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[Abstract] Objective  To explore the effect of exogenous recombinant high mobility group protein boxl
(rHMGBI1) on proliferation and differentiation of neural stem cells (NSCs) and the related mechanism. Methods
SD rat cerebral cortex cells were cultured in serum-free medium, extending the culture and purification of neural
stem cells. NSCs were identified by detecting nestin-label with immunofluorescence method. The NSCs proliferation
activity after adding different concentrations of rHMGB1 was determined by CCK-8 assay and the optimal
concentration of rHMGBI1 for the follow-up experiments was selected. The effect of rHMGBI on NSCs
differentiation was detected by immunofluorescence assay. The mRNA and protein expression of involved factors
were studied by real-time PCR and Western blot separately. Results The neural cells isolated from the cortex of rat
embryos showed the expression of nestin antigen and the neural stem cells purity could reach more than 99% when
cultured to the third generation. Under the stimulation of 10 ng/ml. rHMGBI, neural stem cells proliferation
activity were the highest, therefore, 10 ng/mL rHMGB1 was selected to treat the experimental group. The
expression of TUJ1 in the experimental group was higher than that in the control group (P<C0. 05). Real-time PCR
and Western blot confirmed rHMGBI could improve the expression of receptor for advanced glycation end products
(RAGE) ., Toll-like receptor 2 (TLR2), Toll-like receptor 4 (TLR4), matrix metalloproteinase 9 (MMP-9) and
nerve growth factor (NGF) respectively at the level of mRNA and protein expression. Conclusion Exogenous
rHMGBI promoted rat NSCs proliferation and differentiation into neurons in wvitro by activating RAGE, TLRs,
MMP-9 signaling.
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Table 1 Sequences of fluoresence quantitative primers

Amplified
Gene S(E‘é]’ligl”lse product
) length/bp
B-actin F. CGCGAGTACAACCTTCTTGC 70
R: CGTCATCCATGGCGAACTGG
RAGE F. CCGAGTCCGAGTCTACCAGA 96
R: ACACACGTCCCCACCTTATT
TLR2 F. GAGGTCTCCAGGTCAAATCTCA 116
R: ACATGACAGAGATGCCTGGG
TLR4 F: GCTGGTTGCAGAAAATGCCA 120
R: GGAAGTACCTCTATGCAGGGAT
MMP-9 F. AGGGCCCCTTTCTTATTGCC 112
R: CACATTTTGCGCCCAGAGAA
NGF F. CGCATCGCTCTCCTTCACAG 112
R: TGGCAAAGCCTTTATTGGGC
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JE 5 pg/pl, —70 °C fR4F. MA 5XSDS 4
WA 100 "CA& W 5 min {245 1 540 A8 P H IR
T K A, AUk G AR RS 30 pg BT L.80 V
FL¥k 20 min, 120 V HLyk 50 min, %% 100 V 1 h;
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(0 ng/mL) 2 5 A e it 22 8 L (P<<0. 05),
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HMGBI 5% 7 d J5 5250 4d TUJT A M 48 i 32 %) i
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Fig 1 Identification of NSCs by immunofluorescence. X 40 Fig 2

Fig 3 NSCs differentiation under immunofluorescent scope. X 20
1A, 3A,, 3B.: DAPI; 1B: Nestin; 3Ay,

01, vs. control group (0 ng/mL recombinant HMGB1)

B2 4hEMEELH HMGBI Xt NSCs 18 58 75 14 (9 2 I

The effect of exogenous recombinant HMGB1 on NSCs proliferation

B3 ®mEWHTMENSCs 5. X20

3By: TUJ1; 1C, 3A., 3B.: Merged; 3A: Experimental group; 3B: Control group. * * P<C0.

% 2 W4 NSCs i1 RAGE . TLR2 . TLR4 .MMP-9 1 NGF mRNA B3R ix (n=3)
Table 2 Expressions of RAGE, TLR2, TLR4, MMP-9 and NGF mRNA in NSCs (n=3)

Group RAGE TLR2 TLRA4 MMP-9 NGF
Control 0.930+0. 122 0.41120.078 1.032=£0. 055 0.71240. 145 0.176+0.017
Experimental 1.324+0. 144~ 1.05040.091* * 1.140+0. 013" 1.05340. 091" 0.79740. 352" *

* P<C0.05, % % P<C0.01, vs. control group

%3 W4 NSCs 1 RAGE . TLR2 . TLR4 MMP-9 71 NGF & B HI R iz (n=3)
Table 3 Expressions of RAGE, TLR2, TLR4, MMP-9 and NGF proteins in NSCs (n=3)

Group RAGE TLR-2 TLR-4 MMP-9 NGF
Control 0.96340. 046 0.909-40. 080 0.97840.030 0.96140.033 0.9854+0.014
Experimental 1.284+0.044 " * 1.269+0.017" 1.100+£0. 013" 1.328+0.015* * 1.843+0.083" *

* P<C0.05, % x P<C0.01, vs. control group

Control group Experimental group(af,, < 10°) s
‘ 3 Wit

RAGE i A -

TR i <—
MMP-0  — o—— 70

NGT  c— — ()

B -actin | 3

B 4 SMEMEZS HMGB1 Xt NSCs 5 RAGE . TLR2, TLR4, MMP-9
NGF ERREMHM

Fig 4  The influence of exogenous recombinant HMGBI1 on RAGE,

TLR2, TLR4, MMP-9 and NGF protein expressions in NSCs
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Western blot } Real-time PCR %t 3 /3 51| )\ &
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TLR2,TLR4 ,MMP-9 ixX $& 38 j# N T (1) 25 & 2 14 78
TRANRE F5 i NSCs 18 58 F1 4304k 19 5 5 38 3% b e 82 32
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BRI e #E NSCs 15 58 43 1k 5 7 W I P NSCs i
. T Bl 3 KRR 2 Th BB K M B M 45 )R
HMGBI &t 24l il & & 14 S5 R, AT Sy — Fib
BB YA Y I A r e It e S oD R0 b 2 AR AT
SR

Z % x #

[1] ABRAHAM AB, BRONSTEIN R, CHEN EI, et al.
Members of the high mobility group B protein family are
dynamically expressed in embryonic neural stem cells.
Proteome Sci,2013,11(1) :18.

[2] STROS M. HMGB proteins: interactions with DNA and
chromatin. Biochim Biophys Acta,2010,1799(1/2):101-113.

[3] PANDOLFI F, ALTAMURA S, FROSALIS, etal. Key role
of DAMP in inflammation, cancer, and tissue repair. Clin
Ther,2016,38(5):1017-1028.

[4] ULLOA L, MESSMER D. High-mobility group box 1
(HMGBD) protein: friend and foe. Cytokine Growth Factor
Rev,2006,17(3) :189-201.

[5] DE MORI R, STRAINO S, DI CARLO A, et al. Multiple
effects of high mobility group box protein 1 in skeletal muscle
regeneration. Arterioscler Thromb Vasc Biol, 2007, 27 (11):
2377-2383.

[6] DEGRYSE B, BONALDI T, SCAFFIDI P, et al. The high
mobility group (HMG) boxes of the nuclear protein HMG1
induce chemotaxis and cytoskeleton reorganization in rat
smooth muscle cells. J Cell Biol,2001,152(6):1197-1206.

[7] RANZATO E, PATRONE M, PEDRAZZI M, et al. Hmgbl
promotes wound healing of 3T3 mouse fibroblasts via rage-
dependent ERK1/2 activation. Cell Biochem Biophys,2010,57
(1):9-17.

[8] KOKKOLA R. ANDERSSON A, MULLINS G. et al.
RAGE is the major receptor for the proinflammatory activity of
HMGBI in rodent macrophages. Scand J Immunol, 2005, 61

(1):1-9. CF 5 409 D)



B3l

BEWNAESE . /R ok B R mibRic #) CD62P .CD154 1525 XU 56 5 48 AY AR & P BF 5T 109

microparticle production. Science,2010,327(5965) :580-583.
ROBERT S, PONCELET P, LACROIX R, et al.

Standardization of platelet-derived microparticle counting

using calibrated beads and a Cytomics FC500 routine flow
cytometer:a first step towards multicenter studies. J Thromb
Haemost,2009,7(1):190-197.

KNIJFF-DUTMER EA, KOERTS J. NIEUWLAND R. et
al. Elevated levels of platelet microparticles are associated
with disease activity in rheumatoid arthritis. Arthritis
Rheum,2002,46(6):1498-1503.

CLOUTIER N, TAN S, BOUDREAU LH. et al. The
exposure of autoantigens by microparticles underlies the
formation of components: the

EMBO Mol

potent inflammatory
microparticle-associated immune complexes.
Med,2013,5(2) :235-249.

BERCKMANS RJ, NIEUWLAND R. TAK PP, ez al. Cell-
derived microparticles in synovial fluid from inflamed arthritic
joints support coagulation exclusively via a factor VII-
dependent mechanism. Arthritis Rheum,2002,46(11):2857-
2866.

BERCKMANS RJ, NIEUWLAND R, KRAAN MC, et al.
Synovial microparticles from arthritic patients modulate
Arthritis

chemokine and cytokine release by synoviocytes.

Res Ther,2005,7(3) :R536-544.

[11]

[12]

[13]

[14]

[15]

[16]

GASPARYAN AY. STAVROPOULOS-KALINOGLOU A,
MIKHAILIDIS DP, et al. Platelet function in rheumatoid
arthritis:arthritic and cardiovascular implications. Rheumatol
Int,2011,31(2):153-164.
DYE JR, ULLAL AJ,

microparticles in the pathogenesis of rheumatoid arthritis and

PISETSKY DS. The role of

systemic lupus erythematosus. Scand J Immunol, 2013, 78
(2):140-148.
DANESE S, FIOCCHI C. Platelet activation and the CD40/
CD40 ligand pathway: mechanisms and implications for
human disease. Crit Rev Immunol,2005,25(2):103-121.
TAMURA N, KOBAYASHI S, KATO K, et al. Soluble
CD154 in rheumatoid arthritis:elevated plasma levels in cases
with vasculitis. ] Rheumatol,2001,28(12) :2583-2590.
DINKLA S, VAN CRANENBROEK B, VAN DER
HEIJDEN WA, et al. Platelet-derived microparticles inhibit
1L-17 production by regulatory T cells through P-selectin.
Blood,2016,127(16) :1976-1986.
SPRAGUE DL, ELZEY BD, CRIST SA, et al. Platelet-
mediated modulation of adaptive immunity:unique delivery of
CD154 signal by platelet-derived membrane vesicles. Blood,
2008,111(10) :5028-5036.

(2016 — 10 — 12 YR, 2017 — 01 — 24 f& D

diE I

CEHEEEE 398 T

PARK JS, SVETKAUSKAITE D, HE Q. et al.
Involvement of toll-like receptors 2 and 4 in cellular activation
by high mobility group box 1 protein. J Biol Chem,2004,279
(9).:7370-7377.

LEIC, LIN S, ZHANG C, et al. Effects of high-mobility
group boxl on cerebral angiogenesis and neurogenesis after
intracerebral hemorrhage. Neuroscience, 2013, 229. 12-19
[2016-11-15]. https://linkinghub. elsevier. com/retrieve/
pii/S0306-4522(12) 01078-0. doi: 10. 1016/j. neuroscience.
2012.10. 054.

LOUIS SA, MAK CK, REYNOLDS BA. Methods to
culture, differentiate, and characterize neural stem cells from
the adult and embryonic mouse central nervous system.
Methods Mol Biol, 2013, 946:479-506. doi: 10. 1007/978-1-
62703-128-8_30.

FANG P, PAN HC, LIN SL,et al. HMGBI contributes to
regeneration after spinal cord injury in adult zebrafish. Mol
Neurobiol,2014,49(1) :472-483.

MENEGHINI V, BORTOLOTTO V, FRANCESE MT, et
al. High-mobility group box-1 protein and B-amyloid

oligomers promote neuronal differentiation of adult
hippocampal neural progenitors via receptor for advanced
glycation end products/nuclear factor-kB axis: relevance for
Alzheimer’s disease. ] Neurosci,2013,33(14):6047-6059.

M 2, INES, AN, & WS TARBEIBT KR
bV G e o 453 40 o R 41 40 TR B 9T, 2013, 17 (10) ; 1876-
1883.

HU Y, LIU N, ZHANG P , et al. Preclinical studies of

stem cell transplantation in intracerebral hemorrhage: a

[16]

[17]

[18]

[19]

[20]

[21]

systemic review and meta-analysis. Mol Neurobiol, 2016, 53
(8):5269-5277.

LIMANA F, GERMANI A, ZACHEO A.et al. Exogenous
high-mobility group box 1 protein induces myocardial
regeneration after infarction via enhanced cardiac C-kit" cell
proliferation and differentiation. Circ Res, 2005,97(8):e73-
e83[2016-10-13]. http://circres. ahajournals. org/content/
97/8/e73. long.

LI Q, YU B, YANG P. Hypoxia-induced HMGBI in would
tissues promotes the osteoblast cell proliferation via activating
ERK/JNK signaling. Int J Clin Exp Med,2015,8(9):15087-
15097.

W% B, F |,
I JEAC A 4T 40 M 1 BE R
(4):469-475.

PALUMBO R, SAMPAOLESI M, DE MARCHIS F, et al.

Extracellular HMGBI, a signal of tissue damage. induces

. BT RORGEE M BL XA
JI R, AR . 2014, 66

mesoangioblast migration and proliferation. J Cell Biol,2004,
164(3) :441-449.
WANG L, YU L, ZHANG T, et al. HMGBI1 enhances
embryonic neural stem cell proliferation by activating the
MAPK signaling pathway. Biotechnol Lett, 2014, 36 (8):
1631-1639.
MENG E, GUO Z, WANG H, et al. High mobility group
box 1 protein inhibits the proliferation of human mesenchymal
stem cells and promotes their migration and differentiation
along osteoblastic pathway. Stem Cells Dev, 2008, 17 (4):
805-813.

(2017 — 01 — 14 Y. 2017 — 03 — 27 &)

LIS N



