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Abstract: The role of vitamin D in the regulation of lung immune defense and inflammatory response has attracted
more and more attention. Vitamin D deficiency is closely related to respiratory tract infections. However, few studies
have elucidated the mechanism of vitamin D deficiency on host pulmonary resistance to Aspergillus fumigatus (A.
fumigatus). In this paper, the role of autophagy and Treg regulation in the treatment of rat models of A. fumigatus
infection with vitamin D was investigated. We intratracheally injected the A. fumigatus spores into Mice fed with suf-
ficient vitamin D (VitD+) or deficient diets (VitD-). Mortality, fungal load and weight changes were evaluated. The co-
nidia of lung tissue were isolated for analysis of viability. Alveolar macrophages (AMs) were stimulated with a viable
A. fumigatus conidia for determining the formation of lysosomes in vitro. The autophagy-related proteins dectin-1,
ROS and LC3BII expression in AMs were measured. Fluorescence and Western blot were performed to evaluate the
autophagic flux and Treg cells were detected by flow cytometry. After inoculation with A. fumigatus, the vitamin D
deficient mice exhibited a higher rate of death, more fungal growth, and more weight loss than its sufficient peers.
The viability of A. fumigatus conidia in VitD+ mice was significantly lower than that in VitD- mice. In the case of A.
fumigatus infection, vitamin D delays the formation of lysosomes against A. fumigatus through autophagy. The au-
tophagy flow measurement experiment also found that the vitamin D group lowered autophagy levels in cells and a
small number of Treg cells. In conclusion, Vitamin D deficiency can lead to impaired lung defense in mice, which may
be associated with the formation of excessive autophagy-induced lysosomes and increased counts of Treg cells.
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Introduction

Vitamin D is known to be of physiological im-
portance in calcium homeostasis and bone
health [1]. Vitamin D exerts biological function
through the activation of the vitamin D recep-
tor (VDR), enhancing calcium absorption in the
small intestine and promoting bone minerali-
zation. Human endogenous vitamin D is main-
ly derived from the skin through adequate sun
exposure, more specifically, the 7-dehydrocho-
lesterol stored in the skin is converted to cho-
lecalciferol (Vitamin D,) by the action of ultravi-
olet B-rays. Vitamin D, is delivered to the liver
through blood flow and converted to calcidiol.
Studies have demonstrated that the produc-
tion of active 1, 25-dihydroxyvitamin D, (1,25-

D,) is catalyzed by lo-hydroxylase, which is
conventionally known to carry out in the kid-
neys. Without sufficient active vitamin D, the
serum calcium concentration will decrease,
which will lead to demineralization of the bone.

In addition to its endocrinological effects, Vi-
tamin D has been demonstrated to play a
beneficial role in pulmonary immunity and
inflammatory processes [2, 3]. Extra-renal 1o-
hydroxylase are expressed in various cells of
the immune system including airway epitheli-
um [4], dendritic cells [5] and alveolar mac-
rophages (AMs) [6] as well as lymphocytes [7],
indicating that lungs are also important or-
gans for the generation of active vitamin D.
Localized 1,25D, plays a role in all aspects of
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immune regulation. Immune effects of vitamin
D involve enhanced antimicrobial peptide ca-
tholic secretion, inhibition of chemokine pro-
duction and dendritic cell maturation, and al-
teration of T-cell differentiation [8]. The cellular
effects mentioned above play a pivotal role in
the host resistance against pathogens, and the
lack of vitamin D will compromise its immune
activity.

Accumulating evidence suggests that individu-
als with vitamin D deficiency are susceptible
to various respiratory diseases [3]. A. fumiga-
tus remain the most important Aspergillus [9]
known to cause respiratory infections in immu-
nocompromised patients. Vitamin D deficiency
results in impaired body resistance to A. fumig-
atus by increasing inflammation and prolong-
ing inflammation duration [10]. Few in-depth
studies have been conducted on the ability of
the host to protect against A. fumigatus infec-
tion through vitamin D.

Based on the basis that active vitamin D is
generated locally in lung also it can act as an
immunomodulatory molecule at this barrier si-
te, also autophagy-related proteins are relat-
ed with Candida albicans Infections [11-13]. We
speculated that the impaired lung resistance
to A. fumigatus infection may be attributed to
vitamin D deficiency through autophagy and
Treg cells. In this study, we tried to verify our
assumptions by giving mice different doses of
vitamin D diets and observing the extent of
lung aspergillosis infection in mice.

Material and methods
Animals

All animal experiments were approved by the
Animal Experimental Ethical Committee at
Anhui University of science and technology
under university-approved protocols. We pur-
chased four-week old female BALB/c mice (fr-
om Anhui medical university). Mice were raised
in groups of specific pathogen-free environ-
ment within small animal care facilities at An-
hui University of science and technology. Mice
were exposed to a 12-hr light/dark cycle and
provided with assigned diet and tap water ad
libitum. Weight and health status of mice were
monitored weekly. For infection models, mice
were anesthetized with ether.
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Vitamin D-deficient diet

After a two-week acclimation, mice were fed
with Vitamin D-deficient diet (AIN-93G/No vi-
tamin D) or VitD+ diet (AIN-93G) and main-
tained at least four weeks. The adequate vi-
tamin D diet contained 1000 IU of vitamin D,/
kg of food. Serum concentration of 25-(0OH)
D, was determined by enzyme-linked immu-
nosorbent assay (ELISA) to confirm vitamin D
deficiency.

Preparation of A. fumigatus

The A. fumigatus 42202 (ATCC) strain was cul-
tivated at 37°C for 3 days on Sabouraud dex-
trose agar. The collected conidia were washed
and suspended in PBS supplement with 0.1%
Tween 20 (resuspension buffer) and separated
from the mycelia by gauze. A. fumigatus conidia
were counted microscopically and further con-
firmed by hemacytometer. The resuspension
buffer was centrifuged to obtain a precipitate
containing A. fumigatus conidia, and A. fumiga-
tus conidia were resuspended in PBS at a con-
centration of 3.5 x 108 conidia/ml.

In vivo A. fumigatus infection, survival and tis-
sue burden assessment

Mice were mildly anesthetized with ether and
administered intratracheally at a concentration
of 50 ul of 3-8 x 107 viable spores while main-
taining an upright position. Within 1, 2 hours
after inoculation, the mice recovered comple-
tely and had a healthy appearance until dis-
ease characteristics are obvious 25-30 hours
after the infection. The clinical manifestations
and weight changes of each group were recor-
ded daily. The overall condition of the mice
was assessed every 8 hours after A. fumigatus
infection. Body weight of mice was measured
regularly every morning. The rectal tempera-
ture of the mice was measured by the elect-
ronic thermometer twice a day. At the specific
time after infection, lung tissue was taken out
of mice, and the log , colony-forming units
(CFUs) per lung were evaluated for fungal
burden.

Determination of conidia activity

Fluorescent staining are conducted according
to the recommendation of L13152 live/dead
Baclight™ Bacterial viability kits, fluorescent
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Figure 1. Serum concentrations of Vitamin D and
weights of mice in the two dietary groups. BALB/c
mice were fed with VitD+ and VitD- diets after wean-
ing. Three mice from each group were sacrificed.
Blood was drawn from the retro-orbital venous
plexus and the serum concentration of 25-(OH)D,
(ng/ml) was measured every two weeks. Data repre-
sents mean + SD (n = 3, repeated three times each).
*P<0.01 (student’s t-test).

dyes are added to the conidia, then the coni-
dia were cultured at 37°C for 60 min and
washed with PBS for 5 times, the conidia are
observed by fluorescence microscopy for the
analysis of viability. The live/dead Baclight™
Bacterial viability kits consist of two dyes, one
is SYTO9 green-fluorescent nucleic acid stain,
and the other is the red-fluorescent nucleic
acid stain, propidium iodide. The use of the
SYTO9 dye alone can stain all conidia, and
when both dyes are used at the same time,
SYTO9 fluorescence is attenuated by the infu-
sion of propidium iodide through the damaged
cell membrane.

Isolation and stimulation of AMs
Surgical exposure was performed to separate

the trachea. After a 20-gauge needle was in-
serted into the trachea, alveolar macrophages
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were collected from the lung tissue with pre-
cooled PBS (10 times). For stimulation assays,
bronchoalveolar lavage fluid (BALF) was col-
lected and centrifuged at 4°C, 300 g for 8
min. The precipitated cells were suspended in
RPMI 1640 containing penicillin (100 units/
ml), streptomycin (100 mg/ml), and 5% fetal
bovine serum to prepare a cell suspension at
a concentration of 2 x 10%/ml. 250 ul (5 x 10°
cells) was added to each well of the 24-well
plate and incubated at 37°C in a humidified
atmosphere of 5% CO, for 2 hours to promote
adhesion to the cell walls. After washing the
plates with RPMI 1640 three times, the adher-
ent cells were gently scraped with a curette
and then fresh RPMI 1640 containing 10%
FBS was added. Alveolar macrophages could
be cultured separately in the culture medium
or co-cultured with viable A. fumigatus coni-
dia. The ratio of conidia to cells was 1:10 (MOI
=0.1).

Real-time PCR

Total RNA was extracted from cultured cells
or lung tissue using Trizol reagent (Invitrogen
Life Technologies), and cDNA was synthesized
using the M-MLV reverse transcriptase kit
(Promega) according to manufacturer’s instru-
ctions. The detection of the target gene was
carried out on the CFX96 real-time system
(Bio-Rad). Gene-specific primers and probes
for beta-actin, LC3BIl, dectin-1 and ROS were
purchased. Data were expressed using the
delta-delta Ct method.

Western blot analysis

The cultured cells were treated with RIPA lysis
buffer (Genechem) to isolate the total protein.
The extracted protein was subjected to 8-18%
SDS-PAGE gradient gel electrophoresis and
transferred to a polyvinylidene difluoride (PV-
DF) membrane (Bio-Rad). The membranes we-
re incubated with the following primary anti-
bodies at 4°C overnight after blocked with
TBST solution containing 5% BSA for 2 hours.
The primary antibodies used in the experiment
included the following: anti-dectin-1 at 1:1000
(Santa Cruz Biotechnology), anti-ROS at 1:1000
(Abcam), LC3BIl at 1:1000 (Sigma) and B-actin
at 1:2000 (Sigma). After washing three times
in TBST solution, the membranes were incubat-
ed with the respective secondary antibodies
(1:2000, Cell Signaling) for 1 h at room temper-
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Figure 2. Increased susceptibility of VitD- mice after infected with A. fumigatus. 40 ul of 5 x 107 (A), or 7 x 107 (B) A.
fumigatus conidia were injected intratracheally into VitD+ and VitD- mice. The survival status of mice was monitored
continuously for 28 days and expressed as fraction of survival. These two graphs showed the cumulative results of
three independent experiments for each inoculum dose. 0.05 was the significance level for log rank test and Wil-
coxon test. (C) Pulmonary fungal loads were observed in VitD+ and VitD mice after intratracheal infection with 3 x
107 A. fumigatus conidia. Mice lung tissue homogenates were filtered and plated to measure CFU. Values represent
as log10 of CFU average values from three independent studies (three for each dilution using three mice of each
group). *P<0.05 and **P<0.01 (Mann-Whitney U-test) were set as a statistically significant judgment level. (D) The
mice weight changes induced by the infection were monitored for 7 days after intratracheal infected with 3 x 107 A.
fumigatus conidia. Results are expressed as means + SD (n = 15). *P<0.05, **P<0.01 (Student’s t-test).

ature. Protein bands were visualized using the
TMB (Cell Signaling company). The mean pixel
density of each protein band was quantified
using Quantity One software 4.6.2 (Bio-Rad).
B-actin expression were used as internal
controls.

Autophagic flow detection

The stably expressed GFP-LC3 RAW264.7 ce-
lls from Anhui University of Science And
Technology were infected by A. fumigatus with
or without vitamin D. The expression of auto-
phagy related protein LC3BIl was observed
by fluorescence. LC3BII showed green fluores-
cent spots. The ratio of the LC3BII level of the
chloroquine treatment group to the corres-
ponding untreated group in the C was used as
an indicator of the autophagic flow rate.
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Flow cytometry analysis

Splenic cells were harvested and counted by
flow cytometry. Cellular population were wa-
shed and resuspended at a concentration of
0.5 x 10° to 1 x 10° PBS buffer plus 0.1%
NaN,, and Fc receptors were blocked by the
addition of unlabeled anti-CD16/32 (Fc block-
ing, eBioscience Inc.). After Fc receptor block-
ing, immunostaining for cell surface molecu-
les was performed for 30 min at 4°C. Cells
were washed twice with PBS buffer. The data
acquired were analyzed with Cyt Expert soft-
ware. Fluorochrome-conjugated antibodies di-
rected against the following antigens were
obtained: CD4-FITC, CD8a-PC5.5, CD25-APC,
CD19-PC7, CD45-APC-Alexa Fluor700 and FO-
XP3-PE (Biolegend, USA). Foxp3/Transcription
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Wilcoxon tests. Paired data
were analyzed by paired sam-
ples ttest or Mann-Whitney
test for non-parametric data.
P<0.05 were considered sta-
tistically significant. All experi-
ments were repeated three
times.

Results

Vitamin D deficiency defected
host resistance to A. fumiga-
tus

In this research, we used BA-
LB/c mice to study whether
vitamin D deficiency changed
the host resistance to A. fumig-
atus. After 8 weeks of feeding,
VitD- mice had significantly
lower 25-(OH)D, levels com-

3
pared to VitD+ mice (Figure

Figure 3. The inhibitory effect of vitamin D on the viability of A. fumigatus 1, P<0.01). Serum calcium

conidia was observed by fluorescence microscopy. A. The viability of A. fu-
migatus conidia was observed in bright field. B. Negative control (A. fumiga-
tus conidia was stained with Annexin Syto9/Pl). C, D. The lung tissues from
VitD-/VitD+ mice were lyzed three days post intratracheal challenge with
3 x 10" A. fumigatus conidia, the Annexin Syto9 (green)/PI (red)-stained
conidia (magnification 400 x) was shown above to distinguish dead or alive
conidia (the SYTO9 generally labels all the conidia, in contrast, Pl pene-

trates only conidia with damaged membranes).

Factor Fixation/Permeabilization Concentrate
and Diluent Kit (eBioscience Inc.). Numbers of
relevant cell types were determined by combin-
ing flow cytometry data.

ELISA

For in vivo experiments, animals were sacri-
ficed and their blood was clotted on ice for 10
minutes, and serum was separated by centrifu-
gation at 4°C and was stored at -80°C for fur-
ther analysis of cytokine levels. Serum levels
were measured in duplicate wells using mouse
IL-10, IFN-y, TGF-B and IL-4 ELISA kit (Dakewe
Biotech, Beijing, China). All assays were per-
formed according to the manufacturer’'s pro-
tocol.

Statistical analysis
Statistical analysis was performed with the

GraphPad Prism 5.0 software. Survival rate dif-
ferences were analyzed using the Log-rank and
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and phosphorus concentra-
tions were similar over the
eight weeks period (data not
show). No significant chang-
es were observed in average
weight on VitD- and VitD+
group at eight weeks (Figure
1). Mice were infected with A.
fumigatus conidia by airway to assess mortali-
ty, lung fungus load and body weight changes.

The mortality of VitD- mice infected with 5 x
107 conidia was significantly higher than that
of VitD+ mice (36.7%; 11/30 mice versus
13.3%; 4/30 mice respectively) (Figure 2A).
When the amount of conidia increased to 7 x
107, the mortality rate of VitD- mice reached
half by 5 days (Figure 2B). When 3 x 107 conid-
ia were inoculated, no deaths occurred in ei-
ther of the two groups within 28 days (data
not shown). Pulmonary resistance to A. fumiga-
tus was compromised due to vitamin D defi-
ciency. The fungal load in the lungs of VitD-
mice was significantly higher than that of VitD+
mice at 24, 48 and 72 hrs after 3 x 107 conidia
inoculation (Figure 2C). VitD- mice were more
likely to lose body weight when stimulated with
3 x 107 conidia, and VitD- mice gained much
less weight than VitD+ mice (Figure 2D).

VitD+ and VitD- mice were put to death 3 days
after intratracheal inoculation of 3 x 107 A.

Am J Transl Res 2018;10(2):381-391
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Figure 4. The inhibitory effect of vitamin D on the formation of lysosomes against A. fumigatus. The AM cells from
the lung tissues of BALB/c mice were infected by A. fumigatus. with or without vitamin D, the AMs (magnification
800 x) stained with Hochest33342/Lyso-Tracker Red for the analysis of the formation of lysosomes are shown at
the indicated times.
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Figure 5. The effect of vitamin D on the autophagy-ralated proteins. The
AM cells from the lung tissues of BALB/c mice were infected by A. fumiga-
tus with or without vitamin D, the protein was extracted at specific time
p.i., expression of dectin-1, ROS and LC3BII were analyzed by Western blot-
ting. Data represents mean + S.E.M. (n = 3, repeated three times each).

*P<0.05 (Student’s t-test).

fumigatus conidia. Then we isolated and lyz-
ed the lung tissues, the homogenates were fil-
tered through gauze to get the conidia, the
conidia were stained with Annexin Syto9/PI for
the analysis of viability through the fluores-
cence microscope. The viability of A. fumigatus
conidia was significantly lower in VitD+ mice
(Figure 3D) than in VitD- mice (Figure 3C).

The above evidence suggested that vitamin D
deficiency impaired the host’s ability to resist A.
fumigatus.

Vitamin D delays the formation of lysosomes
against A. fumigatus

The AMs were obtained from lung tissue from
BALB/c mice, then the cells are cultured with or
without Vitamin D, after challenged with 3 x
107 A. fumigatus conidia at 1 hr or 3 hrs, the
conidia were stained with Hochest33342/Ly-
so-Tracker Red for the analysis of the formation
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apparent, by 3 hrs, lysosome
Vit D- colocated with the conidia,
while in VitD+ AMs, lysosomes

?zh were scattered in the cyto-
NN .
plasm (Figure 4B).
B3 48h &
&z 72h Vitamin D deficiency may

compromise pulmonary resis-
tance to A. fumigatus through
autophagy

To determine whether autoph-
agy occurs when AMs were
challenged with A. fumigatus,
the autophagy-related proteins
were analyzed. Figure 5A sh-
owed that dectin-1, ROS and
LC3BIl increased gradually be-
ginning at 0-12 h. p.i in VitD+
AMs, while these autophagy-
related proteins were at a hig-
her level continuously in VitD-
AMs. The autophagy-related pr-
oteins reached a peak value in VitD+ AMs (12
h) earlier than in VitD- AMs (48 h).

From the results of the autophagy flow test
(Figure 6), we found that the levels of autopha-
gy in the vitamin D treated group were lower
and statistically significant than those in the
untreated group.

These demonstrated that Vitamin D can main-
tain cellular low levels of efficient autophagy in
the early stages of lung clearance of Aspergillus
fumigatus and prevent damage by excessive
autophagy.

Treg cells increased in A. fumigatus-chal-
lenged VitD- mice

To determine whether immune response aga-
inst A. fumigatus-challenged VitD+/- mice. Sp-
lenic cells were analyzed by flow cytometry to
examine the percentage of Thl, Th2 and Treg

Am J Transl Res 2018;10(2):381-391
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Figure 6. The effect of vitamin D on the autophagic flux. Fluorescence and Western blot were performed to evalu-
ate the autophagic flux on stably expressed GFP-LC3BII and infected by A. fumigatus RAW264.7 cells treated with
or without vitamin D for 6 h. A: The expression of autophagy related protein LC3BIl was observed by fluorescence.
LC3BII showed green fluorescent spots. Vitamin D group was found to significantly reduce the number of autophagic
bodies. B, C: LC3BII protein levels were analyzed by Western blot. D: The ratio of the LC3BI!I level of the chloroquine
treatment group to the corresponding untreated group in the C was used as an indicator of the autophagic flow rate,
in which the vitamin D group significantly inhibited the level of autophagic flow. Data represents mean + S.E.M. (n =

3, repeated three times each). ***P<0.001 (Student’s t-test).

cells. As shown in Figure 7A, the levels of Fo-
xp3 expression were much higher in Vit D-
group than those in the VitD+ group. While
there was no significant difference between
Th1l and Th2 cells (date no shown). We also
found that the levels of IL-10 and TGF-B in the
vitamin D treated group were lower and statisti-
cally significant than those in the untreated
group (Figure 7B). Meanwhile, there were no
differences between the two groups in the
production of IL-4 and IFN-y.

Discussion

Our results demonstrated that the survival ra-
te of VitD- mice infected with A. fumigatus
decreased coupled with the impaired lung
clearance of organisms. Vitamin D showed an
inhibitory effect on the viability of A. fumigatus
conidia and reduced the number of Treg cells
in vivo. In vitro, experiments showed that vita-
min D inhibits the formation of lysosomes
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against A. fumigatus. Vitamin D deficiency may
compromise pulmonary resistance to A. fumig-
atus through autophagy. In vivo and in vitro
experiments confirmed that vitamin D can
maintain cellular low levels of efficient auto-
phagy and a small number of Treg cells in the
early stages of lung clearance of A. fumigatus
and prevent damage by excessive autophagy.

Our survival experiments showed that VitD-
mice had higher mortality rate and impaired
fungal clearance, which were similar with pre-
vious study [10]. An important finding from this
study is that the viability of A. fumigatus coni-
dia was significantly lower in VitD+ mice than
in VitD- mice in vivo. Seasonal fluctuations in
respiratory infections have been observed in
population biology. The seasonal variation in
vitamin D levels [14] has been proposed to
explain this phenomenon. In addition to its
endocrine function, Vitamin D helps to promo-
te innate immunity [15]. A. fumigatus infection

Am J Transl Res 2018;10(2):381-391



Vitamin D resistant to aspergillus fumigatus through autophagy

A Vit D+ Vit D- B
Gated on CD4+ Gated on CD4+ 300- * %

E T u

o
) ] 2 200- T
R Treg(5.00%) E Treg(10.02%) "
3 ] E
1 =
l] EE ‘ © 100+
E s >
IR & i
T T T m 0 T T
K\

IL-10 TGF-B

Figure 7. Treg cells increased in A. fumigatus-challenged VitD- mice. A. BALB/c mice were fed with VitD+ and VitD-
diets after weaning. Splenic cells were harvested and gated on lymphocytes and aggregates (scatter area versus
height). Representative dot plot examples from one mouse with frequencies of CD25+FOXP3+ cells among CD4+
lymphocytes. B. BALB/c mice were fed with VitD+ and VitD- diets after weaning. Three mice from each group were
sacrificed. Blood was drawn from the retro-orbital venous plexus and the serum concentration of 25-(OH)D, (ng/ml)
was measured at the end of the experiment. Data represents mean + SD. Meanwhile, there were no differences
between the Vit D+ group and the Vit D- group in the production of IL-6 and IFN-a. Data are means + SD. Asterisk
indicates statistical significance between Vit D- groups and Vit D+ group: *P<0.05, **P<0.01. Results from 1 of 3

independent experiments are presented.

can affect the function of T helper cells and
effect phagocytic cells [16], meanwhile vitamin
D can also act on T, B and Treg cells, macro-
phages, cytokines and chemokine release, re-
active nitrogen, and oxygen species, dectin-1,
toll-like and mannose receptors. Treg mediated
cellular immunity plays a crucial role in immune
homeostasis during the infection phase. In our
study, Treg cell is increased in VitD- group,
which can secrete regulatory cytokines, such
as IL-10, TGF-B. Due to its important role in dif-
ferentiation and functional effects. Treg plays
a negative regulatory role in CD4+T cell medi-
ated responses due to its ability to inhibit the
Th1-mediated inflammatory response and Th2-
mediated allergic response. Since TGF-B is
closely related to the differentiation of Treg, we
proposed that enhanced autophagy could be
the reason why the Treg cells increased in
A. fumigatus-challenged VitD- group. This also
has been shown to correlate directly with in-
creased Treg-related cytokine TGF-B level. Treg
cells play an essential role in the development
of protective immunity to the ubiquitous mold
A. fumigatus by sufficient Vit D supplements.

All of these findings inspired us to study the
relationship between vitamin D and A. fumiga-
tus infection. It has been reported that catheli-
cidin induced by calcitriol through IL-37 [17]
can delay the growth of Mycobacterium tuber-

389

culosis in vitro, which may be a cause of lower
serum vitamin D levels in tuberculosis patients
[18]. The data in our study suggested that vi-
tamin D may boost the host immunity and
enhance the resistance to A. fumigatus.

Pattern recognition receptors (PRRs), such as
C-type lectin receptors (CLRs), like Dectin-1 and
Toll-like receptors (TLRs), are closely related
to the host’s ability to identify fungi in a timely
and effective manner. Antigen-presenting cells
(APCs) and phagocytic cells are responsible
for phagocytosis and neutralization of patho-
gens, and subsequently phagocytosed patho-
gens are processed and degraded in organel-
lites known as phagosomes. Autophagy is an
intracellular catabolic pathway that transfers
cytoplasmic material to lysosomes, which is
characterized by the formation of double me-
mbrane vesicles called autophagosomes. Tra-
ditionally, autophagy has been demonstrated
to play a pivotal role in maintaining cell meta-
bolism and homeostasis [13]. Recently, a gr-
owing number of reports suggested that au-
tophagy was involved in the elimination of fun-
gal by the host [11, 12, 19, 20]. Autophagy has
a dual effect on the regulation of cell death
and mild autophagy protects cells from harm-
ful conditions to promote cell survival. Severe
and rapid autophagy will induce programmed
cell death, known as autophagy-mediated cell
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death [21-23]. Our experiments showed that
vitamin D inhibits the formation of lysosomes,
which may maintain moderate autophagy, it will
be helpful to reduce programmed cell death
and enhance sustained antifungal ability, thus
protect cells from A. fumigatus. to promote cell
survival.

In conclusion, we have found that vitamin D
plays an important role in host immunization
against A. fumigatus in immunocompetent
hosts. Vitamin D enhances the host’s cellular
immune function against A. fumigatus by re-
gulating the autophagy and Treg cells involv-
ed in A. fumigatus infection. These studies pro-
vide the basis for clarifying the mechanisms by
which vitamin D is responsible for the risk of
Invasive Pulmonary Aspergillosis (IPA) in im-
munosuppressed patients. The study of au-
tophagy in the body after infection with A.
fumigatus is still at the initial stage. We should
devote more efforts to study how to make the-
se autophagic proteins play a role in protecting
the host from A. fumigatus infection.
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