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Osteogenic ability of cryopreserved bone marrow stromal

cells complex in vivo**=

Zheng Yu-gian', Yuan Fang? Yan Fu-hua', Zhao Xin', Lin Min-kui’

Abstract

BACKGROUND: Our previous studies have demonstrated that cryopreserved bone marrow stromal cells (BMSCs) still maintain high
survival rate, cell proliferation and osteogenic differentiation potentials after thawing. However, this result needs confirmed in vivo

environment.

OBJECTIVE: To explore the effects of cryopreserved BMSCs and collagenic membrane BME-10X complex on type [ collagen

synthesis in vivo.

METHODS: Beagle dog BMSCs were cultured in vitro and cryopreserved for 12 months, which were thawed and prepared complexes with
collagenic membrane. The complexes were cultured with mineralization induction medium or normal medium for 5 days, followed by
implanting into nude mice. The specimens were harvested and analyzed by gross observation, histopathological and immunohistochemistry
at 4 weeks after implantation. The collagenic membrane cultured with mineralization induction medium served as controls.

RESULTS AND CONCLUSION: In the control group, the boundary of collagenic membrane was distinctly, without cell growth
around boundary or intra collagenic membrane, additionally, there was little type [ collagen. In the non-induction group, cells
grew into collagenic membrane, trabes-like collagen formed, and type 1 collagen distribution increased at 4 weeks. In the
induction group, scaffold degraded, more cells grew, and plenty of collagen formed osteoid-like tissues. The distribution of type [
collagen was obviously increased than that of other groups. The findings demonstrated that cryopreserved BMSCs possess
strong osteogenic differentiation potentials after proliferation and induction combined with collagenic membranes in vitro.

INTRODUCTION

As mesenchymal cells, differentiation potential of
bone marrow stromal cells (BMSCs) has been
confirmed by many studies, and has a wide
application prospect in repair bone, cartilage tissue
and periodontal tissue defects!". Our previous
studies have confirmed that, medical collagenic
membrane BME-10X can maintain and promote
growth and amplification of BMSCs, which is an
potential carrier in tissue-engineered field™!. We
also found that cryopreserved BMSCs still maintain
high survival rate, cell proliferation and osteogenic
differentiation potentials after thawing™™. Based on
previous studies, here, we aimed to construct
cryopreserved BMSCs and collagenic membrane
complex and to explore the effects of cryopreserved
BMSCs and collagenic membrane BME-10X
complex on type [ collagen synthesis in nude
mice using immunohistochemistry, and to evaluate
the osteogenic differentiation potentials of this
complex.

MATERIALS AND METHODS

Materials

One healthy, adult, female, Beagle dog, weighing

11 kg, was provided by Shanghai Laboratory Animal
Center of Chinese Academy of Sciences. Fourteen
nude BALB/c mice, aged 4-6 weeks, weighing 18-
23 g, were purchased from Shanghai Laboratory
Animal Center of Chinese Academy of Sciences.
Main reagents and instruments used in this study are
as follows:
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Reagent and instrument  Source

CO; incubator

Nitrogen canister

Inverted phase contrast
microscope

New-born calf serum

Heraeus, Germany
CBS, USA
Olympus, Japan

Hangzhou Jiangbin
Shengwu Keji Co., Ltd.,

DMEM Gibco, USA
Metasolon, vitamin C, Sigma, USA
B-sodium

glycerophosphate
Medical collagenic
membrane BME-10X

Institute of Biomedical
Engineering, Chinese
Academy of Medical
Sciences, China

Wuhan Boster
Bio-engineering Co., Ltd.,
China

DAB reagent kit, EDTA Fuzhou Maixin Company,
antigen retrieval liquid China

Type | collagen antibody,
SABC-peroxydase kit

Methods

Harvest of BMSCs

The BMSCs were obtained using “improved whole
bone marrow culture™ and cryopreserved at the 2™
passage.

Cryopreservation and thawing of BMSCs
Cryoprotectant comprised 10% dimethyl sulphoxide,

10% new-born calf serum, 80% DMEM and pre-cooled.

The 2™ passaged BMSCs were digested, centrifuged,
and added into the cryoprotectant with final
concentration of 2.5x10%L, at4 “C 0.5 hour, -20 C
0.5 hour and -80 C overnight in a refrigerator and
then placed in the liquid nitrogen. The cells were
thawed at 37 'C thermostatic water bath, centrifuged,
and preserved at standard environment for further use.
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Induction of cryopreserved BMSCs

DMEM containing 10% new-born calf serum served as basic
medium. Metasolon (10 mol/L), vitamin C (50 mg/L) and
B-sodium glycerophosphate (10 mmol/L) were supplemented
into basic medium as induction medium.

Preparation of BMSCs and collagenic membrane
complexes

Medical collagenic membrane BME-10X was cut into

0.5 cmx0.5 cm pieces, exposed to viltalight lamp for 1 hour, and
prewetted using basic or induction medium at 24-well plates.
Cryopreserved BMSCs were passaged and incubated on
prewetted collagenic membrane at final concentration of
1x107/LM, with 30 uL cells in each piece, incubated in a 5% CO
incubator at 37 “C for 0.5 hours, followed by adding 2 mL basic
or induction medium, which was changed every other day. Cell
adhesion was observed under an inverted microscope. The
cells were collected for further use at 5 days after in vitro
culturet!.

Subcutaneously replantation of BMSCs and collagenic
membrane complexes into nude mice

All 14 animals were randomly divided into 3 groups (Table 1).
After ketamine anaesthesia (100 mg/kg), two 0.6-cm incisions
were prepared at the back, exposed subcutaneous tissues, 1
piece of complex was implanted in each incision and sutured.

Table 1 Implantation of cell collagenic membrane
complexes into nude mice and experimental
grouping

Nude Harvest
) ) Harvest
Group Complex mice time number (n)
(n) (wk)
Induction Collagenic 5 4 5
membrane+
BMSCs+induction
medium
Non- Collagenic 5 4 5
induction membrane+
BMSCs+basic
medium

Control Collagenic 4 4 4

membrane+induction
medium

Drawing materials

Activity, diet and wound of mice were observed after operation.
All animals were sacrificed at 4 weeks after gross observation
and tissues were fixed in 40 g/L paraform.

Histopathological examination

The specimens were demineralized in 10% EDTA, embed, and
prepared 5 uym successive sections, followed by
hematoxylin-eosin staining and observation under an optical
microscope.

Immunohistochemistrical staining

The immunohistochemistrical staining was performed based on
instruction of SABC-peroxydase kit. The coloration of collagen
was brownish yellow. PBS (0.01 mol/L) substituted first antibody
served as negative control.
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Quantitative analysis method

The density of positive staining was represented by staining
color, which was measured using Image-Pro Plus6.0 software.
The immunohistochemistrical results were transformed into
average absorbance selecting representative area from each
section and measured at 4-high power fields. The stronger
positive, the lower measured value®.

Statistical analysis
All data were performed f -test using SPSS 12.0 software at
a=0.05.

RESULTS

Gross observation

All animals acted normally, the skin of implanted region was
integrated and smooth. No inflammatory reaction, graft
prolapsed or immunological rejection. The harvested cell
collagenic membrane complexes were harder than single
collagenic membrane.

Histopathological examination

At 4 weeks after implantation, the boundary of collagenic
membrane was distinctly, without cell growth around boundary
or in internal collagenic membrane in the control group (Figure
1). There were cell grew at both sides and center of collagenic
membrane in the non-induction group, collagen fiber degraded
at one side, and tiny trabes-like collagen formed (Figure 2). In
the induction group, cells grew into collagenic membrane at one
side, collagen fiber degraded, and more cells grew, and tiny
trabes-like collagen formed (Figure 3).

Histological findings of collagenic membrane in
the control group at 4 wk after implantation, no
collagenic membrane degraded
(Hematoxylin-eosin staining, x200)

Figure 1

Figure 2 Histological findings of collagenic membrane in the
non-induction group at 4 wk after implantation,
collagenic membrane degraded and new collagen
formed (Hematoxylin-eosin staining, x200)
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Figure 3 Histological findings of collagenic membrane in
the induction group at 4 wk after implantation.
Collagenic membrane degraded and plenty of
new collagen formed (Hematoxylin-eosin
staining, x200)

Immunohistochemistrical results

There was no type 1 collagen expression intra collagenic
membrane, but few at collagenic membrane surface in the
control group (Figure 4). There was type 1 collagen
expression in both the non-induction and induction groups.
However, the type [ collagen expressed from collagenic
membrane surface deep into intra collagenic membrane, which
mainly concentrated at collagenic membrane surface and 1/3 of

intra collagenic membrane in the non-induction group (Figure 5).

Plenty of type [ collagen were expressed intra collagenic
membrane in the induction group (Figure 6).

Figure 4 Type I collagen expression in the control group
at 4 wk after implantation (x200)

Figure 5 Type 1 collagen expression in the non-induction
group at 4 wk after implantation (x200)

Figure 6 Type [ collagen expression in the induction
group at 4 wk after implantation (x200)
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Comparison of average absorbance value of type [
collagen expression between different groups

There were obviously differences among non-induction,
induction and control groups in average absorbance value of
type 1 collagen expression, additionally, and the
non-induction group was significantly different from the
induction group (Table 2).

Table 2 Comparison of average absorbance value of type
I collagen expression in different groups (xxs)

Group Fields (n) Average absorbance
Induction 20 0.196 3+0.012 6%
Non-induction 20 0.148 9+0.003 7°
Control 16 0.077 5+0.005 8

4P < 0.01, vs. control group; °P < 0.01, vs. non-induction group

DISCUSSION

Bone tissue engineering is one of the most potential fields to
achieve actual benefits. BMSCs are characterized by wide
sources, simple harvest, and small damage to patients, thus,
they are hopeful to utilize in clinic. Plenty studies have
demonstrated that BMSCs can differentiate to osteoblasts and
have extensive application prospects in repairing bone tissue,
soft tissue or periodontal tissue defects!'!.

With penetration and development of cell biology and tissue
engineering, more BMSCs are needed, accordingly, how to
preserve cells long term and massively are necessary. Our
previous studies have confirmed that, cryopreserved BMSCs
still maintain high survival rate, cell proliferation and osteogenic
differentiation potentials after thawing'®. However, these results
need to be confirmed in vivo environment. Medical collagenic
membrane is benefit for amplification of BMSCs and periodontal
ligament cells* "%, Previous researched also found that cells
grew faster on cell-scaffold compound culture, and cell
population reached a stabilization at 5 days after culture®. The
cells achieve maximum growth and proliferative activity at 5
days in vitro culture, so it has great significance to explore the
growth and osteogenic capability in vivo.

Type [ collagen is the most abundant collagen of the human
body, protein of which occupies 80%-90% of organic principle.
It has importance in maintaining bone structure integrity and
biomechanical property!'>"?. Type 1 collagen forms protein
framework of bone matrix, its synthesis and secretion is the
precondition for bone tissue formation. In addition, the ordered
arrangement of type [ collagen is the main factor in forming
mechanical force of bone tissues!'"'?. Osteoblasts secrete
massive type [ collagen during osteogenesis, consequently,
metabolic parameters of type | collagen can reflex bone
metabolic levels, which is superior to former biochemical
indicators in sensitivity, specificity and stability!™?.. Accordingly,
type 1 collagen expression was observed to explore its effect
on osteogenic capability.

Here, we found that the cryopreserved BMSCs grew well on
collagenic membrane after thawing; the Collagenic membrane
degraded and plenty of new collagen formed at 4 weeks after
complex implantation into nude mice, however, these changes

2277



@E 72&? WWW.CRTER.org

Zheng YQ, et al. Osteogenic ability of cryopreserved bone marrow stromal cells complex in vivo

[3] Woodbury D, Schwarz EJ, Prockop DJ, et al. Adult rat and
human bone marrow stromal cells differentiate into neurons. J
Neurosci Res. 2000;61(4):364-370.

Yan FH, Liu CW, Zhou GD, et al. Comparison of attachment
and proliferation of marrow stromal cells on three kinds of
bioabsorbable membrane in vitro. Fujian Yike Daxue Xuebao.
2002;36(1):10-12.

could not been seen in the control group. Moreover, there were
more type 1 collagen expression in the induction group than
that of the non-induction group, suggesting mineralization [4]
solution promotes BMSCs in vitro osteoblast differentiation and

in vivo osteogenic differentiation. The degradation, cell number

and type | collagen expression presented with asymmetry at (5] YuanF, Yan FH, Li HX, et al. Osteogenic potentiality of ~

. K cryopreserved canine bone marrow stromal cells in vitro. Fujian
both sides of collagenic membrane, maybe results from one Yike Daxue Xuebao. 2006;40(4):311-314.
side culture of BMSCs. This finding revealed that cells should [6] ChenJ, \Zang JI, Ya”n FH, et gl.dCh?racterizdgtt_ion C'>__fc_i.09 1\3(9&16
be incubated multidimensional on the scaffold in order to fasten g:;[]%wxi;cgg_ ggoa'ggrzzr;é%fgézn condition. Fujian Yike
proliferation amount and elevate osteogenic differentiation in [71  Yan FH, Chen XJ, Zhan X, et al. A Study on the repair of canine

o ; T ; ; ; experimental class 1l furcation defects by bone marrow

unit tlme when reconstruction bone utilizing tissue engineering stromal cells with different seeding density, Zuzhi Gongcheng
technique. yu Chongjian Waike Zazhi. 2005;1(6):312-315.

[8] Wu GC, Yan FH, LU HB. Quantitative Expression of PHEX
protein during the differentiation of odontoblasts in mouse.
Kougiang Yixue Yanjiu. 2008;24(2):145-147.

Luo K, Yan FH, JinY, et al. Reconstruction of the guided tissue
regeneration membrane combined with cultured cells by tissue

The findings demonstrated that cryopreserved BMSCs not only
maintain high survival rate, cell proliferation and osteogenic

differentiation potentials after thawing™™, but also have strong [9]
osteogenic differentiation combined with collagenic membranes engineering. Yati Yasui Yazhoubingxue Zazhi. 2003;13(3):

in vitro. These findings provide theoretical basis for tissue 139-141.

engineering repair using cells from a same origin. [10] Oxlund H, Mosekilde L, Ortoft G. Reduced concentration of
collagen reducible cross links in human trabecular bone with

respect to age and osteoporosis. Bone. 1996;19(5):479-484.

REFERENCES [11] Charles P, Mosekilde L, Risteli L, et al. Assessment of bone

remodeling using biochemical indicators of type | collagen

synthesis and degradation: relation to calcium kinetics.Bone

Miner. 1994;24(2):81-94.

Viguet-Carrin S, Garnero P, Delmas PD. The role of collagen in

bone strength. Osteoporos Int. 2006;17(3):319-336.

[1]1  CaoY, Vacanti JP, Paige KT, et al. Transplantation of
chondrocytes utilizing a polymer-cell construct to produce [12]
tissue-engineered cartilage in the shape of a human ear. Plast
Reconstr Surg. 1997;100(2):297-302.
[2] Bianco P, Riminucci M, Gronthos S, et al. Bone marrow stromal
stem cells: nature, biology, and potential applications. Stem
Cells. 2001;19(3):180-192.

FEERERMRE SMRUAR R EERRIS REE -

wragk ', = %S EEeY, OB O, ME T (RREMKFWE D BER, A ERNT 350002; ‘HAEGRFERAEMNEES WL
Sle RO REAL, A EAB M T 350002)

RIS, B, 1974 F4, EAFTRA,
Rk, 2006 FRRX K F 5k, 4, 81348,
B ELEIN, TRAEFORTARFOER
BHEBE.

B DGR, BREERKXEMEDRE
Ef%, &4 M%F 350002

HE

He FEHAUEMRER: B IRA N
T, HIEEREE RN S SRR S R
AP AT R R ke . b
RS AR T B — S AR PR R AESE .

B WERE IR RS R B B R0
FO BB B BME-10X & &4 A48
AR S 1 BB SRA & RG o

Tk {EANYBIHEFE Beagle KRB BER R
M, #AE 12 MHABEEN, WA EREE
JRANRFR R A R AR 2 MIZ T 0%
SRR EARERERRT R S d A, AR
RARN, ARG 4 AR bRA, #17Kk
WMEE, HSURB AR LM, HN T

2278

Elg ot R S A brAF 1 1 BRREAT
TEESHNT . D SRS 7= 0 s Al e
JE AL A 0 B 2H

EREEE. HEATEHAREEREES, K&
P FE, BRI % R AR A A
K, T BRFESMIRD: ERES A,
AREH 4 B, RFENEARKN, H
BHNIL&FRFEBRIRIER, | 2R 5y
WA BEE . EFIFVALA, EABHRATR
XHM BRI R EAENE 2 A ALK, K
ERHENRIF SR T A, ST
MPH, 1 BERRS I E B E X
SRR B AN IR B 95 S AT AR N S
FYHEHEIN, HAEBRNTETNESR
JRSZZEMEL, AR B IRGRNE B

SRR EREE AN BRI G A
R B RE
doi:10.3969/j.issn.1673-8225.2011.12.045
425 R318 kTR B

YEH S 1673-8225(2011)12-02275-04

P.O. Box 1200, Shenyang

Ay, 07, EEt, BUR, MWECE. &
T AT R SRR B BT S
BRIV EAHR TR S IEKES
2011,15(12):2275-2287.
[http://www.crter.org http://cn.zglckf.com]
(Edited by Han D/Zhao LJ/Wang L)

REACRENESEE—
K258 BRAAAFEALSTHAE

(30471892). 483E 4 A RAE AL KB RE
(C0410024).
FIs s IRAR BALFT ] RAAR
EiiﬁM%wﬁWﬁ%&@%m%%&w
R
EEEHE &
HIIL R

I id AR A Sy de BT A

110004  cn.zglckf.com



