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ABSTRACT In the past decades, the incidence of cryptococcosis has increased dra-
matically, which poses a new threat to human health. However, only a few drugs are
available for the treatment of cryptococcosis. Here, we described a leading com-
pound, NT-a9, an analogue of isavuconazole, that showed strong antifungal activities
in vitro and in vivo. NT-a9 showed a wide range of activities against several patho-
genic fungi in vitro, including Cryptococcus neoformans, Cryptococcus gattii, Candida
albicans, Candida krusei, Candida tropicalis, Candida glabrata, and Candida parapsilo-
sis, with MICs ranging from 0.002 to 1 �g/ml. In particular, NT-a9 exhibited excellent
efficacy against C. neoformans, with a MIC as low as 0.002 �g/ml. NT-a9 treatment
resulted in changes in the sterol contents in C. neoformans, similarly to fluconazole.
In addition, NT-a9 possessed relatively low cytotoxicity and a high selectivity index.
The in vivo efficacy of NT-a9 was assessed using a murine disseminated-
cryptococcosis model. Mice were infected intravenously with 1.8 � 106 CFU of C.
neoformans strain H99. In the survival study, NT-a9 significantly prolonged the sur-
vival times of mice compared with the survival times of the control group or the
isavuconazole-, fluconazole-, or amphotericin B-treated groups. Of note, 4 and
8 mg/kg of body weight of NT-a9 rescued all the mice, with a survival rate of 100%.
In the fungal-burden study, NT-a9 also significantly reduced the fungal burdens in
brains and lungs, while fluconazole and amphotericin B only reduced the fungal
burden in lungs. Taken together, these data suggested that NT-a9 is a promising an-
tifungal candidate for the treatment of cryptococcosis infection.

KEYWORDS NT-a9, triazole compound, Cryptococcus neoformans, disseminated
cryptococcosis, fungal burden

In recent years, with the increases in high-risk populations like solid organ transplant
and chemotherapy patients and patients with liver failure and immunosuppression,

the incidence of invasive fungal infections (IFIs) has increased dramatically (1–3), which
has also brought enormous medical and economic burdens to our communities. It is
estimated that in the United States alone, the cost of fungal diseases exceeded $7.2
billion in 2017 (4). Among all IFIs, more than 50% are caused by Candida spp. (5).
Although patients with cryptococcosis are fewer than those with candidiasis, crypto-
coccal infections are more serious and difficult to treat, because cryptococcal infections
often invade the central nervous system, leading to cryptococcal meningitis. In addi-
tion, cryptococcosis often leaves survivors with central nervous system damage, which
does not occur with candidiasis. Cryptococcal meningitis has become one of the
leading causes of AIDS-related deaths (6–8). A study of HIV-related cryptococcal men-
ingitis found that more than 220,000 cases of cryptococcal meningitis and approxi-
mately 180,000 deaths caused by cryptococcal meningitis occurred worldwide in 2014,
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with sub-Saharan Africa accounting for more than 70% of the estimated cases and
deaths (9).

The development of antifungal drugs in the past decades has been extremely slow
(10). For years, there was no new drug available for the treatment of cryptococcosis.
Currently, the gold standard treatment for cryptococcal meningitis is based on ampho-
tericin B. The treatment consists of induction therapy with amphotericin B and
5-flucytosine, followed by consolidation and maintenance therapy with fluconazole
(11). However, the current treatment regime has disadvantages, including the adverse
effects of amphotericin B and the lack of availability of therapy in resource-limited
settings (12, 13). Therefore, there is an urgent need for new drugs to be available for
the treatment of cryptococcosis.

In our previous study, a series of isavuconazole analogues bearing an isoxazole motif
were synthesized. A preliminary antifungal study found that these compounds had a
wide range of antifungal ability against several pathogenic fungi (14). In this study,
before translation of the in vitro antifungal activities to an in vivo disseminated-
cryptococcosis mouse model, the metabolic stability of four selected compounds,
NT-a1, NT-a2, NT-a9, and NT-a20, was assessed. According to the results shown in Table
1, compound NT-a9 showed low clearance when exposed to mouse liver microsomes,
making it more worthy of further evaluation. Therefore, in this study, we investigated
the in vitro efficacy of NT-a9 against several Cryptococcus and Candida strains. The in
vivo efficacy of NT-a9 against disseminated cryptococcosis was also evaluated.

RESULTS
NT-a9 showed significant antifungal activity against Candida species, while its

strongest efficacy was against Cryptococcus neoformans. In our previous study,
NT-a9 had antifungal activity against Candida albicans strains with MICs of 0.0313 and
0.125 �g/ml, against Candida parapsilosis with a MIC of 0.5 �g/ml, against Candida
glabrata with a MIC of 0.0625 �g/ml, and against Aspergillus fumigatus with a MIC of
8 �g/ml (14). In this study, we further investigated the in vitro susceptibility to NT-a9 of
more strains of Cryptococcus neoformans, Cryptococcus gattii, Candida albicans, Candida
krusei, Candida tropicalis, Candida glabrata, and Candida parapsilosis. The results
showed that NT-a9 was highly active against all 32 strains tested, with MICs ranging
from 0.002 to 1 �g/ml (Table 2). The efficacy of NT-a9 against Candida strains was
comparable to that of isavuconazole and superior to those of fluconazole and ampho-
tericin B. The MIC50s of NT-a9 ranged from 0.002 to 0.25 �g/ml. For most strains tested,

TABLE 1 Stability of four compounds in mouse liver microsomes
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the MICs of NT-a9 were only twice the MIC50 or even equal to it. In particular, NT-a9
exhibited its strongest effect against C. neoformans (2 standard reference strains and 16
clinical isolates), with MICs even lower than those of isavuconazole, 8- to 2,000-fold
lower than those of fluconazole, and 8- to 250-fold lower than those of amphotericin
B. Therefore, we further evaluated the in vivo effects of NT-a9 against C. neoformans.

NT-a9 is fungistatic against C. neoformans and C. albicans. A time-kill assay was
carried out against C. neoformans and C. albicans. As shown by the results in Fig. 1,
compared with the results for the control, NT-a9 significantly inhibited the growth of C.
neoformans H99 (Fig. 1A) and C. albicans strain SC5314 (Fig. 1B). NT-a9 showed an
inhibitory effect similar to but slightly better than that of fluconazole, exhibiting a
fungistatic effect against both strains.

NT-a9 treatment affected the sterol biosynthesis of C. neoformans. To reveal the
antifungal mechanism of NT-a9 against C. neoformans, total sterols of C. neoformans
H99 were extracted and analyzed after treatment with NT-a9 or fluconazole. As shown
by the results in Fig. 2, in the control group, most of the sterol contents were ergosterol,
accounting for more than 90%. Treatment with NT-a9 resulted in a significant decrease
in ergosterol content, to less than 10%. Meanwhile, the content of obtusifoliol in-
creased and eburicol became the main component of the total sterols. Importantly,
these changes were consistent with those in fluconazole-treated groups. These results
showed that NT-a9 treatment affected the sterol biosynthesis of C. neoformans and
suggested the compound might inhibit fungal CYP51 similarly to fluconazole.

TABLE 2 MICs of NT-a9 against common pathogenic fungi

Speciesa Strain

Value (�g/ml) forb:

NT-a9 ISA FLC AMB

MIC MIC50 MIC MIC50 MIC MIC50 MIC

C. neoformans H99 0.031 0.004 0.13 0.031 4 2 1
C. neoformans ATCC 32609 0.016 0.008 0.016 0.004 0.5 0.13 0.13
C. neoformans SCZ50100 0.008 0.002 0.063 0.016 4 2 1
C. neoformans SCZ50101 0.002 0.002 0.031 0.004 4 1 0.5
C. neoformans SCZ50102 0.008 0.004 0.063 0.031 8 4 1
C. neoformans SCZ50104 0.008 0.002 0.063 0.016 4 2 1
C. neoformans SCZ50106 0.008 0.002 0.063 0.031 8 4 1
C. neoformans SCZ50107 0.008 0.002 0.063 0.031 8 4 1
C. neoformans HN2-40 0.063 0.031 0.13 0.063 4 2 2
C. neoformans HN15 0.25 0.25 0.063 0.063 2 1 4
C. neoformans HN17 0.063 0.063 0.063 0.063 4 2 1
C. neoformans HN19 0.063 0.063 0.063 0.031 4 2 1
C. neoformans HN20 0.063 0.063 0.13 0.063 4 2 2
C. neoformans BJ3 0.063 0.063 0.13 0.008 4 0.13 2
C. neoformans BJ72 0.063 0.063 0.13 0.031 4 1 2
C. neoformans BJ95 0.063 0.063 0.13 0.008 4 0.5 2
C. neoformans SH68 0.063 0.063 0.13 0.008 4 0.13 1
C. gattii WM178 0.13 0.063 0.13 0.063 8 4 1
C. gattii WM179 0.063 0.016 0.13 0.016 4 2 2
C. gattii E566 0.063 0.063 0.13 0.031 4 2 2
C. gattii SCZ20024 0.13 0.063 0.13 0.031 4 1 4
C. gattii SCZ20031 0.063 0.063 0.13 0.031 4 1 2
C. albicans SC5314 0.13 0.063 0.13 0.031 0.5 0.13 0.13
C. albicans 333 0.25 0.13 0.13 0.031 1 0.25 0.25
C. krusei 463 1 0.13 0.13 0.063 4 1 0.5
C. krusei 397 0.13 0.063 0.13 0.063 2 1 1
C. krusei 467 0.13 0.13 0.13 0.13 0.5 0.25 0.25
C. tropicalis ATCC 750 0.25 0.13 0.5 0.13 2 1 0.5
C. tropicalis 112936 0.25 0.13 1 0.13 2 0.5 0.5
C. glabrata ATCC 2001 0.13 0.063 0.13 0.063 2 1 1
C. glabrata 537 0.13 0.063 0.13 0.063 0.5 0.25 0.5
C. parapsilosis 9018 0.13 0.063 0.13 0.063 0.25 0.13 0.13
aCryptococcus species: C. neoformans and C. gattii. Candida species: C. albicans, C. krusei, C. tropicalis,

C. glabrata, and C. parapsilosis.
bISA, isavuconazole; FLC, fluconazole; AMB, amphotericin B.
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NT-a9 had relatively low toxicity against mammalian cells and a high selectiv-
ity index. The cytotoxicity of NT-a9 was assessed using human umbilical vein endo-
thelial cells (HUVECs). A concentration of 4 �g/ml of NT-a9 had no cytotoxicity against
HUVECs, and 8 �g/ml of NT-a9 began to show an observable inhibitory effect on cell
viability (Fig. 3). The selectivity index, which here is the ratio of the IC50 against HUVECs

FIG 1 Time-kill curves of C. neoformans strain H99 (A) and C. albicans strain SC5314 (B) treated with NT-a9
or fluconazole (FLC). Strains were grown in RPMI 1640 medium with a starting inoculum of 5 � 105

CFU/ml. Aliquots were obtained at the predetermined time points, and serial dilutions were spread on
SDA plates. Colony counts were determined after incubation. The results are calculated from two
independent experiments.

FIG 2 Sterol analysis of C. neoformans cells by GC-MS. C. neoformans H99 was treated with NT-a9 or
fluconazole (FLC) for 8 h. Cells were collected, and total sterols were extracted. Sterol compositions were
analyzed by GC-MS. Data are shown as the mean values � standard deviations from two independent
experiments.
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and the MIC against C. neoformans, can indicate the safety of a compound to some
extent (15). The 50% inhibitory concentration (IC50) of NT-a9 against HUVECs was
13.66 �g/ml, and the MIC against C. neoformans was 0.031, which gave NT-a9 a high
selectivity index of 440. In conclusion, NT-a9 showed good safety properties.

NT-a9 increased the survival rate and prolonged the survival time in the
disseminated-cryptococcosis mouse model. In the 20-day survival experiment, NT-a9
exhibited potent efficacy in the disseminated-cryptococcosis mouse model. First, we
assessed the in vivo effects of NT-a9 at doses of 4 and 8 mg/kg of body weight, with
isavuconazole, fluconazole, and amphotericin B as positive controls (Fig. 4A). The results
showed that 4 mg/kg and 8 mg/kg of NT-a9 protected all the mice through the
observation period and significantly improved the survival rates. NT-a9 extended the
median survival time of mice by 12.1 days compared with the median survival time of
the control group. In contrast, isavuconazole showed no therapeutic effect against
disseminated cryptococcosis. In order to determine the effective dose of NT-a9, we
reduced the dosage to 0.5, 1, 2, and 4 mg/kg (Fig. 4B). All the mice in the vehicle control
group were dead between 6 and 9 days postinoculation, with a median survival time
of 7.4 days. Compared with the survival time for the control group, NT-a9 significantly
prolonged the survival time in mice at all four doses tested (P � 0.001 for all
comparisons). The median survival times of groups that were treated with 0.5, 1, and
2 mg/kg of NT-a9 were 11.8, 15.9, and 16 days, respectively. Similarly, 4 mg/kg of NT-a9
rescued all the mice without death. In addition, there were statistically significant
differences in survival times between the NT-a9-treated groups and the fluconazole-
and amphotericin B-treated groups (P � 0.001 for all comparisons). Both the
fluconazole-treated mice and the amphotericin B-treated ones died within 14 days
postinfection. Therefore, it can be concluded that NT-a9 has a much stronger protective
effect than fluconazole or amphotericin B in mice with C. neoformans infection.

NT-a9 reduced the fungal burden in both brain and lungs in the disseminated-
cryptococcosis mouse model. To further investigate the in vivo effects of NT-a9, a
fungal burden study was also carried out in the disseminated-cryptococcosis mouse
model. Following 3 days of antifungal treatment, we examined the changes in the
fungal burdens in the brains and lungs, which are the organs most vulnerable to C.
neoformans infection. As shown by the results in Fig. 5, significant reductions in fungal
burdens were observed with the NT-a9 treatment. In brains, the CFU counts for all
doses in the NT-a9-treated groups were significantly lower than that of the control
group: the mean values for the treatment groups were 5.75, 5.24, and 4.67 Log10 CFU/g,

FIG 3 Cytotoxicity results for NT-a9 against HUVECs. A total of 1 � 105 cells/ml of HUVECs in DMEM
containing 10% fetal bovine serum (FBS) were seeded in 96-well tissue culture plates and incubated for
3 h for adhesion. After incubation, the supernatant was removed and fresh DMEM with different
concentrations of NT-a9 was added. The plates were incubated for an additional 24 h at 37°C with 5%
CO2. After incubation, 10 �l of CCK-8 solution was added to each well and the plates were incubated at
37°C for 2 h. Cell viability was assessed by measuring absorbance at 450 nm. Data are shown as the mean
values � standard deviations for three independent experiments.
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while the mean value for the control group was 6.19 Log10 CFU/g (P � 0.001 for all
comparisons) (Fig. 5A). However, fluconazole and amphotericin B did not demonstrate
significant reductions in fungal burdens in brains compared with the fungal burden in
the control group. In contrast, all the treatments demonstrated significant reductions in
fungal burdens in lungs (P � 0.001 for all comparison) (Fig. 5B). Each dose of NT-a9
showed a similar reduction in the fungal burden in lungs. Fluconazole and amphoter-

FIG 4 Survival curves for mice with disseminated cryptococcosis treated with antifungal agents. Mice
were inoculated intravenously with C. neoformans H99 at 1.8 � 106 CFU per animal and then treated with
NT-a9, isavuconazole (ISA), fluconazole (FLC), or amphotericin B (AMB) (n � 10 mice per group). The
differences in in vivo effects between high doses (A) and low doses (B) of NT-a9 were investigated.
Antifungal monotherapy was initiated 2 h after inoculation and continued for 7 days. Mice were
monitored without therapy until day 20. Amphotericin B was administered intraperitoneally, while other
antifungal treatments were performed through oral gavage. ***, P � 0.001 versus the results for the
control. One representative result out of two independent experiments is shown.

FIG 5 Fungal burdens in mice with disseminated cryptococcosis treated with antifungal agents. Mice were
inoculated intravenously with C. neoformans H99 at 1.8 � 106 CFU per animal and treated with NT-a9, fluconazole,
or amphotericin B (n � 10 mice per group). Antifungal monotherapy was initiated 1 day after inoculation and
continued for 3 days. Mice were humanely euthanized 1 day after the last treatment, and brain (A) and lung (B)
samples were collected for fungal burden analysis. Amphotericin B was administered intraperitoneally, while other
treatments were performed through oral gavage. Horizontal lines represent mean values, and whiskers represent
standard deviations. ***, P � 0.001 versus the result for the control. One representative result out of two
independent experiments is shown.
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icin B also led to significant decreases in fungal burdens in lungs. Still, there were
significant differences between the NT-a9 treatment groups and the fluconazole or
amphotericin B group.

DISCUSSION

Currently, fluconazole is the first-line drug for the treatment of cryptococcosis in the
clinic. However, Cryptococcus strains have developed resistance to fluconazole in recent
years (16, 17). In this study, the triazole compound NT-a9 exhibited potent antifungal
activity in vitro and in vivo. The in vitro activities against C. neoformans and C. gattii were
comparable to those of VT-1129, a new tetrazole compound that is undergoing clinical
trials (18). Not surprisingly, the time-kill curve experiment demonstrated that NT-a9 is
fungistatic rather than fungicidal, like most of the azole compounds (19, 20). The
classical antifungal mechanism of azole drugs is to inhibit CYP51 enzyme activity and
ergosterol biosynthesis, resulting in changes in cell membrane components. Sterol
analysis by gas chromatography-mass spectrometry (GC-MS) revealed that NT-a9 treat-
ment decreased the ergosterol content of C. neoformans. Some azole drugs have
cytotoxicity, such as hepatocellular toxicity, which is responsible for the clinical liver
damage caused by antifungal therapy (21, 22). A cytotoxicity assay showed that NT-a9
had relatively low toxicity for mammalian cells, indicating that it is relatively safe.

The results of survival and fungal burden experiments demonstrated that NT-a9 also
has potent efficacy in the murine model of disseminated cryptococcosis caused by C.
neoformans. NT-a9 significantly improved the survival times, and the survival benefit
reached 100% at the doses of 4 and 8 mg/kg. In the assessment of brain fungal
burdens, NT-a9 decreased the fungal burden in a dose-dependent manner. In contrast,
treatment with fluconazole and amphotericin B did not reduce the brain fungal
burdens. We hypothesized that the poor efficacy of amphotericin B treatment could be
attributed to the high CFU count in the brain and the resistance of the blood-brain
barrier to passage of amphotericin B. In lungs, fungal burdens were reduced in all the
antifungal treatment groups.

NT-a9 is a triazole compound, and thus, it may exert antifungal effects by inhibiting
the CYP enzyme. Isavuconazole, the latest triazole drug, is effective against C. neofor-
mans in vitro, but it did not demonstrate a protective effect in disseminated crypto-
coccosis in mice. The reason for this difference in in vivo efficacies between isavucona-
zole and NT-a9 and the mechanism of the antifungal action of NT-a9 will need further
study to reveal. In future studies, we will examine the effects of NT-a9 on the fungal
CYP51 enzyme and its pharmacokinetic characteristics, such as plasma and brain tissue
drug concentrations.

The synthesis of NT-a9 is not difficult. Therefore, if large-scale production is carried
out, it could be more cost effective than the production of amphotericin B, considering
that the production cost of the amphotericin B lipid formulations is high and out of the
reach of patients (23). Further study of oral bioavailability will be required to determine
whether NT-a9 is suitable as an oral formulation. According to the current research
results, NT-a9 inhibits the biosynthesis of sterols and is a fungistatic agent. Therefore,
the long-term use of NT-a9 may also result in resistance, similarly to other azole drugs
(24).

In conclusion, this study has demonstrated the potent in vitro efficacy of the triazole
derivative compound NT-a9 against C. neoformans, C. gattii, C. albicans, C. krusei, C.
tropicalis, C. glabrata, and C. parapsilosis. More importantly, NT-a9 is especially effective
in a murine disseminated-cryptococcosis model and is superior to the current standard-
of-care regimen. Therefore, NT-a9 will be studied further as a promising antifungal
candidate.

MATERIALS AND METHODS
Strains, media, and reagents. C. neoformans strains H99 and ATCC 32609 and C. albicans, C. krusei,

C. tropicalis, C. glabrata, and C. parapsilosis strains were from the fungus collection of our laboratory. C.
neoformans clinical isolates (strains SCZ50100, SCZ50101, SCZ50102, SCZ50104, SCZ50106, SCZ50107,
HN2-40, HN15, HN17, HN19, HN20, BJ3, BJ72, BJ95, and SH68), C. gattii standard reference strains (strains
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WM178, WM179, and E566), and C. gattii clinical isolates (strains SCZ20024 and SCZ20031) were obtained
from Shanghai Changzheng Hospital. Prior to each in vitro and in vivo experiment, colonies of each strain
were cultured in yeast extract-peptone-dextrose (YEPD) medium overnight at 30°C in a shaking incuba-
tor. The cells were then collected by centrifugation and washed three times in phosphate-buffered saline
(PBS). The cell concentrations were determined using a hemocytometer. Fluconazole was purchased
from Pfizer. Dulbecco’s modified Eagle’s medium (DMEM), cell counting kit-8 (CCK-8), and amphotericin
B were purchased from Meilun Biotechnology. Isavuconazole powder (�99% pure) was obtained from
Shanghai Pharmaceuticals Holding Co., Ltd.

Compound acquisition and synthesis. The new triazole derivative NT-a9 was prepared by using an
efficient and straightforward 1,3-dipolarcyclo addition reaction, which has been previously reported by
our group (14).

In vitro susceptibility test. To determine the in vitro antimicrobial activity, a broth microdilution
susceptibility assay was carried out in RPMI 1640 medium in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines in CLSI document M27-A3 (25). In brief, strains in RPMI 1640 medium
(final concentration, �1 � 103 cells/ml) were prepared in 96-well plates, and antifungal agents at 2�
concentrations were added. The final concentrations ranged from 0.002 to 1 �g/ml for NT-a9, from 0.008
to 4 �g/ml for isavuconazole, and from 0.03 to 16 �g/ml for fluconazole and amphotericin B. The plates
were incubated at 35°C for 48 h (C. albicans, C. krusei, C. tropicalis, C. glabrata, and C. parapsilosis) or 72
h (C. neoformans and C. gattii). The results were determined visually after incubation. The MIC and MIC50

were determined according to inhibition of visible growth compared to that in the control and reduction
in turbidity compared to that of the control, respectively. All experiments were done in duplicate.

Time-kill curves. Strains were grown in RPMI 1640 medium with a starting inoculum of 5 � 105

CFU/ml. NT-a9 was tested over a range of concentrations of 0 (control), 4, and 16 times the MIC for each
tested strain. Fluconazole was tested at 4 times the MIC for each tested strain. At predetermined time
points after incubation with agitation at 30°C, 100-�l aliquots were obtained from each solution and
serially diluted in PBS. A 100-�l aliquot from each dilution was spread on a Sabouraud dextrose agar
(SDA) plate. Colony counts were determined after incubation at 35°C for 72 h (C. neoformans) or 48 h (C.
albicans). Fungicidal activity was defined as a �3-log reduction in CFU (26). All experiments were
performed in duplicate.

Sterol extraction and analysis. The effect of NT-a9 treatment on sterol biosynthesis in C. neofor-
mans was determined by a method reported previously, with slight modifications (27). Briefly, overnight-
cultured C. neoformans H99 cells were inoculated into 100 ml of YEPD at a final concentration of 5 � 106

cells/ml with NT-a9 or fluconazole. After incubation at 30°C for 8 h, cells were collected and washed twice
with distilled water. Then, 6 ml of 15% NaOH resolved in 90% ethanol was added to 0.5 g (wet weight)
cells. The mixture was incubated at 80°C for 1 h. Sterols were extracted three times with 5 ml of hexane.
The extract was washed once with water and evaporated in a water bath to obtain the total sterols.
Sterols were analyzed by gas chromatography-mass spectrometry (GC-MS) and identified by relative
retention times and mass spectra compared with the sterol profiles of NIST. All experiments were
performed in duplicate.

Cytotoxicity test. HUVECs were used to evaluate the toxicity of NT-a9 (28). A total of 1 � 105 cells/ml
of HUVECs in DMEM containing 10% fetal bovine serum (FBS) was seeded in 96-well tissue culture plates
and incubated for 3 h for adhesion. After incubation, the supernatant was removed and fresh DMEM with
different concentrations of NT-a9 was added. The plates were incubated for an additional 24 h at 37°C
with 5% CO2. Cytotoxicity was assessed by using the CCK-8 assay (29). After incubation, 10 �l of CCK-8
solution was added to each well and the plates were incubated at 37°C for 2 h. Cell viability was assessed
by measuring absorbance at 450 nm. Cells incubated in DMEM without NT-a9 treatment were used as the
standard for 100% viability. Three independent experiments were conducted.

Animal model and ethics. All animal experiments were done according to institutional guidelines
and were approved by the Institutional Animal Care and Use Committee (IACUC) of Second Military
Medical University. An established murine model of disseminated cryptococcosis with some modifica-
tions was used to evaluate the in vivo efficacy of NT-a9 (30). ICR female mice weighing 18 to 22 g were
used in the study. To establish disseminated cryptococcosis, mice were injected with 1.8 � 106 CFU of C.
neoformans H99 intravenously via the lateral tail vein.

Survival. In the survival study, antifungal treatments began 2 h after inoculation of C. neoformans
and lasted for 7 days. The different treatment groups received the vehicle control, 0.5, 1, 2, 4, or 8 mg/kg
of NT-a9, 4 or 8 mg/kg of isavuconazole, 8 mg/kg of fluconazole, or 2 mg/kg of amphotericin B.
Amphotericin B was dissolved in normal saline, and the other agents were dissolved in 0.5% sodium
carboxymethyl cellulose (CMC-Na). The fluids were administered to mice in 0.2-ml amounts. Amphoter-
icin B was administered intraperitoneally, while other antifungal treatments were performed through oral
gavage. Mice were monitored and recorded for survival conditions twice daily for a total period of
20 days postinfection. At the end of the observation period, the surviving mice were humanely sacrificed.
All experiments were performed in duplicate.

Fungal burdens. In the fungal burden study, antifungal treatments began 1 day after fungal
inoculation and continued for 3 days. The day after therapy had stopped, mice were humanely eutha-
nized and brains and lungs were collected for quantitative determination of the tissue fungal burdens.
After brain and lung weights were determined, tissues were homogenized in 1 ml PBS. Homogenates
were serially diluted in 10-fold steps, and aliquots (100 �l) of the homogenates were plated on SDA
plates. The plates were incubated at 30°C for 72 h, and the numbers of CFU were counted. The fungal
burdens were indicated as Log10 CFU/g. All experiments were performed in duplicate.
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Statistics. Survival was plotted by Kaplan-Meier analysis, and the log rank test was used to assess
whether differences in median survival times were significant. Differences in fungal burdens between
groups were assessed for significance by analysis of variance (ANOVA) with Tukey’s posttest for multiple
comparisons. A P value of �0.05 was considered statistically significant.
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