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[ Abstract] Objective To determine the changes in the expression of mannose receptor and some inflammatory
cytokines in the cornea of tree shrews infected by Fusarium solanum, and explore the mechanism of fungal infection
keratitis. Methods A tree shrew cornea was infected by Fusarium solanum using a contact lens-assisted method, The
animal model was evaluated by anterior segment photography, analysis of pathological sections, and in vivo confocal
microscopy. qPCR was used to determine the expression of MR ( mannose receptor) , dectin-1, IL-1B, IL-6, and TNF-a
in the tree shrew keratitis. The primary corneal cells of tree shrews were cultured and an infection experiment was carried
out in vitro. Results The success rate of establishing the tree shrew fungal keratitis model was 84% . The positive

expression of MR and dectin-1 at the early stage of infection caused peaks in the expression of IL-13, IL-6, and TNF-a;
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the expression of these factors was positively correlated with the severity of fungal keratitis in the tree shrews. There was no

significant change in corneal epithelial cell infection before and after infection (P >0.05). Conclusions

The model of

fungal keratitis in tree shrew is successfully established, and its symptoms are similar to those of human fungal keratitis.

Type C lectin receptors may be involved in regulating the immune response to fungal infection. The immune system may

play an important role in the development and progression of keratitis.

[ Keywords]

tree shrew; fungal keratitis; mannose receptor; TNF-a

Conflict of interest statement: We declare that we have no conflict of interest statement.

HFTEABER (fungal keratitis, FK) J2 H B0
LR JER L SZ 40 A B i 51 A ) BBOF S v 4 e 1
FARERE o FU R AR = AR | 5 5 T L T R g
25, PG B R G S2 R Fw, HET FK 2 4
Ry JI AT 2 IR A T A v B A T T i, 2
TRYTAE B i B B A IR e 5 2 —  FK 480Kk
iz B ERIRRL B A 1 e 2

I ( tree shrew, Tupaia belangeri) , )& T FL W
SRR H BRI A A IR P8 45 A o AR IR R 2 0y T
BN TR R AR 5 AN SRR
AL, DA 1] J5 2 D Ff E b Bz )25 Wi 9 ) 2 | ik o
2 AN B R, HAS TR S A R
JERY A9 5 NS A AR AL, W 14 2 3l ) i S B4
RRAET 3k 3 B AT B R RS ) LU G 15 2K ) T
SRR BE Ak, A B ST & IR i 5 T Y
FARREIN K A0 e 5 AT AR ABL A e AE B 40 i T AR 1
i A S FR B INFIZS S8 A0 M B 1) v A R A R I
TR A A N = I 5T NS A R N B i 1) BEAE 5
Pt HAE AN R KSR L, A RSk IRz A
R AR , 75 A IR s AH OB 98 vh B R 4 0 18 HT il
o ABFFR R R E ST 5 S FKOAE H2 10T R
BT FR O I B 701U

H # M 32 /K ( mannose receptor, MR) J& F C 4
BEEE BB S B , AT 3 B A TR NS & R e
FOBESE 3, RN o D A | 3ok 52 0 D R AR5 7 3R
AR R R AR B RN (Me ) T 8 it
MR SRAFWEVFZ AR B R AR RUEY) , A0
AR A 319 (protozoa ) 55, Me MR i 5l 5% Ji {4
Jo, BN AL, 75 S A E RS A Y
B Me BREAEWLSHEE H 40 B 2204 5 8 Al kA
WIGIZ g, (58 I A o Je R I e i SR 40 i, TP
JA W/ VAR HETT I AL A A SR 2 Newman
SEBLR I A AR A M ( dendritic cells, DC) A 3
it MR 45 P RO A7 Wk (0 S R i, O R T
TR e B AR TR A5 I A, MR 2725 FK
AR AR, T AN R, AR SE A B i 57 FK

YL R R FK & 9 i B MR UIL-1B L IL-6
TNF-o BIFIRAEAL BRI FK RS04 FHLH

1 #ME5FE=%

1.1 ##E
1.1.1 ZEssh¥)

55 LA R4 A R, E RSB, AR 2 ~ 3 S
% AR 110 ~ 130 g, >k A B H E R B R 2 A
W=7 5 AR i A B 9 05 o [ SCXK (VEL ) K2013 -
0001 ] , S50 7 v [ B2 22 B} 27 B 5 2 A= ) 2 WF 90 il
PEAT[ SYXK (JH ) K2013 - 0001)) . Frf #:4F 3 7%
FE R s B/ (g L S G (ol I
DWSP201805016) .
112 &5 5%

Tt e JJ TR I AR 1 S [ ATCC 23 7 - 73t s ik
TIEEH YA E S IR ATCC90866 , i i it 71 25 T4
YR E S IR MYA-3636,, Th4% B84 7 Wi 3 i
K5 373 (PDA, Solarbio ) , T 44 S04 75 b A 7 b5 7 4
(PDB, Solarbio) , 7K M f I £z il (1 B OB IR
BT), T AT R R M FE K FA T HR W (s. a. ALCON-
COUVREUR n.v. ) , ARG Gl T Qe i, H % &R
(HyClone) , %53 (HyClone ) , ‘Wi #/E X (Nikon,
C-DSD230) , 18] & ' f# %% ( Nikon, ECLIPSE) , CO, %
7|%:‘5F’Hf(Forma,CO2 T/C),

1.2 FHik
1.2.1 EEMT 2R &

TR ] T PR A T PDA BERIE R, 37°C
iR 3 d R BT 28°CH AR B R T d SR FHJC
A R 7K S e 1 5% 0L B 9 3 1, WO HE LR R
At IR, AR I Bk BN T RO IR 2 AT
BE N2 x 108CFU/mL( Colony Forming Unit)
1.2.2 FK WRBERY ST

55 HRRAREHL > R L gnd 25 K, 25900 A
20 HBAPEXTIRAL 10 H (SRS IR AR A2 iR Yy
PR FOUE IR o S 2H B RiDIR I 1 5 0. 2 mIL 2%
T L B2k VR RR P ALER Y T IR, T TR R



754 rp [ S U B W 2018 4E 12 45 26 4545 6 1 Acta Lab Anim Sci Sin, December 2018, Vol. 26. No. 6

FHERAK P BEARBRIR R, T AT R R0 AR IR
FARGEZE I, T 00 7513 s 55 ) TR AT 22 98 U, n 5 A
PR b 55 S 4 By . YL 48 h JEPRER R R IR
WRIR A H 1R, 2595050 A e B Al [ 5:P% 24 h
FEA R 02 A7 g 2 Hh ZEOR AN T IR VL, 4k X e
ZHASARCR) 45 Ak B, AN 0 g3 e Bl D TR ER 22 96T B
W ,48 h JEYFek . e H WSSl R
1.2.3 W FK B A3

FARJG b B WEL f B 5T S84k, 35 O 7K i
KN QEGLAERIN BF Tl iz ML 4  @Ek
SR FEEE ST B RAE N @ LR/ DXF
SRR, P S AE S g 1) 7™ F A O, U AN [R] B
B B (J&e 3.5.7 .10 14 d) AW A A, FH 95 AR -
FREL(HE) Yot il Ve BE U] R, WA AR 15 58 20 i 7=
THFIZHZURTENG B, folf FH e 2R A Wb fl0 4 WU 4 ke
AN [) s 0] A5 i o 55 2 282 19 9 S o 3 TR /)
KBRS
1.2.4  C RIBEEEZAZAR S AT T e ) FK A7
) R ARG L

RT-qPCR IEAMESL S5 3.5.7 .10 14 d B S5
ZH 1 25 Wy 2 B B IR MR | dectin-1 | TL-18 , IL-6 ,
TNF-o BUAEXTFRIA 5, AR 4 NCBI b i 356 K 41 )7
G >R HH primer 5 TG, 519075 9 7 Bk
EWLFE 1,
1.2.5  ZHARSMNER L S5

RRY D 7 RPN B2 200 L B2 00 i R o A4 1 %
SRS AR S 0 Sk

2 x 10° CFU/mL it 9 )1 o8l B 22 161K 36 e
INA BN IR FE WP 5 9% 3 d, RT-qPCR K& £
N R 40, 1 Bz 40 B S 36 A 9 B9 MR | dectin-1 &2
IL-1B AR IR,

#1 RT-qPCR FHR 514751
Table 1 RT-qPCR primer sequences

EILZE2 7 Bl 7]l
Primer name Primer sequence
MR-F 5’ -ACGCCGATTGTGTTGTAA-3’

»-GACTGTTGCTGGAGGATTA -3’
dectin-1-F > -CAAGCGGAGAACAGGAAG-3’

MR-R 5
5

dectin-1-R 5’ -TTGGAGAACTGGTAGCATT-3’
5
5

IL-1B-F > -GCCAACAACACAGACATAG-3’
IL-1B-R > -CTTCTCTTACGACTGGATCA-3’
IL-6-F 5’ -CTCTCAGCACCTGCGAAT-3’
IL-6-R 5’ -GCCACGACCTCTTCATAG-3’
TNF-a-F 5’ -GGATGCCTACTGCTACAAC-3’
TNF-a-R 5’ -ATACGCTGACCATACTTGAG-3’
GAPDH-F 5’ -CTTCAACTCTGGCAAGGT-3’
GAPDH-R 5’ -AAGATGGTGATGGACTTCC-3’

1.3 $itEFE

K SPSS 16. 0 3R AF AT GE 12 o3 M, i 28
WETHERT BT C BB R 2R S RN F RSB
i, Wilcoxon e XS B A1 56 #E 47 P AN B X FE AR JE 2
BORz 5, F Mann-Whitney U A5 56 47 P > il 57 B
AAESHG I A 25 7% . 5 P < 0.05 B, 22 5% 5.
EENE-9'8

2 R

2.1 WRIEE B AEER

SEG R R FE IR 3 d 5 A K I, S5 R TS,
Bz A, BYL S d 5, 5T I, Bom ik 5
HWEE, BY T 4, B s TR
S 10 d S, AR R A R 0 A 1 € R ok SRR L A
SN B AL, R 14 d 5, B ke
ALK L) .

245 AR R L S 5 2 e 1 R (B 1) R
g FR BT[] L S R R R R S ~ 7 d D)
WA R IR YL 5 d 5 M N B FEi (Bl 2A) L5 7
R ARSI ], 4 HR Ak Jie , 9o R 58 K 56 i )22 (&
2B),

2.2 RAEBEALAREBFRELER

TR e 70 TR B G I, B D AR R 2 v B AR
IR S 3 d, AR AR A b Rz J2 ST ) )2
WA R RIS 5 d, MR T e A
4, 4 L HE 2 A K00 5 ) A R o R 2 A AT D
KA RPEAM, BEYLSE 7 d, 281k 40 i 15 i A X vk
A SR b K AR R e R SR R AT e R
YefF 14 d, bR ARZE 5 E A ABAT R AE D ek
i S SRFEA S T 7 )2 5 b )2 AR R & JE
b K A AR S FEHE BRI M X B ZE AR R A R
Wz kL, F AR A & A A

25 ZELARS B (%) F R 2H 20 485 b o5 AR A S 5 20 By
YW 25 Eh W A REAE IR S 5 d R
TS SR IS 3 d ARARL, Fir 3 g J2 38 43T 2k 5
g, YIS 7 d ML U, v] LK £
HEVEA A SRR, LS5 10 d B B R IF
GHEE R R 2 R IR 4 20 T R T ek D
LS 14 d, AT )25 R ERRIKE RS
18 d, b 5z 20 M BEAS R 52 o HE, A o A 1k 4 e 3%
R X HRZH AR R L R RN SR T SR S5 R ek A LY
DIEH(E3), WHERILRE SRS R DR, Y
J& 5 d i kk O ORI R R 7 dL ke



T ESEE Eh ) AR 2018 4 12 H4526 %55 6 ] Acta Lab Anim Sci Sin, December 2018, Vol. 26 No. 6 755

Control

SR
Infection
experiment group

ZiA
Tobramycin
dexamethasone group |

1 W FK BEIET B

Figure 1 Photograph of the anterior segment of tree shrew fungal keratitis
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Figure 2 Fungal keratitis in the corneal tissue

anterior of tree shrew
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Figure 3  Pathological section of fungal keratitis of tree shrew
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Note. A —E. The results of tree shrew corneal confocal microscopy observations after 3, 5, 7, 10,
and 14 days after infection, respectively. F. The results of confocal microscopy observation of tree
shrew cornea in the blank control group.

Figure 4 Tree shrew fungal keratitis observed by confocal microscopy in vivo
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Figure 5 Changes in expression of MR, dectin-1, and inflammatory factors in corneal tissue of experimental tree shrew
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Figure 6 Expression of MR and IL-18 in the

corneal tissue of drug group tree shrew

TR 52 W P B (0, SO A UL T A4 T 2 T
ROGEE, A B REBCE TR AR S WL, 2 T Hh 7 22 FR
FELHLUE 80 FUE R WK A B R R e AL (2 &
W) A ITE AR k25 T LR R B R R R AL
15197 Ji] AT I D8 A T I P 3 9, e Bt AR S vy
TE L SR 3R | R ML B B 5L B S, TR
225 A B PN R TR M 4T, AT UL R A BEEOIR T

Q. ;

BEY(NEEE) . FI5 RN, 2K H ) Z 5 5 2
AR X5 A FKIBRGY S K s i 18] 55 38 1 PR 3R 91
FEAE S R SRS K B, B AR
SRR A 3 ] UL v A AT R T K 22 A% B A
W55 5 Rtz =R R, LR IS E55 5 Rk
JUEE EL AR AR R R T2 2 O A A T 2R T
ST AR A R o AR v SR i) e 1 A L Y B
kLA SR KBS 2 X 5 A M
FK HIG PR R R A AR LAY, DATE FK AR Z F)
FHA S K RO ST, (H 2 A5 1A AT SR ik H6 ik W B
KR EAT TS )2, It LA LR A0 B L T i
b A3 i 3 PR AR S PR A B R AR b AR AR E) 5N
2 FK ARRURTESE 20 JERYLHS 7 K rp kg i J £
1% B Wi 20 0 2R A A 22 | Ut I AR It e 70 TR A TR R 2
PEARIE SV IIAESS 7 K, [RIR AT D B 20 i, ik 5 4%
WFEE T G B AR L

TEHE AR R R B R AR R RE T, IR 3R
U] 32 4K (pattern recognition receptors, PRRs)
FRBEAE AR F A0 DB 2 DR 41 i 45 20 i % 1
35, 14N MR | Dectin-1 , Dectin-2 | i Ji 5 £ 2 FRY
G ML RF S 0k A0 M R G B > 3-SR AR RS R
(DC-SIGN) 4% 5P B fpe it &2, Hoh MR
R—FESIEE A R T4 VI 41 CLR, REMS R B 5% 5%
E FL TR 4 L RE ) T 8RO AR 2L WA NF-xB, 15 1L-
12 IL-8 IL-1B IL-6 A 0 20 it -7 241 fifg 4 7% i 5 1A
F GM-CSF, [A] B ] DU 3 1 0 B R g rh i Bt
FLRR Th17 #40 M e >, S &% B, MR
5 dectin-1 £ 1E % W5 BRZH 2 rp % A Rk s AU A
T RIA B 7E 32 31 FC B8 I BUS FT LAOE Rk,
TERL 3 d J5 , MR A B 209 MR AR 2 ~3 d
8 DUBCA M Rk, — A IR L IS 5 d B SRk i

TE AL PROMEIREOH A SN B A B, IRONE SR AR A L BN ; C. AHIE F% A ) A [

=4,

7 AR S A AR SR B R

Note. A. In vitro-cultured tree shrew corneal endothelial cells. B. Cultured tree shrew corneal epithelial cells. C.

Cultured tree shrew corneal stromal cells.

Figure 7 In vitro culture of corneal cells in tree shrew
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Figure 8 The expression of MR, dectin-1, and IL-1B of corneal cells in tree shrew after infection
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