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Abstract

CRAMP is an antimicrobial peptide that inhibits the growth of a variety of fungi and has been re-
ported to modulate macrophages in bacterial infections. In this paper, the therapeutic effect of
CRAMP on Aspergillus fumigatus Keratitis in mice and the regulation of macrophage were studied.
Methods: In vivo, mice models with Aspergillus fumigatus Keratitis were established to compare
the statistic differences in slit-lamp photographs, clinical scores, and fungal loads between the
CRAMP-treated or PBS-treated groups. In vitro, the effects of CRAMP on the phagocytosis and intra-
cellular fungicidal ability of macrophages were analyzed by flow cytometry. RT-PCR and Western
blot were used to detect the expression of autophagy related genes and proteins of macrophages,
such as LAMP-3 and Beclin-1. Results: During Aspergillus fumigatus keratitis, CRAMP reduced fungal
loads of mice corneas and lowered clinical scores. Although CRAMP had no significant effect on the
phagocytosis of macrophages infected with Aspergillus fumigatus, it could significantly accelerate
the intracellular fungal clearance by macrophages. Further mechanism studies showed that CRAMP
could up-regulate the expression of LAMP-3 and Beclin-1, and elevate the intracellular fungicidal
ability of macrophages by inducing autophagy. Conclusion: CRAMP can induce autophagy to ele-
vate the fungicidal ability of macrophages and improve the prognosis of Aspergillus fumigatus Kke-
ratitis in mice.

Keywords

CRAMP, Aspergillus fumigatus, Macrophages, Autophagy, Fungicidal Ability

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

LB A 5 (Fungal Keratitis, FIK)& —Fhidt R . B0E R m (107 5 A USROG IE
SEREIN[L]. MR AR A A 2 SR M A A () R SRR R, TR BRI AR AR ()2 B R
A E B RS R 2R [2] [3] [4]. SR, H TG IR i F P 5w 259 (1] dn e e e .t ith Rk SE) B IR
ERBRNE, anA B Bt I PR DA R nT A R 3 A PR T S e AR 2 PESE[S) [6] [7]. X LEAHTS
T P AR A — T R A TR MR (8] [9]. [RIBL, FRATT TR PR BN R AR A8 1 22 4
BRI &

M EBEITIB NZHUARS, Dectin-1. Dectin-2. EphA2 % B F IR B2 R B HEH, Bl 5 %M
SEAE IS R A TR SOE R 1 2 WA R SR AR ()35 BR[10]-[16] . fEULIEFE Y, Emgamnie & —FEfh
Z e EE s AN, A REREE T M2/ML B AR 2R IOBI[17], XREIEI 7 W S50 b S A
AR A Z47[18] [19]. CRAMP J&—F RARFUMAEMIIR[20] [21]. &) VZAFAE T 2 b b B 40 B A0 G e 4
Me[22] [23], 2 20 i J G vh i 42 [ M 20 P B A ) L 2 ) - 2 —[24] [25] [26], %11 CRAMP 755 E &
2 e Wk S e S A B R W B PN I B TS B J1[24] [25]: TEZN R R GL (1 E v 4H L, Cathelicidin
R B A IR AR Z BE(LPS), #0H] Toll #5244k 4 (TLR 4) RIE(S 5 @B IS,  BREE 45 K11
— AR 73 UA[26] [27]0 SRTT, CRAMP £ /)N BRAE 2% B A FEE 48 mh (8 4 P AL i) B xof a2 ) 0 4%
sz b
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EAT T, FoATR IR 25 A 2 3 E], CRAMP I8 1 /)N B T 14 6 1 1 17 9 FRAI T A e 1
& RIFES . CRAMP ] i LAMP-3 #1 Beclin-1 193215, A S AR S BB R ERHE S, W
/N ERR R AR TR R T .

2. MRFEE
2.1. ELEIEFRF CFSE 36

T o R A T A R B v D S AR R B B R (SR 5 3.0772) SN & B A A FLE 37T
T RS PRI F353 4 K. H &/ BB BRI T B AT B AR ) & 7 AR 7 B0F i, R4 40 pm
T e ML SE, T 4 CHRAT .

N T AHE B AR T T e, 4 R TR KB BOH, FR-ATE 5 x 10° CFU i ih 25 1 4
fi1FIR78 3] 50 pg/mL 5(6)- —EE R R 3% 2 (CFSE;  Sigma-Aldrich, 3£[E)7E 37°C# 3 ml PBS Hi2i 30
I3eh. Geta A TFES 2% 5 (FBS; Gibco, 35[E)AI 5 ml PBS Hiiik, JF7E 1.5 mL PBS A
2,

2.2. RIRXEHIEE

2 FIESHENE C57TBLI6 /NI L AR A B ra TS A sh st G BT /N B35 4% BRI AR BHIE 78 6
22 (ARVO) K T-E MR BN B 72 A58 FH 24 (0 75 B R AT AR 3 . FRATTH SR D2 i8I T SER it 3% R
ZPHEE, #HES I QYFYWZLL27576, S50 Fi FHZALRAT B B W0 52 i A B DR IR Ffd R . R )5
8% /K & AU BRI /N o ) JE B O HE S 2%(10 pL; Hamilton Corp, Ht)FnA 2 uL #1723 x 10
CFU/mL), $fi A A7 HR Ay i rb S (8] 51 J2 o 58 BRE T N VRS2 6 /NI, SEaG4H AT IR A 5 u CRAMP (150 pg/mL)
I IRIATT, X HRALA IR FI 257 PBS iR, AHRANS FAFR/E N2 AXHE . Hi6)T WSS 6 /)
B U6, SRTEAERRGLG 1 3 5 REKR 3 IR 2. 8T AT RfR BB ™ B AR R Gort L 3R (17 e e 5
55 1. 3R 5 RIAMBARSHAT /gL, R IRVE /3 VEAL A28 i SARBE, I T 2RBXT T st/ BRUAR A
A

2.3. AEREOH

U2 H T HE BB T BOTIR[L7], AT GG 3 RANRIALER /0 B3 A I 2RI S R S 9 . ] PBS
Wik, (£ 37T°C NI R TV KA S MBI L E 30 /. SASRBRIEAR b BT R i) B B 1 O
THEG DOE B R AR R /)N R A B P A3 R 0T

2.4. INRERIEBE AR

] C57BL/6 /N BRI AR I VRS 1 mi 3% B AR LB F7 2RV, 5 R G 51 S SE /N BRI 75% £ 1
THEEL BT IR BTN BRI RS B 0, M ORIE B SE B . 4% 5 ml & 10% FBS (¥ RPMI 1640 #5577, IE
NHEIE, F RN RIS FF bt o e dS 211 48 = 2500 10 43%1(40°C, 1250 rpm), FH G B 21 41 24
MEFRFESG, EEJE, THEM IR R 6 FLIR, 1E 37TCHEIFEM I E 2 /N 515 BN EE I E R4
il

2.5. EREYARIRI AL

4] 6 FLAR T A /0N B s W 2B B TP in X CRAMP (10 pg/mL; GL biochem, v [E _F i)k PBS il i
H 10 Z0%h, BJE N H B 1 2042 1 (1 x 107 CFU/MI, MOI = 5)3E8 3% . 8 IR Ja AN [R) I A] 550 /N
1 /NI 4 /N, 5 /NI ZE D3R 4T RT-PCR,  Western blot 57t X 4H il A 5256 .
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2.6. BMEIRI

WANAT AR [19], #EYERT 10 2381 CRAMP (10 pg/mL)EE PBS I Z/N R B4 &, R )5
JIN CFSE Aric B ith 25 B 3 R il (MO = 5) L8537 1 /NI o 2 Ja R A0 B Bl e 78 Bvk i 1k 7,
A FACS i (Gibco) Wi v BN . i xR i il 52 & o A0 I E VR4 LL ] . B8R (%)
N EWEA 7RI CFSE fric i 70 A= 9611 5 43 b o

27. REENE

6 FLAR /) BRUIE RS B Wt i i N BCAS N B 1) 7) 3-MA (10 mM; MedChemExpress, H1[E |
#F), 2 /N JE A CRAMP (10 pg/mL)&k PBS. 10 4381 G I CFSE Fric i MK i 85 1 4 AR fl T LR 9% 1
/NEF(MOI = 5), Jil K B WA AL R 2ok 2 75 . S8 )5 FHVA 1 PBS A1JRIE Ve BRI A . 41 i B 5
J&, 1£37°CH 10% FBS (1) RPMI 1640 il 35 77 5 FR55 5% 5 /NI o 25 M ith 85 581 20 A6 £ 1 () E R 400 i FH 0t
AN 52 o AR (%) = [1 — (5375 R4 CFSE FH: BV 40 A it 1 43 Lo/ F % 37 FF 4R CFSE PR
E MR AL I F 43 L)) x 100%.

2.8. RT-PCR 3LI&

KB RNA FEHUATT (Takara,  H AR) /IS B AN B A B2 UE RNA, FEH 766 RV e
&, DL p-actin EEFIFRIE NN S . F PrimeScript RT Reagent Kit (Takara) RNA i34 H 4 cDNA.
KH LightCycler 480 SYBR Green Master Mix /& &7 PCR ##%: 5min 95°C; 95°C 10 s &%, 60°C 25
BK, 72°C 25 s SEf, D8R 42 IX[17]. RMSEH )G, R4 A2 L H R 1834 %, 115 CRAMP. LAMP-3
A1 Beclin-1 mRNA X FRE & . SIYFFA05E 1 For.

Table 1. Primer sequences used for RT-PCR
F 1. RT-PCREIGF T ARIS 14551

Gene GcenBank No. Primer Sequence (50)

F: GAT TACTGC TCT GGC TCCTAGC

f-actin (mouse) NNL007393.3 R: GAC TCA TCG TAC TCC TGC TTG C

F: GCCGCTGATTCTTTTGACAT

CRAMP (mouse) NM_009921.2 R:GCCAAGGCAGGCCTACTACT

F: CCAGATGCGTTATGCCCAGAC
Beclin (mouse) NM_003766.5 R: CATTCCATTCCACGGGAACAC
R: TCC ATG GCC ACA ACA ACT GAC

F: AGCAGAGATGGGACTAGCACT

LAMP-3 (mouse) NM_177356.3 R: CAGATGCATGGGTTAGGCTGG

F: Forward; R: Reverse.

2.9. Western Blot SEg§

1E4CT, /MNRARE B EE ATE RIPA RELZ P (Solarbio, H [EILR)H R 2 /i), FE
fREE 15 S BBt EE— IR SRIGEE L 15 234H(4°C, 12,000 rpm). A iR AR IRVE 2 /e, Fl - b st
22 0N - 5 TR 04 T f e 2 P WK (SDS-PAGE) 7 BS E 1, I % 7% B 5 Al 91 £ ) (PVDF) i I (Solarbio) . Jii2 T
Western [H i 2%+ (Beyotime, HH [E VL5 Hr &t 4] 3 /Nt J , 54T Beclin-1 (1:1500; Cell Signaling Technology,
J[H)sk GAPDH (1:1000; Elabscience, 3 [E)HUATE 4°C R E IR . &V FH B —Hi(Elabscience)
5 1 /M, DAB Zft. Image Lab #4%f 26t 3E4T 7047
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2.10. GEirES

5 ZHL 25 s ] 53 I PR P43 22 57K Mann-Whitney U #8536 . 7520 1] LU R XUR Student’s t /656, =41
Ko UL B A SR FH B IR 2R 5 25 0 M« 4% 4L 1) SR ) Bonferroni 656 77 72:13E 1T %2 5 b4 . 4 1] GraphPad Prism 7.0
BAEHAT ST 200, BRI DO E + SEM oK. P < 0.05 NZERAG G247 (¥ P < 0.05, ** P < 0.01,
**% P <(0.001), FEIISLES E /DT HEE 3K,

3. &R
3.1. CRAMP g /MRIAHBE AKRK

FE/N R B R A 8 R, PBS ACERAL A 3 TSI AR 70 W1 5 CRAMP ARERZ (] 1(a)). G
JAEE 3K, 5 PBS ALERAIAHLL, CRAMP ARFHK /N AR K It L Rl It AR B /D 3 Y B e (1]
(b))~ FEl B g W AR (A 1(c)MTIA 1(d)). W] CRAMP T DL (R A 25 T A B8 28 /0N B AR) e PR T2 I ik
DI, DO IR RREIR o

15 o PBS
o _]* CRAMP
310 ns oo —
EREE X T S
§ 54 o L]
)

"4 3d 5d

Days post infection
(a) (b)
PBS CRAMP
250
—_—

$200 %0
E150 5°
E 100
O 50 -

PBS  CRAMP
3 days post infection

© (d

E: (a) CRAMP 5k PBS AbFE )/ B M B AE Y B A 55 1. 3+ 5 RMIGIRPESY(n = 6 41).
YL 3 K, CRAMP B¢ PBS AbFE 1) /N B A IR 1 2L B AT IR () R 1 B aii(c)~ (d)s

Figure 1. CRAMP alleviates the severity of Aspergillus fumigatum Keratitis in mice
& 1. CRAMP B2/ NRIFHBE M AR RN ERE

3.2. CRAMP geiEd B M {2 iz = Mk 40 Ao 4 Al P A th B8 21 0 7 T OB BR

A A BRI M B RS 1 /M, CRAMP AbFZ BV 40 R 5 PBS AbFR4 L4t
Z 5 (5 2(2)), YW T CRAMP FH35A 5N I T ) 00 i 25 1 20 A= A0 T I B WA E FH o KBS 1 /R 1
ERE R Se G, kIR 4 /NE, CRAMP ARFRAH & 75 Yehnic i 20 A= 17 (1 B 41 i Eb 451w S5 /1>
T PBS AL (14 2(b)), UiHH CRAMP ALFRZEA0 A AN 40 A A7 % TLERJkD . THE 3RS CRAMP AbFRZH
EE R A I N B A R = T PBS AFEAL(E 2(c). HH4l CRAMP AMHEALAIEL, FRSEIN B W]
71 3-MA {1 CRAMP AbERZH 7 58 e bric i 43 A6 fd 7 1) E W 4 P b A BH S5 B+ (P 2(b)), T i P 30 T 43 26
B R (5 2(c)). X EERIH CRAMP 38T [ 0 bR i 54 i P R fh 2 14
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60 ns g S
S X, &
< 40 g 2
z - ’
g Qo S
(7]
§D 20 Bl ES
= . J
B o
OO T 10 10°10°107 101107 TGP 10°10°10°107
101102 10°10°10
PBS(SRAMP FITC-A FITC-A
mPBS= LL37 € CRAMP+3-MA 3-MA
100]—2m—— X o]
(=)
* (=)
p— _ == v
S <
a0 50 Vo
4 2s] :
2 , - e
0 S =) I —
3-MA - + 10'10°10°10°10°10°107 10'10210°10° 10°10°107
FITC-A FITC-A
© (b)

e QM E RS 1 /N, CRAMP Bt PBS AHHZH EWRAN I fr I o KRGS 1 /N BT IR D% )
BB TR 4 /N, B AEERAH T AR B RS 7 AR A T R L A B A5 () AN R A P P9 LR R AT 3 () o

Figure 2. CRAMP can increase the intracellular fungicidal ability of macrophages
2. CRAMP gties EREAIHI A EE RGN

3.3. CRAMP gEf S /fth S E 1Y E R4 AaaY B K

PCR HJSRIGZE AR R T CRAMP Hefs (i 3 1 ih 25 B /K e ) L 40 0 1 WA SG 3E [AT - LAMIP3. B
Beclin-1 mRNA [k (4 3(a)f114] 3(b)). Western Blot 578 T CRAMP _Liff [E4% 5 i) ELVE 41 i Beclin-1
RAMEIL, #H—FIIET CRAMP 5 I S HE R

?;;200 Tg
< 150 <
%100 %
2 30 2
3 0 =
o (]
[
% )
S
(a)
AF  AF

+ +
Normal PBSCRAMP
Beclin-1 "% = =

GADPH e e an

(©) @
VE: SRR E VYIS, CRAMP B PBS 434 LAMP3 mRNA (a). Beclin-ImRNA (b)LL A% Beclin-1 &4
((C)~(d) ik
Figure 3. CRAMP can up-regulate the expression of autophagy related genes and proteins in macrophages infected with As-

pergillus fumigus
3. CRAMP gt iR Hh B B R B R4 AERY B R X EEME QR RIL
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4. g

HOH i 87 PR A 98— PP R . 2 S EUR B BN . BB I AR KRR SR 2 5| R B R
i, FECTE ARG, Wz FL[17]. DR, BRI B SR SORE e ST R 2 A B A R % R
HIREE , CRAMP 2 —FhZ IIRERI RATUMAEDIIK, M BE B A AE KR R 2 5 ROE I SR
$5[19]-[26], FEIRGNMEBR P B EEMME . B/ BE & Rl 2, CRAMP AT B FE 01 1 h 25 14 14
22 A K FE ) R 2 A 28 R PR - 43 WA[19] o FEFRATTAUBIEFE A, 38 g /N B ot 2 B 1 A R S AR, JRAT
RIAHEE TR HRAL/N L, CRAMP AP IR/ R B T s W 08D, IR PR 2 35 A, BRI T IR A vl
M RBRYLSEEE 3 K CRAMP AREEf/IN R A LS AR BB /Ny KN EE R BB B sy, X SR
CRAMP TENH 1 75 B A 5L 5 Hh 2 21 145 R0 B 5 1 R B 1) 98 R 582 PO XU B o

538 00 o e e M v — P EE L ) G A, e BE BB S T K 22 AR N A AR I TR S R i 1
M2/M1 H A2 5 4 0E [ S [24] [27] - 11T CRAMP 2 21 1 8% G v if 2 0 40 it 7 8 0 F) 32 B2 IR 7 2 —[24]
[25] [28]. flln: CRAMP 75 BG4 A Wat sady 1 SR A6 R 1/ a4 P A N 2 1 V5 Bk 7124 [25]; 1E
A G E g 4n i, Cathelicidin dEBeHIH] Toll FE5Z 4K 4 (TLR 4) JORE(S 5 1@ B B0, BRI 9 AE 5 M.
[28]. [Fltk, FRATTHEN CRAMP T G IE i 145 505 0 it 1) G 228 i s CAEN AH i 25 B AR PS4 o RATT AT S AE 5K
TIEASHEN o i Ik I A R A s 0 it R R P R A B AR R PN R R R, FRATTR I
SR it 25 B BT CRAMP LR BG4 M (1) 75 W 70 3% A B S g i), (R A0 R 2 28 b B M4t i 1) B o .
LESPAR

PEARTE, R B AT 755 1 W K A R P IR R AT R [24] B4 2 43 BORF R [25], BRI R AT 1R 12 CRAMP
AR T A R E R0 N R . SR, RIS T, CRAMP 5%
(R RPN A A3 20 IR 0 OB 2 4 EL W75 3-MA I o RIS FRAT TR T I MEAR DGR RN B I Rk, R
I LAMP-3 mRNA. Beclin-1 mRNA F1 Beclin-1 & 7KVt 2 FFmi&ads, I H B W 5 R0k T 5 A
ARG E BRI ] S — 2. X P IIE TR B A T, CRAMP WS B R & BG4
PR BB R 0. Rk, F CRAMP 42 ELWR A0 i 7% 3 B8 g 70 AT B DA A A T 7 L Rl SR e 1A 005 (1) A1
HVRIT 77 5 o (HIX ik = CRAMP S A i 25 T B e 1) M 40 P 98 R A5 5 388 B8 B 9 DR 7~ 20 WA S Ml PR BF 72
I AEFRA AR B S0 i — PR R A 638 .
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