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1. XEXRI

o 55 PN ) B I AH D& B AE A= DU s R 1 19 55 P 1) 3 U AE DG SUFL £ B3 T i (tandem of pore domains in a weak inward
rectifying related-tandem of pore domains in a weak inward rectifying related arachidonic acid activated two pore-domain
potassium channels, TREK TRAAK K,P) 23k F AP 43 [ {7 (retinal pigment epithelial, RPE) 4 ffd 5t o

« Jif TREK-TRAAK K,P 383 ] $2 = S Ak 354 417 RPE M 47375 5

« #i% TREK-TRAAK K,P 3 1] fRIFAEAL 17 9\ RPE i AR T fiE o

2. 2mEEM

« TREK-TRAAK K,P |12 #35 TR M AR, BA 45 iR 2 i/ i o

« RPE 2 Jfa 75 W 2 RE XS 447 O G 40 M A3 B B BRI, 18 AL 35405 20 RPE 40 i 75 W ) BE R Ak 2 4 AR S 1 2
PEAS P (age related macular degeneration, AMD) B2 [ & bl ] 2 —

3. BEXEHE

o % TREK-TRAAK K,P i@ i o] LAORAP AL B 40319 A RPE AR A Wi, A S AMD M FEIRYTHE Ao

[ E] B B s W5 55 PN ) 5 I AH 5C S A6 A= DU s R TR 1 55 PN 1) 2 3 AH OC XL 4 28 38 1 (tandem of pore
domains in a weak inward rectifying related-tandem of pore domains in a weak inward rectifying related
arachidonic acid activated two pore-domain potassium channels, TREK-TRAAK K,P) 347 X & Ak 45 475 1 A0
W5 ¢4 38 [ % (retinal pigment epithelial, RPE) 4 fifl 7+ W DI BE 1Y 52 1A . 77 3%« S 2 9EOGTE K TREK-1 .,
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TREK-2 }& TRAAK ifl i & 1 76 A\ RPE 4l il i 23k, LA [R) BeF (i) R0 i B A6 B 9 B0 T ki S0 AL & (tert-
butyl hydroperoxide, t-BHP) i%5-5 A\ RPE 4l A L4100 . X IRZH . «-BHP 2 . FI& MmN «-BHP 20, 7
B, AL 2x107/mL B9 GIEBRER FITC ARiCHE BOGANM AN 1 IR E 6 h, [85E Ye {0 )5 9¢
e WBHAE, Image-Pro Plus 6.0 44434751 RPE 4RI R AAFIEHE 40, 458 TREK-1, TREK-2,
TREEK 3 i £ 1. B 7 A\ RPE 4i i it vh 34 = 23k . A RPE LA t-BHP T 1l 7717 8 52 Vi B RN ]
A, 200 pmol/L t-BHP 11 6 h 55 X B A7 1% 2 L ¢ 22 5+ T 4e 1127 7 3 (P>0.05), 400 pmol/L
t-BHP Tl 6 h BOEBIET: . FrSrEEWETE %50 BHP 4K T HAB A4 (P<0.001), 1 A& we 2 i F %t
M, 2R G FE L (P>0.05), FrFtERIER . BHP A T HAMS A, 2R EHEiTFE XL
(P>0.05), AEFEFHEAIEREEL: -BHP 4L T A (P<0.001); JEFRFMAFIESR: BHP 4K TR/ &
M t-BHP 41, 2273 G248 X (P>0.05), BFHLEE, (UAIE M4 & T -BHP 41 (P<0.05), Z5if: ik
{fi TREK-TRAAK K,P i i Al {47 {4543\ RPE 41 ji i) i D e

AFPEAR ST B A s Ak MMBREER LI, AWLEE; TREK-TRAAK K,P

[(FESZES] R7741, Q25 [XEIRERL] A

5| FAST: FR SO, AN AE, BETE, 25 T9 7. 3% TREK-TRAAK K,P %} 4 fb #1455 A\ RPE 4H ju 7 1 D GE (AR V5 FH 7). HERl23H,
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Protective effect of activating TREK-TRAAK K,P on

the phagocytic function of oxidative
damaged human RPE
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Management Center, Zhongshan City People's Hospital, Zhongshan 528400, China; 3. Department of Ophthalmology,

Abstract

Zhongshan City People's Hospital, Zhongshan 528400, China)

Objective: To observe the effect of TREK-TRAAK K,P activation on the phagocytic function of oxidative
damaged human retinal pigment epithelial cells (RPE). Methods: Immunofluorescence staining was used to
detect the expression of TREK-1, TREK-2 and TRAAK channel proteins in human RPE cells, and the RPE cell
oxidative damage model was induced by tert-butyl hydroperoxide (t-BHP) at different time and concentration
gradients. The study was divided into control group, t-BHP model group, riluzole plus t-BHP group, and
riluzole group. 2x10"/mL fluorescent microspheres or FITC-labeled porcine photoreceptor outer segment
membrane discs were added to each group for 6h incubation, fluorescence photos were obtained after fixation
and staining, and the phagocytosis rate and phagocytosis index of RPE cells was analyzed and calculated by
Image-Pro Plus 6.0 software. Results: TREK-1, TREK-2, and TREEK channel subtype proteins were all highly
expressed in the human RPE cytoplasm. The survival rate of human RPE cells after t-BHP intervention was
concentration- and time-dependent. There was no statistical difference in the survival rate between 200 pmol/L t-
BHP intervention for 6 hours and the control group (P>0.05), and 400 pmol/L t-BHP intervention for 6 hours
induced half death. Specific phagocytic index: The t-BHP group was lower than other groups (P<0.001). Specific
phagocytosis rate: the t-BHP group was lower than other groups, with no statistical difference (P>0.05).
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Nonspecific phagocytic index: the t-BHP group was lower than other groups (P<0.001); nonspecific phagocytic

rate: the t-BHP model group was lower than the riluzole plus t-BHP group, with no statistical difference

(P>0.05), and only the riluzole group was higher than the t-BHP model group (P<0.05) in pairwise comparison.
Conclusions: Activation of TREK-TRAAK K,P can protect the phagocytic function of human RPE cells

damaged by oxidative stress.
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A 0% AH OC M ¥ 5E A8 P (age related macular
degeneration, AMD) J& FE( 65 % Dk I Z4F AL T
TR E ZEN, BTF) 2024 4F, 2RKA 2.88
12 AMD FEF M MR A A B A 05T T
P AMD FHEE AMD, k8B4 M4 (choroidal
neovascularization, CNV) i) T8 AR TR0 S 6] A
452 AMD ORI F, V8 AT LI i B i A
AR (vascular endothelial growth factor, VEGF)
BEE DRRYT R B R, (EL 78 X SO 4 i 1
PE ARG Y, B3R [ (retinal
pigment epithelial, RPE) 4l fifl ¥ 7+ Wi Ij RE F& i /2
AMD F RSB F R RG] IE RPE 4
i By A Wik R4 35 A B T IR AN AE 22 AMD HY &
AR JE

WAL B F-i8 18 (two pore-domain potassium
channels, K,P) |72 F ik T HHX fh 28 22 58 S A0 ) fld
ML, FEAEMEN IR TN, X 4Efr i
SR AR AR E AR, 55 P9 ) BE A 5 I
AE A= DU TR VT 1) 553 DAY T R A A S UL A0 5 1
ifi (tandem of pore domains in a weak inward rectifying
related-tandem of pore domains in a weak inward
rectifying related arachidonic acid activated two pore-
domain potassium channels, TREK-TRAAK K,P) &
HoP R E TR, X AEAE DO TR S AU f AR,
A LABR ey SR B0 S AT I A,
WHE TRAAK G 38 AT DLk e 40 190 B €0 3R | J
41 e 2 (adult retinal pigment epithelial cell line-19,
ARPE-19) 41 i AL 1 13 B0 s =10, (R
T 12 T8 6 S AR5 55 1) RPE 75 10 ) BE 2 7545 5% )
AN o Ry R — AR RO I 2SI X A
17 RPE AU ¥ i REAI SN, ABF5THIE T RPE
240 H AL B3 AR, 38 TREK-TRAAK K,P i i

FR R e S ) ) 5 e YT SR T, W LR
RPE 4ifEAT W DI RERY RN, BURE G5 RAGE AT

1 MEITTIE

1.1 EERFI N

TREK-1, TREK-2, TRAAK B ifdifk (Li(a
%1 Alomone), F& M (S Sigma), AT Heid 4
fb. & (tert-butyl hydroperoxide, t-BHP)(32 [& MP),
bR (3€ [E Bio-Tex), M2 W ilEE (5[ Leica),
RPETOC B (H A Olympus).

1.2 A RPE HRafIREN B E R 155

AWEE T N RPE 405k A il Kbl
RB o IR B 2% [ R S0 = I . ARSI
BT A7 AR AR RPE 40l 5 T 3 HERBR, 1
K AT A8 IR R AL A 72 AN FE T2 A A 52 IR BR 48 ik
B, k138 284 | 43 %, ARWFSE M
MG (B REFRET ), RERALHIRIAE ek E
AN R EREERAERER, HEddfilhx
Erp Il R AR e B B S (IR BRAL R
2021KYPJ196), RPE 41 fifd M\ F B ES 4 AR S5 5% B3 19
MREKH LU . S5 SCHR B AR 2D TR 2 N AR
RPE 41 fif1 &), Jf{fi F RPE 40 g 4% 5 ¥4 RPE65 #it
TRHEAT 20 i S e DO 5 e, B 3~5 AR\ RPE 2
W T 5 225 5

1.3 BB TREK-TRAAK K,P E I KiX
PL 1x10°/mL % B85 RPE 41 i 32 Fh T 40 i 3%
A, 4% 2 B W W E 2, 0.1%Trion % i 5
1% 2 1ML F 2 F 2% 1% W (bovine serum albumin,
BSA) WA WRE AFTFL, SLH4 53 0m 50 uL © 1200
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f¥) TREK-1, TREK-2, TRAAK #i{&, % HZH A
LG IR ER 2% WX (phosphate buffered saline, PBS),
SYBIMACL 2 500 ) 488 2640, 50 uL 4, 6- —Jpk
208 B M| B (4, 6-diamidino-2-phenylindole,
DAPI) i e Atz , 3R 5 HPEO0 R MBI

1.4 SN EERHERARE AR
SEHAYH . XPREZH . t-BHP 4H (200, 300, 500,
1000 umol/L6h, 300 umol/L 435IEM 3. 12, 24h),
MTT (LR A ALAFTG % . R 2 RES TR F RPE
Y Fl T 96 FLAL, AEFL 10 000 S 4HAE, R4
80% Al A I, 43 B AR 24 B 5 ¢ BHP 1958
EHEFRIE 0.1 mL, IR S SERE T GRIBK)
My 5e4 i 323 0.1 mL, 37°C IEE W ERH ; M5
£FLANA 20 uL MTT 1 180 ul JC IfiL 7 DMEM/F12
KR, MR R R, A 150 pL —
FJLF AR (dimethyl sulfoxide, DMSO), fii%h ¥ 72
Oy Ve R o TE IR G BE A I I 490 nm I 4 52 HL
OD fH . 4 M AFI% F =54 OD H-= HiH%E
OD {H)/(%F f&2l OD fH-75 FHIH% OD {H)x100% -

1.5 Rt4HRmsd T IREN

2 25 SCHK R IO B R R JER O gn i Ak
(photoreceptor outer segment, POS)!"" ] B 45 B .
HEEREIR LA PBS W 7e o0 ig vE, B OFIREK, /a0
A3 B U OB 2 21, B IS R R IR B AR
1 mmx1 mm AR, BT 20 mmol/L Tris-HCL %
WH Y% 1 min, 1500 r/min &.0> 5 min, #=E DA
AR EEWUE S Tris-HCL W 12 1IRA,
4°C F 15000 r/min &.0> 45 min, WCHATTTE BIRE
R POS. F 4L POS H AT 10 mmol/L 44-PBS,
-80 C s .

1.6 FITC-POS K 5% AR B A Hl &=

T Rt & (fluorescein Isothiocyanate,
FITC) f5ic (14 J8O' 21 i 41 45 5 4% FITC-POS il % -
PRAE) POS Z iR R f#%:, 15 000 r/min 5.0 30 min
Z B3, A 1 mg/mLFITCIRE, SFiREHE 1h,
B0 AL, FINASILE ) DMEM/F12 i)
H L, FITC % B % 1x10%/mL #5 H . 28 ik
R4 BUH 1 mL SOGRER R, PBS Pk 3 1K,
£ B E VLA M) DMEM/F12 IS E A, 2606
TR % BE I R 1x10%/mL 451 .

1.7 RPE fifa&EELLE

YA 5> 4 40 . X REZE . BIALZL (200 pmol/L
t-BHP 6 h). A Jii 2541 (100 pmol/L 7| 4 1 75 5
F 6 h J5 A 200 umol/L t-BHP 1555 6 h) . Fi] £k
ZH (100 pmol/L F| & 12 h), 45 2H 7 Bl i A 55 &
FITC-POS S CIM IR AT A Wi S 0 o 2220 9%
N 1x10° /mL () RPE 4 it 2 I 32 Fh 76 3 3
I, FF 60% ml G R R4 TR, PBS YRR,
A3 I AHR B SN 2x10° /mL Y FITC-POS B,%¢ 613
BRIBCR, 37 °C ¥ F 6 h G B gR 5L, PBS k.
TR PERIELL DL 0.2% & I IEIATRIR 10 min, 4% £
B[ 2, 44U A 0.8 pg/mL DAPI 10 min,
B R YOL BT (40 155 T R L
W3 LA IR, &1 31 5L Image-Pro Plus
6.0 A M9 EIRIAL) . RN FEFR: A R =
B W AN B AT 40 B BB < 100% , AEFRRER
IV 5 B0 =200 7 W SR R B/ AN B B, R bR
W8 BICR F-45 Al M 77 0 FITC-POS T FH.

1.8 GITENH

K SPSS 25.0 #AF AT il . AFA IE S A
AITHRCTOR L (xts) 23K, THEBOR 2 ] HE B H]
AN ZRTT 22500, AL P LLECR ) LSD-¢ Kk,
RIHHERH ¥ i, P<0.05 NZERAGHAE L,

2 &R

2.1 TREK-TRAAKK,P &i%F A RPE 20 /R
TREK-1, TREK-2 N TRAAK =Fp%E [ R 7E

A RPE 40l B35 aRik, RpEEMAHLl,

PN TR IR, TEAZ SR MO A R (B 1)

2.2 t-BHP SRR E T

TEH N 2 20 A7 35 2 100%, 200 pmol/L
t-BHP 10l 6 h 4 fu £ 1% 2 5 X A4 oA 22 =7 o4
23 X (P>0.05), 500 umol/L t-BHP 1 1§i 6 h 4
M- 247 1% A Ky 28.1%, SPSS #k {4 Probit 1] 9
Mt AR E) ¢ BHP il 6 h 20 Mo 23 vk
M 400 umol/L. BEZ t-BHP ¥ & it 384 Jin s 4 F it
(B A AE R, A0 A7 1 Rk — 25 R R, 300 pmol/L
t-BHP /EH] 24 h, 4 IEAIET: (G5 1), ABiH
8 Pk A AL 005 %5 RPE 4 g D e f2 i, e & ik %
200 pumol/L t-BHP T 6 h 1F Ay 5 £ 5256 (AR S h 41
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TREK-1

Bl 1 TREK-TRAAKK,P 7£ A RPE ZHB KK RIES TR
Figure 1 Expression and distribution of TREK-TRAAK K,P
channels in human RPE cells

TREK-1(x100). TREK-2 & TRAAK 7& [1 (x40) 7E_\ RPE 4f
ML h AR5k, FSEANMIAZ R LS 58

Immunofluorescence labeling demonstrates that TREK-1
(x100), TREK-2, and TRAAK proteins (x40) were distributed

throughout the cytoplasm, with intensified fluorescence around

the nucleus.

SRR % o

2.3 A RPE %t POS F5¢ S i Bk By & 16

100 %5 % 6 g U5E T MBS FH F 7% W SE 56 1 42
FITC #Ric iy POS FRLAE 488 nm 76 F on&t,
TR RN 5] — B HeR Y T (K] 24), PR
1C IR R B 3 S R g e Stk (&1 2C).
23t 6 h IWFLFIMER, A RPE A 1E T FITC-
POS FIac Bk, A AmAedif iy, 40 i i 4
(K 2B. D),

24 F|EMHE TREK-TRAAK K,P AT E &
B{7 A RPE AR R FIE TN EE

WA 3 frs, ORI T, Image-Pro
Plus 6.0 3K {4 43 #1 & 8 % 't T R A8 250 (B A W Y
FITC-POS i mPEArWaia 2k), X4 | FlEmedf |
t-BHP 2H . I &-m fi t-BHP 41 19 4% W 45 5003 91k
671447, 675+65. 155426, 450+58, FL[H &K 5%
ST HEAT A M) AR, - BHP 2H A5 WE TS 0 T HiAth
HKH, S5HAZRERESARITFE X
(P<0.001), T} 1) 45 s 21 7 I 5 250 R v T X6 BE A

&1 MTT ENAEREMRE -BHP B SEURHE
RPE ABATEEZ (n=5, xts)

Table 1 Survival rate of RPE cells detected by MTT assay
after induction

of oxidative damage by different

concentrations and durations of t-BHP (n=5, x+s)

205 LA /%
1EH R 100
200 pmol t-BHP 6 h#f 95.7+6.8
300 pmol t-BHP 6 h41 67.5+4.0
500 umol t-BHP 6 h#f 28.1+3.9
1 000 umol t-BHP 6 h# 22.742.7
300 pmol t-BHP 3 h#f 97.5+1.7
300 umol t-BHP 12 h#H 10.7£3.0
300 pumol t-BHP 24 h4] 1.68+0.1

2 FITC-POS FIZIHRERR A\ RPE 4RI

Figure 2 Phagocytosis of FITC-POS and fluorescent
microspheres by human RPE cells

(A) £ FITC b ic 1 B 19 55 LI IS 4145 BB 4% (FITC-POS);
(B)RPE 4l ifd 55 FITC-POS L[] & 6 h, RPE 41 fitl #¥ W (19
POS(H (LA #i 3k ); (C) LM BEHY 2L IR UKL ;  (D)RPE
20l 55 FITC-POS L[ 7 6 h, RPE 40 I 77 Wit 1) 5 L
BRURL (F @M K)

(A) Diluted POS labeled with FITC (FITC-POS); (B) Human
RPE cells after a 6-hour co-incubation with FITC-POS,
internalized POS are indicated by thin white arrows; (C)
Diluted fluorescent microsphere particles; (D) Human RPE
6-hour
microspheres, phagocytosed microspheres are indicated by

cells after a co-incubation with fluorescent

thick white arrows.



110

HRFF2#H7, 2026, 41(2)  journal.gzzoc.org.cn

25 T8 H2# 5 XL (P>0.05),

F AR S E AR XA (96.0+1.0)% .
& k24 (89.7+2.1)%. t-BHP 4 (80.7+8.3)%. #l|
@ﬂélé il t-BHP 4H (81.0+2.6)%, t-BHP #H 7 W A%

HAh A4, HWW LR ZER TG E X (P>
0-05), B AEWER KT RG], (H227750

FITC-POS FITC-POS
*** *k sk ~_~
X
=
=
¥
i,;é
o

"o @@ gz:

B3 &HEAE/G RPE MY FITC-POS K45 HEF L
Figure 3 Specific phagocytosis of FITC-POS by RPE cells
following different treatments

N: XfHR4H, R: FlEmE4l, T: t-BHP 4L, R+T: F|& M
i +-BHP 24 ; #2048 6 h (947, nl WA HE S RPE 40 P
A FITC-POS ZOt. (A) FMEAERL: +-BHP 40 H LT HAl
£ 41 (P<0.001), F & M -BHP 4 & 3% & T t+-BHP 41
(P<0.001); (B) AR A UK IR fﬂ % T t-BHP #5751 21
(P<0.05), Hfth 2l a] 25 7 LGl 2 *: P<0.05, **:
P<0.001,

N: Control group; R: Riluzole group; T: t-BHP group; R+T:
Riluzole plus t-BHP group. After 6 hours of phagocytosis, FITC-
POS fluorescence was observed inside the majority of RPE cells
across all groups. (A) Phagocytic index: The t-BHP group was
significantly lower than all other groups (P<0.001), while the
Riluzole plus t-BHP group was significantly higher than the t-
BHP group (P<0.001). (B) Phagocytic index: Only the control
group was significantly higher than the t-BHP model group
(P<0.05). No statistically significant differences were observed
among the other groups. *: P<0.05, ***: P<0.001.

45t X (P>0.05),

2.5 F &M iE TREK-TRAAK K,P AT R &4k
BRI A RPE BRI IEYS R B A8

mE 4 FoR, 2O6RME TR, FANE
Wi 250 (E P34 B 240 B A W05k 1) 2 STk R 400 -
t-BHP 4 (5.6+0.2) .
Fl &M (12.6+1.6)

HIE N t-
BRI

EH4H (11.4+0.9) .
BHP 41 (9.8+1.3),

PR 'LMER
100>
S
5 R
Jm = 60
& 340
ke g 20
e, <
N X
¢ X
x\,’b O &o

B4 FHAIES RPE XM IR R EF R

Figure4 Non-specific = phagocytosis of  fluorescent

microspheres by RPE cells following different treatments

N: X2, R: FIGMA, T: -BHPZ, R+T: Fl&Em:
N +-BHP 4 ; #2048 6 h i94r I, 7T WSS RPE 4N
ADOCHERBRL . (A) AR PEA RIS R - BHP 4 3%
T HALL ;s (B) AR IEF IR FEMARM R T
BHP 41, b2 [ 22 5 L 483 2 5 3o % P<0.05, **:
P<0.01, ***:P<0.001,

N: Control group; R: Riluzole group; T: t-BHP group; R+T:
Riluzole plus t-BHP group. After 6 hours of phagocytosis,
fluorescent microsphere particles were observed inside the
majority of RPE cells in all groups. (A) Non-specific phagocytic
index: The t-BHP group was significantly lower than all other
groups. (B) Non-specific phagocytic rate: The Riluzole group
was slightly higher than the t-BHP group. No statistically
significant differences were observed among the other groups.
*:P<0.05,**: P<0.01,**: P <0.001.
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0% TREK-TRAAK K,P %4 {45445 A\ RPE 4 FE DI BERI R VER ok, 4% 111

EMr it T4l m 8, t+-BHP &I HKT
Hhd, SEdAzmERESITTFEX (P<
0.001), 17 1|4 I 21 7 e 45 450 R oo T X AL, H 22
SIS I2AE L (P>0.05),

BB FMER . IEH 4 (92.045.7)%. F| &k
2H (95.5+6.1)% . t-BHP ZH (83.5+5.3)% . &M t-
BHP 4 (88.843.3)%, HL.INZ 20 MriktT454H 1]
FoAe, t-BHP 4 77 W R 3 500 F A& s i - BHP
H, HERILGIFE L (P>0.05), WM,
A F &g 2] R = T t-BHP 4, 293G G113
= X (P<0.05),

3 it

AMD J&— R I Z 45 41 0 -RPE 41 /it -Bruch's
B - Jok 4 R A 0l 4 A2 A IR P AR AT MR AR L 02 65
UL BN WE G EEE R HR&r
s BRI U S A5 S AL I BB AT G A R T ek IR BE AL
il 22,

AL I I S 3RS RPE 20 it 45 45 WA o 2
AMD T E LN EY, AMD £ 3% 1 R 5 ) 3
38 I B 0 v A AR K I AU Ak B i AN B Y,
M 7E AMD & (1) RPE 40 i i bt S A W i i 2 1k
FIRH 56 4 32 A AR 3 N 1), s e i 4 i) 422 ¢
HEPINIZ 5T AMD K EFE R, AW
{57 FH S [7) v B 6 B 1 ¢-BHP T TS [) Bsf ) 4k #h i
S RPE 4S8 bdbi0, 45 SR AR AE SOk e — 2L,
20 0 A7 175 3 5 BN i) AR AR v U R Ak
FrRBPRA, KEFEES R =4 KRS R
FEEARE =Y . 78 AMD R, 32 g As
"k RPE 4l ffd F11 Bruch's % [a] H B B% B8 B , ¥ Bk
XA REEGL, FEWRERIER, BBy 2,
Nt —# 38 RPE U . TS, KIE, FEIX
AL FE IR RPE 403 AT o — 20 S 42 45 R A0
RN FZ5H A, 4 VEGF #i1, RPE i)
DIREREAT, FRBIETT VD) RE R U — 2 4k & ot
YRR T-IROE . BRES R4, H B L8 i) s e
a4, DR AT KRN CNV BT

TREK-TRAAKK,P 5 ji% J& B it & PR — A4~ 4
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