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Abstract

Objective: To investigate the regulatory mechanism by which progranulin (PGRN) exerts anti-in-
flammatory effects in Aspergillus fumigatus Keratitis. Methods: A mouse Kkeratitis model of A. fu-
migatus was established, and the effects of PGRN on the degree of corneal lesions in mice were an-
alyzed by anterior segment photography and clinical scoring; HE staining was used to detect the
number of inflammatory cells in the corneal tissues of mice; using the CCK-8 assay, the safety of
PGRN at different concentration gradients on mouse macrophages (RAW264.7) was examined; and
real-time quantitative polymerase chain reaction (RT-PCR) detected the effects of PGRN on the
mRNA expression of inducible nitric oxide synthase (iNOS), chemokine (CCL2), and arginase 1 (Arg-
1) in Aspergillus fumigatus-infected cells; and the effects of PGRN on the M2 /M1 ratio were detected
by flow cytometry. Results: PGRN attenuated the extent of mouse Aspergillus fumigatus Keratitis
lesions; PGRN reduced the infiltration of inflammatory cells in mouse corneal tissues; PGRN was
nontoxic to RAW264.7 cells; 10 ng/ml PGRN treatment of RAW264.7 significantly decreased the
mRNA expression levels of iNOS and CCL2, and markedly elevated the mRNA level of Arg-1, and
PGRN increased the M2 /M1 ratio. Conclusion: PGRN may exert anti-inflammatory effects in Asper-
gillus fumigatus Keratitis by regulating macrophage polarization.
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1. 51§

FEME A IR A (fumigatus keratitis, FK) A& —F B 200 B 1R 28 A 55| A IR S e Mg 1]. BT
FHL A AR A B AN Y MR MG SR 2R, LR M A IR (0 R AT BT H[2]-[5]. B
BRGSO B 112 28 5 Zh B AL, RERCARE R, JRRE IR (1 3k FE R FBO o 2R 4H 445455
[6]. HRTIEARN I — LI H MMM ER, MEFELWRRE . FE0E DU 25 PR35 J7 AR K
JRIPRYE, T B AR FI7] (8], [RIMTE BT B B 0 R A 3R A0 28 36 77 B0 il 25 B A B 6 i s B+
HEME L.

Progranulin (PGRN)&2 — & & LB AE K T, T2 T A4, ENEgh i bl AR 4H
ZUR4A 9], PGRN AJ LA IEHHLMAERKKE, HSE5E MBI . PGRN X8 X1 #[10].
RIEPEIIR[ 1] 4= B[ 1 2R Fh 3 B e MR [13] [14) R PL 4 /EH . PGRN 5 EE4H o pf b 25
PIMIE, WSRAEHE NG 415 AERE16]. F R K175 L Mgt PGRN w] LUB {2
HEE WA AR ] M2 AR Ak R e et e

5 200 A2 2 5 WL AR 97 05 R v 2 2 i P S B AL B0 40 [ 18], 224 M4 i S AN [RI A AR, ki
M1 BUFD M2 B PAE A . 2R R Z0FRA. M1 B M2 R 20 A A0 T4 5 T LA 280 S Bk )
W ESCEE[19]. BATFIBNCA W T AL, PGRN I i 8 5 5 15 ek 128 350 1 1 A7 I 48 1) 0 RE S B2 [ 2010 A
WFFTEE— 4R PGRN 2 75 38 o8 145 [ 4 L R 1 0 A0 o 25 A7 8 2 b R AL VE
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2. RIS A
2.1. SEXGHAR

RAW264.7 4HM0 KI5 T ERF 2B F#gorBe, IR TN T 10%433 70 ) s 4 & ¥ DMEM
Fraedk,

CCK-8 K7 & MCE A m#2ft; RNA exproreagent i YR EiA 4 A AL, CD86. CD206 $it
A H1 Biolegend /A ] #2fit. 4l PGRN & W H R&D Systems, &N 50ug, f# I LHE PBS Wikt 2 T

2.2. SEWTFE

22.1. EEHE

%54 3.0772 (1) AF B, VR B e R A AR ) B R O U B O o R 0B ot R R A T R Ak
FHE, 3TCHIEREEFE, 3~4 RIGREEFREEIAIGE B PBS 5 O ih 25 0 b v 7, 138 fs 1k
ETHOEN, BT 4COKMMEA. DUREMERATREESEMY, JHE T REFRR MK,
JE T 37°C. 120 v/min I FRFEHINE 4~7 d, BHIEE HIEPIREVE . TG TAE & i s IO s
22, BOALE°C, 5000 rpm) B0 15 708G LB LG, HJCH PBS Yk a FE L, BEE =K. AT
5%, RO RGEET 4ClKEER. HEZE.O. PBS KSR =R, &ENA R DMEM
WL R AE EIHEAE T—20°CUKA, 1SR ih B B KIS H 2.

2.2.2. INREYSLER AL TR

ARSI T HEFE I SE S S E E AR A m R AL @ B, SPF i) 8 J i C57BL/6 /)
BUIE R TR AL . K /NRBENL N 2 4, AT 12 R0 XEese /N AT I s BRI J5 TN BRUA FIR £ JEE
FEFRATEN 2 uL I E A7 (1 x 107 CFU/L), AMRAEATE . 255 T ROGERTE | RAKRES 1 R
25T /N A HR S5 S 5 PBS 30 PGRN (100 ng/mL), ZHRAEMI . 20 THEEEESH 1. 3. 5K
18 P ZRLBRAT WL 82N BRUAA P SE IS O, AT IR IR VP 0 [21]0 IR AL G 5 =R, U/ BRBRBRICE T[] v
BEAT 5 49206

2.2.3. ARES¢A R AbTE

¥ RAW264.7 200 HER0 T 6 50 12 FLAR b, FF40 % Rk 2 80%K), 45T L1 PBS. 10 ng/mL PGRN
TALER, BFEN 1Th, 235 FRFLIIA 60 uL MR B KiG B 22, A0EE 12 he WWEEAE S H It T 5
T SET6

2.2.4. CCK-8 £

HIRTCTEE I, 96 FLAR 932514 E RAW264.7 4iiff, 37°C, 5% CO, 5577 F8 NAIMLIE B A KL, ¥
MR E R TR, S, ML A R FER PGRN(E IR BE 73 519 10, 20, 40, 80+ 160, 320
ng/mL), 4 HEAHEH 5L LEEIE 24 /N, HHRMRFFA AL T3& B IR EE . AR BRI (R ), FEEEY
WEEF, N 10 L CCK-8 IRFELHAF . FEIIN 2h J&, W8 FARERbR T, B EI KA 450 nm,
M &L FEE .

225, EBEIFREAEER M (RT-PCR)

SN, EABRIL LG, WS PBS T =k, BE, MBSLH I RNA
SR, WAMEBH TR OWIEE S, B E 2 mL i1 EP & . SERUE RNA FI3REUS, #E7 IR I E
B, K R W MERE A 7] 2E 7211 HiScript I RT SuperMix X7 T S 4 S 1E1S 2 cDNA Fl, AR5
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=5

TN R E N5 Y5, [ RT-PCR HLESBEATH 1 . TR0 M1 A1 2¢ R B (INOS)Fl M2 Al %R Y (Arg-
DELR #9EE 7 CCL2 f) mRNA Fik/KF. 5I¥FHWE 1.

Table 1. Mouse primer and sequence

= 1. MRIMEFS

EIEVERN ElEZ 2]

F:AGGCATTGTGATGGACTCCG

P-actin (mouse) R:AGCTCAGTAACAGTCCGCCTA

F:TGTCTGCAGCACTTGGATCAG

INOS (mouse) R:AAACTTCGGAAGGGAGCAATG

F:CAGCAGGTGTCCCAAAGAAG

CCL2 (mouse) RATTTGGTTCCGATCCAGGTT

F:TGGGTGACTCCCTGCATATCT

Arg-1 (mouse) R:TTCCATCACCTTGCCAATCC

2.2.6. R LABEAR

/N EL RN RAW264.7 B3 51 BRI TE 6 FLAR b, JR4&BRRTR kit TR 9%, HE A E A 3|
29 80% M, HHAT G Eab . — 27 AW IR, AFATAEAT ML B 15 L AL I N SRR AR 1 JE B PBS
AT 10 ng/mL (1) PGRN 5403557 1 /NS, Bl S N KGR 22, IR 12 /NSF . X B BRI H] )5
KRN IR E S, (ERJEH PBS O A I A BdEAT ik, D4 PR T i BE 2R A B . I
oW PBS VW, Kb ERLF AN ISSE, TUEER RN 2 mL 1 EP B RS, X NI T R E H
B [ E R FBAIE, MAFFFCHHUACDSSFITC 1 CD206APC). T4 MR, WA 30
oyl SRR E S, STAMMEATRRS EOREE, JRRAIN 500 uL TG PBS V. I A BRASCRS I
4l

2.2.7. HE 32

WU BBV A 50 3 R/ BRI IR BRTE 40 o/L PRSI 2 2d, FIEALEE, 14, PBS 12Uk
3, SAKEYLE, ERAKMEE 3 EIR AL 20, FHRAKIYE; EUKHAT 1 min,  FHRAKIRE;
PRergets 30 s, ESRKMBE 3 s RTRAANFRF 0 OB L TEK CBEF K, RN ZHZRFER 5
min, PRI, BT (R BB S R (400 fiF).

3. ZHEFESR

45 7 MR FH SPSS26.0 5 GraphPad Prism 9.0 Zu it 4. AW 50 (1 BTG SEER 38T fe /b IR E R
BAE, WREHEAERE . TFEEGEDIAME £ PREE(X 2R, KA R E B8/ B BIGE R
gy, Z BRI LR EUR R 2R T 2200, DR ELBCR A LSD-t k3. Goit 5 B MK ise
N P<0.05.

4. ER
4.1. PGRN B2 HthEEAEXNREREE

N T B UE PGRN 750 25 18 P A B 8 Fh I pT R AE D FRATTSE T H /0N BR7E MR ol 57 1 B e %&WWF
1R, A2 G505 RIS PBS ISR E A 100 ng/mL ] PGRN. WM M2 B BG5S 1. 3. 5 K
INRAESUGRERE, FETIRIR IRy G5 R I, PGRN B B 2H 1 /)N B IR e T AR 7J<H“F7‘F£EEH
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B A%

BT PBS EERGLHMENE 1(A). RS &%, PGRN B BG4 A R 2t B BAK T PBS B
YA, =R EA G0 L (Fp = 20.862, P < 0.001; Fps = 35.244, P < 0.001; Fps = 47.647, P < 0.001) (41
1(B))o LA 455 IR PGRN AT LAy MH th 25 B AR S48 (105 R 2

(A) (B)
D3 D5
~= _
rﬂ e 15 * AF+PBS
PBS g e o AF+PGRN
L]
1 —
— * %
@ 10 ok ok dede 2
B — *k o
e @ e
£ |- R
= 54 » e» ° ®
) -
PGRN °
k,_ ) 7. 0 T T T
g ' b S D1 D3 D5

VE: A N PBS 4R PBRG HEYL G5 1. 3. 5 RITATHHEAH, B A/ ARIERIES (P < 0.001), HEE &
BT Z0H BoR: Fam =80.620, P<0.001; Fuw =27.842, P<0.001; F wpparm =5.345, P <0.05,

Figure 1. Comparison of corneal inflammatory conditions and clinical scores among different groups
1. TESERARKIEIT R R IGR TS BIELE
4.2. PGRN B8 /MR A IRA A b S AE AR

T PGRN X J08] it 2 T2 [ e ) /0 B A AR 2EL R Y RE 20 L3RI RS2 I, AT TEBOMA o 2 SRR e Jm 38 =K
ANEIRBREEAT HE Heth. G00E R ELECT PBS BRI, PGRN T L 2H (1 JAE 40 i 252 W] 2 )i
S 2).

AF+PBS AF+PGRN
vE: £ PGRN ARG, M8 1 25 T 2 A7 5 28 /0N BR AR I 4E 23 P 9RE 40 A B 58 8k 21 (400 £i5) (n = 6)

Figure 2. In a mouse model of fungal keratitis, PGRN mitigated the infiltration of inflammatory cells in corneal tissue

2. N REEMARKRE G, PGRN 7] LUREE FBRLAE LR T R RE AERYIR

4.3. PGRN I E R LM RAW264.7 4RHEMIZERE R B2

J9 7 W% PGRN & 750 4H B iE PEA 520, FH AR S PGRN (104 20, 40, 80. 160. 320ng/ml)5
RAW264.7 4ifu 3L [F¥ & 24 h, KA CCK-8 Kiill PGRN XF4H e, 455K 28 10~320 ng/mLd 1)
PGRN X0 TC B (4] 3), ZHF BHA ST %3 X(F=63.33,P <0.05). £ FNRIISZIGFRAME IR
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A%

=5

10 ng/ml /] PGRN ACERAAML . 33— F8 PGRN X 4% h 25 B 2% G4 11 RAW264.7 21 i 9 i K- [ 52

GERLR, A S, INOS. CCL2. Arg-1 ff) mRNA /KFEIE BT, 5 PBS hniE &g
AHEL, PGRN MBI Y4 d, INOS. CCL2 ff) mRNA FEik/K V&% %, 1M Arg-1 mRNA £k Kt
—# ETHP < 0.01) (13 2). SLB&s LY PGRN 1] LU RAW264.7 21 i JE YL MR i 75 7 5 51 2 i 4
fiE SRS INOS T Arg-1 4 E WA AR AAR X, 5T R SEIIRA TR ABE AL PGRN 5 E Wi 40 fu i A6 1)

9\%/\0
24h
ns
2.5- — S
i
2.0
e
g 1.5 % %k %k
= —
]
B
= 1.0
@}
0.5
é A AS D A D D
os@ c,\,& o}& & oé& &é&

TE: AFWREER) PGRN X RAW264.7 4 ILIE PE AR (5 1R F A LEES, TP <0.001),
Figure 3. PGRN had no toxic effect on RAW264.7 cells
3. PGRN Xt RAW264.7 R T H 14 1EH

Table 2. Comparison of gene expression levels of inflammation-related factors in cells of each group (n=6, x +s)

52 2. BAMMFP RIERXEFERERRIEKEHLERMN=6, Xts5)

2H 5 iNOS CCL2 Arg-1
PBS 1.0100 + 0.14588 1.0050 + 0.11845 1.0167 +0.19315
AF + PBS 29.0450 +2.13881 23.4333 + 6.03561 1.5467 + 0.49637
AF + PGRN 4.0900 + 0.42143 4.1217 + 0.58969 23667 + 0.26440

F: S =HA R, F=23.550~891.316, P<0.001.

4.4. PGRN {23 RAW264.7 40 M2 &4t

KA ARG E AN IEH 4. PBS IS4l . PGRN I YL M2 5 M1 B4 5] A5
HEAT TI5E, SRIRARFST PGRN 5 ERRA ARG 1 R, SEI0Ls R RAnE 4), 5IEHE % HEZAHH
tt, PBS JH /YL M1 (CD86+ CD206—-)FT di bl % s 5 PBS fnpd /B U4l AH L, PGRN fips B UL
H, M1 (CD86+ CD206—)Ffr i Ll . 3 B AR, 22 7 B it 222 o [FIRY, 5 PBS NG &G4 AH L, PGRN
B G, M2 (CD206 +CD86-)fr i Lbll & 2, ZRrRAFSII ¥R L. HH, 5 PBS INF I
AL, PGRN INEE G4, M2/MI ELBIEE L, =R BEE S5 L.
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Figure 4. PGRN promotes M2-type polarization of macrophages after Aspergillus fumigatus infection
4. PGRN {R AR B 5 B S H) E MR AR = M2 BUR 1L

5. g

87 R FK A WL SR AR 2 —, FK (R0 Ik 72 5 1 3 B AR L ok R0 S8 e B B8 DT A OR[22 ]
YARHLSR BRI, FURMHE — RVRBL, PR ROE R T S8R 7, 5 KR R0 1m) A
AR EE[23] [24]0 3EE I 205 SN BERS R 15 I E BB BIHLE], A ROE R R AEYD; 2 9ORE v
I FERS, BN LUE AR, RO [FIRR R R P F (2510 DR, - A% 1R A T R B 4 T VE I
BARNIHEA T EE IR E X .

PGRN 7EV#EHSUR G « RSk UL 85 1g 305 0155 07 T R 5565 AN il sl AE FH[26] [27]. e
IR, 1%k PGRN (% e iR Z1H1 268 PGRN BERS(E3E A i I je F2E I A LRI 475 1% 7 R/
FERE, BESRMAAAA128]. AWML FIE/R, PGRN 2 A 0 5 5 B 1/ R A R P AR . o e
FE, TR BRI PR VT 43 o 1X B PGRN X J0H ith 2% 81 11 8 28 R ORE A o k4, HE Jea s KB PGRN
BE S0/ /N B A AL 2 OE AR B IR - $275 PGRIN 38 b a6 OE 41 IROTR- T SR 0 o 2 1 B e 5
1 FH A5 4 o

PRI RN, L B B e 5 R 1) O S B R R P E R . M LSRR T AR R L
PRESI 5 JE ARG B A S UM ThAE 4 h R ¥ £ SR 1 M2 Y S REGH I 7R #2888 . ik 4
U . AT R A5 £ 07 T B E I [29]-[31]. BHFF KB, PGRN ft % 8 i 40 E W4 p M1
WAk, IR A E AR 7E /N BRGE W o h R PR PEAE R [15]. fE S PERH S, PGRN i i 5 0 4 i
M1/M2 B B s TS [16]. BAEBFFE 3] PGRN 5 B4R L V0 AE 56, 385 145 ek 4 P A%
AAESI R A R i R R I R4 VE T o itk — DR 7t PGRN 18 3 18 M A I 58 o2 75 thod i s m 5
WM TR R AT R AVE ], BRATIES: RAW264.7 21 A 2 37 3 B K e 4 B A R 3R 47K /P SE86: . CCK8 &5
KW PGRN X} RAW264.7 41l G ML B . RSS2 I0 4% 10 ng/mL {E N PGRN FUIKE . FRATHI
S50, PGRN HIHH 35 H 5% 4 RAW264.7 40 M1 F5ic4) iNOS S AR 4 K CCL2 ) mRNA %
EIKE, fREE T M2 FRIEY) Arg-1 1) mRNA FKIAKF. BEWRE4HR R AR EER 725, B CD86
5 CD206, BATHE A T X 7 EWR A B AN [F) 2 2 e HDhREARAS[32]. M1 B E R+ CD86 MIRIAH
Fir B, CD206 7£ M2 B4 SR 1) 20k KTy FRATT R A Rt i A I PGRIN XA it 25 1 Bk 4 1)
RAW264.7 41 (1) EL WG4 A i, 45 387K, PGRN ALFE )5 , 00 il 5 B UL ) RAW264.7 Filfld, CD206
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