2024 4E 5 34 % A5 1 http : //kfxb.publish.founderss.cn/

Rehabilitation Medicine

« B A A 5T -

3T PERK/elF2a/ ATF4/CHOP id 24 £ i) it B i b
X UMR-106 2R A e RN SR 1210 35 Vin)

I%E%*%LZ’S,}%] %1,2,4’.;%%#@1,2,**%&1,2*

1 AR R B 2 K2 R P B 45 S S B, A L AR 3501225

2 AR P BEAS A B AR R I A S0 A A 350122

3 AR A v R 2R Bt AL TEAE S P 4 2 S S &, AR 481 3500035
4w R 2R 2R AT R RN 350122

#SEEVEH  RIMEDE , E-mail : linyanping1966@163.com

Wk B #1:2023-07-08; 452 H #1:2023-11-15
HEWH . HE AARFEETH (81574003 ) 5 47 A4 W BCE 15 78 BT H (X2019002— I & 15 ) :
DOI:10.3724/SP.J.1329.2024.01006 FRRIE R EARS ) $RIEAS (OSID) - [m] Rkl

HWE B KT HES 2 aF s UMR—106 &8 4 28 10 1 T M 3 BRS 8 T 69 % vf Ao 4F A AL
F & i UMR-106 5B A 28 8, 5K A 0.0.01,0.02,0.03,0.04,0.05 wmol/L 7~ Fl & B 5 GSK2606414
(PERK #7#] %] ) xt 2@ fo 3t 47 F 7, 5K A) CCKS % it & GSK2606414 =42 TR E ., F A KKERTFY
UMR—106 28 LR L4 A TP B4 (NC 48 ) LAY 40 (H,O, 20 ) A& B Bk 28 (H,O,+]G 40 ) F= A PR3 BB 40
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1.2 SEEG4NNR

UMR-106 Ji ‘B FF 41 JL Ak 18 B b R 2 e i 72
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131 SCERZh¥y  faE ok iR R IR
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Gibeo 23 Tl 5 GSK2606414 1 [ T 3 [E APExBIO 2
)5 1P BTk R & L Annexin V-FITC/PL i T4
DT & 40 A F VLRI A I B AR e A BR A
F] 5 HiScript Q RT SuperMix for qPCR | AceQ) qPCR
SYBR Green Master Mix ¥4 [ T 55 &L ME2e A4 W B
H A PR F) s PERK — 300 [ T35 [ Cst A H)
elF2a \ATF4\CHOP\B—actin~?ﬁﬁ]m@ H T Prontein-
tech /A F) ; Capase—12 —HU I H At R FR A= 4%
RA R 3 Fluo-3 AM I [ TR &4k H AR
fE2ERIETE T o
1.3.3  FESEANAS  COMHIRIEFRAE A T &
IR A] AR B0 AL A T [ Eppendorf 22 7
ELx800 4= H s bR B F 2% [E Thermo Fisher Sci-
entific 23 A 3 3] B AH 22 W AUEE I H T H A TKO Y627
PR bR At O L R E T B AR A T R/R
A A PR A A AU A T 3E 1 BD A
] 37500 Fast 520 28O0 5 PCRAYIE A T £ 1 Life
technologies /A Hl ; L% KGR R G H T 2
Bio—Rad A .
1.4 4805k
1.4.1 A FRER /K LS FME 0K & 25 IS il K
40 H SD K ERCR I BEMLECT 26154 0 A= BRER 7K Il 3
ZH A RS 25 ML VE A, AR 20 H ., A BREh K4
KA BRER K B faE URIE R AR AR
U IARR A T 5 He IR 7.8 o/ (kg-d) A 2 4t
HEVER 7 d, 5 — KB E 5 2 hIEE FEsh ik,
FHE 4 h J5 3 000 r/min &5 15 min UM , 56 C/K
1 30 min J3E AMA L 0.22 pumol /L 3 U #% 555 18 5 4>
B LG T -80 CHEMIR VKA o
1.4.2  JUHEE R4 TH % H UMR-106 41,
¥ JH 10% FBS. 100 pg/mL 7 2% 2 M1 100 pg/mL 4%
TR MY DMEM 557 5 15 5% T 5% CO, 37 “CHE 1Y
YIS TR o K A AR BE AL 20 oA B X R 2 (NC
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2H) BAUZH (H,0,40) e B ki 2 (H,0,+ G 4H) Al
T BRZH (H,0,+ GSK2606414 2 ) . NC 411 H,0,4H
K 10% A3 EL K 3% T 1012 h, H,0,+JG 4R H
10% i3k & 25 1L 3 12 h, H,0,+GSK2606414
2H 3% FH 0.03 wmol/L HJ GSK2606414 F1 10% 4= 3 £5
AKIMLE T 12 h, B NC 41 4h , HoAs 4% 4 16 A 3 iy
R g2 3L Mg 00T, 1553 5 10 pmol /L H,0, T 71
12 hiil 45 ERS AR

1.43 CCK8E:Ffik GSK2606414 e f: T ik i 4%
UMR-106 41 i #% 1 X 10* 4~ /FL 2 F0 7E 96 FL A I
K 3% 24 h, R AR MR R (0.0.01.,0.02.,0.03,0.04
0.05 pmol/L) 1Y GSK2606414 kb H 40 ity , 454> 1k Jif 8
26U, WFE 12 h, AEFLIMA CCK8 10 puL,37 CIFE
1 h, BRI 450 nm ARG RE , S B UMR-106
4RI 7 A R T ) e ROHR B AR A GSK2606414 (1)
AR T IR B A T 5 22505 .

1.4.4 ot IR £ W OB L8 40 i 9 GRP78 Al
Caspase—12 %¢ e R IK1E ML UMR-106 4f fifg #%
8X10* A~ /mL 3 Fp IR AL ML, 79 1) 15 5% 24 h, 3¢
Wi , PBS P74 3 min X 3K, 4% %2 5 F [ [ 72 30 min,
PBSYER ;3% H,0, ZHWHEE 10 min, PBS{EY 3 min X
3K ;SABC ZE 1M H 10 min, PBSUE LS ; BRI T
1 h, 753, 23 A GRP78(1: 1 000) il Caspase—12
(1:1000)—4T 4 CHFE & ; 550, PBS PR , D1
A 1:1 00026 —HLE=EMBFE 1 h; PBSYEE, A
500 wL DAPL#? 7 10 min, PBS ¥EiH 5 OGB4 1§
(RIS EiaE

1.4.5 DCFH-DA ¥l 22 40 it )9 ROS & &=
UMR-106 4 i 4% 8 X 104 /mL 4P 22 IR A 1L, 43
RS 24 h, 3P, I DMEM PRI 3 ;4% 8 1: 1 000
JIA DCFH-DA %634, 37 “CaEEIE T 20 min; 34
S A B BT , Image) JM T SL 45 R

1.4.6  JHOG ISR AR I T E UL A if P 45 125 1 SIE R
AR B UMR-106 21 il 4 8 X 10* 4™ /mL $£ Fh
BRI, K555 24 h, FE90 , Hank's - 1 35 %
(HBSSYATR ) % 5 min X 37, fILA 30 wmol /L Fluo-3
AM TAEW 1.25 pL, # /LA 0.05% Pluronic F-127 T
VEW 1.25 L, 52 S8R4T, k6 37 “CHFE 30 min; 7
W, HBSS ¥ M Pk ¥4 3 min, JIl A 500 wL HBSS, F i1
A5 pL Hoechst33342 % 5 10 min; 3£ , HBSS I
VEUCS min X 3 VK o MR AL 50 43 ) 0% 0 10% A= B &
JKIME & 10 wmol/L H,0,, #0658 4= 1 i 443
B HHE I K 24 40 min, ZEN 8445087 .

1.4.7 Annexin V-FITC/PIK AT  UMR-
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106 i fifg 44 2 X 1004~ /LR T 6 LA, 434 i, 5%
i, PBS YE¥ , B FLIINA 200 pL A7 EDTA JRE BN 1L
2 min, A58 2 5 FR 22 1AL IAR A I B &
15 mL B0, 2 000 r/min 20> 3 min; 7 , PBS Uk
% ,2 000 r/min £ 3 min; B A 500 pL Binding
Buffer, 52 ZZWATIR S A, BEIMAS pL
Annexin V=FITC fil 5 wL PrPidium Lodide 753K~ ,
HEEIEF 15 min, N4 _EHLED, FLOWJO %X
BT, SLge AR 3L BT SE T,

1.4.8 qPCREMIAN ERSFR&HEK GRP78 & PERK
iH % OCHEHE FR mRNA B2 5K e il Wi dk 4 2 20
M, A TriZol 1 mL 7843 1R 2T, H#E 10 min; I A S
15 200 pL, = 3% 30 s 1R 2J , 4 °C 12 000 r/min & 0>
20 min; B 400 wL 35 28 EP & H, FEATA 400 wL 5%
P, 840 IR 215 VK L& 15 min, JCA B DAL
4 °C 12 000 r/min B.0> 20 min; FEW , A 75% 2. B5
1 mL,4 °C 7 500 r/min & .> 5 min, F9 , JIA 20 pL
DEPC ¥ fi# . RNA 5 nanodrop 2000 436 5 B 3146
0D,/ 0D, Tl o HiScript QRT SuperMix ¥ RNA ¥ %
Kl cDNA, AceQ—qPCR SYBR Green Master Mix Fii!
B qPCR WA Z , 264 UF 295 °C 10 s F160 °C 30 s
40 4MEFF,95 °C 155,60 °C 605,95 C 15 s H 14
TEARE R4, GAPDHA/E RN S, 2721+ H
HREIAR X Rk i . SIYF I L 1.

*®1 3l¥E75

Table 1 Primer sequence

F AR G173 (5'—3")

GRP7S F:5CGTCGTATGTGGCCTTCACTS'
R:5ATTCCAAGTGCGTCCGATGAS

PERK F:5’ACCTCAAGCCTTCCAACATATTCS
R:5TACTGTCTGCTCTTCTTCATCCTS

o2 F:5GCATTCTTCGCCATGTTGCTS
R:5’AGGCACCATATCCAGGTCTCTS

ATEA F:5GCCTGACTCTGCTGCTTATATTACS
R:5ACGAGGAACACCTGGAGAAGS

CHOP F:5ACGGAAACAGAGTGGTCAGTS'
R:5CGCTCGATTTCCTGCTTGAGS

GAPDH F:5’ACGGCAAGTTCAACGGCACAGS'
R:5GAAGACGCCAGTAGACTCCACGACS

1.4.9 Western blot £l 41l ffd ERS %7 7& 2 FH GRP78
J PERK i [ OCHEFE bR AR (1 & it o0 A4 4 2 4
M, 9, PBS BE, A 100 L RIPA 4%k .1 pL
PMSF 1 1 L ff 2 il 900 a1 55710, 7K | 24 30 min, 4 °C
12 000 r/min B.0> 18 min, BUEH g 2B 1:4 1L
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P£ 5 min, -80 ‘CLRAF. K JH 6~10% SDS-PAGE i
VK, 2 2 0.22 pum PVDF I I, Quick Block ™ 3 F5f
MW 2 IR H 5 min, 43 3R FH GRP78(1:1 000) .
PERK(1:1000) .elf2a(1:1000) \ATF4(1:1 000) .
CHOP(1:1000)F1 B-actin(1:5 000) ,—$i 4 CHHF
1%, TBST ¥E %, 1:10 000 L E IR H 1 h,
TBST i, TN 52 MR G 18A% , LA B—actin /E R
Z A HPRE AR R A 5
1.5 ik

S SR F SPSS 25.0 Bk Se it . Bk
TFE IESI A VA (xs) 2R, AR FL R B R 26
Eor M, 255 LSD— ik, 2R 55 AT
Games—Howell 5 o B A AT A 1A 5040 B R FH AR
BRI, DL P<0.05F#RESFAEGH¥EX.

2 % B

2.1 GSK2606414 ffilFl i de th T- Bk

50 pmol /L) %5 1 X B4 4H L, 0.01,0.02 Fil
0.03 wmol/L GSK2606414 kb3 j 40 i 3% 11 54 o35
54k, 0.04.0.05 wmol/L GSK2606414 A W, %% 21| 4
Ji 35 i3 B AR (P<<0.01) o DL 1. 25 FE
GSK2606414 T UMR-106 2 Jig 12 h Ji5 % 40 % 11
T R Y f R E oM 0.03 umol /L, 0 FH 2246 J3E
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H,0,4.

H,0,4

- . ..

Y 522 H,0,+ GSK2606414 20 1y S2 56 T 45118

150 1

—_

[

S
1

1) 1)

AN TE PR/ %
3
1

0 0.01 002 003 004 005
GSK2606414 ¥ &/ (wmol /L)

E: 50 wmol/LAHLE, 1) P<0.01,
Note: Compared with the O wmol/L, 1) P<0.01.
El1 AERE GSK2606414 %t UMR-106 4HAEE S AT EL 3%
Figure 1 Comparison different concentrations of GSK260
6414 on the viability of UMR-106 cells

2.2 NCH4HIH,0,% GRP78 il Caspase—12 & [15¢

AR S5 11 FH DR R 2 T A S 1 4R A1 4 i 4R Ak
T U3 A 45, % 1 10 wmol/L H,0, T- 71 UMR-106
Y 12 h s A . SR ISR ERS
b & W) 5 11 GRP78 Fil ERS 4 it I T- 45 41 Caspase—
12 B KT . S5 R BoR : 5 NCAIAH L, H,0,40 3
J&i GRP78 Fll Caspase—12 B2 B 25388, 6 I
H,0, /5 5 UMR-106 4l fii ROS/ERS #5 74 () Ji 2y
oo WLE2.

DAPI Caspase 12 Merge

NCZ

2 UMR-106 4l GRP78 # Caspase—12 AR H & E L% ( X 400)
Figure 2 Comparison of fluore scence intensity of GRP78 and Caspase—12 of UMR-106 cells (x400)

2.3 NCHIHIH,O0, 4 & 1Lt gh A2 1b b ik

Fluo 3—AM #6040 g PN 45 55 7 S i) 3 548 4k,
S5 5L R NC 240 PN 45 25 - B R (] A% 0 B
Ak, AT AR X AR IR A s H,0, 40 S HL,0, 41288
548 85 R 5 - e B )R] RS T, i — 2P B
H,0, 1% % UMR-106 4f fii ROS/ERS #5 & 1% %, 2y £
o W3,

2.4 NCHIFIH,0,41 ROS & bk

2R AR 4 Y ROS 1Y 3= Z Ok, DCFH-DA
PREFIF 52 H,0, 40 B 5 UMR-106 41 il 4 ROS & 12 it
F TR (P<0.01) ; fati ki il GSK2606414 T Tii 5
YN ROS & & W 3 FE (R (P<<0.01) . W.KEI4. %5
T3¢ B 41 URE ] $1 i ROS/ERS A 54 41 fifd H ROS
A
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Figure 3 Comparison of real-time dynamic changes in cellular calcium ions (x400)
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H>0,+JG4H H,0,+GSK26064144H
75 NCA R, 1) P<0.01;5H,0,41 % ,2) P<0.01,
Note: Compared with the negative control group, 1) P<0.01; compared with the H,0, group, 2) P<0.01.
E4 ROS&ELE(X400)
Figure 4 Comparison of ROS content (x400)

2.5 41 4nan IET R LLE PERK .elf2a \ATF4 F1 CHOP mRNA %% 5% 7K - 24 A%
5 NCH &, HO, A4 e i\ R I 5 (P<0.01)., LK 6,
(P<<0.01) , il B Wik F1 GSK2606414 T-Fil 5 4 g 2.7 440 PERK/elF2a/ATF4/CHOP i §% e gt

W T-Z A B R R (P<0.05) . WLIETS, FIARRT Ik b
2.6 4% PERK/eIF2o/ATF4/CHOP jii j% % gt ik 5 NC 4 # It , H,0, 44 GRP78, PERK . elf2a,
mRNA ¥ 5%8KCFEE R ATF4 F1 CHOP £ [ AH X 255 & i 4 5 (P<0.01)

5 NC 41 #H It , H,0, 4 GRP78. PERK . elf2a, 5 H,0, 4 A L, fd 8 Uk AT GSK2606414 1 Tl 5
ATF4 F1 CHOP mRNA #% 5 /K- I 15 (P<<0.01) ; GRP78 .PERK .elf2a . ATF4 1 CHOP & [ #H % 32 34
5 H,0, 40 [, fat B Bk il GSK26064 14 T-155 GRP78. BHBEL(P<0.05). WE7,
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5 NCAAML, 1) P<0.01; 5 H,0,4 41t ,2) P<0.05.
Note: Compared with the negative control group, 1) P<0.01; Compared with H,0, exposure group, 2) P<0.05.
E5 4AMIEBEREATEILER

Figure 5 Comparison of advanced cell apoptosis rates in four groups

EN o o

GRP78 mRNA % /K -
N

PERK mRNA % 57K T

=3

elf2a mRNA % KT
N E (=)} oo

o

I 5 NCAE, 1) P<0.01,2) P<0.05;5 H,0,41 4% ,3) P<<0.01,
Note: Compared with the negative control group, 1) P<0.01, 2) P<0.05; compared with the H,0, group, 3) P<0.01.
B 6 4% PERK/elF2a/ATF4/CHOP i i X #EE E mRNA R /K F L&
Figure 6 Comparison of mRNA expression level of key genes in the PERK/eIF2a/ATF4/CHOP pathway
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F S NCH A, 1) P<0.01,2) P<0.05;5 H,0, L% ,3) P<0.01,4) P<0.05.
Note: Compared with the negative control group, 1) P<0.01, 2) P<0.05; compared with the H,0, group, 3) P<0.01, 4) P<0.05.
7 44 PERK/elF2a/ATF4/CHOP @Bt X B E AHEMN RIERILE
Figure 7 Comparison of expression level of key proteins in the PERK/eIF2a/ATF4/CHOP pathway in four groups

ROS £ 5 S F 5 460 19 155 B L 3 1 43+, il
H,0, #AEMHE (07 MBEEEAHmIEC-OH) %, &
ARV 38 RT3 405 1 0 S P 200 PR 4, R R A O Y
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L e T R R T S W T BT A T I S S
BE L PN s P B R AR B A filk &2 ERS, ERS
SEE BRI B IR BT S S ERS A B Tk
oAb SR RESE o FE Y ERS S0 B E oA I
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Jiangu Granules Regulates Endoplasmic Reticulum Stress—Induced Apoptosis in UMR-106
Cells by Modulating the PERK/elF2a/ATF4/CHOP Pathway
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ABSTRACT Objective To observe and analyze the mechanism by which Jiangu Granules containing serum alleviate endoplas-
mic reticulum stress (ERS)-induced apoptosis in UMR-106 osteoblast-like cells. Methods UMR-106 osteoblast-like cells were se-
lected for the study, and various concentrations (0, 0.01, 0.02, 0.03, 0.04, 0.05 umol/L) of GSK2606414 (PERK inhibitor) were em-
ployed to intervene in the cells. The optimal intervention concentration of GSK2606414 was determined using the CCK8 method.
UMR-106 cells exhibiting favorable growth status were randomly allocated into four groups: negative control group (NC group),
model group (H,O, group), Jiangu Granules group (H,0,+JG group), and positive control group (H,0,+GSK2606414 group). The
NC and H,O, groups were intervened with 10% saline serum for a duration of 12 hours. The H,0,+JG group was intervened with
10% Jiangu Granules containing serum for 12 hours, while the H,0,+GSK2606414 group underwent intervention with 0.03 umol/L
GSK2606414 and 10% normal saline serum, for 12 hours. The last three groups were supplemented with 10 pmol/L H,O, solution
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without altering the new culture medium for 12 hours. The fluorescence expression of GRP78 and Caspase-12 in cells of the NC and
H,O, groups was observed using laser confocal microscopy. Intracellular ROS content was detected using DCFH-DA. The real-time
dynamic changes of intracellular calcium ions were observed using laser confocal microscopy to determine whether the ROS/ERS
model was constructed. Late apoptosis rate was determined using Annexin V-FITC/PI in the four groups. Additionally, mRNA tran-
scription level and protein expression of ERS related markers GRP78, PERK, elf2a, ATF4, and CHOP were detected using qPCR
and Western blot methods. Results In comparison to the 0 pmol/L group, it was found that 0.03 pmol/L of GSK2606414 had no
impact on cell viability after 12 hours of intervention in UMR-106 cells, and this concentration was chosen for subsequent experi-
ments. Compared with the NC group, the H,0, group showed a significant increase in ROS content (P<0.01). The protein fluores-
cence expression level of GRP78 and Caspase-12 exhibited a significant increase. Additionally, the intracellular calciumion flow rate
demonstrated an accelerated and continuous increase, indicating the successful establishment of the H,0O, induced ROS/ERS model
in UMR-106 cells. In comparison to the NC group, the apoptosis rate in the H,O, group displayed a significant increase (P<0.05).
Furthermore, the mRNA transcription level and protein expression level of ATF4 and CHOP, as well as GRP78, PERK, and elf2a,
exhibited a significant increase (P<0.01). Compared with the H,0O, group, the H,0,+JG group and the H,0,+GSK2606414 group
showed a significant decrease in the ROS content (P<0.01) and apoptosis rate (P<0.05). The mRNA transcription level (P<0.05)
and protein expression (P<0.01) of GRP78, PERK, elf2a, ATF4, CHOP were significantly down-regulated. Conclusion These
findings suggest that Jiangu Granules can alleviate endoplasmic reticulum stress and reduce apoptosis in osteoblast-like cells through
the PERK/eIF2a/ATF4/CHOP signaling pathway, thereby potentially playing a role in the prevention and treatment of postmenopaus-
al osteoporosis.

KEY WORDS postmenopausal osteoporosis; endoplasmic reticulum stress; Jiangu Granules; PERK/elF20/ATF4/CHOP signaling
pathway; osteoblast apoptosis
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Influence of Interactive Scalp Acupuncture Combined with Upper Limb Exoskeleton Robot
on Upper Limb Function in Stroke Patients
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ABSTRACT Objective Based on the central-peripheral-central-closed loop theory, the study aimed to investigate the influence
of interactive scalp acupuncture combined with upper limb exoskeleton robot on upper limb function in stroke patients. Methods
A total of 40 stroke patients recruited in the Rehabilitation Treatment Center of the Shandong Provincial Third Hospital Affiliated to
Shandong University from February 2022 to February 2023 were selected and randomly divided into control group and observation
group, with 20 cases in each group. All patients were subjected to conventional rehabilitation treatment. In addition, upper limb
exoskeleton robot rehabilitation training was performed in the control group, 25 min each time, once a day, 5 days a week, for 4
weeks. In the observation group, interactive scalp acupuncture combined with the upper limb exoskeleton robot was performed. The
positioning standard for scalp acupuncture acupoints was the parieto-temporal anterior oblique line and parieto-parietal 2 lines, and
the needle was left in place for 25 min, and twisting maneuver was applied once at an interval of 5 min, 1-2 min per time, once a day,
5 days a week, for 4 weeks in total. Pre- and post-treatment assessments of upper limb motor function before and after treatment
were performed using the Fugl-meyer upper extremity motor function assessment scale (FMA-UE) within the domain of body func-
tions and structures according to the linternational Cassification of Functioning, Disability and Health Framework (ICF). In addition,
within the ICF activity domain, the Wolf motor function test (WMFT) was utilized to assess patients’ abilities to perform functional
tasks with their upper limbs. Finally, within the ICF participation domain, the modified Barthel index (MBI) was used to evaluate the
independence of patients in activities of daily living. Results (1) Body function and structure domain: Compared with those before
treatment, the FMA-UE score of both groups significantly increased after 4 weeks of treatment (P<0.05), and the observation group
showed a more significant improvement in the FMA-UE score than the control group (P<0.05). (2) Activity domain: Compared with
those before treatment, the WMFT score of both groups significantly increased after 4 weeks of treatment (P<0.05), and the observa-
tion group showed a more significant improvement in the WMFT score than the control group (P<0.05). (3) Participation domain:
The MBI score of both groups significantly increased after 4 weeks of treatment (£<0.05), and the observation group showed a more
significant improvement in the MBI score than the control group (P<0.05). Conclusion Interactive scalp acupuncture combined
with upper limb exoskeleton robot can significantly improve upper limb motor function, upper limb functional task performance,
and activities of daily living in stroke patients.

KEY WORDS stroke; interactive scalp acupuncture; upper limb exoskeleton robot; closed-loop theory; upper limb function
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