JEA TR TR R A & (L E Y A 7 WF7EFE)
T/ =T VTG OACTEE ORI K D SRR R TER JE O 7260 OISR

T 6 R SRR

i~ 27 v 7 7 — URIaRR 2 O TR bG8 O AT

WHIE o HE A EE AR RFREE W AR AR - E%
Wt 1 R 1% SRR R RFERLE e S TE R
"B il T STEE R AL R e AR AT SR AT
(S A (R G S VAR ST e R T SR
M B [ ST 3K dh & o il AR F S8 BT
i B & [E 7 E K dn & o i A F 22 BT
AR B—  [ESEEE SR SR dn R BE SR T
=4 B M B N7 B 5K dn & oh Al AR F 28 BT
MARE

F =7 VT (NM) 1ZZOMECIERICE - Tvrr 77— EORBRMIBOK
JEPEIIRE K B o T D, S 6 FFE DRSS MY TlE, Taquann LLER L 72 —fe{br A
F (NM202) OEHW ARFEIZL % BALF il ofiifa~ 2 a7 > —Vo#jiEs 7 o —4%
A FRMARNY—fiftr, ~27 v 77 —VEEER T mRNA FEBL0D qRT-PCR (T K % A,
R ER S AOMET &2 it L 7=, N2 T, RAW264.7 e~ NM202 ¥RINZ X 5 in vitro T Ofi
B2 92k L7z, NM202 O W AZ#HE% 4 #3008 Il Tolfifafiiaoiatt, M1/M2
~— A —ICB U TG & B bid e o Tz, MiOFRBREM T2 L & LT, NM202 2%
2 & o THfifae D oRseks T O~ 7 0 77— OEREG R S /-, BALF #l
JlZ 31T % Marco mRNA OFSBLNZRFEIRE KA Lz ERBBIE SN, — 17 . RAW264.7
HAE A~ LPS FIAFAE T, FERL T O 5T NM202 Z¥IN3 2% & MARCO DO EFEH O
HERBEIMPRD bz, DLEOREREND, NM202 OW AFEE Tkl <O RIED K
ST, BRI —R o)) Fa—T e LI L CREFEEITRN LD EE X BRD,
~ 7 a7y —O NM202 ZxHT 5 EIE MARCO 45 3B 5- LT 5 Al REMEDV R S
77

A. BFEEB
R6 EEDOARMFIE TIL, ik r 1 %
(NM202) DRH W AT K 2D it~
DEAIZ ST, BALF Ml % AW CHFED
fif AT 2 SEh L 7o, & 512, RAW264.7 fifid &
AT, NM202 (Z%F7 % 570 5 7 AR
Hrainz 7z, NM202 % N7z in vivo 38 LY
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in vitro DEFRIZL YV, F /) T OREE
PEDRRGE & F =72 A~ — D — DR %
Hfs L7,

B. HFE5E
Taquann ZLEE % fii L 72 NM202 # 0, 1 5,
30 mgm?DOIRETI1 H 6K S HREOZ



B REEE AN CEm L, KFE
B Tl C5TBL/6NCrSIle ~ o A & flW /-
(8 n, FHEN=5) (B 1), #FE% 4B
F O 8 I A TRERMNT 2 S0 L 7=, BALF il
Fal, FfikELR, SEES Y >N, g T
VT AT 0T,

BALF ffifia, SHERY o SEiflfa, A 2
MAWT, BRERmHURITS 25Uk %2 v
T7u—H%A kA —% (Cytoflex, Coulter) (T
K DT AT 78 o To g IO TZHURIZ FITC,
PE.PE-Cy7.APC % 7213 APC-Cy7 {5 CD4,
CD8,CD11b,CDl11c,F4/80,CD192, CD206,
PR (BioLegend) TH 5,

BALF #ifd7 5 mRNA Z it L, cDNA
ARk E R RT-PCR 2 X V@ s TR &R
filiL7=, LAFIZERE RT-PCR THW=7Z
A ~—WBH % RT, Mmpl2; forward (f) 5'-
TGGTATTCAAGGAGATGCACATTT-3', reverse (1)
5-GGTTTGTGCCTTGAAAACTTTTAGT-3',
Marco; (f) 5'-GAAGACTTCTTGGGCAGCAC-
3, (r) 5-CTTCTTGGGCACTGGATCAT-3'
111b; (f) 5'-ATGGCAACTGTTCCTGAACTCAACT-
3, (1) 5-CAGGACAGGTATAGATTCTTTCCTT-3,
Mepl; (f) 5-CTGGATCGGGAACCAAATGAG-3',
(r) 5-TGAGGTGGTTGTGGAAAAGG-3', Actb; (f)
5'-GTGGGCCGCTCTAGGCACCA-3', (r) 5-
CGGTTGGCCTTAGGGTTCAGGGGG-3' ,

~ 7 A RAW246.7 % W C, ML
TEEEH (Gibeo) (2 K 2 1578 55412 T Taquann
WA L7z 7 U 1 (NM202) (Z%F5
LEOGEE LIZ(E 1), ~7n7 7 —0
15 MMk & B B IZ Lipopolysaccharide (LPS:
Sigma, 5ng/mL)% 7, fifa%k, MR
HENHEZEE (Luna-II™) 25 L7z, £7-,
MiflaRm~—24—& LT, CD192, CD54,
CD86, MARCO, CD206, CD36, CD163, MHC
class I 2% D AEakbLIAZ HWT, 71—
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(B~ DO FECE)

~ U A& AW EMERICE LT, JEBR
BT 2 B Wz oW TR S )
W) DS DRI LEREIED J7 1575 & 2 il
& U CIENL EHE AT AT TR L O
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T D Bl (2 AL RS, L 7= SEBREN i = B
EICHESE, kR L THEM S
nNTWb, £, /=7 U 7O -
WA IET S IOV TIZ 2B LT
Ik LT\ D,

C. BHERER
NM202 D45k A\ 7% IR

STHREE, RIEE (15 me/m) RFRfE, mik
& (30 mg/mi) FEEERED 4 FH% D BALF O
bt LT, £ X > TBALF O Mg
~7n7y— (F4/80'CDIllc") DOEIL7:
SONZHIEE T LTV L ODEE
REFRO SN o7- (K2), 8EED
i~ 27 a7 7 =08 MTH, KIRER
BRECHEIA, MIEkE DML T3,
BRETIE o= (K 2), NM202 %
BICL D~ a7 7—0 MI/M2 ~
Do 2 — 2 DEE 7 a—H% A A
— X TCRRETT 5 & IRRER LG RE R
BICE > CRIEBE L i L CHERE
RS2 o7 (B3), Mgk, SEEY
VOREIZ BT D NM202 T ARFRIZ XL B~
7 a7y =Yoo TR T (K
4. 5), MI/M2 ~D53{EIZDW T H NM202
FHRIC L DB CE 2o 7o (B 6,
7. —JT, Mg, SEERY > EIEB T 5
T a5 (CD4/CD8) 122U T ik, NM202
FRIC L DEE, Ml a B2 bIER
ool (B8, 9), =51, A,
S D voNEIZ I B Tl OTEME(LIRRE




(Effector/Naive) % CD44 72 5 (NI CD62L
% FEEI29 % L (Effector: CD44MehCD62L,
Naive: CD44°“CD62L") . JH ik (2 35\ T
NM202 ##t% 6 12T Naive CD4+T #lif
OFIENAEEITHEML TWD Z & 3H

L7 (R10), SH5B Y > XEid CDAT fllf,
s L OSEER Y o /)i T CDS'T Hilfig
(2R3 LTIk NM202 &#EIC & » TRKIHE
WeEhdoe (B11, 12, 13),

NM202 W AZGE~ 7 A O —E O ik ik
OB FHIRRFTZ1T 2 & ZREZ 4BICE
YN T AR 0> — 305 L fif B 8 A3 AR BR g 7
RO LI, Mild~r v 77— 0k
EOEFEGPHER I N (K 14), BFEk
8 WIZHWNTH, & BTl R 72
IR > TR Y, AR~ 7 2~
7 =V OEHEN RS (B15),

NM202 ##%% 8 il To BALF #lfa% A
VN, 11b, Mcpl, Mmpl2, Marco mRNA &
BlZ gRT-PCR IZ CE&EILT D &, Ilb
mRNA [TV F O LBRERALLT TH
-7 (B 16), Mcpl, Mmpl2, Marco mRNA
E IR R IC R L TR E R AT A
LAV T2 D3, MarcomRNA [ZB L Tix
BEEFNICRRAO ERBRRO bz (K
16),

RAW264.7 HiE~0 NM202 O %75 5k
VYU Aws a7y —UHEETH D
RAW264.7 fifd % FH T, in vitro T
NM202 (Zxt7 5 St fEt Lz, LPS(5
ng/mL) D HIJI% DA D 24T, NM202 (250
ng/mL)RIN L7-HF > 48 Wi O RE8% DI
HEMZ bz 835 & . LPS H F T
NM202 #ANZ & > T Mo K& 034K
THZENHLNZ/2 7= (B 17), LPS #i
HMIcLoTMI B~ 27 a7 7—I2453k
THZENAMBITE D (NM202 IR X
L&~ I/ n Ty —UREY — I —DE
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bz 77— A F A—Z|ZTHRH L, B
L8 HEED~ I/ n Ty —U~——D
95, MARCO (2B LT, LPS FEiRMN72 5
NZIRNREE DT 7T NM202 D #&FZ 1T &
> T MARCO OREFRBNAEIZ LFH L
72 (E18), F7=, IL-13 12k »>T M2 Ail~
ru 77—k T a2 EnmbiT
W5 Z & Db | recombinant IL-13 (50 ng/mL)
ZUSI L7 BT, NM203 2 &2 X - T,
gD~/ N7y —V~—h—DEHEFEH
WCEENIRD biviero7z (B19),

I 5T, NM202 OREZEIZL D
MARCO OFEHEHEBLOE 2R T 5 &
2,000 ng/mL ¥ T MARCO DF8LIN EH L
Tz (& 20), Mz, LPS IRIIKFIZE
W T H 2,000 ng/mL E T MARCO DOFEHLA
EHLTW= (H20),

NM202 D &F&IZ L 5 Marco mRNA FEE]
Bash, ~7n 77— VS mRNA
FEHL (I11b, Mcpl, Mmpl2, Marco) % q-RT-
PCR IZTHFT 2L, WTNOEETH
LPS #I3% CHR B LFH L, NM202 (500
ng/mL)DFHETWT OB RIS L
FHEMNZH DD, MarcomRNA [ZEH L Tix
15 f52L Eosnpn o (B 21),

D. &

NM202 OeH R ARHEH 4 HB LD 8
I ToOBALF i o~ 27 07 7 —
B LT, Mfas, KRB E &I R &
i U CHEERELITERD o Tz,
T INASE TN T (b SIAN G Nt/ =i e
— U NM202 #7212 L 52 bixsiss
STz, PlEIZ BT NM202 58
\Z & - T, CD4A'T fifE® Naive B~ 7 K
DBESNTN, T/ V) D OGRIER~D
RIS AT B2 T MfaE
PEALRERE I BB A JE L U Tz Al REME A
B2, SHROBRHPLETHD,



JR BRI 72 2 IC B LT, B RE—
RO DFEHT T NM202 £ Tlfifl~ 2
07 7 — Y OB OEFEEBDHER S 1,
Ja—H% A FA—FORERLFEEEN RS
b, Rtk 4 ., 8 W TORIAEE
BALF HTofififd~2 v 77— OEjfE &
Lo cCofila~rn 7 7y —Y 0
BACIZTEBED & D ATREMEN B 2 BTz,

MWCNT O 25k AR TR
BALF #ifafidZ{k, M1 BA~dfififa~ 7
77 7 — o O AR ) 2 25k
LR D NM202 2R K D28 I3
ThHLHLAEENHD, T/ ~T VT LD
W, Rz k> Thilila~7s v 77— 0K
JGIERELS BT EEDEEZILN
%, MWCNT O Z:#% Cldfifild~27 v 7 7 —
UNBEAZIND MMP12 AN EE R EE &
7o LT 228 NM202 %47 T BALF #il
fa> Mmp12 mRNA FELUZZEGITES B
o tle, RIS, 7/ 3V hEEDF
=T VT NAORYAHIZEFRL TS
Scavenger receptor O —-2>Td 5 MARCO
(Front Immunol 9:103,2018) @ mRNA 3
BRI L T2 Z e,
MARCO 73 & LicF /> U Biex+ 5
¥/ Ty —=VORIEBFELTND
EEZD,

RAW264.7 fflific 2 F 72 F2BR Tl il
DRESOZEETHIET25 &  NM202 Z i
U 72720 Tk RAW264.7 #lIC L 5 & A
TERNIZ 5 Clid72 <. LPS ORIIZ L >
TAEEBEANTTEL-Z- D EEZLND,
ASEOEERFRTIE, HRDETEHD
NM202 O iz & BlEE3 5 72 DI, Mg LS
e AWz, BERciMmil~rary—
RV AOBREBERDTET S
N BTV (Front Pharmacol 6:55,
2015) . A [l FERR Tk LPS OFE T M1
ANCFHE L7235A12, MARCO ORBLIZE
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B Hiv, IL-13 (2 X% M2 Rk~
a7y —Y Tk NM202 212 Xk 54
~— N — DOFBUECITFE D o
72, LPS 1 TLR4 > 7} /L OIEMALIZ EHE
ThbHI Emb, ~/a77—Y0DF )y
U BZxF9 5 KsE2iE TLR & Scavenger
receptor OFHAAEFHNEE TH 2 Alfettn
NEITE,

RAW264.7 HifiE > Marco mRNA F& 512 B
L CTi&. LPS HI|¥#M iz 500 ng/mL @
NM202 Z¥RIN9 2% & 35 fEFLE D Marco
mRNA FEHLA EH L7225, 2,000 ng/mL T
IZZNUL EOFRBL EHIT o722 &
. X VIRREORIGH: A FfgaTT 2 w3
N5, o R LPS LI+ mitogen
FITRIZBE L CH A B OMFREETH 5,

E. ##

In vivo 3 X W in vitro TO NM202 % A\
T2FEBR G, T U ORI D%
FPEDOFEMIZ MARCO 531 %4t L 72 SUGHE
DFFFTINEEE TH D AlRetERS R ST,

TWIRB L OMIRDE LR DT/ ~T U T v
DOHRIEFEOFIIZ I~ a7 7 — V% H
D& LT E B R FIEDN A TH D Z
EBIRE T,
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B 1 Influence of exposure to silica nanoparticles on pulmonary immune response

LPS (5 ng/mL) with NM202: (0~2000 ng/mL)

| cooo | 24 or 48h (Serum free medium) ~ Analysis

Flow cytometric analysis
IL-13 (50 ng/mL) with NM202 (0~2000 ng/mL) gRT-PCR

in vivo |
[ Taquann method
Mice: C57BL/6, male !
Exposure l
6 h/day x 5 days 4 weeks 8 weeks |
Silicon dioxide (NM202) Analysis  Analysis 3
Control: 0 mg/m3 Flow cytometric analysis : =
L(?w : 15 mg/m? qRT-PCR : Taquann Direct-Injection
High : 30 mg/m? (FEEIEY : Whole Body Inhalation System
; - -~
in vitro Taquann-treated SiO, (NM202) }
RAW264.7 Cells
i

> BzERBRRmLART

X2
Effect of inhalation exposure to NM202 on alveolar macrophages
o
é Control NM202 Low NM202 High
Fa/80 F4/80* CD11c
" 100 % 4x10*
4 weeks .| i & %
EH 5% sl < 8o s fd o 3x10¢
61.4 58.8 547 g : B
o Z 602 B o £
§ o - E: 2x104
0
8 weeks o Control
o NM202 Low
0 NM202 High

i
*" Gated on single cells

Number of alveolar macrophages was not altered during 4 to 8 weeks after exposure to NM202.
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X3
M1/M2 macrophage polarization in BALF cells by inhalation exposure to NM202
4 weeks 8 weeks

Control NM202 Low NM202 High Control NM202 Low NM202 High
j2.48 496 1.90 664 (6.83 4.35 ’

[9.98 3.95

CD192

[84.7 1.37 [169.8 6.44

10 10° 10 10 10’ 1° 10 10 10

Gated on F4/80+ CD11c+

CD192- CD206*

20

20 O Control
_ _ 0 NM202 Low
R 15 15 5 o NM202 High
z z £
§ 10 § 10 E
0 0
X4 ]
Effect of NM202 exposure for macrophages in the spleen
4 weeks 8 weeks
Control NM202 Low NM202 High Control NM202 Low NM202 High

CD11c

515

'
102
fr
10°

10 10 10 0 0w

0 a0t

F4/80* CD11c* Gated on single cells

154

— o ©

g

§ o Control

o o NM202 Low
3 o NM202 High
w
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X5
Effect of NM202 inhalation for macrophages in cLN

4 weeks 8 weeks

Control NM202 Low NM202 High Control NM202 Low NM202 High

CD11¢c

10?

F4/80* CD11c*

—~ 8- o
2
> 6 © Control
5, © NM202 Low
3 o 9 o NM202 High
[T

0_

4w 8w

X6
M1/M2 macrophage polarization by NM202 exposure in the spleen
4 weeks 8 weeks
Control NM202 Low NM202 High Control NM202 Low NM202 High
14.9 5.53 15.2 5.26 7.04 3.66 9.56 3.35 |49.70 2.84

CD192

279 [is3.1 402 |3

CcD192- CD206* Gated on F4/80+ CD11c+

N
=}
o
N
=3

5

=] (3]
]
-

=)

— —_ o
215 315 o Control
5 o s o NM202 Low
g_ 10 [} g_ 10 "
8 8 o NM202 High
" " HA= mAm

8w

4w 8W 4W
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X 7

CD192

M1/M2 macrophage polarization by NM202 exposure in cLN

4 weeks

Control NM202 Low

NM202 High

Control

8 weeks

NM202 Low

NM202 High

l6.72 5.04° ]

7.34

20.9

22.6

8.05 }{23.0

8.36

8.17

Frequency (%)

O Control
O NM202 Low
© NM202 High

10!

T
10

Gated on F4/80+ CD11c+

X8
Effect of NM202 exposure on T cell subsets in the spleen
4 weeks 8 weeks
Control NM202 Low NM202 High NM202 Low NM202 High
! 19.0 0.17 18.7 0.19

CD4

Frequency (%)
wn o o o

=)
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Frequency (%)

o O o

w0 1f 10

Gated on single cells

Control
NM202 Low
NM202 High




X9
Effect of NM202 exposure on T cell subsets in the cLN

4 weeks 8 weeks

Control NM202 Low NM202 High NM202 Low NM202 High
432 0.60 |i21.7 025 |(i26.2 0.33 27.8 0.42

CD4

W w®

Gated on single cells

30

S
o

& r) o

% 30 > 20 Control

s s O NM202 Low
220 s ;

g g 10 o NM202 High
w w

-
=)

o

10
Effect of NM202 exposure on T cell subsets in the spleen
Gated on CD4" cells iweehks Qlwesks
Control NM202 Low NM202 High Control NM202 Low NM202 High
25.9 28.3 0.86 136 [117.9 124 (1164 1.59
3
8 ?.13 %3.1
Naive CD4
sk
40 5
_ - g,
5 g3 o 2 o Control
g ) of 88 o NM202 Low
@ 5 20 o . 3
= 2 % 52 o NM202 High
g B =
w =1
4
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E11

Effect of NM202 exposure on T cell subsets in the cLN

4 weeks

Gated on CD4* cells

Control

NM202 Low

NM202 High

Control

8 weeks

NM202 Low NM202 High

570 |i8.92 7.03

9.00 5.53

10.9

245 |19.88 2.60

B12

100 ,\0'4
g
g Tos o Control
g 60 g o2 o NM202 Low
2 40 £ o NM202 High
[o] ~
T 20 = o
&
0 0.0
Effect of NM202 exposure on T cell subsets in the spleen
Gated on CD8" cells 4 weeks 8 weeks
Control NM202 Low NM202 High Control NM202 Low NM202 High
4.67 18.1 5.56 19.1 5.05 5.61 14.8 4.84 6.65

CD44

Frequency (%)

N
=]

-
o

-
=)

]

o

Frequency (%)
o o 3

o
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I
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o

Ratio (Effector/Naive)
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o
=)

o Control
O NM202 Low
o NM202 High




13

Effect of NM202 exposure on T cell subsets in the cLN

Gated on CD8" cells 4 weeks 8 weeks
Control NM202 Low NM202 High Control NM202 Low NM202 High
“'37.96 467 [11.4 6.93 [{10.9 6.32 “J6.52 552 [i7.28 5.53

CD44

X 14

Control

NM

57

202 Low
P

34.1 49.1
Naive CD8
100 0.8
T
>
- < 80 o K
§ § o O §°'ﬁ 2 o Control
60
g g [P 3 04 8 o NM202 Low
= 3 404 2 4 b | = i ] ° .
g g A8 90 o 502 o Bd s o NM202 High
i = ) o @
3]

Pathological change of the lung tissues by inhalation exposure to NM202

4 weeks

NM202 High




&15 Pathological change of the lung tissues by inhalation exposure to NM202
NM202

Low NM202 High 8 weeks
AT .

X16

Marco mRNA expression of the BALF cells from the NM202-exposed mice

b Mcp1 Mmp12 Marco
1x10-1

a
x
a
(=]
°
1

2%102 2x10-2

8x10-"+ 8x102

=

.5%10-2

-

.5x102 o

6%10-1 6x10-2

4%10-1 4x102

5x10-3 5%10-3

2x10-1 2x10-2
ub uUD UD

o e B

ub

Relative expression to Actb
o
L

Relative expression to Actb
Relative expression to Actb
3
Relative expression to Actb
-

© Control
NM202 Low
NM202 High

o

UD: undetermined

o

Macro mRNA expression was dose-dependently increased at 8 weeks after the exposure to NM202.
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E
&7 Morphological change of RAW-264.7 cells exposed to silica (NM202)

Medium Silica (NM202)

Silica nanoparticle
== NM202 (-)
LPS (-) = NM202 (+)
18 *
16
14
12

Cell size (um)

LPS () LPS(-)  LPS(+)

Size of LPS-stimulated RAW-264.7 cells was increased by exposure to NM202.

X
=18 Effect of exposure to NM202 on Surface Molecules of
M1 Type-polarized macrophages Silica nanoparticle
= NM202 ()
CcD192 CD54 CD86 MARCO ™=NM202 (+)
60 25000 60 80
50 500 [ S *k
£ w0 T Z 40 i
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MARCO Expression on RAW-264.7 Cells by Exposure to Silica Nanoparticles
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Macrophage-related mRNA expression change by NM202 exposure in LPS-stimulated RAW264.7 cells
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