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Background: Tularomyces marneffei (T. marneffei) is a destructive opportunistic dimorphic
fungal which can cause lethiferous Talaromycosis, but the clearance of 7. marneffei mainly
depends on the innate immune response.

Objective: To investigate whether 7. marneffei can inhibit the expression of CD86 in THP-1
cells after infection and discuss the potential mechanisms.

Methods: Western blot and immunoelectron microscopy were used to detect the CD86 expres-
sion on T" marneffei cultured on BHI medium at 37°C. Western blot, enzyme-linked immunoassay
and immunofluorescence were used to detect the change of CD86 expression on macrophages
incubating with 7" marneffei. Enzyme-linked immunoassay was used to detect the content of CD86
in supernatant in the co-culture system. Immunohistochemistry and immunoelectron microscopy
were used to detect the expression of CD86 on 7. marneffei incubating with macrophages.
Results: 7. marneffei did not express CD86 when cultured separately at 37°C detected by Western
blot and immunoelectron microscopy, but it did express CD86 when incubated with macrophages
detected by immunohistochemistry and immunoelectron microscopy. The CD86 expression of
macrophages significantly decreased at 72 hours when infected with 7. marneffei while the content
of CD86 in supernatant significantly increased at 72 hours compared with the control group which
were detected by Western blot, enzyme-linked immunoassay and immunofluorescence.
Conclusion: 1) After 7 marneffei infection, CD86 expression on THP-1 decreased, and with
the progression of infection, insufficient polarization of M1 macrophages gradually appeared; 2)
T. marneffei may adsorb or uptake CD86 in supernatant produced by macrophages during the
contact with THP-1 cells, thus leading to the consumption of CD86 in macrophages.
Keywords: T, marneffei, CD86, THP-1,

Talaromyces marneffei, macrophages,

immunoelectron microscopy

Introduction

Talaromyces marneffei is a destructive opportunistic and dimorphic fungal which can
cause lethiferous Talaromycosis. It is a facultative intracellular pathogen, inhalation of
aerosolized conidia from the environment is the main route of infection, the conidia
convert to fission yeast in the respiratory tract which is called pathogenic phase. The
number of 7. marneffei in HIV-negative patients is increasing year by year from the
extensive application of organ transplantation, chemotherapy, immunosuppressive
agents, tumor targeting and other therapies." Host macrophages respond to microbial
insults and prevent the spread of infection, as they do in 7. marneffei infection.
T. marneffei grows as a fission yeast inside the macrophages while appearing extra
cellularity as elongated arthroconidia-like yeast cells. It changes into pathogenic state
at body temperature (37°C) which activates mononuclear macrophages, then get killed
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and cleared by heat, oxidative substances and acid released by
macrophages. Reproduction in host immune cell phagocytes is
an excellent survival strategy for this facultative intracellular
pathogen to evade the adaptive immune response. 7. marneffei
has a series of self protection mechanism against the lethal
effect on macrophage, such as MAPK signal cascade, melanin
molecule, heat shock protein, binary conversion, laccase, cyto-
chrome P450, modification of gene expression and so on,
which causes macrophages fragmentation, and the spread of
infection.” With the progress of T. marneffei infection,
macrophage pattern recognition receptors and risk-related
molecular pattern receptors are activated, secret a variety of
anti-inflammatory factors, and up-regulating CD86 on macro-
phages which is beneficial for host elimination of 7. marneffei.
At the same time macrophages can also secrete high level co-
stimulating molecule CD80/CD86 as antigen-presenting cells
(APCs), binding with corresponding ligands on the surface of
Th cells, promoting cytotoxic T cell activation and thus elim-
inate 7. marneffei.”

CD86, also known as B7-2, Freeman first cloned the
cDNA sequence and named it in 1989, then he discovered
its important co-stimulatory effect.® CD86 is mainly
expressed on antigen-presenting cells (APCs), such as
dendritic cells (DCs), mononuclear macrophages, endothe-
lial cells, memory T Iymphocytes and activated
B lymphocytes, which is consistent with the role as
a critical costimulatory molecule in the initial steps of
T cell activation. CD86 is also a surface marker of M1
macrophage polarization at the same time. When phago-
cytized by macrophages, LPS and IFN-y derived from
pathogens would polarize macrophages into inflammatory
phenotypes, surface marker for M1 increased, and the anti-
inflammatory ability of macrophages highly enhanced.

In our previous experiment, we accidentally found that
the conidia of 7. marneffei were CD86 positive detected by
immunohistochemistry in the lesions of HIV-positive
patients. Repeated immunohistochemical staining of
CD86, CD163 and CDla confirmed that the expression
of CD86 on conidia was common rather than incidental in
both HIV-negative and HIV-positive patients. Therefore,
we considered that 7. marneffei conidia in skin lesions of
infected patients can express glycoproteins which are simi-
lar to human CD86. We were curious about where was
CDS86 on conidia came from, so we proposed two infer-
ences. The first was that 7. marneffei expressed CD86
itself, and the other was that T. marneffei can adsorb or
uptake CD86 from macrophages.

Materials and Methods

T, marneffei strain used in our study was isolated from skin
lesion of patient with Talaromycosis through the routine hos-
pital laboratory procedure, which was approved by the Ethics
Committee of the first Affiliated Hospital of Guangxi Medical
University (Nanning, China). The strain was cultured at 25°C
and 37°C for 7 days for morphological identification (Figure
1). The DNA was extracted for PCR amplification and agarose
gel electrophoresis, the ITS1 primer sequence was forward 5'-
TCCGTAGGTGAACCTGCGG-3' and ITS4- primer
sequence was forward 5'-TCCTCCGCTTATTGATATGC-3'.
The amplified products were identified by deoxyribonucleic
acid sequencing of the fungal internal transcribed spacer
region.

A model of vitro T. marneffei infection with Ml
macrophages was constructed in our research (Figure 2).
THP-1 cells are human monocytes, which can differentiate
into macrophages under the induction of PMA. The THP-1
cell line used in this study was purchased from Cell Bank,
Chinese Academy of Sciences. THP-1 cells were cultured
in Roswell Park Memorial Institute medium (RPMI 1640,
Gibco, Thermo Fisher, USA) for subculture containing
10% of heat-inactivated fetal bovine serum (Gibco,
Thermo Fisher, USA) and 1% penicillin-streptomycin
solution (100U/mL penicillin G, 0.Img/mL streptomycin
sulfate, Solarbio, China). THP-1 cells were differentiated
into macrophages by incubating with 50ng/ul. PMA
(Phorbol 12-myristate 13-acetate, Meilunbio, China) for
48 hrs in Dulbecco’s Modified Eagle Medium (DMEM,
Gibco, Thermo Fisher, USA) which contained 10% of
heat-inactivated fetal bovine serum and 1% penicillin-
streptomycin solution. Macrophages polarized to M1
macrophages under the stimulation of 100 ng/uL LPS
(Meilunbio, China) and 20ng/pL IFN-y (Novoprotein,
China) for 24 hrs. At this time, 7. marneffei infected M1
macrophages at a multiplicity of infection (MOI) of 5 at
37°C for 24, 48 and 72 hrs respectively, the cells and
supernatant were collected for subsequent experiments.
M1 macrophages in DMEM without 7. marneffei were
used as control group.

To verify the first inference, the expression of CD86 on
T. marneffei conidia without incubation with M1 macro-
phages were detected by Western blot and immune-
electron microscopy (IEM). T. marneffei conidia cultured
on BHI medium at 37°C for 7 days were used separately to
IEM and Western blot. 7. marneffei conidia were grinded

in liquid nitrogen, and the proteins were released in the
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Figure | Morphological characteristics of T. marneffei. The fungi presented greenish-yellow colonies of rose-red pigment at 27°C PDA culture medium (A) and Gray-white
cheese-like colony without pigment at 37°C SDA culture medium (B). Stained with lactophenol cotton blue, the fungi showed brush-like structure at 27°C (C), and oval

yeast-like cells at 37°C (D).

cleavage of yeast buster proteins extraction reagent
(Merck, Germany) for Western blot. 7. marneffei conidia
were fixed, embedded and marked for IEM.

To verify the other inference, the expression of CD86
on conidia was detected by IEM and IHC after incubating
with M1 macrophage. The changes of CD86 expression of
co-culture system were detected by WB, IF and ELISA.

Western Blotting (VWB)

Cellular proteins were lysed by RIPA (Cell Signaling,
USA) on ice and boiled for 5 mins before adding sodium
dodecyl sulfate (SDS) buffers. Proteins were isolated on
SDS-PAGE gel and transferred to PVDF membrane for
non-specific antibody sealing with 5% skim milk.
Antibody labeling was performed in PVDF membrane in
turn. Primary antibody (Rabbit anti-CD86 antibody from

Abcam, UK), B-actin antibody (Rabbit polyclonal to beta-

actin from Abcam, USA), second antibody (Goat Anti-
Rabbit IgG H+L (HRP) from Engibody, USA). Finally,
the protein bands were photographed by chemilumines-
cence and calculated quantitatively by Image J.

Immunofluorescence (IF)

Cells were fixed with 4% paraformaldehyde for 20 mins at
room temperature. Blocking non-specific antibody with
PBS which contained 0.1% Triton-X 100 and 1% FBS at
room temperature for 20 mins. For labeling, cells were
incubated overnight at 4°C with the primary antibody
(Rabbit anti-CD86 antibody from Abcam, UK). The nega-
tive control group was incubated with PBS instead of pri-
mary antibody. After three times washing with PBS, cells
were incubated for 1 hr avoiding light at room temperature
with second antibody (Goat anti-Rabbit IgG (H+L), Alexa
Fluor 488 AffiniPure from YASEN, China). The images
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Figure 2 The DNA electrophoresis results (left) and the electrophoresis result of
PCR amplification products (right).

were then observed and collected under the confocal micro-
scope, the fluorescence intensities were calculated quantita-
tively by Image J.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The content determination of CD86 in macrophages and
supernatant was assayed by using a double-antibody sand-
wich ELISA kit (Bioss, China).

Immune Electron Microscopy (IEM)

Cells were fixed overnight with a phosphate buffer
(PH=7.2) of 4% paraformaldehyde and 1% glutaraldehyde,
and dehydrated with a gradually high concentration of
ethanol. Cells were embedded with Lowicrys K4M resin
and polymerized under UVA at —20°C. The cells were
ultra-thin sectioned to a thickness of 50-70nm, incubated
with the primary antibody (Mouse anti-CD86/B7-2 from
NOVUS, USA) and second antibody (6nm Colloidal Gold
AffiniPure Goat Anti-Mouse IgG (H+L) from Jackson
Immuno Research, USA) on a nickel net. The images
were observed and collected under a transmission electron
microscope after conventional staining.

Immunohistochemical (IHC)

Cells were fixed with 4% paraformaldehyde for 20 mins at
room temperature. Blocking non-specific antibody with PBS
which contained 0.1% Triton-X 100 and 1% FBS at room
temperature for 20 mins. For labeling, cells were incubated
overnight at 4°C with the primary antibody (Rabbit anti-

CD86 antibody from Abcam, UK) and for 1 hr at room
temperature with the second antibody (Goat Anti-Rabbit
IgG HRP from Abcam, UK). Finally, the target protein
3,3"-
diaminobenzidine (DAB). The negative control group was

appears brown under the reaction against
incubated with PBS instead of primary antibody. The images

were then observed and collected under the light microscope.

Statistical Analysis

Statistical software SPSS 22.0 was used for analysis. The
counting data were represented by chi-square test, and
measurement data were represented by meant standard
deviation (X+SD). Comparison between groups was per-
formed by independent sample 7 test, and P < 0.05 was
considered statistically significant.

Ethics Statement

The authors confirm that the ethical policies of the journal, as
noted on the journal’s author guidelines page, have been
adhered to.

Results
Morphological Changes of T. marneffei and
MI Macrophages

The morphological characteristics of the isolates were
consistent with 7. marneffei (Figure 1). The sequence
alignment of PCR amplified products (Figure 2) showed
that the similarity of DNA between the isolates and
T marneffei was 99%. The morphological changes of
M1 macrophages during 7. marneffei infection were
observed under an optical microscope (Figure 3). Ml
macrophages phagocytized 7. marneffei after infection.
With the prolongation of the infection process, the gem-
mation of conidia and mycelia increased (Figure 3B),
nutrient consumption in supernatant increased, the macro-
phages deformation, disintegration and death increased
(Figure 3B, D and F) compared with the control group
(Figure 3A, C and E).

Detection of CD86 Expression of
T. marneffei Separately Cultured at 37°C

The proteins of 7. marneffei were extracted for Western
blotting, and M1 macrophages were used as the control
group, but there was no positive band of 80kd (Figure 4).
Immunoelectron microscopy was used to detect the expres-
sion of CD86 of T. marneffei and the control group (candida
albicans), no colloidal gold particles were found either on
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Figure 3 The morphologic changes of macrophages infected with TM conidia were observed by inverted microscope. With the prolongation of the infection process, the
gemmation of conidia and mycelia increased, nutrient consumption in supernatant increased, the macrophages deformation, disintegration and death increased (B, D and F)

compared with the control group (A, C and E). Light microscopy 400x.

T. marneffei or candida albicans growing at 37°C BHI. The
same was true when candida albicans co-cultured with
macrophages (Figure 5B, C and D). These results disproved
the first inference that 7. marneffei itself express CD86.

Changes of CD86 Expression of the
Co-Culture Model

The immunofluorescence, Western blot and Elisa both
showed that there was no significant difference of

80kd —»- ——

n

-
42kd —»- -

M1 ™

Figure 4 CD86 expression of T. marneffei protein was detected by Western blot.
There was no positive band of 80kd compared with the protein from M| macrophage.

macrophages CD86 expression between the infection
group and the control group at 24 and 48 hrs ("*p >0.05).
But the expression of CD86 on macrophages was signifi-
cantly decreased when infected with 7. marneffei at 72
hours compared with the control group (*p < 0.05)
(Figures 6A—-G, 7 and 8A, B). The Elisa showed that
there was no significant difference in the content of
CD86 in supernatant between the infection group and the
control group at 24 and 48 hrs ("p >0.05). But it was
significantly increased when infected with 7. marneffei at
72 hours compared with the control group (*p < 0.05)
(Figure 8A and B). With the progression of infection, the
surface marker for M1 macrophages decreased indicated
that insufficient polarization of M1 macrophages gradually
appeared.

Detection of CD86 Expression on

T. marneffei Incubated with Macrophages

Colloidal gold particles were specifically adsorbed on
T. marneffei after co-culturing with M1 macrophages for 24
hours detected by IEM (Figure 5A). Macrophages and
T. marneffei were CD86 positive (Figure 9A and B) but
CD163 (Figure 9C) and CD1a (Figure 9D) negative detected
by immunohistochemistry. These results suggested that
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co-cultured with M1 macrophage cultured on Brain Heart Infusion

\,rw

I marneffei

Candida albicans

Figure 5 CD86 expression of T. marneffei and Candida albicans detected by IEM. (A) Colloidal gold particles (arrow point) were specifically adsorbed on T. marneffei after
co-culturing with M| macrophages for 24hrs detected by IEM. x8.0k 100kv. No colloidal gold particles were found either on T. marneffei (B) or Candida albicans (C) growing
at 37°C BHI detected by IEM. The same was true when candida albicans co-cultured with macrophages (D). (B %8.0k 80kv. C x5.0k 100kv. D x8.0k 80kv).
Abbreviations: CW, Cell Wall; LB, Lipid storage Bodies; V, Vacuoles; N, Nucleus; ER, Endoplasmic Reticulum; LYS, Lysozyme; MIT, Mitochondrion.
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Figure 6 The fluorescence intensity of CD86 in macrophages. (A—G) It was significantly decreased when infected with T. marneffei at 72 hours compared with the control
group (*p < 0.05), but there was no significant change either at 24 hours or 48 hours ("p > 0.05).
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Figure 7 The relative expression of CD86 in macrophages. It was significantly
decreased when infected with T. marneffei at 72 hours compared with the control
group (*p < 0.05), but there was no significant change either at 24 hours or 48
hours ("p > 0.05).

T marneffei expressed CD86 when incubating with M1
macrophages.

Discussion

The skin and mucous membranes are the first defense of the
host against microbial infection, once the physical barrier is
broken, neutrophils and macrophages provide the first cellu-
lar line of defense against pathogens. Polarization is one of
the ways for macrophages to fight pathogen invasion. The
(PAMPs) and
damage-associated molecular patterns (DAMPs) of macro-

pathogen-associated molecular patterns

phages are activated after microbial exposure.”* Macrophage
polarization has been classically clustered into two major
types, classically activated macrophages (M1) and alterna-
tively activated macrophages (M2). The strictly clear-cut

M1 supertent

CD86 expression (pg/ml)

24h

CD86 expression in the infection model detected by elisa

48h

72h
A

M1+T supertent

dichotomy between M1 and M2 does not always exist
because of the complex pathogenic mechanism of bacteria,
fungi, viruses, parasites,9 which means M1/M2 interconver-
sion occurs continuously with the local concentration of
cytokines in the host or with the depletion of a certain type
of macrophages. At the early stage of 7. marneffei infection,
it has a similar effect to bacterial lipopolysaccharide and can
induce MO macrophages to differentiate into M1 macro-
phages. However, with the progression of infection, macro-
phages initiated the anti-inflammatory mechanism, and the
surface markers of M2 macrophages (Arg-1, CD206) gradu-
(TNF-a, CD86)
decreased.'™!" We considered that 7 marneffei may absorb

ally increased while M1 markers
or uptake soluble CD86 that secreted into the supernatant by
M1 macrophages through some unknown mechanism during
M1/M2 cell conversion.

T cells mainly undertake cellular immune function and
CD4+T cells are stimulated to differentiate into Th1 cells
or Th2 cells. The reduction of CD4'T cells is a common
phenomenon in HIV or non-HIV patients with 7. marneffei
infection.'> The binding of B7 molecules to different
ligands results in the difference of Ca®" influx, thus affect-
ing the activation state of T cells. The interaction between
CDB86 and CD28 provides the signals needed to trigger the
activation, expansion and differentiation of T cells, which
increased Th1 cells differentiation. The decrease of CD86
costimulatory molecular signal may lead to the inactiva-
tion and lack of proliferation of cytotoxic T cells in the
host. The CD80/CD86 co-stimulation pathway plays an
important role in regulating Thl and Th2 cell differentia-
tion, mouse models have shown that knocking out CD86

@@ M1 macrophage
M1+T macrophage

Macrophages M1+T

of CD86 (pg/ml)

The variation trend of CD86 in infection model (X+SD) B

Figure 8 The change trend of CD86 expression of macrophages and supernatant detected by ELISA. (A) Compared with the control group, the expression of CD86 on
macrophages was significantly decreased when incubated with T. marneffei at 72 hours (*p < 0.05), while the content of CD86 in supernatant was significantly increased at 72
hours (*p < 0.05) detected by ELISA. However, there was no significant change of the expression of CD86 on macrophages either at 24 hours or 48 hours ("p > 0.05), nor
did the content of CD86 in supernatant ("*p > 0.05). (B) The change trend of CD86 expression in line chart.
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Figure 9 The expression of CD86, CD163 and CDla on M| macrophages were detected by immunohistochemistry after co-culturing with T marneffei conidia for 24 hours.
Macrophages and T. marneffei were CD86 positive (A and B) but CD163 (C) and CDla (D) negative detected by immunohistochemistry. CD86-positive T. marneffei conidia

were indicated by the red arrows. Hematoxylin and eosin (H&E) x400.

and CD8O0 results in the decrease of IFN-y and increase of
IL-4."> We considered that the adsorption or uptake of
CD86 by T. marneffei may be related to the antigen pre-
sentation of APC. CTLA-4 and CD28 on T cells share two
ligands (CD86 and CD80), Qureshi and his colleagues had
discovered that CTLA-4 can capture CD86 from antigen-
presenting cells by a process of trans-endocytosis.'* We
speculated that T marneffei, like CTLA-4, may also intend
to deplete extracellular CD86, which will reduce the bind-
ing of CD28 to CD86 and inhibit Thl cell activation,
escape the killing of immune cells eventually.
Homologous proteins expression of microorganisms is
rare except for leishmania. After studying 33 cases of
leishmaniasis, including  L.tropica and  L.large
Leishmaniasis, Jabbour et al'>'® found that cultured pro-
mastigotes were CD1a negative, but amastigotes in papil-
lary dermal were CDla strong and diffuse positive. They
believed that leishmania amastigotes acquired CD1la from
dendritic cells during the interaction with an inflammatory
response. We speculated that 7 marneffei, like amastigotes
absorbed CD86 from macrophages when phagocytosed by

first contact macrophages. Once the antigen clearance was
insufficient, CD86+7. marneffei would spread to nearby
organs along with macrophages, and produce more CD86+
T. marneffei.

In the immunoelectron microscope experiment, the cell
wall of the co-cultured 7. marneffei was thinner, the struc-
ture was looser, the cytoplasm was more dispersed, and the
organelle structure was fuzzier compared with that of the
single-cultured 7. marneffei (Figure 5A and B), which
indicated that the immune clearance of macrophages had
a significant killing effect on T marneffei. The ideal com-
parison of 7. marneffei is histoplasma capsulatum, fol-
lowed by cryptococcus, leishmania, and candida albicans,
which are difficult to distinguish under light microscopy
because of their similar size and shape. But why we chose
candida albicans as the control in IEM? Previous research
had found that histoplasma capsulatum has an inhibitory
effect on the innate immune system, cryptococcus and
M2
differentiation.'”'® Candida albicans and 7. marneffei

leishmania  will induce  macrophages to

both promote macrophages to M1 differentiation, causing
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CD86 and immunoactive substance increase,

10,19 SO can-

dida albicans was selected as the control of 7 marneffei in

immunoelectron microscopy after overall consideration.

Colloidal gold particles were neither on Candida albicans

cultured separately at 37°C nor co-cultured with macro-
phage detected by IEM (Figure 5C and D).

Finally, our research is just a pilot study for the CD86

positive expression of 7. marneffei after infecting with

macrophage, further experiments will be needed to explore

the specific mechanism.

Conclusion
1) After 7. marneffei infection, CD86 expression of THP-1
decreased, and with the progression of infection, insufficient

polarization of M1 macrophages gradually appeared; 2)

T. marneffei may adsorb or uptake CD86 in supernatant

produced by macrophages during contact with THP-1 cells,

thus leading to the consumption of CD86 in macrophages.
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