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[ Abstract] Objective To explore the immune-microenvironment of the retinas at different stages of retinal
degeneration in Royal College of Surgeon (RCS) rats. Methods RCS-rdy -P"( RCS) rats at early stage (P20),
middle stage (P40) and late stage (P60) were involved,12 rats at each post-natal day,RCS-rdy”-P" rats severed as
control. Relative concentrations of rat cytokines in rat retina homogenate were detected by using Bio-Plex Suspension
Array System. Relative expressions of interleukin-2 (IL-2),C-C motif ligand 2 ( CCL2) , chemokine ( C-X-C motif)
ligand 9 ( CXCL9), CXCL10, CXCLI1 and interferon-y (IFN-y) mRNA in rat retina were analyzed by real-time
PCR. Expressions of IFN-y and immune cells surface marker CD4,CD8 and CD161 in the retinas were detected by
immunohistochemical staining. Percentage of IFN-vy positive T lymphocytes and natural killer(NK) cells in rat retina
were analyzed by flow cytometry. The concentrations of IFN-y in rat retina homogenate were evaluated by enzyme-
linked immunosorbent assay ( ELISA ). The use and care of the animals complied with Regulations for the
Administration of Affair Concerning Experimental Animals by State Science and Technology Commission.  Results
Lymphocytes related cytokines and chemokines mRNA expression levels in the RCS rat retinas showed increase trends
with the extension of time. The expression levels of 1L-2,CCL2,CXCL9,CXCL10,CXCLI1 and IFN-y mRNA in P60
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RCS rat retinas were significantly increased than those in the P20 RCS rat retinas and the control rat retinas (all at P<
0.05). The positive rates of CD4, CD8 and CD161 cells in the retinas of P60 RCS rats was (9.09+0.89)% ,
(18.77+0.38)% and (9.41+0.38) % ,respectively. The proportion of IFN-vy positive cells in the retinas of P60 RCS
rats was (8.29+0.27) % , which was significantly higher than that of the control rats ([0.28+0.02]% ), with a
significant difference between them (¢ =29.03,P =0.00). CD4", CD8" and CDI61" lymphocytes were mainly
distributed in the retinas of P60 RCS rats, and the expressions of IFN-y were co-located with lymphocyte surface
markers. There were significant differences in the concentrations of IFN-+y in the retinas of RCS rats and control rats at
different day ages (F,,,, =16.49,P<0.01; F, =21.05,P<0.01) ,the concentration of IFN-vy in retinas of P60 RCS
rats was significantly higher than that of P20 RCS rats, PAO RCS rats and control rats, and the differences were
statistically significant (all at P<0.05). Conclusions Along with the process of retinal degeneration, immune
privilege balance in the retinas is disrupted, the expressions of lymphocytes related chemokines and cytokines are
elevated. Lymphocytes infiltration and activation are appeared in the retina highly activated at the late stage of RP,

leading to the significant up-regulation of inflammatory cytokine IFN-y in microenvironment, which indicates that

lymphocytes mediated immune response may take part in retinal degeneration.
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Alexa Fluor® 647 fE5:/NRAT KB y THEZ (interferon-y,
IFN-y)Hi44& (DB-1) ( 2 [# BD Bioscience /A #] ) ; Alexa
Fluor 488 #xic L - 41 /b B TeG — 1 ( A32723) . K i,
IFN-y ELISA i 5| & ( 32 [E Thermofisher 23 #] ) ; PE #5
ICIEHT/N L TgG — 91 (550589, 36 [ BD 24 H) ) ; RNA
$2 U A Trizol ,Prime Script™ RT reagent Kit 53 %% 5% i
& e e gkt SYBR Premix Ex Taq( H 4% Takara /2y
A]) o Bio-Plex MR & - & L CFX96 5251 5 i &
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PR LR ST 3 R A, BCA 3k 8 BEAS 8 1 o i ok
JE o AR Bio-Plex X B2 P A 7 7 & U T, 2% 2 A
AR IS0 wedF BThE AR, I T RIPA 240 ikh 2 1A AR
250 wl, AR U F R SRR PE dRic BB R MR
HEACKIER Bio-Plex Hlas HEE(E . AR AR 1 & 45 2
(A AR , B FH 22 2 BRSO b o i 2R 647 4045
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1.2.2 SEmf9itE ik PCR VA A6 I 20 Jfa 5 5~ Kok 1k I
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B, BB R B IR, S E T 1 ml
Trziol {9 JCTA 5.0 I, A 0 il $2 4120 mRNA &5 41 |
% 3 £ mRNA FEA, $% B8 Prime Script'" RT reagent
Kit 39 e S 1o 70) & 10 W] 45 30 2 SR 45 J 4% 4 cDNA, 4
ST W) (3R 1) A7 52 I 9O i i R G B BE N
(real-time polymerase chain reaction, real-time PCR) £
W 20 A 2 -2 (interleukin-2 , IL-2) .CC 25#4 1k K F
B & 2 ( C-C motif ligand 2,CCL2) .CXC #4 1k K 7 B {4
2 [ chemokine ( C-X-C motif) ligand 9,CXCL9 ] ,CXCL10
#1 IFN-y mRNA [ 335, Real-time PCR ¥ 34k 3|58 56
BRECER 0 PR U BGE A Ct {8, ACt = Ctyp gy g ~ Clerenn 46
S PRI 2 ) 27400 5 7% 27080 g -(ACRESHL-ACu A

®1 EBEMEERLTHSIYWRF

7| SIPEI(5-3)

1E X 4% : GGACCAGAACCAAGTGAGATCAGA

cetz JZ L4 : AGCTTCAGATTTATGGGTCAAGTTCAC
CxCL iE S 4% : TCCACTACAAATCCCTCAAAGACCT
J2 %% : GCAGGTTTGATCTCCGTTCTTCAG
iE 3% : GAAGCACCATGAACCCAAGT
CXCLIO
2 4 : CAACATGCGGACAGGATAGA
CXCLIT iE 4% : GGCCACAACGGTTCCAGGCTT
J2 L4k . GCTTGGATGTGGGGTCCAGGC
L2 iE 4% : GCTTTCACTTGGAAGACGCTGGAA
)2 L4 : AMATTCCACCACAGTTGCTGGCTC
IFN-y 1F X4 : AACAACCCACAGATCCAGCACAA
2 X4 : CCAGAATCAGCACCGACTCCTTT
iE %% : GAGACAGCCGCATCTTCTTG
GAPDH

J2 %% : TGACTGTGCCGTTGAACTTG

{E:CCL: CC 2 fb[H 7 Fic {4 ; CXCL: CXC & fk P WL 4% 5 IL - (1 40 g
A3 IFN-y y TR s GAPDH . 1 H 1l 10 5 it

1.2.3 A0 M ARG I L o I v bk T2 00 e 1) B
P60 RCS K FRUAIR BBl AE 3 H L 400 1.2, 1 1928 3%
PR P Ak A% 2R A JBOAR BROAR BRI 70 L 0 I,
T RPMI 85 3¢ 2, B PR WA 4 20 W 9T i 4 L 28 98

30 i A5 ik U8 25 BRI A0S 58 4 i 41 i P B i i
B LA 300xg B0 10 min, H T 55 57 5 43 %X 2% FBS
(1 PBS 28 of i 5 1o 2 A FE A 43 531 LA/ SR BT K B
CD4 B yg BT A (1:200) (/NELHT R L CD8a B 3 471
R (1:200) /NPT KEL CD161a 558 BT 14 (1 :200)
4 CHRECIE T 30 min, 28 [&] 5 WM AL FRJS LA APC 3K
N B TEN -y B g BEHTAA (12 100) 4 CobLIEH
30 min, PBS ¥t )5 DA Alexa Fluor 488 #ric L “E31 /)
B 1gG 4L (1:500) F1 PE #5ic th 50/ B 1gG 47t
(1:500) 4 °C # St F 30 min, PBS E k& & )5
FACSCanto"™ 3t 28 41 0 A% _FHLA I . FlowJo K {4 43 #r
Ui A0 2 i O 0 0 G 1S 40 b CD4  CD8 A
CD161 b [ 248 J BH Pk 28 DL K 2% 18 A i FH 4 20 Jf b
IFN-y B9 IK K.

1.2.4 G a e (R I AL 19 15 o ok 2 40 i oo A
B P60 RCS R FLAIXS BB 3 HAR IR 1. 2.1 2D BRR
Fig - Ak BE £5 41 K B, 48 BUHR Bk O 57 BB F TR 4 5K
4% Z KW BEEWOH = il E € 15 h, T BT 26
MR, 504k o0 % 30% FEME R 4 CE K 5 OCT
i R B 2L, 28 0 O IR FS R A AR 15 2% AT 10 um JRE 3%
SR VIR A T -20 C &0 s HIB S 451
SERE VKR VI 1,0, 01 mol/L PBS ¥R ¥k 3 3 /5 JH it & ¢
$00.1% Triton X-100 FK £ IR AL E 15 min, F-LL 5%
= L35 Z B AT T he /NS R B CD4 B v B 47 A
(1:400) /AT K B CD8a o 5E BEHT K (1:400) (/)
BB CD161a B g4k (1:400) il Alexa Fluor®
647 1B/ BLPT K BL TFN-y 5 BE ST A (1 :200) LA
0.01 mol/L PBS i #¢ )5 4 CIEHFHLAD A I K. HA
2:0.01 mol/L PBS ¥k 3 i J5 ] Alexa Fluor 488 #ric
T/ TeG —Hi(1:1000) %3t FF 2 h, DAPT %
I 10 min, PBS JEVE 3 3 J5 DAL 2 6 7 K B F 5
B R, LSM 800 ot #1436 £5 B 1 W 2% I 48 AR
DAPL 3840 J 4% FH LA DX 43 40 ) 5 )22 9k, CD4 . CD8 Fil
CD161 J3 JIARIC AL W0 5 2H 23 vb il Bl v T 3k 8 40 i L 20
MERETE T b 40 A1 A AR % 1 40 Y ( natural killer
cells ,NK 4l fifg ) , 3F- 3 270 B DL 40 M TFN-y 35 1%
DL T G2 5 R O RS

1.2.5 I S 9 W B 3k 6 00 7 R B o JiE rp TFN -y
FrE B P20 P40 F1 P60 RCS Kl AT XS i K B
£ 3 FU I 120 1 B BRIR I IT AL S8 45 41 R B, 32 A%
AL B2 LS A RE A $e BRE T 5 LA 50 pg B 2R
FI b AR & AT ELISA G, A6 B2 BE AR 1 & (0 ~
2000 pg/ml) RS FAE 32 2 A~ 52 fL, 2 4L S50 pl
(FE SR RN 2 AR BY) BAE, SR E 2 h 5 LB LR
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bR i FIRE i 44282 5 U R 0 7 B i S Ak P Bl A i
%K MR (HRP-streptavidin) 1 h, 35 2 0% 5 11 f )5 45
fLImA 100 pl TMB Jig 9 . €2 10 min, ffi J5 84 3 fim A
100 w28 1b Y 2 1k 2 B, F 57 BV R Tt A 450G I (A ) 3
£ :450 nm, 2 P 620 nm ) o AR A R R RE A o b
Y G BE (A) (B 2 T Am o il 2, 70 TR i 1 A (T35
LA M R -2 TR
1.3 Siil=rik

K SPSS 13.0 Gt 284k A7 404 £ ik
A1 1 Bl Hls B2 k42 Shapiro-Wilk #5565 52 E &40, LA «
+s RIR, % Levene i B iiE 55 J7 22 557k . RCS K AT
RO B A 0 6 e 22 b Al i PR 5 o ok T | B AR M
TFN -y BH A4 20 0 E 491 o A 34 R I8l 7 PR AR ¢ K 56, RCS
H AN BRZH AN [a] H % RCS K BURE I v 1k A5
ThI 2 24 B AF G 4 B P F- mRNA 35 7K F DA Kz TFN-y Ji
W LR SR T R R O 22 40 B, 2 8 R H

Tukey K3, P<0.05 2254 St 7 .
2 FR

2.1 PR RCS IR 90 JIE £ 328 T BF 855 vh R 4 A
TR R AL

L ) ST ot R A T 45 2R (7, 22 ol A i 1A
T A4 R 2 (interleukin-2, TL-2) 57 3 B2 5
£ (2675.14+901.47) pg/ml, IFN-y ¥k 2 , 7 (109. 93+
13.62) pg/ml; 28 A 5 1 25 A 240 i P 5 530 oz 4 i/ 5 ik
20 1 (/0N J5 400 ) AH 5G40 i B Kz 40 i 4 7 R 3 A
- (granulocyte colony-stimulating factor, G-CSF) | B I
20 T 4E 7% R i ¥ ( macrophage colony-stimulating
factor, M-CSF) £ TL-1o #b, 9k I 40 Jf1AH O< 40 g A 5
L2 TFN-y 76 RCS o B IR I e o Lt 5 1
BIRE.2 AR ERYA G FE X () P<
0.05)(#%2),

F 2 RCS KRR AR AP BE & & B0 40 i F F R 2 K B LE 3R (x5, pg/ml)

4151 FEAS Bt G-CSF M-CSF M-la .2 TFN-y MIP-3a TL-1b IL-7
X IR K B 3 0.69+0.27  2.13:0.28 7.3242.33  979.72+213.83 42.09% 6.27 0.93%0.03 10.23%1.57  6.92+0. 56
RCS K B 3 2.65+0.81  6.12+1.26  20.64+3.85 2675.14x901.47  109.93+13.62 1.96+0.23 18.99+1.97 12.14+1.49
o 4.00 5.33 5.13 3.17 7.84 7. 64 6.01 5.69
P i 0.02 0.01 0. 01 0.03 0. 00 0. 00 0. 00 0. 00
1 51 R At MIP-1a MCP-1 .4 GM-CSF IL-17 IL-5 CCL-5 VEGF
apiON 3 1.67+0.17  23.45+1.83 3.8 0.4 9.98+1. 16 6.87+0.35 42.60+2.61  11.6+1.14 20.58+4.64
RCS % 3 2.89+0.65  38.55+6.94  6.1520.36 15.63=1.94 9.1740.83 56.59+5.13  7.35:1.10 6.71£1.97
¢l 3. 12 3.65 7.53 4.33 4.42 4.21 4. 64 4.76
P i 0.04 0.02 0. 00 0.01 0.01 0. 01 0.01 0. 01

(RS 3 [ 5 UMY 5 5 G-CSF K 40 ML 74 1WA KL - M-CSF . 8 200 5 00T 5 1L (1 A 8 5 L=y sy 28 5 MIP . 5 W 20 0 e 26
[ MCP ;5 04 35 11 GM-CSF 4 40 — 5 W20 I 75 AR F 5 CCL: CC 384 IR F R 5 VEGF . 1 4% 14 4 26 K I - (7 e ¢ 4 i)

2.2 F5SZURTR] R R D B v bk £ 4 i s Ak
A0 A T mRNA 235K A8 1k

RCS 41 A 5t B 20 K [6) H % KRR 9 B TL-2
CCL2 .CXCL9 ,CXCLI0 ,CXCLI1 fl IFN-y mRNA % ik
K, Z A G E L (L2 Fyy =7. 18,
P=0.02;F,, =9.15,P<0.01. CCL2: F,, = 131.70,
P<0.01;F,,, =33.45,P<0.01. CXCL9: F,, = 10. 80,
P<0.01; F,, = 72.04, P < 0.01. CXCL10; F,, =
214.83,P<0.01; F,, = 173.06, P <0.01. CXCLI1:
Fl=10.22,P<0.01; F,, =2.39, P =0.13. [FN-y;
Foy=257.32,P<0.01; F,, =238.89,P<0.01.),
RCS 41 A R P 5 9k E24 4400 6 4 O 40 i 181 7 i 1k R
F mRNA A /K-35 3 B0 Bl H 8 (9 35 in i 3235 b
A 0 A TR R R 1 (P60 ) 3R 3K K F- B 3 T, P60

RCS R AL B h RCS R BUAR R i o TL-2, CCL2 |
CXCL9 ,CXCL10 ,CXCL11 F1 IFN-y mRNA ik /K -
B P20 RCS KB R Ik K7 B W Tt i, 22 5 9 42t
FEX (¥ P<0.05), P20 RCS X B M i h
IFN-y mRNA 33K 7KF & T [\ H % B4, P40 RCS
KB i CCL2 F1 CXCLI10 (1) 36 3k K F & T[4
H % %F B8 20, P60 RCS J B AL M i IL-2, CCL2
CXCL9 ,CXCL10 ,CXCLI1 1 IFN-y mRNA 3 3k /K F
mTFH @B RA, 2R A5 2B X (Y P<

0.05)(%3).
2.3 RCS SRS P8 i 309 00 o 58 o ok 22 2 i K% HC A G
M N TR A AL

R0 3 X 2 = 9 R s, 6 R B A e
HOLT R DLk EL A0 33, T P60 RCS R R I it
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CD4 [ 241 2 3 24 (9. 09 = %3 RCS @M EBATE A RCS & B MM &L E 70

0.89)% ,CD8 [FH L 2 fifg 5 B 40 B 4R 36 M B Bl F mRNA 5k B3 (xes)

Sk (18.77£0.38 )% , CD161 A H % 1.2 mRNA K] H i CCL2 mRNA

PR 4 M 2% S (9.41 + A FA P20 P40 P60 P20 P40 P60

0.38)% ; H. o F 3k IFN-y  xfpE4l 3 1.00£0.20  1.41%0.26 1.31£0.22  1.00+0.29  0.66%0. 10 1.050. 12

By CD4™ 41 g kb f] Sy RCSH 3 1.1620.20  1.49+0.11  1.89+0.27* 3.22£0.33  12.02+2.05% 24.64+5.20""

(69.73+4.74) % , %55 IFN- AR H# CXCLY mRNA K H#% CXCL1I0 mRNA

v ) CD8" 40 My H ] Ky A FrA P20 P40 P60 P20 P40 P60

(41.7742.57)% , ik IFN- {4 3 1.00£0.09 1.63+0.17° 1.44=0.10* 1.00+0.11  1.65%0.14  2.57x0. 16"

v [ CDI161" 41l il H 5] y  Res 4l 3 0.76+0.19  1.33+0.28" 2.82+0.19° 1.07+0.21  4.47£0.91™ 12.15+1. 12"

(78.13+2.35) % , JiE B AL Al B % CXCL11 mRNA A H iy IFN-y mRNA

fRrp TFN-y 23K K F R - A FR P20 P40 P60 P20 P40 P60

Pk A TFRIENMEY N, *Ea 3 1.00£0.10  0.970.10  0.89+0.07  1.00£0.11  2.59+0.25%  3.250.22°

P60 RCS J L ¥ i vp RCs 4l 3 0.96+0.17  1.13x0.21  1.42%0.13% 2.68+0.50° 3.29x0.64  15.66+1.33"
T eIL2:F =7, 18, P=0.02; F = 9. 15,P<0. 01. CCL2: F = 131. 70, P<0. 01 ; F .y =33. 45, P<0. 01. CXCLY

IFN-y BH ¥ 41 ff b 1]
(8.29+0.27) % , i ¥t BB A
LI (0. 28+0. 02) % & 2 T}
FLERAGIFE X (1=
29.03,P=0.00) (& 1),

Fyyy =10.80,P<0.01; Fyypy =72. 04, P<0.01. CXCLIO: Fypyy =214.83, P<0.01; Fyyy = 173.06, P<0.0L. CXCLLL; Fypyy =
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