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Background and Objectives Aspergillus fumigatus is one of the common causes of fungal
airway inflammatory diseases and lipopolysaccharide (LPS) acts as key regulator of airway
inflammation. In addition, bacterial and fungal biofilm commonly coexist in chronic rhinosi-
nusitis. In this study, we evaluated the effect of LPS on the development of 4. fumigatus bio-

Materials and Method Primary nasal epithelial cells were cultured with 4. fumigatus co-
nidia with or without LPS for 5 days. The production of interleukin (IL)-6, IL-8, and trans-
forming growth factor (TGF)-f1 from nasal epithelial cells was determined by enzyme-linked

immunosorbent assay. The effects of LPS on 4. fumigatus biofilm formation were determined
using biofilm dry weight, and crystal violet, concanavalin A, safranin staining, and confocal
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film formation on the nasal epithelial cells.
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Results LPS and A. fumigatus significantly enhanced the production of IL-6, IL-8, and
TGF-B1 from nasal epithelial cells. 4. fumigatus can form biofilm on primary nasal epithelial
cells, and this significantly increased in a time-dependent manner when cocultured with LPS,
the dry weight, concanavalin A, and safranin staining.
Conclusion The exposure of 4. fumigatus to LPS enhanced the formation of biofilms. The
coexistence of LPS and 4. fumigatus enhanced fungal biofilm formation and this may be as-
sociated with the development of recalcitrant airway inflammatory diseases.
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A. fumigatus— American Type Culture Collection
(Rockville, MD, USA)f|4] F-3}%T}. Potato dextrose
corn meal agar HjA|IA] wiF & Zot 225 ofS3 o)
Halahaic) mioFe et 0.05% tween 202 3713F 5 mL
9] o AkFZ Al = (phosphate buffer solution, PBS)& A%
shylon], dojxl AZelg 1000 rpm o2 5E7F YAlEe] &
40 ume| 7)o FHAA S EESIGITE 2x10/mL
O] ZAHE 45°CollAl AR & -80°ColA] Hla}oict.

v AT A3 o] Ba] ujdd} A, fumigatus A8
= A ol A =e

shol A8 SATHR=10, WA} 6%, o1} 47, Wt L] 462+
192). HARe] AEe o= luiglo] Suke ok, 44
A 4% ol A, FIIAEHA, Tk 2 ATE Ae ol
SAA 5o o ARE AW e o= shglon, o
RS Az ad 3ee] YAFRe9Ie] Solstel 1y
EJTHCR-20-200-L). HA=-2 penicillin 100 UI/mL,
streptomycin (SM) 100 ug/mL, amphotericin—B 2 ug/mL
< 3313 Ham's F-12 wjFH(GIBCO, Grand Island, NY,
USA)L.&2 A& & dispase (GIBCO)ZE A2|st5eH, 37°C
oA trypsin/ethylenediamine tetraacetic acid= 1027} vl
ool AulA|x s vhefsielch vtejE 252 10 em A
Alofl A Frof AfEA|sE, 84|, Ea WalA| s A
7o, oA fojxl A E= Pe, SM, Amp-B, glu-
tamine 150 ug/mL, transferrin 5 ug/mL, insulin 5 Ul/mL,
epithelial growth factor 25 ng/mL, endothelial cell growth
supplement 15 ug/mL, triiodothyronin 200 pM, hydrocor—
tisone 100 nM, fetal calf serum 15%< 3§t Ham's F-12
o Y1, 37°C, 5% CO°llA vlFatict.
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IBM Corp., Armonk, NY, USA). BAISH] G482 p<
0.05% 3}k

42 %

A, fumigatus®} LPS9] B|7FAITIA|E AE 5o
u|x]= g3

VAT A ZE LPS 1 pg/mL, 10 pg/mL, 100 ug/mLE
T2AIZY 53F Aglate] Al A skt LPS 1 g/
mL¥} 10 ug/mLe] 73 vk T2A177HA] Adul A2 2] $st
7} §iglen, LPS 100 pg/mLe] 75 v 2447t o] 3 Hie]
A2z & 5ol u|A FHaskithFig. 1A). ol ¢ A+
o A= LPS 10 pg/mLE o|-83te] A+5 zlsgstoict.

A. fumigatus= 1x10°/mL, 1x10°/mL, 1x10"/mL ZAS
B A A 2oL A viFet 9 1x10°/mLe] 7 wiF
TN Ada M) & el Wkt glolod 1x
10/mL, 1x10"/mL2] 7% ulof 24A|7HEE] A= 520 9]
oA FHago] ERlE]e], o] F Aol A= A. fumigatus 1%
10°/mL2 A5 25t ch(Fig. 1B).
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Fig. 1. Cell viability effect of lipopolysaccharide (LPS) and Aspergillus fumigatus (ASP) on primary nasal epithelial cells. A: Relative sur-
vival of nasal epithelial cells, treated with 0 to 100 ug/mL of LPS for 72 h. B: Relative survival of nasal epithelial cells, treated with 0 to
1x10%mL of ASP conidia. Results are expressed as meantstandard error. *p<0.05 compared to negative control (NC), n=5.
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S5k vk 24417t 4TSt - A. fumigatus, LPS &
< o] F 7S @A ARt A9 IL-6, IL-8, TGF-p1<]
J/do] tiztell vl FoJskAl S7Fekainh vk 48417to]
ZAafst A LPS, A. fumigatus®t LPSE &7 2|t 3%
Al 7HA] Ate] = 71Q1] AAdo] [-ofstA| F7hshalom, vk
T2A7FO] AL IL-6+= LPSZE #2|3t 4% 1L-82 A. fu-
migatus, A. fumigatus®} LPSE 3| 2|3t 4% TGF-p1
2 A. fumigatus?} LPSE 37 A2|et 749 thztol| vls
oJsHA| 57kt (Fig. 2).
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A. fumigatus®} LPSE H|7ZHA A9} $HA| vl st 749
AEaro] fAl= vk 194)(3.0+0.7 mg) e HZFAtu A E
ol A. fumigatus T= 81F(1.3£0.4 mg)sAY, vIZHT]
MIEeF A, fumigatus B BFEE 78-5-(1.6+£0.4 mg)He}
OJsHA FARCH, BEU] FAl= vieFAZre] Zatol ot
E} X]ﬁ\-xq © 7 Z7FeFAtH(Fig. 3A). AE1te] AlZe] 7149
5L gRlsl] af Ala8st crystal violet &
M2} A, fumigatusS A BjoFSE A &

=) erom, LPSE F718k= 4% B skl
W& ES sholdt 4= 9lolth(Fig. 3B). Rt Al|3Hol| GAx
= concanavalin A2 A. fumigatus®} LPSE H|7Z3A

73
A 2L} A vt - w197 4.3+ 1.4)FE vt
TA|2E o] A. fumigatus T Wi9F0.6+0.3) 3, ¥17FA)
D AZLL A, fumigatus T BiSFEE H9-(0.8+£0.4) =t 7
Al A=l e, Lpsglo] wiefshe B2 F w7kl
Afolg Holz| Fgtth(Fig. 30). AEw &A1& A=
b 4= Q1= safranin 99 A A. fumigatus} LPS

= v A el A vieFet 739 vk 19461+ 1.8)F
B 02 F FHTE 5 A E Lo, 7 dmAl el A

O

A ekt B9-(1.3+0.500 = vk 1975
o] ko] (0403} ZFsHA
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B A. fumigatus &=
A= A (Fig. 3D).
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sReIs7| flafl Rat Azl 2=
= concanavalin A9} thAlZ} EksHA| °]
o] FME= FUN-1 ¥ Al35tch
Concanavalin A2 749 A. fumigatus®} LPSE H|73A T Al
ot g vkt - viF 194|(382.7+136.)= THE
wHTh 75 AAE|9) 0 (59.8+18.03 103.1+34.1), HHek
3UAoll= B TA|EZ LT AL fumigatusE T BiRt 7
$ LPS7} =1 /el F7HAQ1 gk mlAA] ksle
H(Fig. 4A-C), ¥l 5YA= Al w7ke] Zpol& Hoz] ¢kt
t}. Fun-1 GA9] 7S ufjok 1940l = Al 2719 2folE B
o)A oFgkoLt 3URRE] A, fumigatuset LPSE H|7JAMT]
Ajzzot oA vkt 9 o F ot sk AME LS
], H|ZAIASEQF A, fumigatusS S BiFEE Ao w
HiQF 3UAIEE] A, fumigatus T2 vjFe] -} ZFst
7 A= AcH(Fig. 4D and B).
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Fig. 2. Effect pf lipopolysaccharide (LPS) and Aspergillus fumigatus (ASP) conidia on chemical mediator production in primary nasal
epithelial cells. 10 pg/mL LPS, 1x10mLASP, or LPS and ASP enhanced interleukin (IL)-6, IL-8, and transforming growth factor (TGF)-p1
production. Results are expressed as meanztstandard error. *p<0.05 compared to negative control (NC), n=7.
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Fig. 3. Quantification of Aspergillus fumigatus (ASP) biofilm in coculture of lipopolysaccharide (LPS) in primary nasal epithelial cells (Epi).
Biofilm dry weight, concanavalin A (Con. A) and safranin staining intensity significantly increased in a time-dependent manner (A, C, D).
Also, coculture of ASP and LPS in Epi (Epi+ASP+LPS) significantly increased the biofilm dry weight, Con. A, and safranin intensity com-
pared with ASP cultured with Epi (Epi+ASP) or without Epi (ASP alone) (A, C, D). Crystal violet intensity also significantly increased in
Epi+ASP+LPS compared with ASP alone or Epi+ASP (B). Results are expressed as mean % standard error. *p<0.05 compared with
ASP alone; tp<0.05 compared with Epi+ASP, n=5. D, day; OD, optical density.
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Fig. 4. Confocal scanning laser microscopy findings of Aspergillus fumigatus (ASP) treated with lipopolysaccharide (LPS). A-C: Repre-
sentative inverted microscopic and confocal scanning laser microscopic findings at day 3 (3D) coculturing of ASP alone (A), ASP on epi-
thelial cells (B), and ASP with LPS on nasal epithelial cells (C). The arrow indicates concanavalin A (Con. A) stain binding to the fungal
cell wall polysaccharide and extracellular matrix, and the arrowhead indicates FUN-1 stain binding to metabolically active fungi. When
ASP was incubated with primary nasal epithelial cells, the fluorescent intensity of Con. A (D) and FUN-1 (E) increased. The coculture of
ASP and LPS significantly enhanced the Con. A and FUN-1 intensity at 3D. Results are expressed as meantstandard error. *p< 0.05

compared with ASP alone; Tp<0.05 compared with Epi+ASP, n=5.
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