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ABSTRACT

Purpose: To investigate the effect of Celastrol (CLT) on Aspergillus fumigatus (A. fumigatus) keratitis.

Methods: Primary peritoneal macrophages of C57BL/6 mice were pretreated with CLT before A. fumigatus hy-
phae stimulation. C57BL/6 mice were infected with A. fumigatus. Mice corneas were treated with CLT from 1 day
post infection. Clinical score, PCR, ELISA and Western blot were used to test expression of anti-inflammatory
mediators, proinflammatory mediators and Lectin-like oxidized low-density lipoprotein receptor 1(LOX-1). The
protein levels of p38MAPK after pretreated with CLT in macrophages of C57BL/6 mice challenged with A.
fumigatus were tested by Western blot.

Results: C57BL/6 mice treated with CLT from 1 day post infection showed decreased disease, IL-1f, TNF-a, IL-
10, TGF-p, MIP-2 and LOX-1 levels. CLT treatment markedly inhibiting mRNA and proteins levels of anti-in-
flammatory mediators, proinflammatory mediators and LOX-1 in macrophages of C57BL/6 mice compared with
control group. CLT pretreatment before A. fumigatus stimulation obviously inhibiting protein levels of p38MAPK
versus DMSO pretreated group in macrophages of C57BL/6 mice challenged with A. fumigatus.

Conclusion: These data provide evidences that CLT ameliorates A. fumigatus keratitis of C57BL/6 mice via in-
hibiting LOX-1. CLT pretreatment before A. fumigatus stimulation decreased levels of inflammation in macro-

phages of C57BL/6 mice, which may be regulated by p-p38MAPK.

1. Introduction

Fungal keratitis (FK), caused by fungal infections, is a type of cor-
neal disease with high rate of blindness. FK usually occurs in agri-
cultural countries and tropical areas [1-3].For patients, inaccurate
treatment and delayed diagnosis often results in poor vision [4]. Eye
trauma, long-term usage of antibiotics or overuse of contact lenses and
corticosteroids are the principal causes for the ascending occurrence
rate of FK in Chinese mainland [5]. A. fumigatus, one of the crucial
pathogens causing FK, can be recognized and eliminated by the host
through innate immunity and acquired immunity [6].

The first line defending against fungal infection is innate immune
system. Immune system needs to recognize fungi through pattern re-
cognition receptors (PRRs) or other ways and then transmit relevant
immune signals [7,8]. C-type lectin-like receptors (CLRs), and sca-
venger receptors (SRs) mentioned below belong to PRRs. LOX-1, a
lectin-like 52-kD type II membrane receptor for the oxidation of low
density lipoproteins (ox-LDLs), mainly expressed in endothelial cells,
macrophages, vascular smooth muscle cells, neutrophils and platelets.
LOX-1 belongs to the SR family, but also belongs to the CLR family in

structure [9,10]. LOX-1 plays a proinflammatory role in A. fumigatus
keratitis [11,12], and A. fumigatus keratitis can be ameliorated by
downregulated LOX-1 expression [13].

Due to poor prognosis of FK, it is urgent to further explore relevant
mechanisms and develop new ideas for treatment of FK. The prognosis
of FK can be affected by the equilibrium between immunity systems of
host and virulence of fungal pathogens. Innate immunity plays a pri-
mary role in the early stages of infection, while it may cause excessive
inflammatory reactions that can lead to tissue damage and other un-
predictable consequences [14-16]. A recent study has shown that
suppression of excessive inflammatory response may contribute to
healing of corneal wound, which provides a theoretical basis for our
study [17].

CLT (3-hydroxy-9f,13a-dimethyl-2-0xo0-24,25,26-trinoroleana-
1(10),3,5,7-tetraen-29-oic acid), a promising bioactive compound ex-
tracted from the root of Tripterygium wilfordii (TW) plant, is a penta-
cyclic triterpenoid that belongs to a small sort of natural products of
triterpene quinine methides [18]. Subsequent studies revealed that CLT
exhibit potent pharmacological activities against inflammation [19],
cancer [20], viral infection [21] and oxidative stress [22]. It was found
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that CLT can control cytokine-induced inflammation in influenza A
virus infection, and it can be used with current antiviral drugs [21]. CLT
can protect against inflammatory damage of retinal photoreceptor cells
induced by intense light [23]. CLT affects the growth and virulence of
A. fumigatus through influencing siderophore A, a key enzyme in iron
metabolism [24]. Related literature shows that CLT restrains athero-
sclerotic developing in mice via inhibiting oxidative stress and LOX-1
[22]. Macrophages, expressing LOX-1 receptor, play a basic role in host
resistance to fungal infection in cornea [8,25]. The relationship be-
tween CLT, LOX-1 and macrophages during A. fumigatus keratitis, re-
mains untested to date, which may provide a new perspective for
treatment of FK.

We found that treatment of CLT of C57BL/6 mice from 1 day post
infection may ameliorate A. fumigatus keratitis and improve prognosis.
CLT pretreatment before A. fumigatus stimulation decreased levels of
inflammation in macrophages of C57BL/6 mice. The effect of CLT on A.
fumigatus keratitis may be regulated by p-p38MAPK.

2. Materials and methods
2.1. Animals and corneal infections

C57BL/6 mice (8-week-old female) were purchased from Jinan
Pengyue Laboratory Animal Co., LTD. (Jinan, China). All C57BL/6 mice
were treated in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research. The method to establish
C57BL/6 mice model of A. fumigatus keratitis was based on Niu et al.
[26]. Clinical score of cornea was assessed according to a 12-point
scoring system [27]. In brief, the disease was scored according to area
of corneal opacity, density of corneal opacity, and surface regularity,
each of which was given a grade of 0-4, with the highest score for
uniform opacity in over three-quarters of the corneal area, perforation
and descemetocele [28]. Mice corneas were collected for Real-Time
PCR (RT-PCR) and Western blot at 3 and 5 days after infection. Eyeballs
were removed at 3 and 5 days post infection for hematoxylin and eosin
(H&E) staining.

2.2. Preparation and preservation of CLT

CLT (Sigma-Aldrich,St. Louis, MO, USA) was dissolved in dimethyl
sulfoxide (DMSO) to generate a stock concentration of 100 mg/ml,
stored at —20 °C. CLT was diluted with PBS or cell culture solution to
the required concentration before usage.

2.3. CLT treatment of C57BL/6 mice

The left eyes of C57BL/6 mice (n = 6/group/time) were injected
with 5pl of CLT 1 pg/pl or DMSO (control) subconjunctivally at 1 day
post infection. The right eyes of C57BL/6 mice are the normal group.
Eyes of C57BL/6 mice were treated tropically with 3 pl of CLT 1 pg/ul
or DMSO (control) twice daily from 2day post infection. We used
DMSO as control for all these experiments.

2.4. Isolation of mouse peritoneal primary macrophages

Thioglycollate powder (3 g) was dissolved in 100 ml ddH,O. The
thioglycollate solution was stirred on a heating plate until it dissolved
completely. The thioglycollate medium was autoclaved at 121 °C for
15 min, then stored at 4 °C before 1 ml was injected intraperitoneally
into each C57BL/6 mouse. Seven days after injection, the mice were
sacrificed by cervical dislocation and were wiped with 75% alcohol.
Then the abdominal wall was cut along the midline of the abdomen and
5mL of DMEM was slowly injected into the abdominal cavity of the
mouse with a syringe. The abdomen was softly massaged for 2 min. This
was repeated once more to extract additional macrophages.
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2.5. Cell counting Kit-8 assay

The Cell Counting Kit-8(CCK-8) assay was used to detect the toxicity
of CLT to cells.

The cells (1 x 10*) were seeded into 96 wells plate, treated for 24 h
with different concentrations of CLT and incubated with 10 ul CCK-8
(MCE, New Jersey, America) for 2h. The final production was eval-
uated by measuring the absorbance of the OD450 on a microplate
reader.

2.6. Culture of macrophages and A. fumigatus stimulation

Macrophages were cultured based on previous methods by He et al.
[12] and Liu et al. [29]. Macrophages were stimulated with A. fumigatus
hyphae (5 x 10° CFU/ml) after pretreatment with CLT of 0.1 uM or
0.3 uM for 2 h. After incubated with A. fumigatus hyphae for 4, 8, 12 and
18h, primary peritoneal macrophages were collected for RT-PCR.
Western blot detected LOX-1 protein of macrophages at 24 h after sti-
mulation of A. fumigatus. The supernatant of macrophages was collected
to test the protein levels of IL-1f3, TNF-a, IL-10 at 24 h after A. fumigatus
stimulation.

2.7. Real-time PCR

Total RNA extracted from C57BL/6 mice corneas or macrophages.
The required experimental reagents and method steps was based on
Peng et al. [30]. The specific primers were shown in Table 1.

2.8. Western blot

Corneas and macrophages were lysed on ice for 2h in radio-
immunoprecipitation assay (Solarbio, Beijing, China) lysis buffer con-
taining phenylmethylsulfonyl fluoride (PMSF, 100:1; Solarbio) and
phosphatase inhibitor cocktail (100:1; MCE). After centrifuged, mixed
with SDS sample buffer and boiled, total protein was separated on 12%
acrylamide SDS-PAGE and transferred onto PVDF membrane. After
blocked at 37 °C or 2 h, membranes incubated with primary antibody at
4 °C overnight. Primary antibodies used in our study includes antibody
to LOX-1 (1:1000; Abcam, Cambridge, MA, USA), B-actin (1:2000;
Bioss, Beijing,China), p38MAPK(1:500; Elabscience, Wuhan, China)
and p-p38MAPK(1:500; Elabscience). After washed with PBST for three
times, membranes were incubated with secondary antibodies at 37 °C
for 1 h. The blots were tested with chemiluminescence (ECL; Thermo
Fisher Scientifc, Waltham, MA, USA).

2.9. Enzyme-linked immunosorbent assay
Corneas of C57BL/6 mice for Enzyme-linked immunosorbent assay

Table 1
Nucleotide sequences of mouse primers for real-time RT-PCR.

Gene GenBank no. Primer sequence (5-3")
mf-actin NM_007393.5 F:GATTACTGCTCTGGCTCCTAGC
R:GACTCATCGTACTCCTGCTTGC
miIL-1B NM_008361.4 F: CGCAGCAGCACATCAACAAGAGC
R: TGTCCTCATCCTGGAAGGTCCACG
mTNF-a NM_013693.3 F: ACCCTCACACTCAGATCATCTT
R: GGTTGTCTTTGAGATCCATGC
mIL-10 NM_010548.2 F: TGCTAACCGACTCCTTAATGCAGGAC
R: CCTTGATTTCTGGGCCATGCTTCTC
mLOX-1 NM_138648.2 F: AGG TCC TTG TCC ACA AGA CTG G
R: ACG CCC CTG GTC TTA AAG AAT TG
mMIP-2 NM_009140.2 F: TGT CAA TGC CTG AAG ACC CTG CC
R: AAC TTT TTG ACC GCC CTT GAG AGT GG
mTGF-f NM_011577.2 F: TGCGCTTGCAGAGATTAAAA

R: AGCCCTGTATTCCGTCTCCT
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(ELISA) were taken at 3 and 5 days after infection, and cell supernatants
were collected at 24h after A. fumigatus stimulation. Preparation of
mouse corneal homogenate and cell supernatant was based on manu-
facturer's instructions (Elabscience). A 100 ul aliquot of each cornea
and each supernatant was tested in duplicate for IL-1f, IL-10, and TNF-
a protein. Operating procedures followed the manufacturer's instruc-
tions (Elabscience).

2.10. Hematoxilin and eosin staining

The degrees of inflammatory cell infiltration, corneal cell edema
and corneal structural destruction were assessed by H&E staining. After
fixed in formalin, corneas of the mice taken from the different groups
were embedded in paraffin. After the sections were fixed on glass slides,
they were stained with hematoxylin and eosin. Their pathological
changes were observed by optical microscope.

2.11. Statistical analysis

All data are shown as the means + SD. The clinical score in dif-
ferent groups was determined by Mann-Whitney U test. An unpaired,
two-tailed Student's t-test was used to analyze the significance of the
RT-PCR, ELISA and Western blot data.

Differences were considered to be significant at p < 0.05.

3. Results
3.1. Effect of CLT on clinical score

To explore the effect of CLT on disease response in A. fumigatus
keratitis of C57BL/6 mice, we used a slit lamp to capture images at 3

and 5 days post infection. The clinical score was used to assess disease
response. Clinical scores in DMSO treatment group (Fig. 1A, C and E)
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were significantly higher than those in CLT treatment group (Fig. 1B, D
and F) at 3 and 5 days after infection (Fig. 1G; p < 0.001, p < 0.01,
respectively). H&E staining showed the pathological condition of in-
flammatory cell infiltration in the cornea of C57BL/6 mice infected
with A. fumigatus in CLT-treated group (Fig. 1I) or DMSO-treated group
(Fig. 1H). CLT treatment markedly restrained the infiltration of in-
flammatory cells in the cornea infected with A. fumigatus (Fig. 1I).
These results indicated CLT might alleviate the damage degree of
cornea of C57BL/6 mice with A. fumigatus keratitis.

3.2. CLT treatment of C57BL/6 mice alleviates the severity of A. fumigatus
keratitis in model by inhibiting proinflammatory mediators and LOX-1

To further explore the mechanism by which CLT alleviated the se-
verity of A. fumigatus keratitis in mice model, we detected the effects of
CLT treatment on production of LOX-1 and inflammatory mediators in
A. fumigatus-infected cornea. Firstly, we examined the effects of CLT
treatment on inflammatory mediators. CLT treatment decreased mRNA
levels of IL-13 at 3 and 5days post infection. (Fig. 2A; p < 0.05,
p < 0.05, respectively). TNF-a and MIP-2 mRNA was declined in the
CLT treatment group at 3 days after infection (Fig. 2B and C; p < 0.05,
p < 0.05, respectively). Their mRNA was decreased in the CLT treat-
ment group at 5 days after infection; the difference with DMSO treated
group was not significant (Fig. 2B and C). Then we found that CLT
treatment down-regulated expression of anti-inflammatory cytokine IL-
10 (Fig. 2D; p < 0.001) versus DMSO treatment at 3 days post infec-
tion. TGF- mRNA was decreased in the CLT treatment group (Fig. 2E;
p < 0.05) at 3 days after infection. No differences of mRNA levels were
detected between normal corneal groups (Figs. 2A-F). Finally, com-
pared with DMSO treated group, LOX-1 mRNA levels were down-
regulated by CLT treatment at 5 days post infection (Fig. 2F;p < 0.05).
To further confirm the above results, we detected the protein levels of
IL-13, TNF-a, IL-10 and LOX-1. After CLT treatment, IL-1f3 protein at
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Fig. 1. (A-]) Effects of CLT on Clinical Score of C57BL/6 mice. Photographs were taken by a slit lamp at 1, 3 and 5 days post infection. CLT (D and F) significantly
decreased clinical score versus DMSO treated group (C and E) at 3 and 5 days after infection. (H-I) Light microscopic histopathology of A. fumigatus-infected corneas
from C57BL/6 mice. The infiltration of inflammatory cells was significantly reduced in CLT treatment group (I) compared with DMSO treatment group (H) at 3 days

post infection. Magnification (H-I): X 200.
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Fig. 2. (A-J) CLT treatment of C57BL/6 mice alleviates the severity of A. fumigatus keratitis in model by inhibiting inflammatory mediators and LOX-1. After CLT
treatment, mRNA levels of IL-1B(A) were significantly decreased in the infected cornea of C57BL/6 mice at 3 and 5 days after infection; TNF-a (B) and MIP-2 (C)
mRNA was declined at 3 days after infection, and no differences in mRNA levels of TNF-a and MIP-2 were detected between two groups at 5 days post infection; IL-10
(D) and TGF-$ (E) mRNA was markedly declined at 3 days after infection, and no differences in mRNA levels of IL-10 and TGF-$ were detected at 5 days post
infection; LOX-1 (F) mRNA was declined at 5 days after infection, and no differences in mRNA levels of LOX-1 were detected at 5 days post infection. (G-J) Effects of
CLT treatment on protein levels of IL-13, TNF-a, IL-10 and LOX-1 in corneas. The IL-1 protein was significantly decreased (G) at 3 days after infection in CLT-treated
over DMSO-treated mice. No differences in protein levels of IL-13 were detected at 5 days after infection. In addition, TNF-a protein (H) was significantly decreased
at 3 and 5 days after infection. The IL-10 (I) and LOX-1 (J) protein levels were significantly decreased after CLT treatment at 5 days after infection, while there was no
difference of their protein levels between two groups at 3 days after infection. (N: cornea of C57BL/6 mice in normal group without infection; AF + DMSO: cornea of
C57BL/6 mice in DMSO-treated group post infection; AF + CLT: cornea of C57BL/6 mice in CLT-treated group post infection.)

3 days after infection were markedly reduced (Fig. 2G;p < 0.01), but it
was not obviously decreased at 5 days post infection (Fig. 2G); TNF-a
protein at 3 and 5days after infection were decreased (Fig. 2H;
p < 0.05, p < 0.05, respectively); IL-10 protein was decreased at
5 days after infection (Fig. 2I; p < 0.05), but no difference of its protein
levels were detected at 3days post infection between two groups

104

(Fig. 2I). Consistent with PCR data of LOX-1, CLT restrained protein
levels of LOX-1 at 5days post infection (Fig. 2J; p < 0.01). No differ-
ences of its protein levels at 3 days after infection were detected be-
tween two groups (Fig. 2J). These results suggested that CLT might
reduce disease response by down-regulating production of LOX-1 and
proinflammatory mediators.
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Fig. 3. (A) Effect of CLT on cell viability in primary peritoneal macrophages of
C57BL/6 mice. Peritoneal macrophages of C57BL/6 mice were seeded onto 96-
well cell culture plates and treated with different concentrations of CLT, as
indicated, for 24 h. (**p < 0.01, ***p < 0.001).

3.3. Effect of celastrol on cell viability in primary peritoneal macrophages of
C57BL/6 mice

In order to select the effective concentration of CLT for cell ex-
periments, cell cytotoxicity of CLT on primary peritoneal macrophages
of C57BL/6 mice (Fig. 3A) was evaluated by the CCK-8 assay. Results
showed that 0.1 uM and 0.3 uM of CLT did not affect the viability of
peritoneal macrophages (Fig. 3A). The concentration of CLT at 0.1 uM
and 0.3 UM were selected as application concentrations for the next in
vitro experiments.

3.4. Effect of CLT on proinflammatory mediators in peritoneal primary
macrophages of C57BL/6 mice challenged with A. fumigatus

To confirm whether CLT could downregulate the expression of IL-
1B, TNF-a and MIP-2, RT-PCR was used to evaluate the mRNA ex-
pression in primary peritoneal macrophages of C57BL/6 mice at 4, 8,
12 and 18h after A. fumigatus hyphae pre-incubation with different
concentrations of CLT. As shown in Fig. 4, the mRNA expression of pro-
inflammatory mediators such as IL-13 (Fig. 4A-D), TNF-a (Fig. 4E-H)
and MIP-2 (Fig. 41-L) declined at 4, 8,12 and 18 h after pretreated with
different concentrations of CLT during A. fumigatus infection. The data
further demonstrated that mRNA expression of IL-1f3, TNF-a and MIP-2
regulated by CLT in a dose-dependent manner (Fig. 4A-D, F-H, J and
K). The most intuitive data was shown in Fig. 4K. To confirm above, we
also tested the production of IL-1B and TNF-a in peritoneal primary
macrophages pretreated with 0.3 uM CLT challenged with A. fumigatus
by ELISA. ELISA data showed that CLT did inhibit IL-13 (Fig. 4M;
p < 0.01) and TNF-a production (Fig. 4N; p < 0.0001) compared
with control group. These results confirmed that CLT inhibited pro-
duction of proinflammatory mediators in macrophages of C57BL/6
mice challenged with A. fumigatus.

3.5. CLT inhibited the expressions of IL-10 and TGF-f in primary peritoneal
macrophages of C57BL/6 mice during A. fumigatus infection

To further explore the effect of CLT on production of IL-10 and TGF-
B in peritoneal primary macrophages challenged with A. fumigatus,
mRNA levels of IL-10 and TGF-3 were assessed by RT-PCR; protein
levels of IL-10 was assessed by ELISA.

In peritoneal primary macrophages stimulated with A. fumigatus for
4, 8, 12 and 18h, compared with DMSO pretreated group, CLT dra-
matically inhibited the mRNA expression of IL-10 (Fig. 5A-D) and TGF-
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P (Fig. 5E-H) in a concentration-dependent manner. To confirm these
data, protein levels of IL-10 in peritoneal primary macrophages were
examined by ELISA (Fig. 41). ELISA showed that protein levels of IL-10
was markedly decreased in 0.3uM CLT pretreatment group (Fig. 5I;
p < 0.0001). These results indicated that expression of IL-10 and TGF-
B in macrophages of C57BL/6 mice challenged with A. fumigatus before
we tested was markedly inhibited by pretreatment of CLT.

3.6. CLT exert anti-inflammatory effect by inhibiting production of LOX-1
in peritoneal primary macrophages of C57BL/6 mice during A. fumigatus
infection, which may be regulated by p-p38MAPK

After CLT pretreatment in macrophages, mRNA levels of LOX-1
(Fig. 6A-D) were suppressed in a concentration-dependent manner. To
confirm this, protein levels of LOX-1 was assessed by Western blot.
LOX-1 protein levels (Fig. 6E and F) was significantly decreased in
macrophages pretreated with 0.3uM CLT versus DMSO pretreated
group. It can be concluded that CLT likely suppresses inflammatory
response by reducing the expression of LOX-1. To explore the under-
lying mechanisms of CLT on anti-inflammation, we studied the role of
p38MAPK signaling pathway in the regulation of inflammatory med-
iators. As shown in Fig. 6E and H, the protein expression of p-p38MAPK
were upregulated in DMSO pretreated group, while the activation of
P38 MAPK were downregulated following pretreatment with CLT. Data
showed that CLT exert anti-inflammatory effect by suppressing LOX-1,
which may be regulated by p-p38MAPK.

4. Discussion

FK, a primary cause of corneal ulcer, is a severe disease which may
result in blindness. 20% of FK patients who received a reasonable
treatment may suffer corneal perforation, which may be caused by
excessive inflammatory responses [31,32]. A certain degree of in-
flammatory response can defend against A. fumigatus, but excessive
inflammatory response may be detrimental to its clearance [33]. The
above evidence suggests that rational regulation of excessive in-
flammatory response may improve the prognosis of patients with FK.

CLT, an activated natural products derived from the medicinal plant
Tripterygium wilfordii Hook F, displays powerful pharmacological ac-
tivity against inflammation [34], which provides a possibility to reg-
ulate excessive inflammatory response in FK. A previous study has re-
ported that CLT can suppress excessive inflammatory response in
atherosclerosis by inhibiting the effect of LOX-1 [22]. LOX-1 plays a
proinflammatory role in the development of A. fumigatus keratitis
[11,12]. We explored the effects of CLT on LOX-1 and its regulation of
excessive inflammation in FK. Results demonstrated that clinical scores
were lower in group with CLT treatment of C57BL/6 mice versus con-
trol group, which was consistent with slit lamp photographs. More in-
terestingly, mRNA levels of proinflammatory mediators, anti-in-
flammatory mediators and LOX-1 were decreased in CLT treatment
group, which demonstrated that CLT treatment may significantly sup-
press the excessive inflammatory response during A. fumigatus infec-
tion. Our results support ideas of recent studies, showing that CLT
ameliorated murine colitis [35] and experimental colitis of IL-10 defi-
cient mice and restrained the mRNA levels of colonic proinflammatory
cytokine, such as IL-13 and TNF-a [36].

Acute inflammation is an essential process in the host defending
against infection; While excessive inflammatory responses is harmful to
corneal healing [37]. Immune cells release excessive inflammatory
cytokines and various proteinases that harmful to corneal epithelial
wound healing [37-39]. Results indicated that the downregulation of
inflammatory cytokines and LOX-1 by CLT treatment might restrain
excessive inflammation in A. fumigatus keratitis, which may contribute
to corneal healing.

Previous studies have reported that rational regulation of excessive
inflammatory response is beneficial to corneal wound healing in FK



Q. Sun, et al. International Immunopharmacology 70 (2019) 101-109

<0.05
A 2 B _p<001_ C p<0.0001 D p<0.0001
ns < ns < — < _
é z ———— ns Z ns
o [4
% 15 ns £ 15 r“’s‘oﬂo;(o i L ns g 1S p<0.0001
S p<o.00p1 20001 P.0001 @ - = 2 p<0.0001  "p0.001p<0.001 2 TS ns  P<0.0001
4 o’ = = $<0.0001
% 1.0 5 1.0 510 510
c c s c
S K] o K]
? @ g 0 g 05
@ = V. g
ao.s §0.5 5 5 %
3 3 : :
® ® g $
S 2 2
'*'E 0.0 T 0.0 T 00 p § 00 p
- - [}
.s : RS EFERTT T REFFEEERETE
RN AN NHEDENEN PN PAPNP
SRS FEEEFE SER® S E
9 ) Tt O TN d\o\' Y 0\0\1‘\ 0\0\1‘\
E F G H
ns ns ns
1.5 ns 15 ns 16 p<0.0001
p<0.0001 =g 0o P 00001 — g8 Ll P<0.0001
: <0.0001 ns "=
L ——" ' POO001 0 o0t = 10 S5

Relative expression of TNF-a mRNA
Relative expression of TNF-a mRNA
Relalllve expr.esslon of TNF-a mRNA
Relative expression of TNF-a mRNA

0.0 00
> 3
‘\\Q“\"*s‘)“'&‘)“ vﬁ \Q“'&“'b‘)“'&‘? \Q“ \*? »g)“ -5%“ ¥ f&“ 5&“ fﬁ“ :;Q*
‘\\e- ‘\\e- é\w e\w vg\ﬁ'v,.‘\s;gséss' @e-@\u-\‘x\q-@\w g AN \Y,‘\% \‘3\& \vf‘
0\0’«\ N &\ N Y o\o}\ 00\" < (},& QAN O~ A
! J L ns
g é é ns g ns
g E E15 —_— ©
ns  Pp<0.0001 £15 "
d g Py p<0.0001 — o p<0.001 ~——  P<0.001
s [ [ ns -9 —— p<0.001
= = = p<00001 & <0.00
510 5 510 T 510
s $ s 5
7] ] ] =2
05 ] 805 2
£ 5 5" fos
o 3 X £
o © Py
2 2 2 - g
E° - R P N LU
= & g WA TSI TN B e SN S SN
RIS SR U R A A
ST T SR EEFEF
o~ o Ot O 0} o o\o‘:\\ Q\&\\
M
= 40 p<0.01 = 2000
= p<0.0001 ns 22 1 p<0.0001
2 2 p<0.0001 o
H £ 1500 -
g g
% £ 1000 ns
3 8
§ g
S 8 500
Q@ 9
5 w
= E 0
> *,_,o PO *‘,o o 2 @o &\f‘ & “‘,o ¥
S S & S S«
d < v < & ¥

Fig. 4. (A-N) Effect of CLT on proinflammatory mediators in peritoneal primary macrophages of C57BL/6 mice challenged with A. fumigatus. Primary peritoneal
macrophages were cultured without any pretreatment or A. fumigatus stimulation (N), with 0.1 pM or 0.3 uM CLT pretreatment for 2h and without A. fumigatus
stimulation (CLT(N)0.1 uM, CLT(N)0.3 uM), with DMSO (DMSO contained in 0.1 pM or 0.3 uM CLT, respectively) pretreatment for 2h and without A. fumigatus
stimulation (D(N)0.1 uM, D(N)0.3 uM). Macrophages were cultured with A. fumigatus stimulation for different hours and without any pretreatment (AF), with 0.1 pM
or 0.3 uM CLT pretreatment for 2h and A. fumigatus stimulation for different hours (CLT(AF)0.1 pM, CLT(AF)0.3 uM), with DMSO (DMSO contained in 0.1 uM or
0.3 uM CLT, respectively) pretreatment for 2h and A. fumigatus stimulation for different hours (D(AF)0.1 uM, D(AF)0.3 pM). The mRNA expression of pro-in-
flammatory mediators such as IL-1$ (A-D), TNF-a (E-H) and MIP-2 (I-L) was declined at 4, 8,12 and 18h after pretreated with concentrations of CLT in a dose-
dependent manner during A. fumigatus infection in primary peritoneal macrophages. CLT(0.3 uM) did inhibit IL-1B (M) and TNF-a (N) protein levels compared with
DMSO-pretreated group after stimulation with A. fumigatus for 24 h.

[37,40,41], which can support our results. oxidative stress in RAW264.7 cells [22]. Recent research has shown
Cell experiments were used to further explore the effects of CLT on that concentrations of CLT below 1 uM hardly affected the growth and
LOX-1 and inflammatory mediators in vitro. Recent studies have de- virulence of A. fumigatus. In this experiment, growth and virulence of A.
monstrated that macrophages play primary roles in host resistance to fumigatus was hardly affected by 0.1 and 0.3 uM CLT [24].
fungal infection in cornea [8,25], and they can remove fungal spores We observed that CLT markedly decreased the mRNA levels of IL-
and suppress propagation of spores in vitro or in vivo [42]. Related 1B, TNF-a, IL-10, MIP-2 and TGF- in macrophage versus DMSO
literature shows that CLT suppressed the production of IL-13 in mac- treated group. Results of ELISA were consistent with these. These re-
rophage after LPS stimulation [43]. CLT inhibits oxLDL-induced sults indicated that CLT may restrain excessive inflammation in
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Fig. 5. (A-I) CLT inhibited the expressions of IL-10 and TGF-f in peritoneal primary macrophages of C57BL/6 mice during A. fumigatus infection. The mRNA
expression of anti-inflammatory mediators such as IL-10 (A-D) and TGF-B (E, F and H) was declined at 4, 8 and 18 h after pretreated with different concentrations of
CLT during A. fumigatus infection in peritoneal primary macrophages. TGF-p (G) increases significantly at 12h after pretreated with 0.1 pM of CLT, decrease
significantly at 12 h after pretreated with 0.3 uM of CLT. After CLT(0.3 uM) treatment, IL-10 (I) protein was declined compared with DMSO-pretreated group after

stimulation with A. fumigatus for 24 h.

macrophage stimulated with A. fumigatus keratitis. Our study is corre-
sponding with recent reports, showing that CLT alleviates injuries of
kidney and liver in mice and LPS-induced inflammation by inhibiting
the expression of IL-1p, TNF-a and related inflammatory markers [44].
CLT might offer a promising adjunct treatment for rheumatoid arthritis
through downregulation of IL-1B and TNF-a [45]. However, the reg-
ulation of IL-10 by CLT in different disease models may be various. CLT
ameliorates murine colitis via increasing IL-10 levels in the colon [35],
and CLT attenuates acute hepatic dysfunction without affecting IL-10
expression levels [46]. Production of IL-10 were declined in macro-
phages after CLT pretreatment at different hours after stimulation with
A. fumigatus. Inflammatory response in macrophages before tested
challenged with A. fumigatus may have been completely inhibited by
pretreatment with CLT, which may lead to results as we saw. It is in-
teresting that at 12h, at a concentration of 0.1 uM CLT there is an
different trend compared with 4, 8 and 18h after stimulation of A.
fumigatus. We detected that the concentration of CLT at 0.1 uM mark-
edly decreased the mRNA levels of IL-1B and IL-10 in macrophage
versus DMSO treated group at 12 h after stimulation of A. fumigatus. No
differences between 0.1 uM CLT-treated and DMSO-treated groups in
mRNA levels of TNF-a, MIP-2 and LOX-1 were detected. We suspected
that quantified mRNA level of TNF-a, MIP-2 and LOX-1 may peak at
12 h after stimulation with A. fumigatus. Their peak of mRNA expression
cannot be suppressed by 0.1 uM CLT. The peak of LOX-1 and TNF-a

mRNA expression has been confirmed by research [12].

These results further demonstrate that CLT may restrain excessive
inflammatory response via downregulation of proinflammatory med-
iators and LOX-1 in macrophages during A. fumigatus infection, which
were consistent with our results of mice model.

Although rational treatment with CLT can alleviate the excessive
inflammatory response in A. fumigatus keratitis via inhibiting in-
flammatory mediators and LOX-1, the precise mechanism of its effect
still needs to be explored. Protein levels of LOX-1 and p-p38MAPK was
down-regulated after CLT pretreatment in our study. It indicated that
appropriate treatment of CLT can ameliorate excessive inflammatory
response in A. fumigatus keratitis, which may be regulated by p-
p38MAPK. These findings also are consistent with this previous study
showing that LPS induced LOX-1 and p-p38MAPK expression in mice
aorta tissues [47]; Anti-LOX-1 is capable of inhibiting LPS-induced in-
flammatory response, including NF-KB activation, p38MAPK activation
and apoptotic signaling in mouse lung [52]. LOX-1 plays a pro-in-
flammatory role in A. fumigatus keratitis through the p38MAPK
pathway [11], and A. fumigatus keratitis can be ameliorated by down-
regulated LOX-1 expression [13].

Besides innate immunity, acquired immune response also plays an
important role in fungal clearance. Thl and Th17 responses partici-
pated in splenic and lung cell responses to nonfatal systemic aspergil-
losis in mice [48]. A recent study identified an essential role Th17 cells
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Fig. 6. (A-H) CLT exert anti-inflammatory effect by inhibiting production of LOX-1 in peritoneal primary macrophages of C57BL/6 mice during A. fumigatus
infection, which may be modified by p-p38MAPK. After CLT pretreated, LOX-1 mRNA levels (A-D) were downregulated in the infected macrophages at 4, 8, 12 and
18 h post infection compared with DMSO-pretreated group. CLT(0.3 pM) significantly inhibited LOX-1(E and F) and p-p38MAPK (E and H) protein expression

compared with DMSO-pretreated cells at 24 h post infection.

in regulating the growth of fungal hyphae and the severity of corneal
disease [49]. A lack of Th17 cells increases susceptibility to invasive
fungal infection, but excessive immune responses can cause severe
tissue damage [6].

CLT suppress Th17 cell induction , while promoting the generation
of Treg cells that have a central role for keeping the balance between
pro- and anti-inflammatory immune responses against A. fumigatus
[50,51]. Our results suggest that excessive inflammatory response can
be suppressed by rational use of CLT. We speculated that excessive
Th17 response may be inhibited by CLT. This speculation requires
further experimentation to explore.

In summary, appropriate CLT treatment may ameliorate A. fumi-
gatus keratitis by downregulating production of LOX-1, which may be
modified by p-p38MAPK.

This research has shown that expression of LOX-1, playing a
proinflammatory role in A. fumigatus keratitis, can be inhibited by CLT
treatment, which may provide a new idea for the treatment of A. fu-
migatus keratitis.
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