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Recombinant murine IL-12 promotes a
protective Thi/cellular response in Mongolian
gerbils infected with Sporothrix schenckii
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Sporotrichosis is a cutaneous fungal infection caused by Sporothrix schenckii. It is known to be mainly
contained by Th1 responses. As IL-12 is crucial for Th1 response, we investigated if treatment with
recombinant murine IL-12 (rmlL-12) promoted Th1 immunity and/or clinical improvement in an experimental
sporotrichosis gerbil model. Gerbils were inoculated with S. schenckii in the footpad and treated with rmlL-
12. Seven days post infection there was a significant increase in macrophage phagocytosis and oxidative
burst, and in delayed-type hypersensitivity (DTH) reaction in rmlIL-12 treated gerbils, as well as a ~ 10-fold
increase of serum IFN-gamma and a decrease of IL-4 and IL-10. Moreover, rmIL-12 substantially
decreased (~70%) S. schenckii burden in liver and spleen and improved the clinical outcome preventing
footpad ulcer and tail nodules observed in untreated gerbils. Our study demonstrates that rmlL-12
promotes Th1 immune response against S. schenckii favouring its clearance and preventing clinical
symptoms.
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Introduction

Sporotrichosis is a subacute or chronic infection
caused by the dimorphic fungus Sporothrix schenckii,
which has worldwide distribution, especially in tropi-
cal and subtropical zones.! Typically, S. schenckii
infection causes lesions usually restricted to the skin,
subcutaneous cellular tissue, and adjacent lymphatic
vessels due to inoculation, but inhalation resulting in
pulmonary or disseminated disease may also rarely
occur.! Disseminated sporotrichosis, cutaneous, or
systemic develops mainly in immunocompromised

individuals, particularly in those infected with HIV;
where infection can be fatal.?

Virulence of S. schenckii is thought to play a role in
the development and evolution of sporotrichosis,
although discordant results have been reported in
experimental sporotrichosis with clinical isolates
from cutaneous and disseminated disecase suggesting
that host immune response has also an important
participation in disease progression.’

Innate immune response appears to be the initial
means by which S. schenckii infection is contained.™*
This response is largely mediated by macrophages
(M®) apparently via Toll-like receptor 4, which is
able to recognize molecules extracted from the yeast
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form of the fungus, leading to macrophage oxidative
burst against it.>

On the other hand, cell-mediated response invol-
ving macrophages activated by CD4" T cells appear
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to mainly exhibit the acquired immunity against S.
schenckii.® This cell-mediated response has been
previously described to be predominantly Thl in
human sporotrichosis.” Nevertheless, models of
experimental murine sporotrichosis have shown to
involve both Thl and Th2 responses, but apparently
the latter is presented only at advanced stages of the
infection.>®

Considering the above stated, Thl cytokines
production ought to be involved in the pathogenesis
of S. schenckii. Of particular interest is IL-12, a
heterodimeric cytokine mainly produced by activated
phagocytes and dendritic cells.” This cytokine plays a
critical role in the induction of Thl response through
IFN-gamma production, which activates macro-
phages enhancing their antimicrobial activities.”"'°

Previous studies have shown that treatment with
IL-12 can promote protective Thl immune response
in vivo against fungal pathogens such as Histoplasma
capsulatum'' and Coccidiodes immitis."> We hypothe-
sized that a similar outcome might occur against S.
schenckii. Therefore, we investigated the effect of 1L-
12 administration in an experimental sporotrichosis
gerbil model.

Material and methods
Animals

Healthy 3-month old male Mongolian gerbils
(Meriones unguiculatus), ranging in weight from 60
to 70 g, were supplied by the animal breeding facility
of Centro de Investigacion Biomédica de Occidente.
Three groups of seven gerbils each were formed and
housed in polycarbonate cages. They were kept under
pathogen-free conditions in a room without windows
with a set temperature of 22+2°C, a 12-hour light
schedule (lights on at 7:00 a.m. and off at 7:00 p.m.),
and a relative humidity of 50%+10%. Gerbils received
pelleted food (Purina”, México) and water ad libitum.

Fungus

Sporothrix schenckii yeast-like form cells (SsY) were
obtained by culturing a clinical isolate of S. schenckii
in brain-heart infusion broth following previously
described conditions.* Above 95% cells harvested from
culture were differentiated into yeast-like form.
Sporothrix schenckii yeast-like form cells were washed
three times with Hank’s balanced salt solution
(HBSS), pH 7.4, and cell numbers were adjusted to a
concentration of 1.2x 107 SsY/mL. Viability of SsY
was ascertained by determining the number of colony-
forming units (CFU) after 7 days on incubation on
brain-heart infusion plate agar at 37°C according to
the protocol reported by Fernandes e al.*

Experimental infection

Gerbils from two of the three groups were infected by
injecting subcutaneously 6 x 10° SsY suspended in
0.05 mL of sterile phosphate-buffered saline (PBS),
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pH 7.4, in the left hind footpad. Gerbils from the
remaining group were injected with the vehicle (sterile
PBS) alone, and were used as the healthy group.

IL-12 administration

Recombinant murine IL-12 (rmIL-12) was purchased
as [-8523 (Sigma, St. Louis, MO, USA), and was diluted
in 0.1 M PBS, pH 7.4. A group of infected gerbils were
given rmIL-12 doses of 500 ng in a volume of 300 pL.
per day by intraperitoneal (i.p.) administration for
5 days, starting at the same time as the infection. This
group was labelled as the infected 4+ rmIL-12 group. The
same dose/schedule/via were administered to both the
remaining group of infected gerbils, hereafter called
infected group, and the healthy group; but receiving
PBS, pH 7.4, instead of rmIL-12.

Peritoneal macrophage isolation

On day 5 after the infection, gerbils were i.p. injected
with 1 mL of sterile fluid thioglycollate broth (Merck,
México 15867). Peritoneal macrophages (M®) were
obtained 2 days later as previously described.!? Final
cell suspension contained more than 93% of perito-
neal M® as identified by non-specific esterase
colouration and phagocytosis. Viability, confirmed
by the trypan blue (SIGMA, México 468) exclusion
test, was above 95%. Peritonecal M® were resus-
pended at a density of 1 x 10° cells/mL in RPMI-1640
medium (R-6504, SIGMA) supplemented with 10%
foetal calf serum (S-2442, SIGMA) and antibiotics
(100 U/mL  penicillin, 100 pg/mL  streptomycin,
Sector Salud, México 1921).

Phagocytosis assay

Phagocytosis assay was performed following the
protocol of Fernandes er al'* with slight modifica-
tions. Briefly, peritoneal M® (5 x 10° cells) were plated
on glass slides and incubated for 2 hours at 37° in an
atmosphere of 5% CO,. Non-adherent cells were
removed by two washes with pre-warmed medium.
Suspensions of SsY were placed on slides previously
coated with a monolayer of adherent peritoneal MO at
aratio of 10 : 1 (SsY-M®). Slides were then incubated
at 37°C in an atmosphere of 5% CO, for 2 hours
Phagocytosis was stopped by washing the slides three
times with cold RPMI-1640 to remove non-ingested
fungi. Cells were then fixed with methanol-acetone
(1: 1) for 10 minutes stained with Wright’s stain and
observed with an optical microscope using 100 x
objective. The average number of ingested SsY per
peritoneal M® was determined after counting the total
of ingested SsY in 200 peritoneal M®.

Macrophage oxidative burst evaluation

Oxidative burst in peritoneal macrophages was
measured by luminol-dependent chemoluminescence
assay following a previously described protocol.'
Briefly, 10° peritoneal M® suspended in 1 mL of
phenol red-free HBSS (SIGMA) were used for each



test. Chemoluminescence elicited by 15 mg/ml zymo-
san (SIGMA Z-4250) was measured in the presence
of 40 pL of luminol (SIGMA A-8511) (final concen-
tration of 5 pM) using a luminometer 1250 (LKB
Instruments, Inc) at 5-minute intervals for a total of
60 minutes, at 37°C.

Sensitization and elicitation of delayed-type
hypersensitivity reaction

Gerbils were sensitized to 2,4,-dinitro-1-fluoroben-
zene (DNFB) by placing 20 pL of 0.5% DNFB in
4 : 1 acetone—olive oil on the shaved abdominal wall
skin of gerbils on days 0 and 1 after infection.
Delayed-type hypersensitivity (DTH) reaction was
elicitated by the ear-swelling assay. Gerbil ear was
painted with 10 pL of 0.2% DNFB on day 5 post
infection. Ear thickness was measured 48 hours after
DNFB challenge using a Mitatoya engineer micro-
meter and results expressed in units of 0.01 mm.

Serum cytokine measurement

Cytokine levels in serum were assessed by enzyme-
linked immunosorbent assay (ELISA) on day 7 after
infection. Commercially available kits using specific
monoclonal antibodies (mAbs) for IFN-gamma, 1L-
4, or IL-10 (Amersham Pharmacy Biotech, NJ, USA)
were used. The assays were performed according to
the manufacturer instructions. Cytokine concentra-
tion in picograms per millilitre was calculated from a
standard curve for each assay.

Determination of fungal burden in tissue

Fungal burden of liver and spleen tissues of gerbils
infected with S. schenckii and treated with rmIL-12
was assessed 7 days post infection. Gerbils were
euthanized by asphyxiation and their livers and
spleens were taken aseptically and homogenized in
3 mL of sterile PBS. Serial dilutions of the homo-
genates were plated on Saboraud dextrose agar and
colonies were estimated by quantitative counts of
CFU as elsewhere described.*

Clinical evolution

Two gerbils from each group were kept alive under
the conditions afore mentioned for 60 days after
infection in order to observe its clinical evolution of
sporotrichosis with and without rmIL-12 treatment.

Statistical analysis

Statistical analyses and graphics were performed
using Prism v.6 (Graphpad software, Inc; San
Diego CA, USA). Student z-test was used to assess
mean differences between groups. P-values of <0.05
were considered statistically significant. Values were
corrected with the Sidak—Bonferroni method.

Results
Effect of rmIL-12 over M® activities

Phagocytic activity from gerbil peritoncal M® was
evaluated by challenging them with Ssy 7 days after
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Figure 1 Effect of rmIL-12 on Sporothrix schenckii infected

gerbil peritoneal M® phagocytosis. Peritoneal M® were
isolated from treated gerbils at day 7 and were cocultured
with Ssy for 2 hours at 37°C, 5% CO,. The average of
ingested Ssy per M® was calculated after counting 200 M®.
Values are expressed as mean=SD for five individual gerbils
per group. Ssy: S. schenckii yeast-like form cells; (a) infected
vs healthy P<0.0001; (b) infected+rmlL-12 vs healthy
P<0.0001; (c) infected+rmiL-12 vs infected P<0.0001

receiving the respective treatments. An over two-fold
increase of phagocytic activity was observed in
peritoneal M® of S. schenckii infected, rmlIL-12
treated gerbil group (infected +rmlIL-12) compared
to the infected group (P<<0.0001) (Fig. 1). When
comparing against the healthy group we can see how
S. schenckii infection caused a ~ 50% decrease in M®
phagocytic activity against Ssy (P<<0.0001), while the
infection plus rmIL-12 increased it around 70%
(P<0.0001) (Fig. 1).

A similar trait was observed while evaluating the
oxidative burst of peritoneal M® by luminol-dependent
chemiluminescence assay (Fig. 2). The results show
how oxidative burst is above two-fold increased in
the infected + rmIL-12 group over the infected group
at all evaluated times (P<<0.0001), while comparisons
against the healthy group show that oxidative burst is
~50% decreased in the infected group at all times
(P<0.0001) but the 5 minutes measure, in which the
decrease was 20% (P=0.002); and ~ 70% increased in
the infected +rmIL-12 group at all times (P<<0.01)
but the 50 and 60 minutes measures, in which the
observed increase was not statistically significant
(Fig. 2). Time 0 was not included in afore mentioned
group comparisons.

Effect of rmiL-12 over DTH reaction

Gerbils from the three groups were sensitized to
DNFB at day 0 and 1 and challenged with it at day 5
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Figure 2 Effect of rmIL-12 on Sporothrix schenckii infected
gerbil peritoneal M® oxidative burst. Peritoneal M® were
isolated from treated gerbils at day 7. 10° peritoneal M® were
cultured at 37°C in the presence of 15 mg/ml zymosan and
5 uM luminol. Chemiluminescence was measured at 5 min-
utes intervals in an LKB 1250 luminometer. Values are
expressed as mean=SD for five individual gerbils per group.
All comparisons lacked significance at time 0. (a) infected vs
healthy P<0.01 at all times; (b) infected+rmlIL-12 vs healthy
P<0.01 at all times but 50 and 60 minutes; (c) infected 4 rmiL-
12 vs infected P<0.0001 at all times

post infection to elicitate DTH reaction using the ear-
swelling assay. Figure 3 shows the result of the assay,
expressed in mm, for the measures before the challenge
(0 hour) and 48 hours after. As expected, there was no
difference in ear thickness between groups at time 0, as
no DTH reaction had been elicited (Fig. 3). On the
other hand, 48 hours after DNFB challenge, ear
thickness, and hence DTH, was significantly higher
in gerbils from the infected + rmIL-12 group than in
gerbils from the infected and healthy groups
(P<<0.0001 in both comparisons) (Fig. 3). Moreover,
DTH was decreased in the infected group compared to
the healthy group (P<<0.0001).

Effect of rmiL-12 over serum cytokine
concentration

We sought to evaluate the type of immune response
elicitated by S. schenckii infection with and without
rmIL-12 treatment by measuring serum levels of Th1
and Th2 cytokines. For that purpose serum was
obtained from all gerbil groups at day 7 after
infection and put through ELISA for the Thl
cytokine IFN-gamma, and the Th2 cytokines IL-4
and IL-10. Serum concentration of all cytokines
evaluated increased significantly in both infected and
infected + rmIL-12 groups compared to the healthy
group (P<0.001), meaning S. schenckii infection
promotes these cytokines production (Fig. 4).
Furthermore, we found that S. schenckii infection
promotes a Th2 response by augmenting serum
concentrations of 1L-4 and IL-10 over IFN-gamma,
whereas treatment with rmIL-12 polarized the
response towards Thl as shown by the almost 10-
fold increase of IFN-gamma (P<<0.0001) and the 30
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Figure 3 Effect of rmIL-12 on Sporothrix schenckii infected
gerbil DTH reaction. Treated gerbils were sensitized with
0.5% DNFB on days 0 and 1. On day 5, gerbils were
challenged with 0.2% DNFB in the ear. Ear thickness was
measured before challenge (0 hour) and 48 hours after
challenge. Values are expressed as mean=SD for five
individual gerbils per group. DTH: Delayed-type hypersensi-
tivity; DNFB: 2,4,-dinitro-1-fluorobenzene; (a) infected vs
healthy P<0.0001; (b) infected+rmIL-12 vs healthy
P<0.0001; (c) infected+rmlIL-12 vs infected P<0.0001.

and 50% decrease of IL-4 and IL-10, respectively
(P<0.0001) compared to the infected group (Fig. 4).

Effect of rmiL-12 on tissue fungal burden and
clinical evolution

The measurement of tissue S. schenckii burden of
infected and treated and infected alone gerbils
showed that rmIL-12 treatment improved pathogen
elimination 7 days post infection reducing ~70% of
liver and spleen fungal burden compared to the
untreated group (Fig. 5). Likewise, treatment with
rmlIL-12 improved the clinical response to S.
schenckii  showing infected
footpad and no further clinical events at the period
of time of observation (60 days), contrasting with the
ulcer in infected footpad and tail nodules developed
in the untreated group (data not shown).
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Figure 4 Effect of rmIL-12 on Sporothrix schenckii infected
gerbil serum cytokine levels. Serum from treated gerbils was
obtained on day 7. Levels of IFN-gamma, IL-4, and IL-10 were
assessed by ELISA. Values are expressed as mean=SD for
five individual gerbils per group. (a) infected vs healthy
P<0.0001; (b) infected+rmiL-12 vs healthy P<0.001; (c)
infected +rmiL-12 vs infected P<0.0001.
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Figure 5 Tissue fungal burden of Sporothrix schenckii
infected and rmIL-12 treated gerbils. Liver and spleen were
collected from euthanized gerbils at day 7, homogenized in
PBS and plated on Saboraud dextrose agar. Resulting CFU
were count. CFU: colony-forming units; * P<<0.0001

Discussion

Sporothrix schenckii is a dimorphic fungus respon-
sible for sporotrichosis. Although virulent per se, S.
schenckii infection severity has been observed to
relate to the immune status of the host as it is mainly
contained, as some other fungi pathogens, by Thl
responses.” Considering that IL-12 is pivotal for this
kind of response,”'® we evaluated whether this
cytokine promoted Thl response and/or clinical
improvement in a gerbil experimental model of
sporotrichosis.

Macrophages are important effectors of the Thl/
cellular immune response killing pathogens via pha-
gocytosis through oxidative burst.!® A previous
investigation reported the role of IL-12 in M®
phagocytosis of S. schenckii, showing that antibody
blockade of IL-12 lead to a decrease in Ssy phagocy-
tosis by gerbil peritoneal M®.'® Here we corroborate
the importance of 1L-12 in M® phagocytosis showing
that 1.p. treatment with rmIL-12 enhanced peritoneal
M® phagocytic activity against Ssy (Fig. 1) in a
similar experimental model. Also, we found rmIL-12
increased oxidative burst of peritoneal M® (Fig. 2)
showing a direct relation with the results of Ssy
phagocytosis. These findings are in accordance with
the reported biological function of IL-12 of promoting
IFN-gamma production from T and NK cells, which
ultimately contributes to enhance M® killing abilities.”
In contrast, we observed a decrease of M® phagocy-
tosis and oxidative burst in the infected group. The
former might be attributed to the inhibitory action of
S. schenckii lipid membrane on M® phagocytosis
previously reported;'” the latter is of interest as it gives
clue of the role of S. schenckii infection in production
of reactive oxygen species in M® other than nitric
oxide as zymosan, used as activator in our study, does
not elicit its production;!”'® concordant with the
reported for polymorphonuclear leucocytes.'”

Delayed-type hypersensitivity measurement results
followed a pattern similar to that observed for M®
phagocytosis and oxidative burst: a decrease in the
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infected group and an increase in the infected +rmIL-
12 group (Fig. 3). Being DTH a cell-mediated
immune mechanism modulated by Thl Iympho-
cytes,”” the down-regulation of DTH by S. schenckii
is most probably due to T-cell suppression mediated
by reactive nitrogen species, particularly nitric oxide;
previously reported by Fernandes et al.* Treatment
with rmIL-12 evidently led the phagocytes to over-
come this suppression, as shown by the increased
phagocytosis and oxidative burst of peritoneal M®
(Figs. 1 and 2, respectively); enhancing DTH in vivo.

Since phagocytosis, oxidative burst and DTH are Th1
mediated,”® any change in Th1/Th2 cytokine balance
will have directly repercussion over their performance.
This was corroborated by our experiments, showing
that the decrease in phagocytosis, oxidative burst and
DTH observed in S. schenckii infected gerbils came
along with an increase in serum levels of the Th2
cytokines IL-4 and IL-10 and low levels of the Thl
cytokine IFN-gamma (Fig. 4), results that are in
agreement with previous reports regarding IL-10
production in sporotrichosis.*> However, the moderate
increase of IL-4 within 7 days after infection differs
from the increase starting at the 5th week reported by
Maia er al.,® suggesting there might be presence, in a
minimal amount at least, of humoral response during
early stages of sporotrichosis, although this also might
be due to the use of a different experimental model.

On the other hand, the enhancement of phagocy-
tosis, oxidative burst and DTH observed in rmIL-12
treated gerbils was accompanied with high serum
levels of IFN-gamma (Fig. 4). This finding is novel,
as the use of rmIL-12 has not been reported before in
sporotrichosis experimental models. Nevertheless,
our results are in accordance to those reported for
the use of rmIL-12 with other fungal pathogens like
H. capsulatum,“ C. immitis,12 Pneumocystis carinii,21
Aspergillus fumigatus,”> and Candida albicans® and
for the bacterium Streptococcus pneumoniae;** in
terms of IFN-gamma secretion.

Interestingly, the increase in serum IFN-gamma was
consistent with a reduction of viable S. schenckii CFU
in liver and spleen (Fig. 5) and thus with an improve-
ment of the clinical course of the infection, confirming
that Thl immunity is pivotal for sporotrichosis
clearing.!® In fact, rmIL-12 promoting beneficial
effects by IFN-gamma-dependent pathway has been
previously reported in murine experimental models of
mycoses like histoplasmosis,!' coccidiodomycosis, '
Pneumocystis pneumonia,”' and aspergillosis,?* and in
respiratory infection by extracellular bacteria.?*
However, IFN-gamma increase by rmIL-12 treatment
showed to be detrimental in C. albicans infection,
leading to enhanced susceptibility.>* Thl importance
in sporotrichosis was further evidenced by the findings
in untreated infected gerbils, which showed high tissue

Journal of Chemotherapy 2015 voL. 27 NO. 2

91



Flores-Garcia et al. rmiL-12 in S. schenckii infected gerbils

92

fungal load and developing of clinical symptoms,
corresponding to the increase of IL-10 and IL-4 and
very low levels of IFN-gamma in serum.

Considering our results and the fact that visceral S.
schenckii isolates have been reported to induce a
weaker Thl response, hence being more virulent,
than cutaneous isolates;’ the use of IL-12 might be
helpful in patients bearing visceral sporotrichosis, as
it might boost the Thl response contributing to the
proper clearance of the infection. However, attention
must be put in the proper delivery to infected tissue as
previous reports showed the efficacy and safety of
locally administrated rIL-12 in infection®® and
cancer;*® unlike the high incidence of toxic side
effects of systemic administration.?’

Due to their capability of promoting innate anti-
fungal immunity, it would have been interesting to
assess Th17 serum levels, such as IL-17 and IL-22.
Nevertheless, considering the strong Thl response
elicited by rmIL-12 treatment here shown and the fact
that Thl7 protection against fungus seems to be
dispensable in the presence of functional Thl
response,”®?’ particularly for S. schenckii infection;”
the lack of Th17 cytokine measures does not reduce
relevance to our findings.

Despite the use of Mongolian gerbils instead of
mice, evidence is here presented that rmIL-12
treatment has a beneficial effect on sporotrichosis.
Furthermore, our results show similarities with both
studies with sporotrichosis and with infections
treated with rmIL-12.4¢!M121920 n this respect,
high homology gerbil-mice has been reported in
cytokine genes particularly in IL-12, IFN-gamma,
and IL-10,*>3' supporting the results of the majority
of cross-species assays here performed. Moreover,
endogenous gerbil IL-12 related activity was reported
to be abrogated by treatment with anti mouse IL-12
monoclonal antibody,'® further supporting gerbil-
mouse cross reactivity hypotheses.

In summary, our data suggest S. schenckii inhibits
Thl effector function in vivo by promoting anti-
inflammatory cytokine production, such as IL-10 and
IL-4, and exogenous administration of IL-12 over-
comes that inhibition by enhancing IFN-gamma
production, hence protecting gerbils against systemic
infection. This is the first report about the use of
rmlIL-12 in experimental sporotrichosis. Further
studies are required to elucidate the underlying
molecular mechanisms involved in the process as
well as the pharmacological implications of its use.
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