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[ Abstract] Objective To explore the effects of the endoplasmic reticulum molecular
chaperone complex hypoxia up-regulated gene 1 (HYOU1) on apoptosis in diabetic Schwann cells
and its mechanisms. Methods A diabetic peripheral neuropathy cell model was constructed from
logarithmic growth phase Schwann cells RSC96 using high sugar medium and transfected with a
plasmid overexpressing HYOUIL. The expression of HYOUI1 in RSC96 cell line was detected by
RT-qPCR and Western blot. The effect of HYOU1 on the apoptosis of RSC96 cells was detected
by CCK8, fluorescence microscopy. transmission electron microscopy and flow cytometry. The

effects of HYOUI1 on apoptosis-related proteins and JAK-STAT signaling pathway were detected
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The results of RT-qPCR and Western blot assay indicated that the
RSC96 cell line overexpressing HYOU1 had been successfully constructed. CCK8, fluorescence

by Western blot. Results

microscopy, transmission electron microscopy and flow cytometry results showed that
overexpression of HYOUI1 resulted in a significant increase in cell viability and a significant
decrease in the number of apoptotic cells (P<C0.05). Western blot results indicated that after
overexpression of HYOU1, the anti-apoptotic factors increased significantly, the pro-apoptotic

factors decreased significantly, and the activation of JAK-STAT pathway was inhibited (P <<

0. 05). Conclusion
inhibiting JAK-STAT pathway.

HYOUI1 may inhibit the apoptosis of RSC96 cells induced by high glucose by

[Key words] diabetes mellitus; Schwann cells; JAK-STAT signaling pathway
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FBS) H# % 4EF Z MW H Sigma-Aldrich, BCA &
P 8 I ) 390 A SR T 1 R R R UK
FHE . AT RIS (PR L A WA OGP AR DL K
JAK-STAT # B AH G ik g =%,

1.3 4ijsisE  RSCI6 I A MW®E R 1 g/L 1Y
DMEM #5372 84555 A 10% FBSI U HHH K.
WG 5 M AR EE .37 (CL,5% CO,,JalfE 3 d B
o — kK FR A
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1.4.1 HYOUL EHRB A E  Kikitm
HYOU1L #3451 ¥4 A cDNA 4R, PCR J7 9
¥ HYOUL &K HE P55k H s B, A AR
il 1 P9 U0 A DNA 7 82 [ 2 5 bs 7 B 3547 1%
T N W P s P K SO S U0 s rL YK T i 1 e B L R
A3 1 P U (R B D ) B R BRI SR 2R i
Jei 1 B3 P L Y TR A, I e JE S 4% L 9 A T4
DNA 3 35 il 5P R o 28044 H 09 v B 98 vl i
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1.42 ZHMorH Rk g RA 10% FBS
DMEM 55 3% 56 O fF X804 K RSC96 41 fifd & i
PL1X10° /mL 3280 F 96 FLANAEE 20 . K 41 g
53R B | B X BRBORLAE = b - HYOUT it
KiZH . R BE2 . B K TE RSCO6 28 M 3E 17 5 b
5% 5 B - Xk R Ok 41 - 60 KOS RSC96 41
JiUBziE =t e S il R O O T = e
HYOUL Bk - Xf £ K B RSC96 4 i 17 =
WESE %, 6 i Y pEGFP-HYOU1 JBi ki, 4% 2H 40
ML ¥ 3% 72 h J5 %40 M AT 4R L Ol i RT-qPCR
F Western blot ¥ 55 YL 5 %,

1.4.3 it tE B PCR(real time fluorescence
quantitative PCR,qRT-PCR) SZH: 4 ]l HYOU1 HY
mRNA K Y8 & A 40 DT E ] Trizol 35 $2
B RNA, $#2 8 5€ {5 » ] NanoDrop Ml 8 RNA F ¥k
B, i Supersmart 8 5% &% RNA 6 5%
¢ cDNA, #iF HYOU! ) L F s 9, B il PCR
P8 R B R AT qPCR R 95 °C T A P
(10 min) 95 CHEM AR (10 5) .60 CiE k(20 ).
72 CHEM (15 ), itk 2722 ik H AR
23K, Bractin EH NS I . BIWFHI WL 1.
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Table 1 qRT-PCR primer sequences

HYOU1 A SlFE1(5"-3D
F: CAGAGGAGACCTCTCAGCCT
R: CCCCTTCTCATTGGGCTGG

1.4.4 Western blot LI A CHE 1 24 40
- HE H . NanoDrop Ml % 55 H W B, X 4% 41 85 { it
17 SDS-PAGE #E Ji FL K » FL UK 25 o J5 1 H 5 B8 AU I
ENCHEL., &5%MBIRFVEM 1 h, 4 CHEF
—47 HYOU1.JAK2,p-JAK2,STAT3,p-STAT3.
Bax.Bcl-2, Caspase-3. Caspase-9., Cyt C F B-actin
Prikod e, &R R A TBST W 3 ). &k
5min, P ER FHIKMWE 1 h, TBST iF Ik
TBST P 3 ¥ BER 5 min, fiea 47102 K6
W, 15 B Tmage J 4453 #1 86 11 2% 1 K 5 1H .

1.5 CCK-8 SZ 55 45 I 240 L 7% 1 I b RSC96 4
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W37 C R IR R B 96 LA FEFL A 10 pL
CCK-8 W, ARG F AT E 1 hs 1 h J5
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i WU il SR R T Y 6 )5 . #E H 51 HT7800 3% 4
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BN R (1X107)0.1 mL, il A 1 mL PI %
BEATAL TR, 78 4 °C F R 30 min, SR 5 B RE & E
%A I 2 A B G T R A A . BT A SR g R
3.

1.9 itk W H SPSS 22.0 G it 54 4r br
s, TR AR TR R R U7 22 3 BT FISNK-¢
K., P<<0.05 WEFAGI¥E XL,

21 EBAME N I gt X HYOUL 1
RSC96 AMItk 5 b4l L5, i B -+ X BE Bk 41
HYOU1 Y& 1AMl mRNA KFREEZEF LS
TR (P >>0.05) 5 i Al 20 5 -+ X BEBE A
A HE . mfE+HYOUL Fikidd HYOUL W8 A&
A mRNA K-S, 2R AR E X
(P<<0.05), WK 1,% 2,
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Figure 1 Western blot detection of HYOUI protein expression
levels in RSC96 cells overexpressing HYOU1

% 2 3RiE HYOUT B RSCI6 £ Al F1 HYOU1 iy
mRNA 7K FEF1E B Rk KFE
Table 2 HYOU1l mRNA and protein expression levels
in RSC96 cells overexpressing HYOU1

(n=5,7 ts)
2H 31 mRNA /K EHKT
[oLiEil 1.0040.57 1.0040.04
o AR X TR R s 4 0.9140.55 0.9640.05
EBEHHYOUL Bkigl 1.5240.81*# 1.4340.01" #
F {4 75.515 144.537
P <0.001 <0.001

* P {H<C0.05 AL L EE = P {H<C0.05 5 i i -+ % HE BORE 41
o #5 (SNK-q #:46)

22 i HYOUL #ifil it 5 5 19 RSC96 4 it I
T CCKS8 S8 45 R R, 55 5 Wl 4 50w B+ % i
R4 A, B HY OUL Bk 2H 40 B % 1 TH s
EREG I ¥E L (P<0.05) (£ 3), Western
blot 52 55 45 L W 7, 5 e i 2 5 R B -+ 0 R Rz 24
Fe#, -+ HYOUL k2l Bax/Bel-2 8 H HAH
Cleaved Caspase-9., Cleaved Caspase-3 1 Cyt C %
F 2R IB KRG, 22 5 A Ge it 5 3 L (P<<0. 05) (&
4,8 2>, DAPIHEE Y, 5 w20 55w B+ % i
JORLZH A, m B HYOUL JBRE 40 4% P e 68, 5 e
B8 1 4 A B 3 e D, 25 S SE 2R A L (P <<0. 05)
(E 3, BwH B R25 R WoR , 5 e b 4 5l s b+
Xof HE TR 4 B, e B - HYOUT Jkr 48 07 T 40 i
WD 22 A G AR (P <0, 05) (] 4), Hialgh
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SR 5 i A e B O BRSOk A A o
HYOU1 Bk 2040 i 40 ML 96 1, 22 A it 7 3 X
(P<C0.05) (& 5, K 5, gif#Em B HYOUL Xf
S 0 RSCO6 4 i 8 T 5 A 9 4 &L
% 3 CCK-8 #ill & 4H 19 4 Al i 4
Table 3 Cell activity in different groups using CCK-8

(n=5,7+s)
4153 20 Jf0 3%
=yl 66.84+1.89
o Il %k R 41 64.3741.76
EHE - HYOUL ok 4 76.6440.53* %
F {8 54.262
P {H <0.001

* P {H<0.05 5 B4 &
o #% (SNK-q % 56)

2.3 LI HYOUL PHAF = B 75 3 1) RSCI6 2 id
JAK-STAT {5 5 MM E 8 T H i LA
HYOUT J&if i fof B AL il 52 mel = 4 5% 148 & RSC96
AN T, X JAK-STAT 5 538 % A1 G 8 (1 1Y 3k
B #EAT TR, Western blot LR B R, 5
v B L ol B B TORE A e A S HYOU

# P {H<C0.05 5 & M+ X 8 5k 41

Fikidl B ZEMH T JAK2 il STATS 198 4k 7k
YL ERESGITFE L (P<<0.05(F% 6,8 6),

Bel-2 — . - e QD

-—

. — -
Bax o G  —
k -

Cleaved Caspase 3 s  smmm——" —_—

Cleaved Caspase—9

GEll eENE <O

Cyt C - — I —

e e s e

2 Western blot # il & 8 /1 Bcl2,Bax.Cleaved Caspase-
9.Cleaved Caspase-3 #1 Cyt CHIE A R iL Kk F

Figure 2 Western blot detection of protein expression levels of
Bcl2,Bax, Cleaved Caspase-9,Cleaved Caspase-3 and Cyt C in

different groups

# 4 Western blot # Il & 48 & Bcl2 .Bax.Cleaved Caspase-9.Cleaved Caspase-3 # Cyt C I E B R ik K F

Table 4 Western blot detection of protein expression levels of Bcl2, Bax, Cleaved Caspase-9,

Cleaved Caspase-3 and Cyt C in different groups

(n=5,x *ts)
21 51 Bax/Bcl-2 Cleaved Caspase-3 Cleaved Caspase-9 Cyt C
foy il 1.0020.05 1.0020.07 1.00+=1.61 1.002£0.07
o R X B R 2 1.11+0.11 1.06+0.14 1.0540.11 1.14=+0.03
R +HYOUL Foki gl 0.4340.08" # 0.4540.07" % 0.8740.26" % 0.4840.05" %
F 8 52.685 34.615 14.827 128.230
P 1 <<0.001 <0.001 <0.001 <20.001

* P {H<C0.05 G4l b # P {6<C0.05 5 @+ 4 IBURL 2 L 4% (SNK-q K56

B3 RABMBETREAVABOEEEEN
AEHEA  BOR A X IR BURLAH 5 CEi il + HYOUL Bikize

Figure 3 Morphological changes of cells in different groups using fluorescence microscope
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Figure 4 Morphological changes of cells in different groups using transmission electron microscope
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Figure 5 Apoptosis of BGC-823 cells using FCM
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Table 5 Comparison of apoptosis rate of different
groups using FCM
(n=5,x *s)
4153 TR
[ 37.3440.76
o0 I+ X R R 4 38.18+1.21
B HYOUL Fikr 18.90+1.38* %
F & 257.064
P g <<0.001

* P {H<C0.05 Sl i & P {H<C0.05 15 b -+ X I8 5 s 4

H 52 (SNK-q #5550

®6 L HYOU! X & #E 5 5 H9 RSCI6 41 R
JAK-STAT 15 518 B §9 % M
Table 6 Effect of upregulation of HYOU1 on JAK-STAT

signaling pathway in high glucose-induced RSC96 cells

(n=5,x £ts)
21 51 pJAK2/JAK2  p-STAT3/STAT3
=y El 1.00+0.06 1.0040.08
TR X o ey 2 1.0640.11 1.0140.03
EBEHHYOUL kgl 0.300.07* % 0.28+0.05* %
F & 141.711 189.481
P <<0.001 <<0.001

* PE<C0.05 S mifi4l lb 8 # P {8 <C0.05 5 w5 0 -+ X B8 Ok 41

52 (SNK-¢ # 55)

0 " 71023

P _ ~

piSTATg --

B-actin

6 i HYOU! 3t & #Ei% S A9 RSCI6 4H Al f JAK-STAT
EESEENEMm

Figure 6  Effect of upregulation of HYOU1l on JAK-STAT

signaling pathway in high glucose-induced RSC96 cells
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HYOUI1 fg il JAK-STAT {553 B s . A
WFFE 45 B 5 Fan 1S 1 E 3 &0 BFT 45 30— 5,

ZE BRI HYOUT ] 38 i B A5 5 B 5 5
) RSC96 4 it JAK-STAT 15538 B 41840055 >k 1
il RSCO6 4t A Y 4 1=, S Bl b s JoT LA+ 28 93 1) B V2
AT —E HIS A,

(&% 30wk ]

(17 3k 288, 05 0) . 5 R B — b IX — SR E b 3 2458 5 7 3 4
R J) 61 o 2995 72 F 2 e 4 g PR (LD 0. DG 3 1€ 2%, 2021, 33
(5):771-775.

(2] Bledl, 5 &5, 1B 4% 70 S A S 9 i B 3 o b i D s 1
o 2255 72 B I R T 280 R 22 D) i B AR 6 it 3 TR T B B
()] R A i R 2 5 @ SR BR 25 24 7, 2020, 27 (4) 1 476-480.

[3] Eid SA, El Massry M, Hichor M, et al. Targeting the

[6]

7]

(8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

NADPH Oxidase-4 and liver x receptor pathway preserves
schwann cell integrity in diabetic mice[J]. Diabetes.2020,69
(3):448-464.

Th L Vo B LT3 I AR 58 1 7 R R PR s SR R A 2 5 A
FEMBLLI ] P B R B 58 . 2023, 15(5) 1 44-48.

Hicks CW, Selvin E. Epidemiology of peripheral neuropathy
and lower extremity disease in diabetes[ J]. Curr Diab Rep,
2019,19(10) : 86.

Liu YP.Shao SJ,Guo HD. Schwann cells apoptosis is induced
by high glucose in diabetic peripheral neuropathy[]J]. Life
Sci,2020,248:117459.

Lindenmeyer MT, Rastaldi MP, Ikehata M, et al. Proteinuria
and hyperglycemia induce endoplasmic reticulum stress[J]. J
Am Soc Nephrol,2008,19(11) :2225-2236.

Grande V, Ornaghi F, Comerio L, et al. PERK inhibition
delays neurodegeneration and improves motor function in a
mouse model of Marinesco-Sjogren syndrome[ ] ]. Hum Mol
Genet,2018,27(14) .2477-2489.

Faselis C, Katsimardou A, Imprialos K, et al. Microvascular
complications of type 2 diabetes mellitus [ J ]. Curr Vasc
Pharmacol,2020,18(2) :117-124.

AR R X L T IBUTR . FR O R R 005 A8 s LR B F
FE kSR LI AR R Bt S, 2024, 27(10) 1 195-198.
LR LR R AE [0 3E . 45 % T SIRT1/p53 4 3 #4404 1
TR AR TS A BH 34 T % PR S ) TR 28995 78 19 3R 97 1R T B O
B R[], A [ S Uy R 2 A K, 2022,28(2) < 1-10.
g AR TR VR S N T 2 T PR JE TR R 280 7 A A
HHAE AT HE R L] 0l 5 6 HE . 2019, 35(18) : 2588-2592.
Goncalves NP, Vagter CB, Andersen H., et al. Schwann cell
diabetic

interactions with and microvessels in

neuropathy[ J]. Nat Rev Neurol, 2017,13(3):135-147.

axons

Zhu Y.Han S,Li X,et al. Paeoniflorin effect of schwann cell-
derived exosomes ameliorates dorsal root ganglion neurons
IREla pathway [ J J. Evid Based
Complement Alternat Med,2021,2021:6079305.

apoptosis through
Zhang WX, Lin ZQ,Sun AL,et al. Curcumin ameliorates the

experimental  diabetic  peripheral neuropathy through
promotion of NGF expression in rats[ ] ]. Chem Biodivers,
2022,19(6) :€202200029.

Han J.Tan P,Li Z,et al. Fuzi attenuates diabetic neuropathy
in rats and protects schwann cells from apoptosis induced by
high glucose[J]. PLoS One,2014,9(1) :e86539.

SRR, T AR UK, RS I, A5 DR g JR T 5 095 95 A2 ehoit T 4
LR T AF B A T3 i BB S HE R LY ). o [ R 2 22 A B A
#,2016,21(2):91-93.

Fan B, Chopp M, Zhang Y.et al. Ablation of argonaute 2 in
progression of diabetic
peripheral neuropathy[J]. Glia,2023,71(9) :2196-2209.

F 3L R MLLJAK-STAT 155 % 538 B 5 L0 PR ) B
Lo AL R FR W WF St e [T )L BE M 2% 75, 2018, 17(10) : 1176~
1178,1184.

schwann cells accelerates the

R 40 8 AT A



