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Z SR, TON K RF AR Tau & 5 7E I 4F
P 1d J5 208 TR, 7d BHEEK A IS 1% 28d 4EdE TR
R FIEH# 7K Y ; pTau—Ser396,/404 F7ZE 4L 5 & Tau B ZAE 1k
— 3, Ho Ser 396 i 5~ Tau 3 1 3 B R LA 5,
TON K LT AR IZ 5 Tau & B BWG £, e Hr 8 4
14d B35 3] 55 05 I 4 45 2 28d, pTau—Ser396/404 751k
58 Tau (AR SR, 7d B H B3 4 K 3k g g, Hoop
Ser 404 37 55 A B R LA A5

518 . FVEP ) N2 & P2 AHSCH8HR AT H FA2 I TON K B
DI RERE AT KT, TON K R W IS5 904 28 Tau 28 /K-
B AL IR AR , AR FRAL pTau—Ser396,/404 1724k 1R B
A Tau 758 192 AE L (HA [A]3RA Tau 8 1 252 0078
HIBERR LA AN

SRR SN PR A 2 540 5 TN DG A 90 15 & FEL AT 5 A A 4
PRI BEE s Tau 75 5 Tau 2 FHBERR 1L
DOI:10.3980/j.issn.1672-5123.2021.4.04

Research on flash visual evoked potential
and dynamic changes of Tau and its
phosphorylation in rat model of traumatic
optic neuropathy

Peng-Fei Wang, Chen Shen, Zhe—Hao Yu, Zu—Qing
Nie, Zhi—-Wei Li, Jie Wen, Meng Li, Xia Cao

Foundation items: National Natural Science Foundation of China
(No0.82060306) ; The Science and Technology Project of the Second
Affiliated Hospital
2018yk013) ; Applied Basic Research of Yunnan Province—Kunming
Medical University Joint Project [ No.2017FE467 (-057) ]; Key

Research and Development Program of Yunnan Province — Science

of Kunming Medical University ( No.

and Technology Join Dian Special (' International
Cooperation) (No.2017IBO11)

Department of Key Laboratory, Second Affiliated Hospital of
Medical 650101,

Province, China

Project

Kunming University,  Kunming Yunnan
Correspondence to: Xia Cao. Department of Key Laboratory,
Second Affiliated Hospital of Kunming Medical University, Kunming
650101, Yunnan Province, China. 1244815508@ ¢q.com

Received : 2020—-07-06 Accepted :2021-03-03

Abstract

¢ AIM: To detect the visual dysfunction, and investigate
the changes of Tau and its phosphorylated Ser396/Ser404
forms in retinas and optic nerves in traumatic optic
neuropathy (TON) model rats by using FVEP technique.
e METHODS: Totally 30 SD rats were conducted FVEP
electrode implantation. One week later, all rates were
implemented TON operation with the optic nerve of left
eye crushed and the optic nerve of right eye exposed
(sham - operated ). FVEP detections were performed
respectively in these TON model rats at 1, 3, 7, 14, and
28d post crush, with 5 rats tested at each time point. After
FVEP tests were taken, rats were sacrificed and then
retinas and optic nerves of left eyes were separated for
detecting the expression levels of Tau and pTau-Ser396/
404 by Western Blot.

e RESULTS: Typical FVEP waves were observed in the
sham-operated eyes. Compared to the sham group, the
N2 waves were significantly delayed and the amplitude of
N2 - P2 were greatly reduced at each time point in the
operation eyes. However, the differences of N2 wave and
the amplitude reduction of N2-P2 were not significant at
each time point after crush. The contents of total Tau
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protein in retinas of TON rats sharply decreased at 1d post
crush, briefly recovered at 7d post crush, and remained a
slightly lower level than normal condition till 28d. The
changes of pTau - Ser396/404 were consistent with the
changes of total Tau in retains and the Ser396 was the
main phosphorylation site. However, the total Tau
contents in optic nerves of TON rats increased gradually,
and peaked at the 14d post crush and remained till 28d.
The changes of pTau - Ser396/404 were similar to the
changes of total Tau in optic nerves, which peaked at 7d
post crush. However, Serd04 was the main
phosphorylation site of Tau in optic nerves.

¢ CONCLUSION: The related indexes of N2 and P2 waves
in FVEP can be used to detect the visual dysfunction in
TON rats. After TON, the content changes of total Tau in
retinas and optic nerves were much different while the
changes of pTau- Ser396/404 followed the alterations of
total Tau in the two locations. However, the main
phosphorylation site of Tau was differnet according to the
locations.

o KEYWORDS: traumatic optic neuropathy; flash visual
evoked potential; optic nerve; retina; Tau proteins;
Tau phosphorylation
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112 FEXFRME  FEEEH . —$0. Anti - Tau
( phospho S396) Abcam ab109390, Anti — Tau ( phospho
S404) Abcam ab92676; Anti—Tau( Tau—5) Abcam ab80579;
GAPDH Proteintech 10494-1-AP, —#i.Goat Anti—Rabbit
IgG (H+L) Antibody KPL(214-1516) ; Goat Anti—Mouse
IgG(H+L) Antibody KPL(214-1806) . & H¥EHGAN & .
MinuteTM Total Protein Extraction Kit for Animal Cultured
Cells and Tissues Catalog Number: SD—001/SN-002, & =]
ili 4 ] %) Cocktail (A~ & EDTA, 100 x DMSO fi# &,
bimake ) , B2 B 410 ] 5] Cocktail ( 100X bimake) . HAih .
EpiZyme FH¥% PAGE P i #1550 & (10% ) | ik %E
FERIAE FhIR AT RN R R G I, FEAR A& i
IR R AL B IR A T Bl LA IR RS 22 W Az 30 3K
A (PR o

1.2 H7i&
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FHER T4 IR IR G R 07 B BIVRR B R 20 5 (2) FH 34 3]
LA IEAT AR B, BRI 55 5 (3) B B R T IR iz
AL, A BT F 5 01 A 3 ~ 4em U010, S SRl 4
Fe N, R 25l L 3% RUAE /K 488 2 B 3% 1A I,
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PENLA ST 200l RJE4 T DA 1wk, B & 5 &
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B e S B IR AN EL, 4R S B BR 46 B 1) i R 2
PR ER , BEEMAP L2 3~ 4mm ([E 2A §ik i), e h
i 50g HIRRAHZE Je R AEBR S5 29 2mm Ab e AR 42 10s
T e REB AT , T R S i LA 5 (4) RERA IR A IRT
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EHRIRE R, 5K K R 28 v, WEE IR A TG S5
(6) RJG5E 2d FARIR HEL Marcus—gunn fiEfL , IRBRITCHH
e, K AR B IR IS JC A S S ot 3 Ry B Eh A A

1.2.2 FVEP UE  TON FE AR 5¢ iim , 5 4R KR
et Ig 1.3.7.14.28d #6475 FVEP Kz, FVEP Kzl Jy
P (1) REURRE S BT BA0 T P 257 1538 W 29 30min, HE
PR R BRI ; (2) R it | RS IR 3 A 1 3 2 07 4
W B IR TR M, X6 00 IR AS 375 ' DL IR B 0 47 30 L | 3 422
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1_Flash-VEP 1 Hz (GF)
Left EYE
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P2
N1 P1N; N 5
PiIN2 P2
et SR, R
25.0ms/div
Channel N2[ms] P2[ms] N2-P2
1R-11 Hz440 60.7 64.2pV
2R-11 Hz45.0 65.1 78.0pV
3R-11 Hz445 62.6 73.7pV
4L-11 Hz66.5 85.1 12.9uV
5L11 Hz915 110.6 23.3uvV

6L-11 Hz709

B3 TON AKX FVEP LR

90.0 4.34pv

AR H A, A6 e v BELAR 5 (3) HRBHZP 2% v A H) K AX
FVEP %% & . i A f BEAIR T SkQ, B (4 38 3. Ocd/
(s +m”), 1Hz B PR3 0 S AT 20O I 60 ¥, A il Asf (1]
200ms , i 4 & SkHz, 800 N R 2 J7 6%, f s Al e fi%
band—pass 15 JEAR 73510 1,100Hz; (4) B> HRBREE 2
i3 WK, A F FVEP K Il &4, AR 48 [ Br AR 28 45 o
(ISCEV ) Ay i g B 8 S K BE1E 56 T K L FVEP K6 I 3%
Tl S gk B AURS A B B 0 E 5256 K R FVEP
25 T FE R

1.2. 3BU#  FVEP K 58 W J5 K AL FE (3 1 2% %
EL G224 2mL R s T I T SUAR B ) | o0 B Sk, 2 R
O3B AR ME AL 2 2, 5 W LSk A i 22 | BBCHS R BK 5 AR
RbTE A B TR 2 5 K, AN AR DT, B 22 18 4R
ARG, 2 5 JF 41l R bt 28 (7 L P 22 580 DN A A R PR R
LT O G 58 ), B B A R W R &
(Bl 2B~D) ., BB A IRER, & T A PBS -4,
FHHRAL BT A RS L A —FL, Bl T e R T 5 25 A R g ik
Ko dte AR (B 2E) |, BTS2 18 40P 2 L I i (141 2F)
1.2. 4 MHZ/MMRALAERRR (1) WBEHRIR
TR G 16 PH A5 57 7 AR 1 B B, K A e 25 4 I R 2 2 A
TR G A 2 D TR AR R AR T B R 2L,
WERRBEAMHIFR A 2L, 515 I A B B2 B 40 #1077 B 2pl;
(2) HHL 8l 53 20 2% dE AT vk S 3, v ol B 0 ML S
14 000r/min,4°C ,5min; (3) Wit JE 7, 4 200l i I8 )
A 100l 3xloading buffer, 10pL DTT, 37K 10min,
1. 2.5 Western blot # Il TON X R #1 # 22 &% 1 ¥ f& th
Tau & pTau-Ser396/404 EHKFE (1) Fie Pk il 5K
FIE B AL H 10% PAGE BEIRE; (2) b FEFH L3k, 90V
30min Ji7 120V 90min , HL 3k 2 75 [} 5 W 2 1 B ] 28 0k H
VK, HEA TR 90V 90min; (3) FE LS RS V1IN Z: S B 1Y
7, THEIR PBS-Tween PEAR 5x5min;5% BSA,37°C 2K
EH 1h, THEIR PBS-Tween YEE 5x5min; (4) FHEIK 4°C
1 H — L, GAPDH (1:1000), Anti — Tau ( phospho
S396) (1:2000) , Anti—Tau ( phospho S404) (1:2000) , Anti—
Tau(Tau-5) (1:2000) ; (5) K H , THE IR PBS—Tween VI
5x5min; —${ (1:20000) ZFREFEIRIFE 1h, THEIK PBS-
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100.00uV/div Right EYE

W

NP1 - L Al
Np1 P2 NP3

ZER TR AR R T AR,

Tween YEIE 5x5min; ECL fb2% KGR F B3, & AREAK:
AT A7 3 REZ I, 8 H Image J SR HEATIKEH
i, NS T R R IE 22 50T,

B T4 5307 SR FH SPSS 20. 0 B {3847 508 1 25 31 43
Mr, R Fl GraphPad Prism 5 %4l B, i & % B 4
Shapiro—Wilk IE A5 PG 36 45 SR B A7 6 IR 70 A1, W 2 )y 22
FEME R E bR 2 (xxs) Fom , TFARIRSRTFARIRZ
[ A B A R R BC X REAS ¢ K 36 224 ) L8R B TR 2R T
25 (ANOVA) 731 #5225 Gt 228 X, R Tukey 5
LSD—t EFEAT P LB, P<0.05 Fm 273 E S it 2#
2R
2.1 TON X FVEP B4 B{ESTH T s kR
FVEP B A BRI 3SR 1, 25 20 KRR 3 W 0 34— PR 4R
I, LR RL N2-P2 WU 3 g, SCAR A A 48 153 A
2% N2 P RAR A N2 - P2 AR R R AT, HoAb AR AR R T4
B, KIS & B0, TON B AL A BUIRC T A R S BT g A
B FVEP JJE , R BIAUR % 4 IR L 28 FF AN &%) FVEP 1Y
B AR A TR E (E 3) s A TR F AR, FARIR
A ] 5 FVEP (5 N2 32 % A i 3% 4R | SF- 34 4R
I 1E) & 14.98ms, FVEP f) N2 -P2 I ¥% i 19 & A= W & 45
W, G 42. 85V (52 1, [/ 4) , B AHR 7 A8 1) 15t 1)
JEEIPN (1~28d) ¥ J0vE R & 2 % T AR R A 5 7K SF-
AN, TON K AR N2—P2 5 4 i AH XHE AT N2 95 AR 2]
AHRHEAE S B B SR AR E A B 22 55 (F=1.023,
P=0.400;F=1.619,P=0.176) ,{H N2 iy &1k A AH X i 7F
3~7d SEIR R EE I R (T 5) o DAL SRR I K AL
22 BAMI PRI 2 5 AL vE B AR ], 7d B ALK T B &
AT N2 PR RIS | B R SR i 8 G A T B
S,
2.2 TON KRLMAE Tau R EBERMLTH  TON KM
PR Tau S EBEER LA S Western blot Al Jk 38 PR AT 46
B ZA S (SHARMERR 11 marker HLXF, H PP 557 K /N2
h 45 .55~70,120kDa) , ¥ K Tau A [F] BAA A FHod 55~
70kDa FJ UL 55 % 5 B (1) W1 2% 2B Tau PAREY | SCACHIF 5%
LRI BT 25 AT ( 6) o S5 ow , Je R A e AR
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A 10014

80+ b b

601

404

N2 7 R Wi(ms

204

0
1 3 7 14 28
e w4 1 ) (d)

B 150+ [ EFNI
OB F AR

1004

504 b b

N2-P 27 iR E (V)

Je 45 7 ) (d)

El4 TONEAEMESAFARSEHEFARR FVEP ML RILE A N2 IR ;B N2-P2 IR IR " P<0.01 vs R F-ARHER,

A 401

304

N
o
1

N 2385 75 AR 391 AR % 8 (
S

04
1 3 7 14 28
Kt i Je (d)

B 100-
80
60
40+

204

N2-P 23 4% i A8 X B (nV)

0-
1 3 14 28

7
Je w4 1 J (d)

B 5 TON FEARE - ESFRREREFERFARR N2 KEKAERMN N2-P2 IRIBABER A :N2 PSR BIAINE ;B N2-P2 i

PRI,

%1 TON EAREMEAFRESEFARIR FVEP Rl RS xESs
- n( R _ N2 Ve AR S N2-P2 4R 15

FEIRWITA] (ms)  Prsgps P PRIBA (W) Pirsps t P

DIL-DIR 6 13.72+12.85 0.770 6.04  <0.001 35.3121.12 0.140 9.45  <0.001
D3L-D3R 6 18.16£20.05 0.231 6.60  <0.001 43.30+30.72 0.412 7.19  <0.001
D7L-D7R 6 9.20+12.07 0.144 3.50 0.002 36.90+20.73 0.747 8.16  <0.001
DI14L-D14R 6 17.27+14.47 0.029 4.30 0.001 47.59+28.94 0.368 593 <0.001
D28L-D28R 6 16.56+6.99 0.752 6254  0.001 51.17+36.54 0.607  3.705  0.010
F 1.619 1.023
P 0.176 0.400

@ :D1.D3.D7.D14 D28 43l F /R K R &I R E )5 1.3.7.14 28d; L AR (FARIR) R ZARA MR (FARR) ; & 48R
i 2 TJ7 22571, HZE Shapiro—-Wilk IEAMRIIREE IV EIES 401 (1L D14L-D14R B9 N2 1 AR A 2= 1 B ZE 3R B 6] AN A5 5 IE A5

Ay AFAE— BEREAEL, B TR S0

) B Tau 755 i & AR (F=8. 808, P=0.001) , Hivb 1d
WAL 2, B 2R T %, 3d Bk AY, 7d B A7 7 —
FE PR BE JG Ak 2R T R, B2 28d F2UE BT 1E# K
F- ;s pTau—Ser396/404 [ & 5 &L Tau A8 fb—2, ¥ I 3
M (F =5.901, P =0.006; F = 16.543, P<0.001) , {H
pTau—Ser396/404 5 & Tau 7 it A AHXT L 2848 10 A [
Ser 396 v s5 7€ Je R 15 J5 1 B PR AL HL R B & (F =
11.999,P<0.001) , IMi Ser 404 {3 5 fit) 4H X5F 1 % 1k 7K SF- )
FEAK(F=8.970,P<0.001) , F IR0 5 LI Tau
1) Ser 396 3 M5 4% Ser 404 v 155 &) e A W R AL

2.3 TON KRMMHEZ Tau R EBELTH TON KEM
2 Tau S HBERRALAV & Western blot A8 %541 94 I B f
DI , {8457 07 5 400 I JEE 5 SR i s o, B — B (R 7)o
ZER IR R0 5 O 2 P Tau & B S48 L3
(F=9.469,P=0.001) ,14d }iA @ E, HE 28d i4tF
— Bl S T IE H 7K RS s pTau—Ser396/404 1724k Y
& Tau BYZEAL K BOHITE , Ho P pTau—Ser396 Fik E 1 £ #4

#(F=6.176,P=0.005) , 1M pTau—Ser404 ik B I 34 il
(F=12.419,P<0.001) ,7d B 38K IRk 5 I BE 5 019K =
5T IEH KV ; pTau—Ser396/404 5 & Tau 7 & Y AE X
e BT 78, Ser 396 A7 mi AH X il iR £k B2 BE R AR (F =
37.173,P<0.001) , M Ser 404 {7 15, 7d B2 30 AH X i i
AL AR B e s I 4 (F = 15. 088, P<0. 001)
3itit

ARG T FVEP £ AR KM K B TON J5 5 F i
BYZS AR L, TH 5 BE A v 1Y N2 Ko P2 AR SEHE bR AT T M
MR B B BE /K . FVEP 625 5 & B TON J5 K B
FVEP B JE B 8 2L, 0058 D) g & A= 7™ E B i, FLI & A
T[] B RF 252, R B (R R A A & AR B TON A5
TR ) g R SR D ) B )5 T 2 A BB 09 ) A, FVEP
K 25 3, TON Ji5 7d B A8 BRI 98 D RE & A T /NI
JFE FLUAGET B B, 43 BT T B e L 285 00 DO v e ol
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