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Hypoxic Preconditioning Increases the Expression of Connexins
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ABSTRACT Objective: Determine the expression of gap junction protein and the changes of hemichannel function after hypoxia
preconditioning of neural stem cells, which provided a theoretical basis for exploring the communication between neural stem cells after
hypoxia preconditioning. Create a standardized preconditioning procedure and reproducibly expose the NSCs to hypoxia.Explore the
best time for neural stem cells to be exposed to hypoxia without increasing necrosis. Methods: The expression of ¢x43, ¢x36, and cx47 in
the neural stem cells of the control group and the hypoxia- preconditioned neurons were determined by immunohistochemical method at
1 h,4h, 8h, and 12 h, respectively. The calcein dye efflux experiments was observed by laser confocal laser scanning microscopy to
observe changes in hemichannell function. Results: Compared with the control group (1.03+0.14%), the necrosis rate of neural stem cells
in 8 hours (3.05+0.40%) and 12 hours (5.51+0.31%) exposed to 0.5% oxygen was significantly higher (P<0.05). Compared with the
control group, the expression of cx43, Cx36 and Cx47 in neural stem cells increased significantly after hypoxic preconditioning for 4, 8
and 12 hours (P<0.05). Hypoxia pretreatment group had significantly enhanced hemichannel filtration function compared with the control
group and the hemichannel blocker group. Conclusions: Hypoxic preconditioning can improve the expression of connexin and the
half-channel filtration function of neural stem cells in a time-dependent manner. The optimal time for neural stem cells to be exposed to
hypoxia without causing significant increase in necrosis is 4 hours.
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Fig.1 Comparison of the PI positive cells of NSCs among different groups

treated by hypoxia pretreatment for different time
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Fig.2 Comparison of the cx43 expression of NSCs among different groups
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c47 expression

*k

1509 T - 1
r Il control
E -
2 =4
g) = 8
g
S - 12
©
~
<
o

5

Hypoxic preconditioning(h)

& 4 SEME T cx47 RIEMILLE
Fig.4 Comparison of the cx47 expression of NSCs among different groups

132 Bl FEE T REAY R 7, 3 I — AT R AJE s A 1 Uil F) e
R, Jry HSA IR A e e 2 MR S S W Al 2 A I, I BELAS: 1 i
HARBLE, HAT, #2622
RGN HA R RRTSEIRT T IT i, i 2 R GO0 (A
AT BN, SR, A2 T I R AR A9 (R A A7 SR 10 TR B — R
ok, SN A2 T A RS AR A T AR

RS TR BRAT S — R AT LR 5 o XURIHC A A R 22 2R 2
P N IEVE R B Y DT A B8 2 WP, TiAL PR REA
M " AL AT REAS X ZH ARl B i S A7 ) ) ) A 1 (1R

Calcein dye efflux experiments

S 1.5-
L — control
LC
I — Hypoxic preconditioned NSCs(4h)
]
51.0- — control+CBX
]
[
2
o 0.5+
(7]
2
o
=
w 0.0 T T T 1

0 10 20 30 40

min

5 |FAMZ T 4R PL LGP RA L
Fig.5 Comparison of the cx43 expression of NSCs among different groups



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.8 APR.2020

- 1423 .

BT B (B I AR RE T A IR ) LR AP LR ", DTV 7 A

T B S R S o FUAE B 55 A8 SR 52 ROV ARG

Ferp— b g5 S0 o5 — Fhasi A3 TR 52 , AT RE A SR AR AL B Y

T AP R A " Az g U AR AL U AR 1 R

AR PRAPAILTRD , T LA SR 22 1 20 M 7 Bl R S A BOE R 5 114

" HEAFREST "N, AT WETE A R A T B A A 1 5

PR 12 R LL A0 A 3R L PN B AR A TR A S S A

PRAP AR A7 A, fol 40 M A e SR PR 5T PR I 52, i v 20 i

A AFRE T FIA A7 AP T RS EAR Y v e S A P IR S

T RLRE A 28 T A0 45 IR 0 7, AR HEE RS Aok, Al

HEAE TR T 23 00P, SR, SRS Tl Ak BT ol 221 40 34

FSEMR IS LD o ABIFE RS FUAL B 1 28 40 i

HALCEEERERI AL, I — AR T AR A B R 2 T

AL F AR R RIS

A RIFFE R B GRS AL B 8] B3 B2 4 1 K F- T i T RE R

F T8 SR A P 1 BT, AR5 45 5 s Bl R T B

cx43 .cx36 .cx47 IR BFERE N BILKTEMIF Cx43 K-

(RN, Foi4 ATP S, i ATP ARIEA IR, X HA N R B4

TR PR N PEE P22 APV R SCRERIL ™ ] i He 2

A o T 240 S TR R B 2 — D e T R

SATAL TR A 28 T A0 S I RE ) RO HE SR . I Fo AN

JUE /NG SRS R, (R kT AR Z S R S B R AE

HeP0, Sy i S A B S e T A A F AR R SR AL T R K

o ABFFEIAG T NSCs 1] DL §E TR AFREE MG IR IERE

T e B AR AL FRAY ] 4 b, HASPE T RERESS Il T

20 ) it 2 P s B I i g T RE , A 3

REMZ T HMIIASE , Fan WL fBF5ER IR BEB0I 5 , 1018

AL e S TR B e 2 A D o e A S e 22 D) RE K

50, Takuma %5 A fOBF5 4 UL BT L4 25 ot

SN B R h 2 T A IR T RCR Tl R RPN A I T

Ko A N B A R Tk R 1Rz A AR Thae

MZINREBE S, Wei-li Fan SRR S AL PH 00 221 40 5%

A B /)N BUSERY GRS T SR AR A B 22T 20 RS

TEIRYT AR R BB 5 o — b S B A ROIR Y 7 R

BREE AL B2 T AN R AR R AL = 207 Y, Ho b E 2

UESEWE R T 228 3 R TR AR G TR A R IA 173 A9, X BE K]

TR T B AR S IS , DL A X 3 e 32 i — 20 1Y

OIS B0, E T, OC T BRACTIAL BE A 28 T 20 /L

FEAE AN AR AL TRABIFSEAR D, AR S50 1) R BRAEAE TR A 7 R 4R T3

Ab AP T AMRS A, 75 UG RS2 5 b, FATRAR ST B Tikk

PHAETS S i RO AR Ao 22 A0 M 15 i 2 20 0 2 T Y 400 32 422 5 4

I3 TR A A G ) L

& # 3 Ei(References)

[1] Jaderstad J, Brismar H, Herlenius E, et al. Hypoxic preconditioning
increases  gap-junctional
Neuroreport, 2010 , 21(17): 1126-32

[2] Fh22, WhiE, R L K., 5. K R 2 T to fo sk BUS 69 1R AT 4 2w
ML AR AGEHLEE[T] P B M &, 2006, 14(8): 597-599

[3] S Sart, T Ma, Y Li. Preconditioning Stem Cells for In Vivo Delivery
[J].Bioresearch Open Access, 2014, 3(4): 137

graft and host communication [J].

[4] Jahan A, Sybille DM. Hypoxic-preconditioning enhances the
regenerative capacity of neural stem/progenitors in subventricular
zone of newborn piglet brain [J]. Stem Cell Research, 2013, 11 (2):
669-686

[S] Wei ZZ, Zhu Y, Zhang JY, et al. Priming of the Cells: Hypoxic
Preconditioning for Stem Cell Therapy [J]. Chinese Medical Journal,
2017, 130 (19): 2361-2374

[6] 41,38 Bk, b3, & 8 k45 G Kk e AT R[] F B R
34 39 2 E, 2007, 23(6): 1240-1243

[7] Doulames VM, Plant GW. Induced Pluripotent Stem Cell Therapies
for Cervical Spinal Cord Injury[J]. International Journal of Molecular
Sciences, 2016, 17(4): 530

[8] Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic Spinal Cord
Injury: An Overview of Pathophysiology, Models and Acute Injury
Mechanisms[J]. Frontiers in Neurology, 2019, 10: 282

(9] B4 B, M A & KB IR BG5S P ey R R R F ik
(EFMR) , 2016, 35(3): 460-463

[10] Orr MB, Gensel JC. Spinal Cord Injury Scarring and Inflammation:
Therapies
Neurotherapeutics, 2018, 15(3): 541-553

[11] Katoh H, Yokota K, Fehlings MG. Regeneration of Spinal Cord
Connectivity Through Stem Cell Transplantation and Biomaterial
Scaffolds[J]. Front Cell Neurosci, 2019, 13: 248

[12] Cofano F, Boido M, Monticelli M, et al. Mesenchymal Stem Cells for

Targeting Glial and Inflammatory Responses [J].

Spinal Cord Injury: Current Options, Limitations, and Future of Cell
Therapy [J]. International Journal of Molecular Sciences, 2019, 20
(11): 2698

[13] Pereira, Inés M, Marote A, et al. Filling the Gap: Neural Stem Cells
as A Promising Therapy for Spinal Cord Injury [J]. Pharmaceuticals,
2019, 12(2): 65

[14] Feng X, Zhang G, Feng D, et al Spinal cord extracts from injured
spinal cord impede differentiation of rat embryonic neural stem cells
into neurons through regulating Notch signaling pathway[J]. Int J Clin
Exp Pathol, 2019, 12(10): 3855-3861

[15] Gazdic M, Volarevic V, Harrell CR, et al. Stem Cells Therapy for
Spinal Cord Injury [J]. International Journal of Molecular Sciences,
2018, 19(4): 1039

[16] Kim YH, Lee KS, Kim YS§, et al. Effects of hypoxic preconditioning
on memory evaluated using the T-maze behavior test[J]. Animal Cells
and Systems, 2019,23(1): 10-17

[17] Xu MY, Wang YF, Wei PJ, et al. Hypoxic preconditioning improves
long-term functional outcomes after neonatal hypoxia-ischemic injury
by restoring white matter integrity and brain development [J]. CNS
Neuroscience & Therapeutics, 2019, 25(6): 734-747

[18] Dirnagl U, Simon RP, Hallenbeck JM. Ischemic tolerance and
endogenous neuroprotection [J]. Trends in Neurosciences, 2003, 26:
248-254

[19] Wang JW, Qiu YR, Fu Y, et al. Transplantation with hypoxia-
preconditioned mesenchymal stem cells suppresses brain injury
caused by cardiac arrest-induced global cerebral ischemia in rats[J].
Journal of neuroscience research, 2017, 95(10): 2059-2070

[20] 7l , B4Rk, & 3%, F B A TR AR AL W9 AT it R [J]. 06
Ji k5 %32 2 &, 2005, 25 (4): 304-306



. 1424 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.8 APR.2020

[21] Zhang W, Chen M, Li H, et al. Hypoxia preconditioning attenuates
lung injury after thoracoscopic lobectomy in patients with lung
cancer: a prospective randomized controlled trial [J]. BMC
Anesthesiology, 2019, 19(1): 209

[22] Hao D, He C, Ma B, et al. Hypoxic Preconditioning Enhances
Survival and Proangiogenic Capacity of Human First Trimester
Chorionic Villus-Derived Mesenchymal Stem Cells for Fetal Tissue
Engineering[J]. Stem Cells International, 2019, 2019: 9695239

[23] F53 3, WE, X MG, 5 AP 2 T 20 i B FTRAL 22 )5 09 IR MEAR 37
YR At Lr I A R & e Rk [J]. P45 4 &, 2006,22 (9):
707-709

[24] Guan R, Lv J, Xiao F, et al. Potential role of the cAMP/PKA/CREB
signalling pathway in hypoxic preconditioning and effect on propofol
induced neurotoxicity in the hippocampus of neonatal rats [J].
Molecular Medicine Reports, 2019, 20(2): 1837-1845

[25] Luo Z, Wu F, Xue E, et al. Hypoxia preconditioning promotes bone
marrow mesenchymal stem cells survival by inducing HIF-la in
injured neuronal cells derived exosomes culture system[J]. Cell Death
& Disease, 2019, 10(2): 134

[26] Wei Z Z, Zhu Y, Zhang J Y, et al. Priming of the Cells: Hypoxic
Preconditioning for Stem Cell Therapy [J]. Chinese Medical Journal,
2017, 130(19): 2361-2374

[27] #mfs, PR E 3% 6] 1R 4R & 43 49 KA AR L h L] 6 R b
JARIR e &, 2005, 25(6): 477-480

[28] Jiang J X, Gu S. Gap junction- and hemichannel-independent actions
of connexins[J]. FEBS Letters, 2016, 588(8): 1186-1192

[29] Wu JI, Wang LH. Emerging roles of gap junction proteins connexins

in cancer metastasis, chemoresistance and clinical application [J].
Journal of biomedical science, 2019, 26(1): 8

[30] Kim EM, Bae YM, Choi MH, et al. Connexin 43 plays an important
role in the transformation of cholangiocytes with Clonochis sinensis
excretory-secretory protein and N-nitrosodimethylamine [J]. PLoS
Neglected Tropical Diseases, 2019, 13(4): ¢0006843

[31] Fan WL, Liu P, Wang G, et al. Transplantation of hypoxic
preconditioned neural stem cells benefits functional recovery via
enhancing neurotrophic secretion after spinal cord injury in rats[J].
Journal of Cellular Biochemistry, 2017, 119(6): 4339-4351

[32] Wakai T, Narasimhan P, Sakata H, et al. Hypoxic preconditioning
enhances neural stem cell transplantation therapy after intracerebral
hemorrhage in mice [J]. Journal of Cerebral Blood Flow &
Metabolism Official Journal of the International Society of Cerebral
Blood Flow & Metabolism, 2015, 36(12): 2134-2145

[33] Fan W L, Liu P, Wang G, et al. Transplantation of hypoxic
preconditioned neural stem cells benefits functional recovery via
enhancing neurotrophic secretion after spinal cord injury in rats[J].
Journal of Cellular Biochemistry, 2017, 119(6): 4339-4351

[34] Wang J W, Qiu Y R, Fu Y, et al. Transplantation with hypoxia-
preconditioned mesenchymal stem cells suppresses brain injury
caused by cardiac arrest-induced global cerebral ischemia in rats[J].
Journal of Neuroscience Research, 2017, 95(10): 2059-2070

[35] Jiang RH, Wu CJ, Xu XQ, et al. Hypoxic conditioned medium
derived from bone marrow mesenchymal stromal cells protects
against ischemic stroke in rats [J]. Journal of cellular physiology,
2019, 234(2): 1354-1368

(E#EF 1415 1)
[24] Webb G J, Siminovitch K A, Hirschfield G M. The immunogenetics

of primary biliary cirrhosis: A comprehensive review[J]. ] Autoimmun,
2015, 64: 42-52

[25] Yang C Y, Ma X, Tsuneyama K, et al. IL-12/Thl and IL-23/Th17
biliary microenvironment in primary biliary cirrhosis: implications for
therapy[J]. Hepatology, 2014, 59(5): 1944-1953

[26] Zhang W, Sharma R, Ju S T, et al. Deficiency in regulatory T cells
results in development of antimitochondrial antibodies and
autoimmune cholangitis[J]. Hepatology, 2009, 49(2): 545-552

[27] Kita H, Naidenko O V, Kronenberg M, et al. Quantitation and
phenotypic analysis of natural killer T cells in primary biliary
cirrhosis using a human CD1d tetramer[J]. Gastroenterology, 2002,
123(4): 1031-1043

[28] Zhao J, Zhao S, Zhou G, et al. Altered biliary epithelial cell and
monocyte responses to lipopolysaccharide as a TLR ligand in patients
with primary biliary cirrhosis[J]. Scand J Gastroenterol, 2011, 46(4):
485-494

[29] Yang Z, Klionsky D J. Mammalian autophagy: core molecular

machinery and signaling regulation[J]. Curr Opin Cell Biol, 2010,
22(2): 124-131

[30] Liu W J, Shen T T, Chen R H, et al. Autophagy-Lysosome Pathway
in Renal Tubular Epithelial Cells Is Disrupted by Advanced Glycation
End Products in Diabetic Nephropathy[J]. J Biol Chem, 2015, 290
(33): 20499-20510

[31] Liu W J, Xu B H, Ye L, et al. Urinary proteins induce lysosomal
membrane permeabilization and lysosomal dysfunction in renal
tubular epithelial cells[J]. Am J Physiol Renal Physiol, 2015, 308 (6):
F639-F649

[32] Johansen T, Lamark T. Selective autophagy mediated by autophagic
adapter proteins[J]. Autophagy, 2011, 7(3): 279-296

[33] Du T, Nagai Y, Xiao Y, et al. Lysosome-dependent p300/FOXP3
degradation and limits Treg cell functions and enhances targeted
therapy against cancers[J]. Exp Mol Pathol, 2013, 95(1): 38-45

[34] Thome R, Moraes A S, Bombeiro A L, et al. Chloroquine treatment
enhances regulatory T cells and reduces the severity of experimental

autoimmune encephalomyelitis[J]. PLoS One, 2013, 8(6): 65913



