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S100A4 promotes differentiation of neural stem cells through up-regulation of brain-derived neurotrophic
factor

Du Xiaowen®, Lin Dapeng?, Tu Guanjun® (*Department of Orthopedics, the First Affiliated Hospital of China Medical University, Shenyang
110001, Liaoning Province, China; Department of Orthopedics, the First Affiliated Hospital of Jinzhou Medical University, Jinzhou 121001,
Liaoning Province, China)

Abstract

BACKGROUND: How to promote neural stem cells differentiate into neurons is a difficulty. S100A4 has been found to play a role in the
nervous system repair by various pathways.

OBJECTIVE: To investigate whether S100A4 affects the differentiation of neural stem cells into neurons through up-regulating the expression
of brain-derived neurotrophic facto.

METHODS: The neural stem cells from brain hippocampus and subependymal region of embryonic mice were cultured in vitro and passaged.
The S100A4 expression vector and/or brain-derived neurotrophic factor + siRNA were transfected into neural stem cells by electroporation,
and the cells were induced to differentiate into neurons at 48 hours after transfection. Three days later, the expression levels of brain-derived
neurotrophic factor and Tujl in cells were detected by western blot assay. Proportion of Tuj1 positive neurons was tested by
immunofluorescence.

RESULTS AND CONCLUSION: Compared with the unrelated sequence plasmid group, the proportion of Tuj1 positive neurons and the
expression levels of Tujl and brain-derived neurotrophic factor in the S100A4 transfection group were significantly increased (P < 0.01).
Compared with the S100A4+siRNA unrelated sequence plasmid group, the proportion of Tujl positive neurons and the expression levels of
Tujl and brain-derived neurotrophic factor in the co-transfection group were significantly decreased (P < 0.01). These results indicate that

S100A4 overexpression can promote the differentiation of neural stem cells into neurons, which may be mediated by brain-derived

neurotrophic factor.

Key words: spinal cord injury; S100A4; neural stem cells; electroporation; neurons; cell differentiation; brain-derived neurotrophic factor
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Figure 3 Expression of Tujl and BDNF after S100A4 expression vector transfected into neural stem cells detected by western blot assay
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immunofluorescence

BIE: mMadsolss 3 RIEEMm Rty
Western blot 5246, S100A4+siRNA J&3FF 513t
B yedd BDNF. Tul MERZEMWHE & T
S100A4+siRNA-BDNF LY 2H (P < 0.01).
BDNF: [fi 5 #2835 K

E 5 Western blot #&il 4 T 4% 4 S100A4
Fix#H K% siRNA-BDNF Jz Tujl. BDNF EHHY
R

Figure 5 Expression of Tujl and BDNF after
S100A4 expression vector and siRNA-BDNF
transfected into neural stem cells detected by
western blot assay

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



DU XW, LIN DP, TU GJ. S100A4 promotes differentiation of neural stem cells through up-regulation of brain-derived neurotrophic factor.
Zhongguo Zuzhi Gongcheng Yanjiu. 2020;24(19):3029-3034. DOI:10.3969/j.issn.2095-4344.2076

Tujl Hets DAPI
S100A4+siRNA

TR B Gl

S100A4+SiRNA-
BDNF L5 Je2H

Merge % &

I S100A4+siRNA J&35 5 51365 et
2 [ S100A4+SiRNA-BDNF JE4% 44441

0.6 7

0.4 1

0.2 {

Tujd PHPEZH L L 51

BlE: A& %S 0Es 3 RUCEIMUIEAT % 7525 (x400), S100A4+SIRNA TS5 51l 2eik Yedi #h 4 Je4E S MEAR B4 Tujl BATE40 L5
5T S100A4+siRNA-BDNF L3 L4 (*P < 0.01). BDNF: Al MEMZ S 7= H 7

Bl 6 HERAMNMETHMELIEL S100A4 FiEH KK sIRNA-BDNF & Tujl EEMFIE

Figure 6 Expression of Tujl in neural stem cells after transfected with S100A4 expression vector and siRNA-BDNF detected by

immunofluorescence

TR A . 3R RRE Sy Risa it B
PUE R 2R S350 O i, E ) V2 N X B 2R kit Bk
i~ WA AR I A A R S5 A 2 3R G AR AL
1 o Bl B, BRI 2 5 R TN e B
JIHEIERR, MFUA AR B R A R e ARk E A
SHGINUE, A BER 5 1-3 AR T 4 R T A A,
TE /IS BB 2 DA 24 1 A 45 J] ] e LK = Brrdu FH 14 41
M, TR RIBAG R AY, AE AN T B AR O BE R
P NestinBH 4 2 85 5 40 i 53 1m0, Fnk, =N A%
2H AT K23 IR Rk UM S S8R0 A e &+
SRR AT DU A FH B AR 4 i s (2R R A, i
MR F Dl > SRR LR AE, BEmE Bk & T RE
(R A P20, s R i B ) P e 20 T 4 L 3 T A BE B4 L
BEIFMET &, AL THRESE RMEIe. BERRE
N S4B TR RE, WA S & T4 L e e A5
ZIERERIE TN, 98> R 2 5 40 o 1 1 L
B, 3Tk S RET A ERRRIE AL, R R e &
BEEAERKE L. LT RIE I E 0 E iR
PR 20 B2 o I A O P 5 IX R s 25 28 R X ) #f &
RPN, BRI, IR A T G O B B RE T DA R
S0 A0 R R0 22 50 Ak 1 LU A B B v TR BE R M & T 4
HPl, PRI, 1% S e R E TR BG /N RO IR T X A
i = = T X A T A0 M T AR A U SE 56

S100A4& B 145 A B FIS100K kI — i, ATl
ARRLPFE AR A g6, BETO MR AL . 2 6eT 40 i 3 5E
L pe g P03, fE4HM Y, S100A4T] 54
B 40 B A AR B R A B 2R D S R A s B A
N5 e S DR - S5 AE AR F Bl AL T 45 TR AR R R
35, S 20 1R B A 2 A R [N, X T S100A4
FIt e K2 B SR R A RIENRERTIBER, i
PN (1) STOOAAK J& FT LA 432 5 i L e 40 . (403 % g 1B,
W FLAESE , STO0AAIKIARFCEE =Wy ml LAE 9 P S8 (178 6
FREMPY, IR AR I T ST00AALE#2: 22 48 b 1
A ERREBPHHE RS AR 2RSS E
KA S100AA47TE RS, k4 25 40 P i 1547 7T 4 19152 2 T 4
g H S100A4 A 3 3 P37, S100A4%E TR A ks 77

P.O. Box 10002, Shenyang 110180 www.CRTER.org

(R 22 T, WAl e A KO, S100A43d ik (PRI
M SRS A oL 7R, Al LU G g e o
TR T A KA KR FIGAPA3 I R IER, F#E s —FhT
R R AN A KRS A HRE 2R ITELS100A4
AR /N B R BDNF &AM,

BDNFE RN B E R T, A LAEHE %]
IBH. LIS R AR Y, [F] I BDNFAT L)
HEFRMARG . WO REREEEER, s
TEIIAETE ML R g i A KB, 3390742 il 28 s £
EQEEE%[AHAZ]O

TS50 AP /N BV A DA 9 X SR 1 e 22T 400 it
ITRANE SR, WY H BIFE K S100AA M kL, B 5 i
TS0, 4551 K ILS100A4 1 ik Beug (L i 4 T-41
M #h & e AR AR Jr Ak E b3 BRI R, BDNF¥I#R
IREAREEZ N T, AT R IAS100A ) [ i i YL
SIRNA-BDNF i ki #11 | BDNF ({223 , 45 R B 2 70 fir o5
ELA7) (T 35 BRI . S0 25 SR S100AA K i 2254 AT R #E A 22
T4 [ AR 2 T REAT R A4k, AT A BDNF R FE/EF

ISR LT S100AALE 1 2 41 ff 1] 4 £ 70 A 41
A RE T VR R R EE RSB M, Ja TR
S100A4 T IEFARTEN /N R BET AL, MM & T4
i FRLE TR AR g g A K IR R R S 0L
RSN Z DRI L, 53 AME TR 70 S100A4
TEARGMRS #0128 70 5 52 B RE TR 07 )5 A RIOABE e, 7o
SRS 100A47E B BER i ia 7 Hh IV, i R BRI 6
BEIRTHTI . BEERIRE A

Bt Bt P B EAKFWES —EIREAECE IR LIF 5 W8,

1EZ At FHiat b4 A% —E T, FRhFEREE—. =4
H XA HEZ BRI

BELTH: ZAFTHZIT “ATHARAFALBSFHNAA
(201602857)" 44 8h. FIA k% F 9, 2% XIFEA Hoh L FINE st 7
HAE B R A Gt 5 AT BRI

Fapss: XFe a3 F o, ARMAAA X FRE LT T4 4£A)
BHR.

YIHGEFE (58T A 22 F ey F 7~ N kA M AL R 3] (3851 MUBNF
-90011), AF7 /A Mmfiet) 365 B AR L E LR,

BlE#ER: ZHARETEREFRIAHEEL S (FAFRERSRES
B 5 30T 4 4 5 KRG I FHLTED.

3033



FLBEX, HAMY, S5/ F. SI00AL [ MTIRIEMZE E RN T Z G 2SRRI 7 1)

S FHH T, 2020, 24(19):3029-3034. DOI:10.3969/).issn.2095-4344.2076

XELZE LFERNTOZEH LRI G LREMALRITIAREE,

XEHE: XFLENFATIHF ERRGINF, RATFIOA NG LFHE L
AAaRE.

LG EERT: X F %t A Graphpad Prism 7 #4F w ik, 4 ididE
WA F A%

B XF BRAT & TS5 AR RAALE T AR A L.

FIREHBER: R — BRI, Bl (Airk FFTH) “F 45—
LA DR 7 Kk F4.07 £k, ESEIAGKALT, ALiFbARIE
Bkt B a9 KT RN B %, HEfY &, R AFEMA P ik, TR
PN, AR, ITE. Kok, BBGERIZ R, FAZEZ &5, ARG
NEAER AL CEAT AR R &,

4 SEHL References

[1] ZHENG W, ZHUGE Q, ZHONG M, et al. Neurogenesis in adult human
brain after traumatic brain injury. J Neurotrauma. 2013;30(22):
1872-1880.

[2] BOYE K, MAELANDSMO GM. S100A4 and metastasis: a small actor
playing many roles. Am J Pathol. 2010;176(2):528-535.

[3] LEI L, TANG L. Schwann cells genetically modified to express S100A4
increases GAP43 expression in spiral ganglion neurons in vitro.
Bioengineered. 2017;8(4):404-410.

[4] CHENG G, HE T, XING Y. Silencing of S100A4, a metastasis-
associated protein, inhibits retinal neovascularization via the
downregulation of BDNF in oxygen-induced ischaemic retinopathy.
Eye (Lond). 2016;30(6):877-887.

[5] CHMIELNICKI E, BENRAISS A, ECONOMIDES AN, et al.
Adenovirally expressed noggin and brain-derived neurotrophic factor
cooperate to induce new medium spiny neurons from resident
progenitor cells in the adult striatal ventricular zone. J Neurosci.
2004;24(9):2133-2142.

[6] COULL JA, BEGGS S, BOUDREAU D, et al. BDNF from microglia
causes the shift in neuronal anion gradient underlying neuropathic pain.
Nature. 2005;438(7070):1017-1021.

[7] 5 REASL, B SE W B A 1) AL 0P 2 R SO L[] 5 2 B 55 52 B, 2018,
31(18):2723-2724,2727.

[8] B ARV BE O R AL B FUE (D). R 2454, 2018, 19(7):
1162-1165.

[9] KMy LT, P, A AR R VR BRSO ORI IR R FC a2k i (). 4 e 2 2,
2018, 29(19): 2774-2777.

[10] ECKERT MJ, MARTIN MJ. Trauma: Spinal Cord Injury. Surg Clin North
Am. 2017;97(5):1031-1045.

[11] BADHIWALA JH, WILSON JR, FEHLINGS MG. Global burden of
traumatic brain and spinal cord injury. Lancet Neurol. 2019;18(1): 24-25.

[12] SABAPATHY V, THARION G, KUMAR S. Cell Therapy Augments
Functional Recovery Subsequent to Spinal Cord Injury under
Experimental Conditions. Stem Cells Int. 2015;2015:132172.

[13] WITIW CD, FEHLINGS MG. Acute Spinal Cord Injury. J Spinal Disord
Tech. 2015;28(6):202-210.

[14] DOOLEY D, VIDAL P, HENDRIX S. Immunopharmacological
intervention for successful neural stem cell therapy: New perspectives
in CNS neurogenesis and repair. Pharmacol Ther. 2014;141(1):21-31.

[15] TUSZYNSKI MH, WANG Y, GRAHAM L, et al. Neural stem cell
dissemination after grafting to CNS injury sites. Cell. 2014;156(3):
388-389.

[16] LUDWIG PE, THANKAM FG, PATIL AA, et al. Brain injury and neural
stem cells. Neural Regen Res. 2018;13(1):7-18.

[177 ORMOND DR, SHANNON C, OPPENHEIM J, et al. Stem cell therapy
and curcumin synergistically enhance recovery from spinal cord injury.
PL0S One. 2014;9(2):e88916.

[18] MARIANO ED, BATISTA CM, BARBOSA BJ, et al. Current perspectives in
stem cell therapy for spinal cord repair in humans: a review of work
from the past 10 years. Arqg Neuropsiquiatr. 2014,72(6): 451-456.

[19] HORKY LL, GALIMI F, GAGE FH, et al. Fate of endogenous
stem/progenitor cells following spinal cord injury. J Comp Neurol.
2006;498(4):525-538.

[20] CAWSEY T, DUFLOU J, WEICKERT CS, et al. Nestin-Positive Ependymal
Cells Are Increased in the Human Spinal Cord after Traumatic Central
Nervous System Injury. J Neurotrauma. 2015;32(18):1393-1402.

3034

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

KADOYAK, LU P, NGUYEN K, et al. Spinal cord reconstitution with
homologous neural grafts enables robust corticospinal regeneration.
Nat Med. 2016;22(5):479-487.

GARBOSSA D, BOIDO M, FONTANELLA M, et al. Recent therapeutic
strategies for spinal cord injury treatment: possible role of stem cells.
Neurosurg Rev. 2012;35(3):293-311.

VAWDA R, WILCOX J, FEHLINGS M. Current stem cell treatments for
spinal cord injury. Indian J Orthop. 2012;46(1):10-18.

ZHANG SQ, WU MF, PENG CG, et al. Improvements in
neuroelectrophysiological and rear limb functions in rats with spinal
cord injury after Schwann cell transplantation in combination with a
Cba receptor antagonist. Genet Mol Res. 2015;14(4):15158-15168.
WANG D, ZHANG J. Effects of hypothermia combined with neural
stem cell transplantation on recovery of neurological function in rats
with spinal cord injury. Mol Med Rep. 2015;11(3):1759-1767.

DU XJ, CHEN YX, ZHENG ZC, et al. Neural stem cell transplantation
inhibits glial cell proliferation and P2X receptor-mediated neuropathic
pain in spinal cord injury rats. Neural Regen Res. 2019;14(5):876-885.
LEONG C, ZHAI D, KIM B, et al. Neural stem cell isolation from the
whole mouse brain using the novel FABP7-binding fluorescent dye,
CDr3. Stem Cell Res. 2013;11(3):1314-1322.

PRI, Z2 iR, T s, 5 IR 5 5 B M 2 T AR A AN 2 R M 22
[3]. i b5 sk 28 53 ) 7, 2006,14(3):183-186.

HUANG H, ZHENG HY, LIU ZL, et al. Prognostic significance of
relaxin-2 and S100A4 expression in osteosarcoma. Eur Rev Med
Pharmacol Sci. 2014;18(19):2828-2834.

LI HJ, CHEN YX, WANG Q, et al. S100A4 mRNA as a prognostic
marker and therapeutic target in Wilms tumor (WT). Eur Rev Med
Pharmacol Sci. 2014;18(6):817-827.

TARABYKINA S, GRIFFITHS TR, TULCHINSKY E, et al.
Metastasis-associated protein S100A4: spotlight on its role in cell
migration. Curr Cancer Drug Targets. 2007;7(3):217-228.

XU X, SU B, XIE C, et al. Sonic hedgehog-Glil signaling pathway
regulates the epithelial mesenchymal transition (EMT) by mediating a
new target gene, S100A4, in pancreatic cancer cells. PLoS One.
2014;9(7):e96441.

KHAN MI, YUAN T, CHOU RH, et al. S100A4 inhibits cell proliferation
by interfering with the S100A1-RAGE V domain. PLoS One.
2019;14(2):e0212299.

LINK T, KUHLMANN JD, KOBELT D, et al. Clinical relevance of
circulating MACC1 and S100A4 transcripts for ovarian cancer. Mol
Oncol. 2019;13(5):1268-1279.

ABERG F, KOZLOVA EN. Metastasis-associated mts1 (S100A4)
protein in the developing and adult central nervous system. J Comp
Neurol. 2000;424(2):269-282.

KOBORI N, CLIFTON GL, DASH P. Altered expression of novel genes
in the cerebral cortex following experimental brain injury. Brain Res
Mol Brain Res. 2002;104(2):148-158.

KOZLOVA EN, LUKANIDIN E. Mts1 protein expression in the central
nervous system after injury. Glia. 2002;37(4):337-348.

NOVITSKAYA V, GRIGORIAN M, KRIAJEVSKA M, et al. Oligomeric
forms of the metastasis-related Mts1 (S100A4) protein stimulate
neuronal differentiation in cultures of rat hippocampal neurons. J Biol
Chem. 2000;275(52):41278-41286.

EYILETEN C, KAPLON-CIESLICKA A, MIROWSKA-GUZEL D, et al.
Antidiabetic Effect of Brain-Derived Neurotrophic Factor and Its
Association with Inflammation in Type 2 Diabetes Mellitus. J Diabetes
Res. 2017;2017:2823671.

WURZELMANN M, ROMEIKA J, SUN D. Therapeutic potential of
brain-derived neurotrophic factor (BDNF) and a small molecular
mimics of BDNF for traumatic brain injury. Neural Regen Res. 2017;
12(1):7-12.

2N Vo R AL IR A AV 22 T R TR o W A e AR S A 22 AR 5
T [ 3. 7 [ A 9 2% 35, 2019, 27(8): 629-631.

MAROSI K, MATTSON MP. BDNF mediates adaptive brain and body
responses to energetic challenges. Trends Endocrinol Metab. 2014;
25(2):89-98.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



