate suppressed target cell lysis in a concentration-
dependent manner (Fig. 1B). The lowest amphotericin B con-
centration which resulted in more than 25% inhibition of tar-
get cell lysis was 2 mg/ml. In contrast, a concentration of 100
mg/ml was necessary to produce a comparable effect when
amphotericin B was incorporated into liposomes (Fig. 1A).
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In mice, protection mediated by transferred CD8 T cells was
significantly reduced after treatment with standard amphoter-
icin B at the maximum dose (1 mg/kg) used in humans (Fig. 2).
Comparable immunosuppression was observed with a liposo-
mal amphotericin B dosage of 5 mg/kg/day (Fig. 2), which is
currently used for treatment of proven infections with as-
pergilli and Candida spp. (2, 12, 14). After treatment with a
liposomal amphotericin B dosage of 1 and 2 mg/kg/day, immu-
nosuppression was less pronounced because there was a sig-
nificant difference between CFU seen in transferred mice

treated with amphotericin B and CFU seen in transferred mice
treated with liposomal amphotericin B at either 1 or 2 mg/kg/
day.

During therapy of mice with liposomal amphotericin B, con-
centrations of amphotericin B in the liver as determined by
HPLC were higher than concentrations obtained with ampho-
tericin B (4.0 6 0.6 mg/g) and increased in a dose-dependent
manner. In mice treated with the 1- and 2-mg/kg liposomal
preparation, concentrations of 14.3 6 2.2 and 22.0 6 1.9 mg/g
of liver, respectively, were measured after 3 days of treatment.

FIG. 1. Effect of liposomal amphotericin B (AmBisome) (panel A) or standard amphotericin B (AmB) (panel B) on specific lysis of
51Cr-labeled P815 cells loaded with p60 449-457 by a corresponding peptide-specific CD8 T-cell line.

FIG. 2. Effect of incorporation into liposomes on amphotericin B-mediated inhibition of CD8 T-cell-mediated antilisterial protection. Mice
received 5 3 106 p60 449-457-specific CD8 T cells (1) or isotonic saline ( ) immediately before challenge with L. monocytogenes. Five mice for
each group were treated i.v. with the indicated dose of amphotericin B (AmB) or liposomal amphotericin B (AmBisome) or with isotonic saline
( ) 30 min before and 24 and 48 h after challenge with L. monocytogenes. Results are expressed as mean log10 CFU 6 standard deviation (error
bars). There was a significant difference (P , 0.05) between CFU when transferred mice treated with standard amphotericin B or liposomal
amphotericin B were compared with transferred mice which received isotonic saline instead of either formulation of amphotericin B.
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Concentrations in mice treated with 5-, 7-, and 10-mg/kg lipo-
somal amphotericin B were 51.3 6 2.6, 64.3 6 3.8, and 85.0 6
2.0 mg/g of liver, respectively. Although these concentrations
were lower than the suppressive concentration of liposomal
amphotericin B observed in vitro, one may assume that more
amphotericin B was released from the liposomes in vivo than in
vitro and that suppressive concentrations were reached in the
liver tissue already during treatment with the dosage of 5
mg/kg/day.

In summary, at commonly used dosages, standard and lipo-
somal amphotericin B produced comparable effects on cyto-
toxic-T-cell function in vivo. Lower dosages of liposomal am-
photericin B of 1 and 2 mg/kg/day that might be suitable in
some situations were less suppressive.
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