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HE B8 R R F PR (Hey) 3T B M 3 o R (SHR) K RS 2E 22 5345 09 % 9298 7 Lkl Fi%k B 60 R SHR K K, AL
% SHR-C(#F 840 ) SHR-M( & &AM 4 )Fe SHR-T(3& 77 41), 440 20 R, SHR-C i@ A4 % 5+ ,SHR-M 4T 2 mg/(kg-d) &
BRI, SHR-T 43T 8 AT 2mg/(kg-d) @ EABAIRA, F 9 BT 46245-F rHik 4 mg/(kg-d) 2 £ ZE Bi(VB)0.09 mg/(kg-d).
Y& & Bo(VB6)0.09 mg/(kg-d)# F 477 . 28] T % 0.8.16 FAnl 3 41 K K9k & o4 & (SBP ) Aefe 3 Hey . 28 T 5%
8.16 JA A ELISA Ml fn 3 ¥ 49 [1~17 #= 11.-10, 52 8 € & PCR(Q-PCR )& M HLLLR P 11-17 Fo [L-10, % 16 JA, f ik 4L LRAL 5
&M AR b IL-17 A= [L-10 Rk 0L, G584 8 B ,SHR-M #= SHR-T #4/k i ¥ 2 %1% F SHR-C, 2 3 Hey RJE B3
# T SHR-T, 3 [L-17 R JE 2% & F SHR-C, 3 11-10 3% & 2 F{K T SHR-C, W41 22 1L-10 A&k K -F 2 FKT SHR-C(3
P<0.05);SHR-M #= SHR-T &A% 2 F % A % it FZL(P>0.05), 5 16 ), %657 )6 SHR-T L 694K R 4t & 3 Hey RE
T, 5 SHR-M 4Lrbi A 2 %t £ 57 (P<0.05) ; SHR-T 2869 e 3 1117 3R E AR IL-10 38 E FF &, 5 SHR-M Zarbé LA
BHEMKZF (P<0.05);SHR-T AAE20 4R IL-17 & kK B FAK T SHR-M 28,1L-10 &2 KF 2% & T SHR-M 28 (P>0.05);
SHR-M &9 fa 28 4% 11.-17 4w e fa bt %8 B & F SHR-C A= SHR-T,11-10 %8 je.fa P %80 2 &% F SHR-C #= SHR-T., &it: 5 R A
F kR BR S g T AR S K R RO A SO SR T e Z A, TR R RN G AR R AR

KR RIAEERRAAR ; B KGR KR SR

FESES R544.1 XHEARERD A

Study on the immunomodulatory mechanism of homocysteine in brain tissue injury in spontaneously
hypertensive rats

ZHANG Yu, LI Xin, LENG Xiao, WANG Lin

(Department of Geriatrics, The Second Hospital, Tianjin Medical University, Tianjin 300211, China)

Abstract Objective: To explore the immunomodulatory mechanism of homocysteine (Hey) in brain tissue injury in spontaneously hyper—
tensive rats SHR rats. Methods: Sixty SHR rats were randomly divided into SHR-C  (control group), SHR-M  (high methionine group) and
SHR-T (treatment group), with 20 rats in each group. SHR-C was fed with ordinary diet and SHR-M was given to 2 mg/(kg*d) high methio—
nine diet. SHR-T was given 2 mg/ (kg*d) high methionine diet for the first 8 weeks, and folic acid 4 mg/(kg+d) , vitamin By,(VBy,) 0.09 mg /
(kg+d) and vitamin B, (VBe) were intragastrically administered from week 9. The body weight, systolic blood pressure (SBP) and plasma Hey
concentration in three groups were measured at 0, 8th and 16th weeks, respectively. Enzyme—-linked and immunosorbent assay (ELISA) was
used to detect the plasma concentration levels of IL-17 and 1L-10 at 8th and 16th weeks, and real-time quantitative PCR  (Q-PCR) was ap—
plied to detected the mRNA levels in the brain tissues. The expression of [L-17 and IL—10 in brain tissue were detected by immunohisto—
chemical staining at week 16. Results: At the 8th week, the body weight of SHR—M and SHR-T was significantly lower than that of SHR-C,
and plasma Hey concentration was significantly higher than that of SHR-T, and plasma IL.-17 concentration higher than that of SHR-T, and
plasma IL-17 concentration higher than that of SHR-T (all P <0.05). However, there was no significant difference between all parameters of
SHR-M and SHR-T at the 8th week (P>0.05). At the 16th week, the body weight of SHR-T increased, and the Hey concentration decreased
after treatment, which were significantly different from those of SHR—M (P < 0.05); the plasma I1.-17 concentration of SHR-T decreased and
IL-10 concentration increased, which were statistically significant compared with SHR-M (P < 0.05); the mRNA expression level of IL-17
of SHR-T in brain tissue samples was significantly lower than that of SHR—M, and the expression level of IL—10 was significantly higher
than that of SHR-M (P >0.05); the positive rate of 1L-17 cells of SHR-M was higher than that of SHR—C and SHR-T in the brain tissue (P <
0.05), and the positive rate of IL-10 cells was higher. Conclusion: Hcy can promote the inflammatory response and lead to the development
of brain tissue, and it can play a protective role after reducing the immune response.
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ey LT 2 A WL 2 — , B AN 7 Ami
FEAEAE N H £33 22, 4 & I A8 AR 4k 4
Z , R MR DG C O B2 03 G
Al I 3E R A28 2  (homocysteine, Hey ) 7K
SO LA I B B bR 2 — 1, K sh S
TESE, i SRR T 5 v ) AL 2 Jo 2R i
(hyperhomocysteinemia, HHey). 4 Hey F 15 4 5
I HR (CH A g il ) AR, SO B I e A KL
AL Hey KPR 8 & AR XU T, 24 Hey
18 wmol/L LU, B LERS AR Hey JH
BN 3 A2 5 TR T- e P e S5 8 T 7,
Y BRI A A USSR, L P SR 10 4 R
HNEEAR B E R, e LT RS e e K AL
SEIAER RIS, HUATTPE T(regulatory T,
Treg) 4 il /48 B P T (helper T, Th) 41832 Hey 1EH
St B L B 2 ] 1 TG A S RE SIS AN 2 e I
e G 4 1 A Al AFLZ Th17 1 Treg 2400 76 fiki
B 0L 8 1 SO A AR o A A R i
PRI T R I A I R ) B A e R = TR R
NG TR | 4E4: 2 Be(vitamin Be, VBe) (ZE4 2 B,
(Vitamin Blz,VB1z)7J(‘Tﬁ1Eﬁ:J:ET%Q}\o Hcy ﬁ‘é%?&%
A B A R, A A AT AT RE RS Hey
IR DR i fii e ), AR SC B FE M A HHey 1Y
SHR #MFERT2 \VBs A1 VB, IS L . [fL3% 1L-10.,
IL-17 7K il 2H U0 i PR 3Rk 15 0 KOG B
Th17 F Treg ZHMEAZALAE M .
1 #RF7TE
1.1
LLL SEmshy 60 H oMkt A &k & ik
(spontaneously hypertensive rats, SHR ) KB, 8 Ji] %,
K 193.3~243.2 o (73 222.9 o), 1 [ It 5 4l
ARSI S Y HAA FRA R o AT B PR
RAFE BB TR G 2t
.12 FZL5]  Rat Interleukin 17 (IL-17)ELISA
kit A1 Rat Interleukin 10(TL-10)ELISA kit 4 H 35 [E
R&D 7~ Al , SEB)E a0 2¢ St PCR i) & FastStart
Universal SYBR Green Master (Rox ) H 3% [E Roche
INE), A KL BEZE I (Diaminobenzidine , DBA ) i {5,
PR E At RRAEARHEA IR AR . TRARRG
LY R A AL TP AZ S E RO IR R, B
PR B 32 Abcam /A H], Trizol \Hey, M2 VB,
VB, S04 FH 3 Sigma /A1)
113 EELE 75008 4x [ 34Ul H %
ABI A7, 283 BP-100A 4= [ A/ BRIC A1 i A3
RGN [ RGERZE A IR A E] L ABL 7500 525G

FE & PCR U [ 25 [H ABL A 1], Multiskan FC 23]
BEEFFR Y A ¥ [E Thermo Fisher Scientific 23] o
1.2 F&k

12,1 shighb P % % BN F R h Y
BEHLS>  SHR-C .SHR-M LA &2 SHR-T, 440 20 H.
SHR-C 3 3 /i) 6} M2 3% ,SHR-M 45 T 2 mg/(kg+d)
EEAMRIRE, #2116 J8., SHR-T 4107 8 A4 T
2 mg/(kg - d)m AR, 565 9 TR 4 T34 38 1)
BHRTE 4T R 4 mg/(kg-d) 4EHEE Bp(vitamin
B, VB1,)0.09 mg/(kg+d). 4 2 B (vitamin By,
VB;)0.09 mg/(kg-d)FEHIRYT, HZ 16 il R4 H
KA AR BT R 2550 5, F R A o o
Al KRR R o 4] A 0,816 JAlH#E TR B
JRE Ik 2 LI, B B 500~800 L. 55 8 JEI,
T2 R BRBEALIE I 10 2, FREF I AL FE , $i5 B4
5516 JANE CKERIATHY 3 4R B AT AL AL, S B 4
1.2.2 K fFis \q&?{rﬁg(systolic blood pressure,SBP)
FMAE Hey WeBEARTI 43530 T4 0.8.16 JidsR K
BRI T PR BT i, 7K BRI RIS A im
8 R GRS 4E s (systolic blood pressure, SBP),
F4: A shAASURSEI K BRIM 2 Hey WeBE , BRI E BT
TAREAR Y 100~150 L I3 . BRI ER 3 K.
1.2.3 ELISA [ ELISA J7ik FaCuss 8 Ji Jas
16 JE IR B 1L-17 & IL-10 #eJE . KEEE
IR 2 0 B 2 7 A e HE X550 2 el 15 B, R
ELISA il 3 20 KRRl 2% i 1L-17 A1 IL-10 M9 H
RKiILAKF-. LEER 3 IR,

1.2.4  SCH} %€ i PCR(real time quantitative PCR, Q-
PCR) MU 8 JH 56 16 Jil R U ZHZ H Q-
PCR A 3 20 K BB 21 23 1L-17 F1 IL-10 7Y
mRNA Fk7K - BRI ZUVE T A A bk
FIFRE , FH Trizol $2HUE RNA, FH 1055 555 ¢cDNA . JT
B YIZEAT gL TAY) TR A BRA "%t
FEEL 1IL-17 51975 . Bl 5'-GCA GCG GTA
CTC ATC CCT CAA-3', T iif 5'- TCA TTG CGG
CTC AGA GTC CAG-3', IL-10 5|¥1F5 . FiiF 5'-
ACG CTG TCA TCG ATT TCT CCC- 3', Fiif 5'-TCC
CAC ACT CCA GGT TCG GTC-3', B-actin 5|¥)F
5. EJF 5= TCA GGT CAT CAC TAT CGG CAA-
3", FiiE 5'- AGC ACT GTG TTG GCA TAG AGG-3'.,
VAR : BE#E 25 pL AR R 405 SYBR 12.5 L,
cDNA 2 pL, FUF AR5 1904 1.5 pL, FHKAMNE 2
25 pl; S AE: FiASHE 95 °C 15 min 95 °C A8
20 .57 C Bk 20 .57 °C #EfH 35 s, JFIRHL 40 1,
H 38 R AR S SR 274 /o
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24 %

1.2.5 AU AL E R UGS 16 J8 K Rk
AT o H AU 2= Y EHE Poly—-Lysine 121
2, PSS B 58~60 CkE 30~
60 min, Y] i B& A5G R, U1 R H BB 20K .
30%L EALE 1 Y IFEEK 10 IR A, ZI|T 5~
10 min K PR VERG ; 220K vk 3 W VIR &=
0.01 mmol/L HIAIRER 2% i (pH 6.0) , T o4
PRI S W, TR R 4EHF 5~10 min, [8]F% 5~10 min,
RE 12, UBEPUR . B HG B % il
(pH7.20-7.60) Pk 1~2 IR ; 5% 1135 FI 8 F (BSA )
B, R T 20 ming i I0—4T, LA & T RHE
VIR VR PP IR, 53 B R AR R SR 52 vhil A0
— B0 (BB TL—=17 F1 IL-10 FoH ) ME Ry B R I
37 °C 1 h; BEFRERZE Wil vP Pk 2 min, 3 3 U0 TMA:
PIZEAL LA R 1eG,20~37 °CHL 20 min, BRELZE o
W YE 2 min, 3 UK T INF] SABC,20~37 CR
20 min, BEERERZE MR PPYE 5 min, 4 Y. {§i] DAB i
IR ERAIMBEMED A, ZIR T B4 12 min,

£ 1 3% SHR KFRHEFRE.SBP. MK Hey iR ENEL R (xs,n=3)

Tab 1 Body weight, SBP and serum Hcy in three groups (xs,n=3)

ZEVR/K BRIR LA I 5 IR AR R RE S e s K D],
B R ;400 fitaA B N SR MK e @yl
FHPH: 241 B

1.3 #3E%  KSH SPSS 17.0 BAF AL L6 B
TG 20T o TH R BORH was F0R  PIAHIRIAY 1L
BOR BN ¢ K555, 3 1A LR F RS . P<0.05
hEFAGIE L

2 #ZER

2.1 348 SHR KA %42 . SBP. M3 Hey RE
T LR 0 JENF,3 2H SHR KRR & SBP il
3% Hey WA G225 (P>0.05). 8 FRT,
SHR-M #I SHR-T (AT & 2 Ik F SHR-C, Ifil 2%
Hey W W3 5T SHR-C 20 (P<0.05); SHR-M Al
SHR-T A9 5T . SBP ALK Hey WA GiitT2F
Z5(P>0.05). 16 JERT, 29697 5 SHR-T 4L A4 5
IR MK Hey We R F%, 5 SHR-M 4 LA
Giit=5 X (P<0.05). Ak, 55 0.8.16 JET, 3 41k
FUAY SBP B B 225 (P >0.05) TEILE 1.

USpEv SBP/(mmHg) Hey/( pmol/L)
0 J#] 8 JH] 16 J& 0 8 J& 16 J& 0 J& 8 JH 16 4
SHR-C  223.61+8.76 329.82+¢9.21 355211032 16541=6.11 186.3328.76 194.12+8.14 28.24+0.89  26.26:0.76  28.36x0.54
SHR-M  224.82+9.78 290.91x10.76* 266.32+11.24* 168.22+7.01 197.34+11.08 214.52+12.32 28.74+1.86  39.23+2.88* 48.22+3.24
SHR-T  220.34:8.12 294.61x9.86" 338.84+9.66" 167.12+6.85 201.4129.64 186.23+8.17 28.60x1.67  39.11x2.01* 27.02+0.86"
F 0.14 9.29% 13.86% 0.09 1.25 4.49 1.67 16.34% 32.81"

"3 2{[H] P<0.05;%Y SHR-C L% ,"5 SHR-M #H L4, P <0.05

22 341 SHR XK RH g 11-17 A IL-10 M Z  SHR-
T ZHAINSE TL-17 HeBE AR (IL-10 MR BEFH=r, AT
SHR-M ZH 41137 1117 ¥R EELREETH i TL-10%k & 4k
2 A% ,SHR-M 1 SHR-T £H Il 3% 1L—-17 F1 IL-10
HeE s H 8 JAlmt, SHR-M A1 SHR-T (1M 3¢ 1L-17
W B i 5 T SHR-C, IL-10 ¥ B 3 3% T*SHR-C
(P<0.05);SHR-M F11 SHR-T Ay IfiL 3¢ TL-17F1 1L-10
WA B L (P>0.05), 16 N, 2396 7 5 ik
FEEA B 25 (P>0.05),

%2 344 SHR AREIIME IL-17 K IL-10 WELR (x5,n=3)
Tab 2 ELISA result of IL-17/IL-10 in three groups (xs,n=3)

1L-17/( wmol/L) IL-10/( wmol/L)

23 341 SHR X & a9 w41 2% 1L-17 & IL-10
mRNA # % i& 8 J& I}, SHR-M 1 SHR-T A4 figi £H
21 1L-10 KKV B EF AL T SHR-C (P<0.05),
SHR-M 1 SHR-T 14 IL-10 Fih/K T2 H %A G it
RS (P>0.05),3 AHAKZHEZY 1L-17 FRIKKF-%
HHREES (P>0.05), 16 &I, SHR-T 4 iZH 2
IL-17 FRKF B E KT SHR-M 41, 1L-10 FEikK
V135 5 T SHR-M 41(P >0.05).,

%3 3% SHR KRAIMALR IL-17 & IL-10 MEL R (x=2-4,

X+5,n=3)
Tab 3 IL-17/IL-10 mRNA expression in brain tissue of three groups

(x=2724% x+5,n=3)

i 8 J& 16 J& 8 JA 16 J&
SHR-C 2291123 24224386  40.52+0.89  41.31£1.01
SHR-M  39.41+1.14* 72.82+2.88" 26.33+1.21" 18.6320.67"
SHR-T  41.63+1.31° 28.63+1.74" 26.71+0.76" 52.75+4.23"
F 138.61 165.34" 138.42" 93.46"

IL-17/(pmol/L) IL-10/( pmol/L)

il

8 JAl 16 J& 8 JHl 16 J&
SHR-C 2.29+0.33 231036  4.21:0.84  4.15:0.71
SHR-M 3.03+0.64 4260.77°  224x041°  1.26£0.17"
SHR-T 3.110.61 23240.24"  2.35:043"  4.65+0.73"
F 1.38 9.708" 6.94° 18.84"

3 48] P<0.05;%5 SHR-C L#2," Y SHR-M A L4, P <0.05

3 41[8] P<0.05;"5 SHR-C b4, "5 SHR-M A [L#2, P <0.05
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24 321 SHR K R e9m ey 1L-17 & IL-10 %%
M FEEER 34 SHR REMMHLH 11-17
N IL-10 P8k 2e g g UL 1, i 1 7]

s B SHR-C

PIFEH, 16 JE R, SHR-M A9k 2020 1L-17 20 FHH:
Z i 5 F SHR-C 1 SHR-T, IL—10 41 it BH 14 3%
BH 2 = T SHR-C i1 SHR-T.

VA% ||

‘SHR-M : SHR-T

oLl

SHR-M . SHR-T

El1 3% SHR KRAMALR IL-17 & IL-10 FE AR FLELER(%200)

Fig 1 Immunohistochemical staining of IL-17/IL-10 in brain tissue of three groups ( magnificationx200 )

3 it

IR LW 5 T LB AL Hey, MR \VB, Al
VB, /&R AR e h R . Hey MOARS
SH SEUMTE B Hey WRBETHET , FROM ) R 282 e 4
PR IMAE o Hey S RUBAESCTT RIS fERE N 2 IR 2
e L AR R AR B BT fE R R . Hey S
BRI R B, R AN HE B G i, Hey
1 AR ARE VL A IS N R R I A
R AR SP-T HLAM Jif 2 4 45 22 b s 402 1 XU 1 G
TR KA RNE M, Hey 5 L & 45 W RIFE AT
AT I A 114 XU S 382, AR5 Xt i i
R ERHEA T 5 B R Ik £ 15 B I & JF HHey 5%
R IF R R & A AR R T ARSI, JE S Hey X
L A5 . 25 R, 8 JRI i R A BRI
SHR-M F1 SHR-T Il 3¢ Hey ¥ & 275 T 1E %1k
) SHR-C(P<0.05). Ib4h Rt 8 JE AT SHR K
SR HHey BIRUEEST B3 R . VBe F1 VB, 1675
SHR-T A9 IM3K Hey We T B2 1E 5 7K F-, 4k st it
17 B A R IK A 1 SHR-M 4110 1L 3% Hey 4k4E T}
=, F H 2 5 F SHR-T Al SHR-C 41 (P<0.05) . 1%
gh LI R I A B 414k Ak ERENS A SR SHR
A I HHey BERUR BRAIMLAE Hey K. IL4F, miE
ZRRINE M SHR K BRI, A TR & 3
8 JEIF, SHR-M A1 SHR-T B4 & i K T SHR-
C,¥A97 )5 SHR-T 4 A e 55 o

ST i [ R 2 o IR L 6T A I 7 2R 48 9 e
Pz ALE AR 20058, s kil rEaEfk IR
IRPIGIRAE M RREEAIE NG FRaRar SEA
Shy [) R0 e S R fiE 5 | RS N Kk P Rz 44 4% i 1R
TR SR, 3K LA W R0 23 o A% S A
T kB G T H ALY o FLH SR I G % A i
AT 10 S5 A0 IV JEORT 98 i 52 7 AE 10 8 fok ok R i Ak
e AR . AT E ST S R B e
iR %ot [ AP R I K BRI 43 43 1) e 9 R A AL -
IL-10 2K JEF Th2 FIFE> Treg 40, BEFIHI Th1 £
JHLIWE 28 KA AR BEL IR , 2 3 Ak R R B e 411 |
TR AR R, FEMLAA 32 2 G o 1 AT 48
YEF , BB 2 5 20 i P 7 i 223k, AT AR E NO 119
B, I REIE S AR AE A BT T NO R IUR #5
PUARIERL 5, Th17 20 = 8500 A 72 1L-17,
1L-17 J&—Fp FZ I IL A T 4= A= A B 4 i
RIF, AT AR T 206 A 38 s R b R 40 i L PN
F 2R | BT A 20 7 A Z2 R A PR 40 TL-6 11—
8 i 2 it — L I3 240 B PRl - (GM—-CSF) Rl Ak 2738 1%
E NAEEHF 1 (cellular adhesion molecule 1,
CAM-1), NI B AE 1Y 77 178, Chastain 55"
TFF 5% 2% W o ) 280 e 2 mT LA o o s 6 6 4% 7 i
PRAEAR, HALFE AT AE[A] Hey BEIR MLAK B B, {2 ok
TH1 400533 TNF-a IFN—y ZE80R A 5,
Im g R Bos  56 8 T, m AR AR IK &1 SHR-M
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JE 35 5 2 8 TR B AR 4L SHR-C, 1 3% A s 21 41

Y0 5 [H 7 TL-10 7K (KT SHR-C;5 16 J i, 22

IR A 4 FIAYT S SHR-T 411003 AR 4121

DL R AT TL-17 FEAIG, RN T 1L-10 AP T

It H A2 AL AR RIS RIAE R . PRt FRATTHEN Hey

e 3o 9 7 R 1 S I A T S Wi v L A il 2

A% o Bl Hey R AR HESAE SN DA TS B0 42U 48

AR, T IR SR S Rl B R
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