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Selection and identification of tissue engineering human ligamentum flavum —derived stem cellsyHAN
Xiaobo, LI Haiyin, CHEN Bin, et al/Chinese Journal of Spine and Spinal Cord, 2014, 24(12): 1099-
1108

[Abstract] Objectives: To select ligamentum flavum—derived stem cells by fibronectin differential adhesion
assay, and to determine whether MSCs exist in the human ligamentum flavum which provide cell candidates
for cell-based regenerative medicine and tissue engineering. Methods: The samples of ligamentum flavum
were collected from transforaminal endoscopic surgery or microendoscopic discectomy surgery for lumbar de-
generative disease, and primary ligamentum flavum was obtained by mechanical method combined with colla-
genas [ . Primitive cells proliferating to passage 2 were transferred to culture flasks coated with fibronectin.
The cells’ special markers were detected by flow cytometry. Cell clusters were analyzed by Immunohistochem-
ical Staining for expression of stem cell-related proteins and were induced to differentiate into osteoblasts,
chondrocytes and adipocytes under differentiation medium (experimental group). Negative control wells were
maintained in basal Medium. The two groups were stained with alizarin red staining, oil red O and alcian
blue respectively. RT-PCR was used to analyze the mRNA expressions of osteogenic, adipogenic— and chon-

drogenic—related genes. Human BM-MSCs were isolated from bone marrow aspirates taken from the iliac crest
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of the same patient. Statistical analysis was used to test the proliferation capacity, cell cycle and stem cell
gene expression, and the results were compared with bone marrow MSCs(BM-MSCs). Results: The primary
but the cells became comparatively uniformly fibroblastic-like.
while the percentage of CD1051-—

positive cells was more than 95.9%, but negative for stro—1. Osteogenic differentiation group was strongly pos-

cell morphology was triangle and multiangualr,
The percentages of CD73 and CD90 positive cells were more than 96.8%,
itive by alizarin red staining. In the adipogenic assay, it exhibited characteristic intracellular lipid droplets
that could be stained with Oil Red O. In the chondrogenic micromass culture medium, chondrogenic induction
micromass formed a sulfated proteoglycan —rich extracellular matrix which exhibited a positive alcian blue
staining, The mRNA analysis of RT-PCR results revealed that
the osteogenesis—related genes(ALP, OC, RUNX-2), the adipogenesis—related genes(PPAR-2, APP, LPL) and

chondrogenesis—related genes(AGG, COL I, SOX-9) all markedly increased in induced group compared with

while the non-induction group was negative.

the control(non—induction, growth) group(P>0.05), interestingly, the low-level expression of RUNX-2 was de-
tected in the non—induction group. Immunocytochemistry staining further confirmed that all LFSCs and BMM-
SCs expressed type I a—SMA, fibronectin, collagen— I, but no collagen—1II. The cell cycle showed remark-
of more than 80% of the BMMSCs and LFSCs were in the GO/G1 phase. The

OD value increased from day 1 to day 10 and reached a plateau from day 10 to day 14(P>0.05), both stem

ably capable of self-renewal

cell types exhibited similar growth tendencies. The stem cell gene(NONAG, OCT-4, SOX2) expression in the
LFSCs was similar to that in BM-MSCs and the differences were not significant (P>0.05). The

ligamentum flavum—derived stem cells obtained by fibronectin differential adhesion assay have capacity for os-

Conclusions:

teogenic, adipogenic and chondrogenic differentiation, which can be used as a new candidate for cell-based
regenerative medicine and tissue engineering.

[Key words] Human; Ligamentum flavum—derived stem cells; Bone mesenchymal stem cells; Nucleus pulpo-
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sus; Fibronectin differential adhesion assay; Tissue engineering.
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Table 1 Primer Sequences for RT-PCR analysis

EROE-3ES| 5% FE S Y5 MG EL
Gene Primer Sequences TA(C) Cycles
Forward CCCCCCTGTGGTTACCTCTTC
SOX-2 Reverse GGCCGCTCTGGTAGTGCTG 61 32
. Forward ACCCCGTTTCACTGTGTTAGC
NANOG Reverse GACGGCAGCCAAGGTTATTAAA 62 3
- Forward GGCAAGCGATCAAGCAGCGAC ol »
Reverse GGGAAAGGGACCGAGGAGTAC 3
Forward ACGACAACCGCACCATGGT
RUNX-2 Reverse CTGTAATCTGACTCTGTCCT 59 30
LD Forward TGGAGCTTCAGA AGCTCAACACCA . 2
Reverse ATCTCGTTGTCTGAGTACCAGTCC
oc Forward ATGAGAGCCCTCACACTCCTC 5 20
Reverse GCCGTAGAAGCGCCGATAGGC
Forward CGAGGGCGATCTTGACAGGAA
PPAR-2 Reverse CAGGGGGGTGATGTGTTTGAAC 55 30
PP Forward CTGTCCAAGTCCAACAGCAA 5s 20
Reverse ACGTTGGCAGCTTTACCTCT
. Forward TCCGCGTGATTGCAGAGAGAG 55 2
PL Reverse TGCTGCTTCTTTTCGCTCTGACT :
GG Forward TGAGGAGGGCTGGAACAAGTACC - -
G Reverse GGAGGTGGTAATTGCAGGGAACA
. Forward TTTCCCAGGTCAAGATGGTC
coL II Reverse TCACCTGGTTTTCCACCTTC 57 30
SOX_9 Forward TGGCCGAGATGATCCTAAAAATAA . 20
Reverse GCGCTTGGATAGGTCATGTTTGT
B-actin Forward GTGGGGCGCCCCAGGCACCA s 45
) Reverse CTTCCTTAATGTCACGCACGATTTC
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MR BRI R —

Figure 1 a CT showed no ossification b MRI showed no hypertrophy ¢ Gross morphology of ligamentum flavum showed

yellow d Histologic morphology with HE staining (ligamentum flavum)

showed no hypertrophy and ossification e Before

selection, the morphology of ligamentum flavum cells showed triangular or polygonal f After selection, the morphology of

ligamentum flavum cells shows fusiform and uniform

EEFEZHA =M BRIE ZMIE (Kl le), it
Fibronectin 22 HIKf B} 07 16 75 45 2 25 3 — ) 95 4
A (1) .
2.2 2 R T A R A T

it X200 L ASCAS: N 75 3 =2 5 B0 T A i i 3%
bR G 45 R W3 2, CD29 .CD44 .CD73 .CD90
CD105 & 5% BH £ ,CD34 .CD45 .CD133 .STRO -1
Rk, 5 0] 72 o 1 40 A 2% 1 A s 4 3
A —%, {LSTRO-1 Wi ] 2 A W M (P<
0.05),
2.3 EAH T UM 1 S o A R

BRI VES . KR WAS 30d Ja A0 2 1o il
AT ) A0 M 5T N A K R R 0N B i R B
5B RIS i T 28 i 1 K [m] Ao 200 B TR AR A BT
AL, Z 8 A0 2 s X LB B T 4B S
AL (B 2a)  BCE 15T 21d J5i5EALN
JLE 245 5 A% W W I 22 Y 240 AR AR Ja 44
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Table 2 The percentages of cell surface marker by
flow cytometry(%)

DLk (f’yf‘ LFSCs BMSCs
D29 99.30£0.69 99.12:0.83
CD44 99.600.34 99.43:0.44
cD73 98.4021.12 96.82+2.24
D90 99.40£0.42 97.77+1.82
D105 99.700.28 99.22:0.69

STRO-1 6.46:0.87 98.37+1.18"
CD34 0.902£0.25 0.87+0.33
CD45 0.93920.13 0.8820.16
D133 1.1240.87 1.3420.79

15 LFSCs 4148 P<0.05
Note: Compared with LFSCs, P<0.05
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2.7 RT-PCR K25 5

ACE 3 R (OC ALP . RUNX=2) | A% ik i 2 [A]
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SOX9) & % 194, Horh RUNX-2 78X} R4 A K7k
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Figure 2 a The presence of lipid vacuoles stained with oil red O evaluate adipogenic induction, cells cultured under

induced conditions exhibited intracellular lipid vacuoles after 30 days of adipogenic induction b Cultured in the growth
medium for 30 days were negative red O, cell morphology did not change significantly ¢ Osteogenic differentiation was
confirmed by the deposition of an alizarin red positive mineralized matrix for 21 days d Cultured in the growth medium
for 3 weeks were negative, Cell morphology did not change significantly e After 28 days, alcian blue revealed the
depositions of glycosaminoglycan f The aggregates growth with the non-—induction medium and alcian blue staining is

negative
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collagen with immunocytochemistry staining b LFSCs expressed a—SMA with

Immunocytochemistry staining ¢ LFSCs expressed fibronectin with Immunocytochemistry staining d LFSCs expressed type

Il collagen with Immunocytochemistry staining € BMSCs partially expressed type [ collagen with Immunocytochemistry

staining f BMSCs partially expressed a—SMA with Immunocytochemistry staining g BMSCs expressed fibronectin with

Immunocytochemistry staining h The express of type Il collagen were negative

L MSCs A3 Y Rt J R 1 40 i 7 ok I AN
7 b A — R AP, v nT LA AR I, S RE ke
TAC B, Gomes S5 Y A B[R] M ] 78 o +
20 S AL A T A A ) SR A, R R A AR T
240 AN (ELAE AR P9 2804l DA R A i 5 £ A
P 20 D /I B R SR RS L A A i i Ay AR
AR LA e SRR T 4 A 2R Ak PR A A
AR AEL 40 B 5 1k 22 BE T 40 TR LS 1) 2
A oA B ENTHRA U A B e LARIBUR %
BRI BURESEAH T AR, I Le Bk 2
PRRA T A PR AR R RN e R A

T A MAEH SR A B & BRI, A 4T 0
Ve, WA ZUbRAS b 3R B 40 i 2 22 Fh 4040 200 i 1Y)
A TAEC A A ST GE 7R A [F] 2H 21
0 b T AN MRS 7k, 0 Jones A5 U 3 i
Fibronectin i 47 22 Jl| &k B 07 12615 21 (1 A3 K2 140
fifg 4l J 35 3] 90% L I, Fibronectin & 41 Jitd 41 & J5it
AR 1, 5 T 20 MRS BT, LAt 355 200 B B2 AR
20 0B 2R ZH 25 | Fibronectin 22 1) 235 B} i 16 725 42
HEAR MG R AIEAS , JF AT RS iR AR R A
AL 1) G R R AT A, $27% Fibronectin AJ
DA T MSCs WGt , A28 R ] T H AR XS



1106 of A H A 24 2014 AR5 24 B85 12 1 Chinese Journal of Spine and Spinal Cord 2014,V ol.24 ,No.12
%3 BEHEFETAMSEHE T A0 E ®6 THEHR (xts)
(x+s5,%) Table 6 Stem cell genes
Table 3 The cell cycle of BM-MSCs and LFSCs 0CT-4 NANOG SOX-2

" A I AT 24 BRI T A
BMSCs LFSCs
GO/G1 10 84.8770+1.6636 84.8390+1.8389
S1+G2+M 10 15.1230+1.6636 15.2340+1.8709
4 BHEFTRTHEBMEID G THRNIGHELE
(xs)
Table 4 The proliferation capacity of BM—MSCs and
LFSCs
il ‘Bl 1) 7 T 46 T A T A A
Group BMSCs LFSCs
1d 0.90+0.17 0.94+0.25
3d 1.32+0.19 1.36+0.16
5d 1.67+0.19 1.68+0.23
7d 1.83+0.16 1.85+0.20
10d 1.89+0.20 1.87+0.21
14d 1.96+0.20 2.02+0.25
x5 BB BEH.HKE mRNA Rz

Table 5 The express mRNA of Osteogenic
iRei! X R 2H

Induction group Control group

% %éﬁ F 0.624+0.063 0.3500.041
W‘%ﬁ‘ff?ﬁ 0.45:0.025 0.2360.014
AR R4 T 0.69+0.036 0.4420.013
R 0.673+0.032 0.357+0.011
H%PE' 0.650+0.038 0.303+0.016
HAEAIIERIZIE2  0,635:0.061 0.224+0.022
HC%FE? ]111 0.553+0.013 0.201+0.013
EEG%’% 0.664=0.013 0.2230.013
L ifgfﬁ B 0.466+0.013 0.159:0.013
i | a i A 2
Bl Sedad )
i LF gl LE B F
st flac e =3

Bl 4 RT-PCR A5 #4700 1 40 i A 6 ) 78 57+ 40 i 44
#3% NONAG(1).0CT-4(2) .SOX2(3)

Figure 4 Stem cell genes[NANOG (1), OCT-4(2) and
SOX-2(3)] were expressed both in BMSCs and LFSCs

B ) 78 0T A
BMSCs
R AT T A
LFSCs

0.628+0.013  0.652+0.016  0.606+0.028

0.614+0.023 0.662+0.012 0.596+0.033

NBE AT HA D T A0 kAT 1 e ft Al
T 20 il [7] BM—MSCs [7]J& [8] 78 51 T 4 e, ik
ZM T AR ARG, B T4 s e AR
78 F 3K T CD90.CD29.CD44 .CD73.CD105 1
PEAR W) . AR Y 2 R R0 1 I R R bR &Y
stro—1, &2 [H] 0 5T 4 M 21 2% | ARl 1 48 B R g
B LA A N R e AR A, A TR B
INANZRIE stro-1 B2 22, T H Wu il
H Y-27632-assisted .2 15 37 7 G0 vk WG A4
T4 A stro—1 Sy B PEMIE]AE HAT AR 5 19 -+ 201k
REJT, FrLABESE R BLAY stro—1 BIPESSE SR AT RE & 4
FE WA T AN B B EAR S 2 — o 4T ORIRAT]
PR S 1 G 40 M1 i) 5 DR 2 SR 7K B 1 22 10] 73
fbBeJ1, & Zmif o s FREAEARA E s 5
J&, A AT R AL BRI 22 G2l O e R Al
VAR BUECE IR 0507 ) Ak, 555 Ak A
AP . 0C ALP \RUNX -2, i I 2 I . LPL
APP PPAR2, %k 2 .COL I [AGG.SOX9
B3 B RUNX=2 78R S 4 A K P 3R
ik, ATRES AR AT RN R) 2 ) 2 i S T
THI 5L AT BT Rk, X 4 7 v W0 B AR R AL 5
B R A T 2R G (0 PR 2 TR 7KK 1 4G T
KA S22l T AN Y Z REME , K40 B PR ML iy
4> (International Society for Cellular Therapy,
ISCT) 41 Hy % MSCs () fie I A o - D BE A ;@)
RE 1) AR LR s 40 B 23 £k ; s &4 CD105
CD73 J CD90 BH ™ #>95% ,CD34 J CD45 [HPE
FIRHEQA AR LI ZE R 5857 €7k T Fibronectin
72 0 B B BB 8% A7 R 18 4 e 2 B ) BB Al 1 4
L, AR GR T 2R TR R Y, T ERA 216 55
A RE J1 4545 ISCT X 8] 5 5t T 40 i (4 22 o
3.2 BT AN T A AU TR A A R AT
T4 F 0 S R B T A TR AT P
P T AR A TR A T, 2t
3R Al 5 T AR 200 0 T A0 R IR R A



o A 2L A 2014 AR5 24 55 12 1)

Chinese Journal of Spine and Spinal Cord,2014,V0l.24 ,No.12 1107

e — B H TR AR R TR R R Gk
S22 7 S B IR 70T 40 M EL A LSRR T
AT REER AT AT, [ 3R T I 2 240 e )
W RN B RE R PR, AN HE R R B ) 7T
BT AMe 5B T AR A B SR,
Reems %507 18 48 5 70 41 40 g 72 GO/G1 1],
I GO/G1 1 i o 1) L 43 5 240 M 22 e 1k A G AR 52
K 4bF GO/G1 W i 84% 2 /R T 40 i 7E 1 1k 4k
R L#AF . CCK-8 W A5 fig 1 2k B e s 1~ 4
it 55 ) 70 5 A M LA AL B s RE .
TR SR 1 T SR 0 2 A S s BB AR T 4 i Ak
BT 17 i BE P, A5 S R B I L3
ik T BB R a—SMA & T 5 8 ] 70 5 T 40 i, —
H BRI FN IR R A B 225, 1R &R
G RSN R R R = g 1 W e 100
A4 255 . RT-PCR 45 5 W on B 86 ) 75 )% T
2 B 5 4 )T T Al 34 3R 38 NONAG .OCT—4 |
SOX2, BT 15 140 fifL 2 e vk A1 3 36 5B g
AR S5 TR 7, DA A s 1 400 i A0 4 S v s s
AEH LS S0) A0 Y B e T e e ARt Tk
RPN E B 2 ) i 11 O 1 1 e |
FRUAEARL, S50 A5 i B0 A T 40 i B TR
Re M Z Rtk nTAE M S TR M 4R, FRAi1nT
DAFIH H RS AR, 4 350 1 40 5 6 A% 4
it 5% 5 B8R S 1) 3P O 45 075 5 ) R A% 4 L
AL RS A SS  [RIREA B SO TE A TR
HR A AL SV 2 5 SR /0 | T LR A2
S AN T ARG T LAAE Ry FAK T 20 B RS Al R S R 2
28 R A AR AR A M ) % BLAT R A DR I R AR
33 EH

L ey 1) AR 20 I GO () R R
5 B AT T 40 B 1] A% 43 Ak X 2 2T AR Y
WAL A wE TR X, B WS 805
TSR £ 4 PR 4540 Fn SR AR]85 By Lk I 3 B AR
AR 7 Lk R M ) ) o A R A R HLAT R
e IR YT R S, X EeyR YT O A S T B R AR
SE I 4 RT3 A SRR B2 R A T Il
PRIGFTAT IR, d5cds T LASE 3 ) v 4 310 % 2
TR AR P M ] % 35 B WK 52 ME () 5% 200 BE A 5 i, DA T
TR ) SR AR ARSI S S A UE B T B A
HA TR | Rimm AR EH R AE
et [FRA1FHRB] TR LU TR A AR R
T 40 0, 4 i 3 T % ) S B A L IR R s G

1 fole 85 45 05 X 1) B AT T 0D B R RE R 5 T A
ik SCREZE 171 734 o A% A0 M ot — 2B 58 LA T L
i it B — AR (1) TRA SR 7R 4 15 6
R 1o 73k B8 2 5 4 BIL A A0 2 00 382 1 1 i AL
il 5 (2) 0 306 R S 1 240 1 A5 2% 4 PR P 25 B B
2 TR A5 5 (3) DL 20 e 17 it % 40 i 70 AR Y
FiIRIOT e, A RO R G o AR B S A 1
SE ST TE 18] 73 A 7 IRV I AL A [H]
KU ARTFEMARNTHEHE 2T
AT RE LA SR R T A 2200, BEAE E ST B TR
A ST S B () 2T 56 I i 1A R
5 33 ) ek A (1) 238 A8 Y B e B T A TR
AT

4 SEXH

1. Cheung KM, Karppinen J, Chan D, et al. Prevalence and
pattern of lumbar magnetic resonance imaging changes in a
population study of one thousand forty—three individuals [J].
Spine, 2009, 34(9): 934-940.

2. Kim KW, Chung HN, Ha KY, et al. Senescence mechanisms
of nucleus pulposus chondrocytes in human intervertebral
discs[J]. Spine J, 2009, 9(8): 658—666.

3. Le Maitre CL, Freemont AJ, Hoyland JA. Accelerated cellular
senescence in degenerate intervertebral discs: a possible role
in the pathogenesis of intervertebral disc degeneration [J].
Arthritis Res Ther, 2007, 9(3): R45.

4. Zhao CQ, Wang LM, Jiang LS, et al.The cell biology of
intervertebral disc aging and degeneration[J]. Ageing Res Rev,
2007, 6(3): 247-261.

5. Jiang L, Zhang X, Zheng X, et al. Apoptosis, senescence, and
autophagy in rat nucleus pulposus cells:  Implications for
diabetic intervertebral disc degeneration [J]. ] Orthop Res,
2013, 31(5): 692-702.

6. Waddington RJ, Youde SJ, Lee CP, et al.Isolation of Distinct
Progenitor Stem Cell Populations from Dental Pulp [J]. Cells
Tissues Organs, 2009, 189(1-4): 268-274.

7. Hu X, Zhou Y, Zheng X, et al.Differentiation of menstrual
blood —derived stem cells toward nucleus pulposus-like cells
in a coculture system with nucleus pulposus cells [J]. Spine,
2014, 39(9): 754-760.

8. Luo W, Xiong W, Qiu M, et al.Differentiation of mesenchymal
stem cells towards a nucleus pulposus—like phenotype utilizing
simulated microgravity In vitro [J].
Technolog Med Seci, 2011, 31(2): 199-203.

9. Risbud MV, Guttapalli A, Tsai TT, et al. Evidence for skele-

J Huazhong Univ Sci

tal progenitor cells in the degenerate human intervertebral
disc[J]. Spine, 2007, 32(23): 2537-2544.
10. Sheikh H, Zakharian K, De la Torre RP, et al. In vivo



1108 of A H A 24 2014 AR5 24 B85 12 1 Chinese Journal of Spine and Spinal Cord 2014,V ol.24 ,No.12

intervertebral disc regeneration using stem cell —derived for defining multipotent mesenchymal stromal cells.  The
chondroprogenitors[J]. J Neuros Spine, 2009, 10(3): 265-272. International Society for Cellular Therapy position statement

11 Eg, JAEK, 2K, 4%, MR 20 21 TR 4 b T 20 it >k U5 [J]. Cytotherapy, 2006, 8(4): 315-317.

ROBEFEHE (D). R R R AR, 2012, 22(1): 77-81. 19. Wu R, Gu B, Zhao X, et al. Derivation of multipotent

12. Richardson SM, Hoyland JA, Mobasheri R, et al. Mesenchy- nestin(+)/CD271 (-)/STRO-1 (-) mesenchymal-like precursors
mal stem cells in regenerative medicine: opportunities and from human embryonic stem cells in chemically defined con-
challenges for articular cartilage and intervertebral disc tis- ditions[J]. Hum Cell, 2013, 26(1): 19-27. doi: 10.1007/
sue engineering[]]. J Cell Physiol, 2010, 222(1): 23-32. s13577-011-0022-3. Epub 2011 Jun 15.

13. Williams R, Khan IM, Richardson K, et al.Identification and 20. Reems JA. Cell cycle and functional differences between
clonal characterisation of a progenitor cell sub—population in CD34+/CD38hi and CD34+/38lo human marrow cells after in
normal human articular cartilage[J]. PLoS One, 2010, 5(10): vitro cytokine exposure[J]. Blood, 1995, 85: 1480-1487.
el3246. 21. Carlin R, Davis D, Weiss M, et al. Expression of early tran-

14. Lin LT, Li CQ, Zhou Y, et al. Characteristics of stem cells scription factors Oct—4, Sox—2 and Nanog by porcine umbil-
derived from the degenerated human intervertebral disc ical cord (PUC) matrix cells [J]. Reprod Biol Endocrinol,
cartilage endplate[J]. Plos One, 2013, 6(10): 1-14. 2006, 4: 8.

15. Gomes ME, Bossano CM, Johnston CM, et al. In vitro local- 22. Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria
ization of bone growth factors in constructs of biodegradable for defining multipotent mesenchymal stromal cells.  The
scaffolds seeded with marrow stromal cells and cultured in a International Society for Cellular Therapy position statement
flow perfusion bioreactor[]J]. Tissue Eng, 2006, 12(1): 177- [J]. Cytotherapy, 2006, 8(4): 315-317.

188. 23. Wu R, Gu B, Zhao X, et al. Derivation of multipotent

16. Saraiya M, Nasser R, Zeng Y, et al. Reversine enhances nestin(+)/CD271 (-)/STRO-1 (-) mesenchymal-like precursors
generation of progenitor—like cells by dedifferentiation of an- from human embryonic stem cells in chemically defined con-
nulus fibrosus cells [J]. Tissue Eng Part A, 2010, 16 (4): ditions[J]. Hum Cell, 2013, 26(1): 19-27.

1443-1455. 24. Banas A, Teratani T, Yamamoto Y, et al. Adipose tissue—

17. Jones PH, Watt FM. Separation of human epidermal stem derived mesenchymal stem cells as a source of human
cells from transit amplifying cells on the basis of differences hepatocytes[J]. Hepatology, 2007, 46(1): 219-228.
in integrin function and expression[J]. Cell, 1993, 73(4): (Y A 17 .2014-07-28 &l F #.2014-10-24)
713-724. (EXHF H R/IRIE)

18. Dominici M, Le-Blanc K, Mueller I, et al. Minimal criteria (AL miF &a%)

s.;‘a
[ T Y RS G r eAE BR  R lh Z B e B\ S AR AR A SCE

PETHELAEFAFBEEFELERA A 2007 FAEALTRIAR, EABRLMH KA LHF
T ,EMOED T REBAEEFRABGEBF RS T HARGR R LR, FLOFRK AR R L
FABPHERHR KRG EIHEF, ATH I BREFPOHELEESIEFHOERES R E, B
KA A AT 5 Rk, BT EFRAB AR BRAT R G R R SR K, ME T 201555 A 22
24 BAEZMEBFOTEFTHELLEFARBEEF T LERLS I, THEESMEFERTEHY
A ERAEIFRPGFPEFBELEEGFAAEEFELERXFEANABFAFL”, 2K HFHE
Mo F LA RAEF MR, FRFEARE AL R,

BARERANAALER  AEAXERGPE GERTEESSEMAGE RS, EHAEYG®DS A
AR A A A %éAliﬂF%éAiéﬁ-#ﬁl’ﬂﬁﬁ#ﬁﬁ%éﬁﬂlﬁ%ﬁ%‘ﬁ%‘ﬁy’i-%ﬁ%“%ﬁ%ﬁ%%ﬁ%ﬁ%ﬂ%
R E A, 2AELE R (1R 400 FEM XS XHZ(QIEMA B ik 4 ), HRARE A
FAAAELSWIA, AR LR AR, (Z)M%fﬁ}wﬁ%&iz\M’Fﬁﬁ\:‘éﬁi&ﬂ\‘ﬁﬁ%&k% W iE
(3)% £ A E-mail #%4% , E—mail : zxyjh2015@126.com,,

#AA B 201543 A 31 B, BAA & 13592077531,





