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Abstract

BACKGROUND: Preliminary experiments have demonstrated that salidroside (SD) can induce bone marrow mesenchymal stem
cells (BMSCs) to differentiate into neural-like cells. However, little is known about how SD affects BMSCs differentiation into
neural-like cells.

OBJECTIVE: To investigate the molecular mechanism by which SD induces BMSCs to differentiate into neural-like cells.
METHODS: Passage 2 Wistar rat BMSCs were divided into a retinoic acid (RA) group, SD group, and a control group. Cells were
observed at different time points.

RESULTS AND CONCLUSION: The expression levels of neural stem cell marker nestin, neural cell differentiation-related to
rabbit anti-microtubule protein and microtubule-associated protein 2 (MAP2) in the RA and SD groups were significantly higher
than those in the control group at each time point (P < 0.01). The expression level of glial fibrillary acidic protein (GFAP) in the RA
group was significantly higher than that in the SD group (P < 0.01). Real-time PCR results suggested that there were
neuron-specific enolase (NSE) and MAP2 mRNA expressions in the RA and SD groups at each time point. The expression level
depended but not absolutely on induction time. The high abundance of GFAP mRNA in the RA and SD groups appeared in the
early stage of induction. NSE protein expression in the RA and SD groups was significantly increased with prolongation of
induction time and rabbit anti-microtubule protein appeared in the early stage of induction. These findings suggest that SD, similar
to RA, can promote BMSCs to differentiate toward neural cells, but it exhibits better effects on differentiation towards neural-like
cells than RA.

Zhang QW, Zhao XX, Zhao HB, Zhang M, Yang YS, Ge BF. Salidrosides induced rat bone marrow mesenchymal stem cells to
differentiate into neuron-like cells in vitro.Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(14): 2496-2504.
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TN — o (BRI PBSALE: — 1), EiR&
4 CiIdi, PBSYE3R, WAIFITCHRILM —
PU, 37 CHEOLIEHE 30 min, PBSUE3WK, N
LR JE H5 mg/LIDAPI, 3 Y O i i 5~
10 min, PBSYE3WK, N H &, 2%
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Real Time-PCR#&: 7524140 f1 4% 430 min. 1 h, 3 h,
6h, 9h, 12 h, 24 hiltf7i%S, #HTotal RNA, #ill
RNAFISERENE, 705366 v ML, 500 ng
JMRNAZE T PrimeScript™ RT-PCRIAF| £ 4 /% cDNA,
SVAAZR K10 pL, WA 437 'C 15 min, 85 °C 5s.
L 9% 0% s | PCR-7300 W A0 ik 4, R WAk &R oA
20uL, 95°C 10s, 95°C 55, 60 C 31's, 45K
NSE. 7 [1. B-Tubulinlll. GFAPFIMAP2 mRNAJ
Tk Ko RIH2 AT AT R AL 5

2 4l NCBI/Genebank 2 i [ 55 3 X 41 . mRNA
%), 1§ Primer Premier5.05 | vtk - it 514,
KIEREYMEARAFT AR R,

# 1 Real time-PCR 54741 J Js 3 4
Table 1 Real time-PCR primers and reaction conditions
Gene Primers (5'-3") Size of the GENEbank
products
Nestin F: CAG CAA CTG GCA CAC CTC 101 bp NM-016701
AAG
R: CCT CGT CCA GGT GTC TGC AA
NSE F: TCG CCA CAT TGC TCA ACT 131 bp  NM-013509
R: AAC TCA GAG GCAGCCACATC
MAP2 F: CAG AAC AAA CAG CTG CAC 88bp  NM-023279
TGGA
R: TCT AAA GGC TCA GCG AAT
GAG GA
Nurrl F: CCAATC CGG CAATGACCAG 129bp  NM-013613
R: GGA CTC AAG GTC GCAGGT
CAA
GFAP F: AGT GGC CAC CAG TAA CAT 163 bp  BC1393571
GCAA
R: GGA CTC AAG GTC GCAGGT
CAA
GAPDH F: TAT CGG ACG CCT GGT TAC 140 bp  NM-008084
R: CTG TGC CGT TGAACT TGC

B SERE R A AT B OB BRI (A), 45 550
Wi ANSPSS 17.04HHcfk, SR HLIR % 10077 2 4 BT EA T
Gt R, W EH3AK.

2 H#R

2.1 BMSCs#y % % it 40 ALl g5 1 WoR,
BMSCs CDOOKIABH M, FHTE%E495.24%, CD106%
KB, FHME2 492.21%, 11CD45HICD34 31k 4 ]
PE, L. SRR, ARSI AL BRI AT &
[ i 23 N HIBMSCs bk o

7]
Y e = -
b = U o [
o =1 ro2 [
[ - it
- 2 o w27 Fl am 1
- - F : g = 2 ‘
% ol 2 = o LA
o1 a1 A | o2
R e Tleon L e B8 b Dl o P g e
W owt oy [ ] {“hl | L [ () (1o L T Tl |2}
FL1-Height FL1-Height FL1-Height
s o 2 Ouad % Galed
& L 3 000
k-G ux [55:] 014
15 ELE] L LE5 LL 765
LR Q42 LR ELEnl LA =z
ch -’Ch 'VD
UH-'_ C'J— E';-
& 21 27 w 27
A ¥ A— it .
iz o Sod
e’.‘:'- .,_, - rorreer e a.‘:'_ .U T, o T
1’ 0! gl g0 00 Wl ol 1l e 150 (i T v F i g £
FL-Height FL2-Height FL2-Height
Quad % Gated _Quad % Gated Qued % Gated
UL 0.12 UL 947 UL  oo4
UR 0.38 UR 017 UR 130
LL  B5o4s LL 2987 LL  eg88
LR 0.00 LR 0.00 LR 3.08
Figure 1 Phenotype of bone marrow mesenchymal stem cells
B KR IR 78 940 B 1 40 g e 2

GEENEA: FrAIHu80%m &, LR 2
64U, FEAH80%MI S 5 INZ T ih 15 12, 24, 48,
72, 96 hiZHE . BMSCs/HAPBSHE3, T4
F4fAA800 uL, TEUK FER#H30 min, EWMFTFIL R 5y
ARG, BA15 mLEOE, 4 'C 12 000 r/mini.0
15 min, WHE B3, MR, 415 pgi i
H, 12% SDS-PAGE 7y Bt 1, iz H WA 1o iR 1 i
B2 PVDFiE. 5%/BAGY R ZHE 2 h, st/ i
B-actin(1 : 1000, —¥H1). #Pi/NHNSE(1 : 1000, —
Bt), RPN EB-TubulinIll (11 000, —#i)4 CH
BiR, Y IMHRPARCHIZES %R —Hi(1 : 5 000),
37 CHHE 2h, 1R GEECLER .

FEMEER: O EARK A RER. @
¢ G T 9% 21 JH 4K, 27 G (0 00 5 A0 T 285 R 5 o 28 4 i A
Kebr & o7 1IFRIE . @Brdukbill 4i fp 5 . @Real-Time
PCRF1Western blot4 5l Al 5 2 40 Mo AH SR & o
FEPURIER IR0k .

B9 Western blot4h 53 H IPP 6.0%44:5%]
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2.2 e AN RIS 2 7 b 4 e
‘B 2EB-Tubulin WL £2i% S HTE MM LS LK), ILE2.

12h 24 h 6d Control
Salidroside induction

24 h 6d Control

12h

Retinoic acid induction

Figure 2 Morphology of bone marrow mesenchymal stem cells
after salidroside and retinoic acid induction for different
time periods (immunocytochemical staining, x400)
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LR, S ATBMSCsIEAS £ B £ 1 sk 47
TE, LUK AR 512 hiskny DL 20 4 M fudk s ok, 7758
EIERK, 24 hiGE K2 5040 i it w3 ok, nl 24 A
ARSI, 1556 dJE B R R ph 2 A 40 i,
HOpRAR /N SERE A, 4 R 5 12 ho] Wb 24 iy
SOERTERG 24 hG 28 kg K. iREK, 6 d
Ji T S TR (P A 2SR AT
2.3 Brdutm|fmfeey3gsi  Brdubnic 4 LW, 405
KAFHET24, 48, 72 hity B K50 5% 4 22.41%,
17.46%, 7.47%; 4T IRIE T24, 48, 72 hifHE5H %
23 530.27%, 16.50%, 4.60%, BfidE 4150 K1 A4k
175 S 1) 1) 48 K- BMS Cs 1) 38 il < W] Y [4AIG, 20 1)
i 2 A7 B &R (P < 0.01), KIS,

a: Salidroside group b: Retinoic acid group

c: Control group

A: Immunocytochemical staining (x400)

O Salidroside group
O Retinoic acid group
O Control group

35T
< 30f =
) s
s 25
_5 27T
© 15[
L
s 10}
o 5t

0 . . ,

24 48 72
Time (h)
B: Proliferation rate
Figure 3 Proliferaton rate of bone marrow mesenchymal

stem cells before and after 24-h salidroside and
retinoic acid induction detected by BrdU labeling
3 BrdU #ric A illid5 5 24 h i o 4n i i s 56

24 HREEmMGIERELER
NSEPRMER: 286 gl fufb e a R M, 50K

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

% S$BMSCs)5, 12 hisfNSERHE % 410.25%, 24 hfjl
PEAR N 25%, 48 hIH 1 468.75%, 72 hHEZE N
26.8%, 6 dFiPE%448.05%, 12 dFH¥EZE 433.3%,

48 [ e d ey g LA A 1) ASORH BE 22 A 2
(P <0.01); 4iH 2% FBMSCs)ii12 hiFNSERH MR K
15.62%, 48 hIHPEZ421.87%, 72 hiHPE%48.4%,
72 hPH P e, L S At I ) 5 A L 22 S B S
(P <0.01), K4,

DAPI NSE

Merged

SD: salidroside group; RA: retinoic acid group; C: control group

A: Immunofluorescence staining after induction for 48 h (x400)

O Salidroside group
O Retinoic acid group

80
T
60 |

40

AL

Control 12h 24h 48h 72h 6d 12d

Positive cell rate (%)

Time
B: Positive cell rate

Figure 4 Expression of neuron-specific enolase (NSE) in bone
marrow mesenchymal stem cells after salidroside
(SD) induction for different time periods
4 ZLSORTFUS 3 0] 78 5T 40 W AN [7) IR i) 22 ek S
PRI AL 1) 25

MAP2 BRI 250K 11755 BMSCs 12 h, 24 h,
48 h, 72 h, 6 d f112 d i, MAP2 [IBH 2551 K
7.54%. 41.30%, 57.5%, 42.22%, 24.24%%0 33.34%,
Jorb 48 h I BHTE R Ry, 5 12 h Fi1 24 h A b4 22 5
HEFHERE (P < 0.01); 4FRES BMSCs 12 h,
24h, 48h, 72h, 6d M 12d J5, MAP2 fBHPER S
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51k 56.52%, 12.5%, 28.5%, 19.23%, 1.67%#1 20%,
b 12 h i MAP2 B # d my,  H SLAdIS [R] R AH LG 22
S BENEEX(P < 0.01). 45K SE MAP2 )
Tk L4 P IRIE S5 MAP2 [l IASEIR, WA 5,

DAPI MAP2 Merged

24 h 24 h 24 h

SD: salidroside group; RA: retinoic acid group; C: control group

A: Immunocytochemical staining after induction by different media for
different time periods (x400)

O Salidroside group
O Retinoic acid group

701
60
50
40
3o}
20}
10F

0
Control 12h 24h 48h 72h 6d 12d

Positive cell rate (%)

Time
B: Positive cell rate

Figure 5 Expression of microtubule-associated protein 2 (MAP2)
in bone marrow mesenchymal stem cells after
salidroside induction for different time periods

KI5 ZLse AT 5 ) 70 T 48 AR (] I T o 28 Al e
MRE A 2 34

HEAMMEE. 5K AR EBMSCs)b,
12 hit SR AR BH MR N 17.24%, 24 hifBHME RN
55.55%, 72 hBHTE%460.97%, 6 dBf:% 448.05%,
12 dBHPER 433.3%, 72 it PP, 5
ML ZE A BEERE NP < 0.01); 4HKRES
BMSCs Al J5, 12 hif & AR MR 415.62%,
ABh[ITEA 121.87%, 72 hBHTEZ 448.4%, 72 hifltk
Kb, SHMEEAHEER T EEEE P <
0.01). L5 R 5 3 Jn S 8L 1 A L 4E IR 15 5 )5 22
=, ILEIB.

2500

DAPI NES

Merged

SD: salidroside group; RA: retinoic acid group; C: control group

A: Immunocytochemical staining after induction by different media for
different time periods (x400)

O Salidroside group

O Retinoic acid group
80
60

40}

Positive cell rate (%)

20F

0
Control 12h 24h 48h 72h 6d 12d

Time

B: Positive cell rate

Figure 6 Expression of nestin in bone marrow
mesenchymal stem cells after salidroside
induction for different time periods

K 6 ?%fﬁ%?ﬁﬁwﬁﬁ+%%%ﬁwwﬁﬁa
JARIN

GFAPFR{EE: 215 K115 $BMSCs 12 h, 24 h,
48 h, 72 h, 6 dfi112 dJii, GFAPH M43 51 424.09%
21.73%. 18.27%. 50.0%. 30.76%. 20.7%; 4iF %R
#%S$12h, 24h, 48h, 72 hH16 dji, GFAPHIFHER
739 4958.18% 19.23%. 15%. 23.18%. 34.54%,
12 hisf 5 HoAh 20 AH LU 22 5 028 sl (P < 0.01). 405
KA 5 5 GFAPIR Rk BH P 2 L 4 IR 5 35 1K, I
k7.
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DAPI GFAP Merged

SD: salidroside group; RA: retinoic acid group; C: control group

A: Immunocytochemical staining after induction for 12 h (x400)

O Salidroside group
O Retinoic acid group

701
60F - =
50F
40F
30F

L IMAIL

Control 12h 24h 48h 72h 6d 12d

Positive cell rate (%)

Time

B: Positive rates

Figure 7 Expression of glial fibrillary acidic protein
(GFAP) in bone marrow mesenchymal stem
cells after salidroside induction for different time
periods

Pl 7 ZLBORTE S S A B ) 78 5T 0 AN ]I ] b e
JRETYERR MR ER 1 IR ARIE

B-Tubulin TIPAMEZ . 2 5t K11 i $BMSCs)5,
B-Tubulin TII7E12 hisfBHYE %% 80.85%, 24 hiHPE%
M27. 1%, 72 hFHPEZ%51.93%, 6 dMHHEEN
81.81%, 12 dF1 % 4 72.09%, 12 h#16 dIfB-Tubulin
IIBH PE# [7]24, 48 hFN172 hiH 2 A7 W 35 Pk X
(P <0.01); 4 1%1% $BMSCs 12 hitfB-Tubulin IIIHH
PEHH70.85%, 24 hBHHEE }27.11%, 48 hBHTER N
51.92%, 72 hPH 1% 424.76%, 6 dF 1% % 81.81%,
12 dfHPER H0.72%, 6 dif 512, 24, 48, 72 hifitk
R RENE NP <0.01), LK 4nKEHFS
BMSCsJi, B-Tubulin TITFH P 2% L 4k R 41 W3 &5 vy HL
I N IETRSN

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

DAPI B-Tubulin III

Merged

SD: salidroside group; RA: retinoic acid group; C: control group

A: Immunocytochemical staining after induction by different media for
different time periods (x400)

O Salidroside group
O Retinoic acid group

Positive cell rate (%)

0
Control 12h 24h 48h 72h 6d 12d

Time

B: Positive cell rate

Figure 8 Expression of B-TubulinIIl in bone marrow
mesenchymal stem cells after salidroside
induction for different time periods

Pl 8 LSOO 55 i A ) 70 S 4 i AN [ I ) A
HEHLIS

25 “F RFATBMSCsk XAYZ A X & G 6% H
Western blot £ % 2+ 45 K175 5$BMSCs 12,
24, 48, 72, 96 hJi, NSEFEHKIA LM, Hi4s,
72, 96 hINNSERIRIEFEHEEE L, 512, 24 h
A ZERA B EEEXP < 0.01); £FRIES
BMSCs 12, 24, 48, 72, 96 hj5, NSEE KLY I
W, Hoha8, 72, 96 hiIfNSEE (K iAFF WE i,
512 h, 24 nifAHELZE S B B E R (P < 0.05), W
K9,
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nr O Salidroside group
12h  24h 48h 72h 9%h M < 60 O Retinoic acid group
- gs %L
Salidroside group [ se T ‘“ 47 000 Ea 4
Retinoic acid group | i e . 47 000 B % 30
& 20
Control group _— A S S aw— 43000 10
0
015 T O Salidroside group Control 0.5 1 3 6 9 12 24
3 O Retinoic acid group Time (h)
T o A: Neuron specific enolase
< 010 |
£s 2.0r
o O
z2
£4< 005} S . 15k
< X o
14 E 2
29 10
0 1 1 1 1 J s 9
o ©
12 24 48 72 9 € o5
Time (h)
. . . . 0
Figure 9 Effect of salidroside on neuron-specific enolase
expression in bone marrow mesenchymal stem cells Control 0.5 1 3_ 6 9 12 24
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Mesh iARiRCEAGG: “EE, %EKER——genes, immunoglobulin”

three-dimensional level, an Ig chain consists

of one N-terminal variable domain, V, and one RXEHA
(for an L chain) or several (for an H chain) HEYER
C-terminal constant domain(s), C. The cells of

the B line synthesize immunoglobulins. They

are either produced at a membrane (on the

surface of the B-lymphocytes) or are secreted

(by the plasmocytes).
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51é3: An immunoglobulin (Ig) consists of 2 2T 00 HAEE B | 48 GEA « 4 B\ 4 )0 Ik4s, line genes) ¥ , iX 2k & 38 & AN kb 49 L R 7 A%,
identical light chains (L) and 2 identical heavy o5 o T & R (V) A R BT AR (5L % a3k % R RA*,
chains (H) (for example IgG-type); at the E8). [l A i m e m Ak id e 2L E (germ

Genes, Immunoglobulin

Genesencoding the light and heavy chain segments of immunoglobulins. Light
chain gene segments are symbolized L-V (variable), J(joining) and V (constant);
Igheavy chain segments have, in addition, a diversity (D) gene. Each segment
codes for certain amino acids, and each has a different nucleotide sequence;
the genes are assembled by a remarkable shuffing of the segments during B
lymphocyte maturation.
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