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The role and mechanism of transthyretin in the white matter lesion model of
hypertensive rats

LIRan', ZHANG Yun' ™, HU Jin!, WANG Xiaorong?, GAO Chunyuan’

(1. Department of Neurology I11, the First Affiliated Hospital of Hebei North University, Zhangjiakou 075000, China; 2. Pathophysiology Teaching
and Research Office, Hebei North University, Zhangjiakou 075000 ; 3. General Practice Teaching and Research Office, Hebei North University,
Zhangjiakou 075000)

Abstract  Objective To investigate the role and mechanism of transthyretin (TTR) in the white matter lesion (WML) model
of hypertensive rats. Methods Spontaneously hypertensive rats were randomly divided into sham, model, empty vector, and
TTR overexpression groups. The empty vector and TTR overexpression groups were respectively injected with empty vector
lentivirus and TTR overexpression lentivirus in the bilateral ventricles. One week after lentivirus injection, the WML model
was established through bilateral common carotid artery occlusion. New object recognition experiments were conducted 3 weeks
after modeling, and the resolution index was calculated. The degree of corpus callosum demyelination was observed by luxol
fast blue (LFB) staining, and the degree of corpus callosum neuronal damage was observed by hematoxylin-eosin and Nysl
staining; the corpus callosum mitochondrial structure was observed by transmission electron microscopy. The expression levels
of myelin proteins, including basic myelin protein (MBP), and neurofilament protein 200 (NF200), as well as mitochondrial
autophagy proteins PTEN-induced kinase 1 (PINK1), Parkin, and microtubule-associated protein 1 light chain 3beta (LC3B), in
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the corpus callosum were detected by western blot. The levels of oxidative stress indicators malondialdehyde (MDA) and
superoxide dismutase (SOD) in the corpus callosum were detected with kits. Results Cognitive function decline and corpus
callosum pathological damage were alleviated in the TTR overexpression group; the resolution index increased, LFB staining
was enhanced, neuronal morphology improved, and Nissl bodies increased(P<0.05). Additionally, MBP and NF200 expression
in the corpus callosum increased in the TTR overexpression group; mitochondrial damage was alleviated, the number of
mitochondrial cavities decreased, and mitochondrial cristae were visible(P<0.05). The expression levels of PINK1, Parkin, and
LC3B decreased in the TTR overexpression group, along with the level of MDA, while the level of SOD increased(P<0.05).
Conclusions TTR improved WML in spontaneously hypertensive rats, alleviated cognitive decline as well as demyelination and
neuronal loss in the corpus callosum, and reduced mitochondrial damage. These protective effects were potentially associated
with the preservation of mitochondrial integrity.
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G /0N I 975 A — 2% 32 B BR R F PN /0 I A D P I S5 AR P 0 . T B A8 (white matter lesions,
WML & i /I8 L85 955 f 31 78 ) BE SR B o 0 10 50 E e 8 e R i 40 S o 110 b S A B, XoF R R A
B, MREEACSSHB RN, A TER. LRAThREREG A, & E 2 WML B30T G [
KK, &I WML i & i g R A 2 b R Th B8 R A A AT 1 UG 386 o, 7% 0 52 i B8 119 A
e FERA, SR, & A I WML 2L A e, B = A R T SE AT .

HERBEERERED (transthyretin, TTR) & —F G # &R EH MU RMAE AR, ERN BT
S Tk N b AR 8 3% R A K, S5 BUIRIR R M B BE 2B Bk TTR ML i IR
RIF R R BN, MiE TTR AKFFRAR A KA S v i 25 Ay Bl JR SR BRI« JIVIAE 1) £ 6 IR 3R 168,
Rt s B EoR, TTR GEMSMEHER IR A K L (RP o fo J7 Fs A o5 3 M g 5 0200, (H TTR 76 & LR & 9
WML A AR 0 S AR FBLA AN B A, DRk, ASHIF 90 B 78 @i & 9 WML B RS Ao TTR S e 86 %
MR M ICE R L R RRAR I RE RIS, 4R R TTR ZE L A 1E I e 78 0 B B2 4L S 56 4 31

1 #RFFE

1.1 X%z

SPF 25 I B & M I K B (spontaneously hypertensive rat, SHR) KR It 48 2, 14 g, 1k
JifE (31045) g, W H bR 2 AR PR A 7 [SCXK(51)2023-0008] . #4917 77 T3] b A6 77 7 B
LR B L [SYXK(32)2024-006], 1Al 78 4. MERIREE 20 °C AHXIEJE 45%~55%. 12 h/12 h St
F, BHEE. WK B b A 7 5 B 5L 5 3h W A4E R4S B A 2R o o A I it Uk
(HBNU200406111067) , SE&idFERME 3R .
12 FERAFEE

TR ER IR GRE 4>10% TU/mL, #%%5 C03005) I TTR i A AW (R 4>108
TU/mL, 535 C03068) My H bl Ml HARA R AR 57w B4 8 (luxol fast blue, LFB) ZLfiif
(Pt FEEROH, B9 ACLI847) WH LB HF 2 A MBI AER LA THARR-HA
(hematoxylin-eosin, HE) #etikifl& (185 C01015S) WH LiFE Z RAVRH AR AR BREE
W (B85 C0117) W H E#E 2 RAEVRHARAR: TTR —#i (515 ab271132) . fx#i#H6H I E A
(myelin basic protein, MBP) —#i (ft%5 ab11159) . #H£& 2281 200 (neurofilament 200, NF200) —
Pt (185 ab223343) . PTEN i S #4#¥ 1 (PTEN induced kinase 1, PINK1) —#i ($%%5 ab324618) .
Parkin —#i (#% 5 ab77924) . WMEMKER 1 %4 3B (light chain 3B, LC3B) —#i (k5
ab192890) . B-actin —#i (T8 5 abl24964) W HEE Abcam; N (malondialdehyde, MDA) ik
A& (TS5 A003-1-2) W H B 5 & BB TR A R A "l A B Ll (superoxide
dismutase, SOD) Rl (5 BC0170) W H L REERI AR A .

BRI 74 (A5 GenoSens 2000, FiEIMIRIEAGER AR AR I ERME (M5 VHX-
X1, BERLE(PE)ARAR, b)) s @#EUI AL (A5 Leica EM UC7, Leica Microsystems, i
E) , #8H TR (%5 Talos F200X SITEM, Thermo Fisher Scientific, £E) .
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1.3 XWHE
1.3.1 P AR T

WS EhM o MR TARA .. BIRA ., FEAA . TTR EREH, 84 12 R, F#HEH. TTR i
Tk A5 [ SCR N AT I ST AR e ARSI R B, TR R e R R S O L 2 BRI K RS I [ e A
Fi SEAR B LA, BAR X 05 0 2 S AT M == 58 62, ALBR N AT IXI 53T 0.8 mm. FTIXIA & 1.1 mm. i fix
JESETH ) R 4.2 mmo 25 2R 2H X000 b 2 95 73 3 S 32 BRI VR 4wl TTR Ik 252 2H XU A == 4% 7
B TTR I RIEE W B IET 4 uL.

1.3.2 #HEFI&

PR . S3ARYL . TTR i 2R I8 4LLE I S A4 8 A3 S8 88 1 7 5 2 18 SCrk P BE T B R ) 4, W
) 250 4 B0 Jok P 28 ) A TR B v 0 R s S e RN BRI K BR R[] 5, AT SR IE R U 1, R EE — U B
ik, fFH 5-0 FAREELEILZaNK, BEFEEAVII; 1 BE“EHF LSS —Msasiiik. 2
S AL 3 S, BEATREAUCEE KR ARRT I o BT A L BR AN St WU B s Bk &5 FL AN, HiR
FAREAE—BL
1.3.3 #EIR 5 LI8

R ITE S MBS SR EEFL 3 8 5 AT Hr Al A s2 06, S0 BN 1 mxt mxt m IARH, 26
1 RERKRETARENGENES 10 min; 3 2 K, EARFERIXALT 13 e WA EEE (HEE.
EEYIN 5 em) L KRR B HES) 10 min, K FRME R ) SR HLFEB9<0.5 cm HE MR R
TN, WRKBA A BRI R 28 3 K, KHP 1 ANERURE SR NS BRI EEA (B
. mEY N 5em) , KB KEIRA AR A HIEE) 10 min, 103 K BN ET IH AR R R ) . 5
o= CHWIRERRE A -[HYR IR R B | GRARERE R A+ [HY R R R E)D .

1.3.4 ARKLBIE

kR 6 LRI ALS e t, BEAPBRINT: KEBREEG WL AA5E, 23 mdsl, 4% %
FRmE ], 2 s 2R, ATORRIIESEY f, VIR R S um.

LFB 4efin: MaZHZAY) 7 iin 0.1% LFB Jetaifi, =iRIZ4: 18 h, 95% LBVl I, ZEMM/K7 o
M WAyt 5s, T0%LEEAR S (0 2 A R 5 A5 0T, 280K m S s 8%, il A ol
NI

HE Zeth: BNAZUI R HmAARRIE AR, EiRIRYE 5 min, ZBKpdE, 3[R AW S0 5s;
TR VE G IR VR AR 1 ming FRRZEWBKMEERMINPaORen, SR E 30 s; —HFREW, F
PERS B[, AT NSRRI S F R

JE IR Gt ML) rime IRG i, =TS 5 min, ZBKMEE; 0.1%0KEE R 751k, Bl
B RIS e IR/IMA S E .

1.3.5 BBR{E s E 5 R IX B Western blot #& il

RIS 6 H R BT BERRAR (14> BS A Western blot &l K 5B 5 W7 Sk Ab B8, F B Mx 414,
BT B U R A4 . AREX 10 mg BEARARFEAS, NN 0.2 mL BB AR, vKisstE N RS, Sk
T 4 °C. 12 000 r/min B0 10 min, WEC RS, 5 EAERMRIRS), &8 #5475 T M Tt
iz e YK HUK e G i, B EREIRIEE 1 h; 25 E TTR. MBP. NF200. PINK1,
Parkin, LC3B. B-actin —#i, MG E —bi, WIEHFEROCEMIHHHEIKEE, DL B-actin K EE
NWZ, THEE HRE AR RIE K
1.3.6 BHIRFME S BRENE

¥ “1.3.47 FESRAERIBIAVAL L T @& S s, KA 1 mm>x1t mmxt mm #2021
P, B THEREHRT, 4°CREBENRHR; BBE 1%HKRIEW, 4 °CHEE 2h, BEEZ 1% bh gy
1h, BREECEENIK, FHAMMEEM. RAEBEY VLY A, BERaNBE-frE R E A, TRENS
S AR v O % R A R A 5 A
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1.3.7 BfRR{E MDA X SOD Ayl

¥ “1.3.5”7 415 2R BERAA T MDA. SOD #ll. HX 5 mg BfARMAZHZ, I 0.1 mL B £
CEM, UKIBEME T RASIK .. HESRBT 4 °C. 12 000 r/min 264F F B0 10 min, %A K &%
W _E3EWH A MDA WK, SOD iDL A EH &, iTHSZw&E B MDA 1 SOD 1)K«
14 Sit=EHE

K SPSS 25.0 A AT it M, SRIGEIR S AR RORL, A IES O BT E5E, Killgs
BT HTHEE (X +s) Fom, RAREEFESN T LE, RA LSD V87 H # b
. P<0.05 NERH SR L.

2 &R
21 TTR ERIEX WML XR=ZF2IZIh eI E1E B
LR ZH RN 23 AR AL F AR AR TTR R IE K P K #fe 80 BB R TR FARYL (P<0.05) ; 55#

AL, BRI PR A h TTR RIA KT e B R B2 R e geith e X (P>0.05) 5 TTRIERIEA
JFRE A TR TTR B9 3RIE KT Je 0 H i O 25 i TR A M = 3k 41 (P<0.05, & 1)

BFARA MR RFAR4L IERil
Sham group Model group [] Shamgroup [ Model group
B ” N
18 il TTRi Fik4 06 ARSI TRk
Empty vector TTR overexpression Empty vector Y overexpression
group group group group
T 0.4
3 %
f_\) s 10 ; g
s o =
15kDa # & £5 02
s 28 T3
= x 3 2
FE £
Bractin | m———— 2102 " 00
—0.2
0.0 —0.4

W A A KRR TTRIEASKT; B: 4 KR TTR BIAKPFRIEE (n=6) ; C: 4 A RKROPEHEMELE (n=12) . 5EFR
MM, "P<0.05; SHEEAMAMLL, *P<0.05; 5% #HAMMLL, *P<0.05.

14 4K TTR 2L K & 43 Hr a8 2 HL
Note. A, Protein bands of TTR in the four groups of rats. B, Comparison of TTR expression levels among the four groups of rats(n=6). C,
Comparison of resolution indices among the four groups of rats(n=12). Compared with the sham group, "P<0.05. Compared with the model
group, *P<0.05. Compared with the empty vector group, ¥P<0.05.

Figure 1 Comparison of TTR expression levels and resolution indices among four groups of rats
2.2 TTR idaR3&E X WML A BRI 44 5 8 4 1Y 250 2 F
BTARAPIRAE LFB Qe B3, BEELEN, RAVETHWBE: SHRTFARALE, BN
THALPIRAAR LFB Jetuplss, BEELH R, WU B, SN SR H L,
TTR I RIE A BRI LFB St iR, BEEHLSHBONTEN, Wl (8 2) .

BFARH [ R AR TTRIS FIEH
Sham group Model group Empty vector group TTR overexpression group

W? ‘3’-&‘1_{-.

P 2 4 20 K G At i 89 1) B2 (20050

Figure 2 Comparison of corpus callosum demyelination in four groups of rats [1200% (]
2.3 TTR idRiEX WML X R B AR s 1R 0 OB 1B R
HE g RER, BERAPIRAE DL eH 8. RSN, RILHEAE: 5KRTFRA
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b, BERH AN HARA IR A P 2 e HES R R R L TR AN, AT R, SRAAME
BARALLLE, TTR I RIEAPFIRAR A et 0] RSB eas, i .

ERBEOSERER, BPRAPKRAEFERMEER . HBRPE. HPIRS; 5HBTFARALE,
A 7Y 2H RS A A R A o B IR ORI ARGE N . HERIRA G R AN AR A A L
B, TTREFEAPIRATRENEE D . HEOVEE (K3 .

AL R AR TTRit&IAA
Sham group Model group Empty vector group TTR overexpression group
%
X o
§E
B3
% w
%I
R
BFEALA HaT TR TTRIS#IL 4
Sham group Model group Empty vector group TTR overexpression group

95 5 W W ety
LFB staining

3 4 ALK BUGR IR AAR 5 31 B B9 LB (200%)

Figure 3 Comparison of pathological changesin the corpus callosum of four groups of rats [1200x[]

2.4 TTR FFRiEX WML XRBAE s MBP. NF200 5= 3i% B %5 00

1500 20 RN 2 B4R 4 B4R MBP. NF200 1) 8 I R IA /K3 B B3R TR F A4 (P<0.05) ; L
R LEL, AL BEARAR F MBP. NF200 & FI RIAKFZ R g5 E L (P>0.05) ; TTRid%
IEHPEARARH MBP. NF200 8 I 3R IAKF i 3 TR R AR S 4k 4 (P<0.05, & 4) .

BFARE [Luitil
Sham group Model group
£ N 1.0
] KA TTRIZ AL = R TTRit #ik4l
BFEARM Rk Empty vector  TTR overexpression Empty vector group TTR overexpression group
Sham gro Model group roup group
PR F TS 08
MBP 19kpa ¢
i;,é 0.6
- 28
200kpa X & 04
[CE -t
g
a
0.2
0.0
MBP NF200

I 5BRFARALE, "P<0.05; SHEMALLE, P<0.05; 5T BAALLE, “P<0.05.

4 4 K RPEIK A MBP. NF200 RIX[LLE (n=6)
Note. Compared with the sham group, "P<0.05. Compared with the model group, *P<0.05. Compared with the empty vector group, P<0.05.

Figure 4 Comparison of the expressions of MBP and NF200 in the corpus callosum of four groups of rats(n=6)

25 TTR ERIEXT WML K RBEBR AP &k SEafThee W E/ER

BT AR AR AR p 2R R AR S5 R SE B L VR, T DL YR BT PR 2RO AR U 5 SR AH R A A A G A 2
RIARTE R B2 i . PRI O SRR R S sk 2 Lh i, TTR aah 380 20 D IR A o 2 kar 1k P 25 i
Wb, RRARIETT L (5 .

H\FARAA L, AR 4 A2 8 R A B MDA KPR TR, T SOD KT I 3 PR AR
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(P<0.05) ; fRAIL 523 RAARABFIRA T MDA, SOD /KL 2 R L4t 245 X (P>0.05) ; SR
AN AR AL, TTR R AHPFARA S+ MDA ZKF 2 % K (P<0.05) , SOD 7K Jt &
(P<0.05, £ 1) .

F Y 4] N 4 4% A 41 D IR #A H PINKL. Parkin. LC3B MEHREKTFHEZERTHTFARA
(P<0.05) ; fRAIL 53 AARAPEIR/A T PINKL. Parkin. LC3B HI& ARIAKFILE, EZRLLiH¥
B X (P>0.05) ; TTRIFIAAPHIEAH PINKL. Parkin. LC3B [ A R iA /KT B K T B R 412
BWAk4l (P<0.05, E6) .

T AR HEAIA AR TTRid A4l
Sham group Empty vector group TTR overexpression

group
Y N

WS

8 5 4 4K R PR S5 M M LLE (10 000

Figure 5 Comparison of mitochondrial structures in four groups of rats (10 000x)

F1ABEK R TMDA. SODIIELEE (n=6)
Table 1 Comparison of MDA and SOD in the corpus callosum of four groups of rats (n=6)

Gérﬂoﬁis MDA/ (pmol/mg) SOD/ (U/mg)
BF AR Sham group 1.51x0.22 8.59+1.09
HiFIZH Model group 2.87+0.35" 5.76+0.86"
k2 Empty vector group 2.79+0.32" 5.82+0.91*
TTR idFIA4 TTR overexpression group ~ 2.04+0.27%¢ 7.26+0.98%¢

e SEFARALE, "P<0.05; SHEBALE, *P<0.05; SEEMUALLEK, “P<0.05,
Note. Compared with the sham group, * P<0.05. Compared with the model group, * P<0.05. Compared with the empty vector group, ¢ P<0.05.

RFARL i sickic
SSERRLL TR k4 Sham group Model group
fBFRA HERIZE Empty vector  TTR overexpression 2 4 ik
0.8 AL TTRI Fik 4L
Sham group Model group group group Empty vector TTR overexpression group
group
PINK1 62 kDa
T 06
3
Zs
Parkin 52 kDa _@ g
#® 204
o8
£
Lc3B 15kpa E
a
0.2
B-actin 42 kDa
0.0
PINK1 Parkin LC3B

E: SEFERAELLE, "P<0.05; SHMAHE, *P<0.05; 5 kM E, “P<0.05.

6 4 20K BRUBFIE A PINKL. Parkin. LC3B RiAMILLE (n=6)
Note. Compared with the sham group, "P<0.05. Compared with the model group, *P<0.05. Compared with the empty vector group, P<0.05.

Figure 6 Comparison of the expressions of PINK1, Parkin and LC3B in the corpus callosum of four groups of rats(n=6)
3 iHip
v ML S 55 30 /N LB 95 1R G A A 3 4 R I L A7 40 438 1 F 0 P o A BB L s P v T 75 O /0N 3 ik
WIS ARV A 4EBE IR, SEUNALEVEREEAZ, MoK WML, Yede &+ Fiiatie bL S s i
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T B T B0 H AR T T %5 I PR T 70 45 oK AIE 92 7™ M 42 1) o S RE % s WMILIZ 281, (R b, wiF 90w O A 9F
WML 43 FAEM2ANLE], SR ek & s B3 WML BRI RE S B HEEE L.

& VR EEAS 2 S WML B B R, HAH U H S A R BN A R s 5 Mg E k. 17
FRENP S, XU 2 A B ik A ZE 2 4 3 WML KBRS RS ) FH O 90014381 R R AE SHR K R
KHZ 515 WML A8, DRSS & 0 e & 9 WML R B FE . AT N4 R EIR, R4 R R
43 48 B0 2 PR K, 278 SHR-WML KR H BN SNThaE T B o 9 BIR A A2 32 42 X0 K g 2= BR A AT 1h 2
ZF 2 ROAE) BRI OB i 1 T A5 AL s AR 2 2 A 45 R Bk, SHR-WML B 8L K BRUPF AR A& LFB 4% 05
59, BESSAN AT LEE RS, FIRAERE AL R Ei s . e IRIMABE D, $E77 SHR-WML KB H B 57
Wi g Ey e ER. LidT A S AL A R AL [F R SHR-WML #7858 45 5 47 48l WML (1 1if
PR 2% 10 RN 20 205 B2 IR

AT — R 7T SHR-WML BRI )3 T HLAl . TTR NS 5HURRE R BIZMEN, EhRmg
RETRYFIRBSE RN AR A, REE TR R R ERAL 5 A, FE7 158 B 1 IR AR &
) £ () SR NP A B . JEAESR, TTR 7EME RGP ORI B FH B M7 2 2063, IGIRTF AR R, Mg
TTR KPR S 28 N BN SR E AR, ] 358 0 Be] 2R K o BR DT K AH S R 1) & AR KU (1847, R TTR
ATREXHAN N Th e A R EH « ABF R R TTR £ SHR-WML IR EH, 458 R, SHR-WML
R K BB AR AR TTR (R IEAKFBRAR, $Eont8 M A R TR T TTR MR IAIFHI 55 H AP & {7
PHER, S % WML $R A . AHE 508 1 i 5744 58 A7 4809 2204 i SHR-WML K BB IR 4 o
TTR Fik, FRIE TTR AR R FHEECE N, PIKARES LFB Jetaifon, M. Je IK/MEEL
B S E A B . DL RS R R, Rk TTR Wi SHR-WML KR AEHAMIhEE, 2%
fif o A R S e B R . AN, KRB IIBERIAH G A (I RIA, MBP Al NF200 22 5if#H4 1
MIpEe IR EZEE N, SHR-WML BAUK R PR+ MBP #1 NF200 132 IEKFFFAIC, R TTR
A B S RIEKT . BB A R 2 HIE S R IE TTR X SHR-WML K RUBEH B A R 1EH -

H Al TTR7EH AR 28 2R G0 b R S8 LRI 0N 1) 7 43 1 38 B G AN B M o o0 L 25 A5T3RAH S AT 7 SR
TTR o35 O ILEF 4E AL 0 E B S5 00 2R AR R 55 . 50t S A DL R S 1281 2 4 2 41 it PR 5 Bl S A P R
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