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The Role of Beta-Tricalcium Phosphate-Hydrogel Scaffold and
Mesenchymal Stem Cells on Neogenic Bone Formation

Da Reum Lee, B.S. and Yong Koo Kang, M.DX"

Research Institute of Medical Science and *Department of Orthopedic Surgery, The Catholic University of Korea, St. Vincent Hospital, Suwon, Korea

Purpose: The purpose of this paper was to determine the ability of a mixture consisting of mesenchymal stem cells, beta-tricalcium
phosphate B-TCP), and hydrogel, to support cells and form new tissue.

Materials and Methods: A composite was produced by adding B-TCP to hydrogel, and mesenchymal stem cells were cultivated in
the composite. Then, reverse transcription polymerase chain reaction (RT-PCR) was conducted to measure the level of gene expression
for the new bone formation in the cells. Moreover, a composite in which the mesenchymal stem cells were added was injected
into the subcutaneous fat of sprague-dawley rats. After four weeks, H&E, Masson trichrome, silver nitrate staining, and osterix
immunohistochemical staining were conducted by taking the tissue to evaluate whether the composite supported mesenchymal stem cells
and formed new tissue.

Results: By using RT-PCR, we found that the level of gene expression became significantly higher in 3-dimensional gel culture with RUNX2
by 1.26 times, with osteopontin by 1.23 times, transforming growth factor-B by 2.12 times, osterix by 1.07 times, type | collagen by 1.3
times, and fibronectin by 1.3 times. In the animal experiment in which a composite was transplanted into the subcutaneous fat, newly
formed tissue was observed. Also, it was found that the composite prevented mesenchymal stem cells from leaving and formed new tissue.
Osteogenic differentiation cells in the tissue was observed through osterix immunostaining.

Conclusion: It was identified that the composite prevented mesenchymal stem cells dispersal and contributed to the formation of
neogenic tissue. Therefore we conclude that the composite plays a role of a scaffold to support the implanted cells and form neogenic
tissue more effectively.

Key words: osteogenesis, mesenchymal stem cells, hydrogel, tricalcium phosphate
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24E A8 E AT AEZA EA= SUHEE71H Z (adipose
tissue—derived mesenchymal stem cells)7} &3] o]-8E =t 9 o] A|
Z= AW ojrolu 245t &, A&, XY 5 HIH A EZR &
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albumin (Gibco [Thermo Fisher Scientific], Waltham, MA, USA)
& Y& hank’s balanced salt solution (Gibco) 2.2 A|&sto] A
Z7to 2 Baystoch EMAIZ] ZZE 0.075% collagenase type
IT (Sigma-Aldrich, St. Louis, MO, USA)& 37°Col|A] 30& =25t
ok, 10% fetal bovine serum (FBS), 0.2% fungizone, 1% penicillin

Dulbecco’s modified eagle medium
(DMEM: Gibco) -2 &48H5-5 FAA17]2L, 100 pm HE-E o
TR0 FIHAIA FE 23 224 A AT 200 X gollA] 102

&t Y Eelsto] Sl = AATE
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4% 2] (subcutaneous adi—

streptomycin (Gibco)& $-5-5F
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=}

2]
i A A YA 2SS

Ch2- Shiof| ozl M35 RBC lysis buffer (eBioscience, San Di-

ego, CA, USA)] 1027t A 2|skar of 2t 51 422]sto] stromal

vascular fractiong Lt 2] M= 10% heat inactivated
FBS7} 371l DMEM i Follol| A A ff-5ho] v Fatgich. Al
v k2 37°C, 5% CO, incubator| 4] 10% FBS7}F &-3-F DMEM
© g ot 2 wieRt AlxZe] B4 2ot TR 9
3o 12 well plate©]l 1x10° cell/mlE %%3t2L DMEMe| 100 nM
dexamethasone, 10 mM B-glycerol-phosphate2t 50 uM ascor—
bate-2-phosphate S 2713t A 23} -F-I2 v G oA 14L7H
|5t Tt 142 3 0.1% Alizarin Red S -8 (pH 4.2) 2.2 G5
T A 3]8} = et v G stoll A stk

. FMIZ 247|(flow cytometry)E 0|28t E7|MIZE &l
W FE Z7A2E s Ao A A A F phosphate buffer saline
(PBS)Z 23] A& T 0.25% trypsin—ethylenediaminetetraacetic acid
£ AR AEE w1000 rpmo A 5EZF YA Eel5t
o M= 7t oF 1 X104 28|53t SHEE7 I EL B4
oIzt2 A A Q= FHTY CD44H-fluorescein isothiocyanate
(FITC; BD Bioscience, San Jose, CA, USA), CD90.1-peridinin
chlorophyll protein (PerCP; BD Bioscience), CD106—-phycoerythrin
(PE; BD Bioscience) ¥ B & 1-(leukocyte) Lt 28 A 3 (hematopoi-
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etic cell)2] FHIFY 2 CD45-allophycocyanin—cyanine7 (APC-
Cy7: BD Bioscience)?] @G=2o] F2H A E A2 & A
oflA] 3027t §ESAIZATE. 1,000 rpmofl A 5EXF P E & A5
oH-S- A AsHIL PBS 500 plE ¥ 3L fluorescence activated cell sorter
(FACS) tubeoll &4 flow cytometer (Navios [Beckman Coulter],
Brea, CA, USA) 2 T |75 4 5H3iTh

4. 3XHH Y SZHEE7|MZEL| |FTIX} Wl 2t
ArE3tE] o] Ql+= calcium gluconate hydrogel (Alfa Aesar, Lan-
cashire, UK)o B-TCP (Sigma-Aldrich) 0.1%, 1 x 10° £7F4Z 714
= H7foto] FA1E BYBEES A2 12 well plated]
FUHAE7IMEZE et A SRS | mY 25t
71 9lof BigHE 2 ml F7kske] 3A7E v S THN=)). th&t
£ 12 well plateo] SZFEZE7IAE 1X10 cell/mlE HE3ho] A
At FAeE 27dstolA s oktn=5). WHYE AlEZ= 3Y

Table 1. List of Genes and the Primer Sequences

Amplicon (bp)

A B5F 531519 © M runt-related transcription factor 2 (RUNX2),
osteopontin, transforming growth factor-beta (TGF-p), osterix, type
I collagen, fibronectin®] mRNA S slelstr] ¢]sle] oA}
Sead A Y-S (reverse transcription—polymerase chain reac—
tion, RT-PCR)}& 4345+ CHTable 1). AF gt M= RNA 2%
7] E(QIAGEN, Limburg, Netherlands)E ©]-85to] RNAS &
gt & RT master premix (Elpis, Dagjeon, Korea) S ©]-&5+o] cDNA
£ /59t PCRE 33t cDNA 1 pg, 0.2 Mm®] 2+ primer®t
pre-mixture (Promega, Madison, WI, USA)S &3}5}o] PCR sys—
temO| Al Alst T tH2-FAALE glyceraldehyde 3-phosphate
dehydrogenase S AH8-5HI T} PCR A8 B2 2% oF7F =2 Zof| A
71719-8 ¥ ethidium bromide= G5t FRIsFH o}, 54 &
S Quantity One Z 213 (Bio Rad, Hercules, CA, USA)-2 ©]
&5t 7 245k

Primer sequence

Temperature (°C)

Forward (5'-3")

Reverse (5'-3')

RUNX2 114 CACAAGTGCGGTGCAAACTT AGCACTCACTGACTCGGTTG 53
Osteopontin 332 TCCTGGCTGAATTCTGAGGG CTCTCTGCATGGTCTCCGTC 54
TGF-B 482 AGGAGACGGAATACAGGGCT CCACGTAGTAGACGATGGGC 54
Osterix 289 TTACCCGTCTGACTTTGCCC AATGGGCTTCTTCCTCAGCC 57
Type | Collagen 380 CCCAGCGGTGGTTATGACTT GGGTTTGGGCTGATGTACCA 57
Fibronectin 205 TGACTCGCTTTGACTTCACC TCTCCTTCCTCGCTCAGTTC 57
GAPDH 311 ACGGGAAACCCATCACCATC CCCTTCCACGATGCCAAAGT 58

RUNX2, runt-related transcription factor 2; TGF-B, transforming growth factor-beta; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 1. (A) Adipose derived stem cell (ADSC) harvested from adipose tissue after 48 hours of incubation in proliferative medium (x100). (B) ADSC

cultured under osteogenic differentiation medium for 2 weeks were stained positively for Alizarin Red S staining, showing mineralization (x100).
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10% bethadine N2 &S LS A 2d S5t
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FokeheS TSI o]4] 450 HdFES 45k =
= AFSHATh AFT 24e setor 4o, FHT U
oA} HFE WHSISITE BASRIES FARRE 290 24
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913t H&E GA, 4178 2210] AlaL 2|25 2157 $18 Masson

trichrome GA, 25 2R 3Q15}H| €]l A= silver nitrate stain
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Figure 2. Surface marker expression of adipose derived stem cell (ADSC) after one passage. ADSC cells have positive expression of ADSC markers,
including CD44H, CD90.1, and CD106. The cells are free of hematopoietic contamination, as shown by the lack of expression of CD45. Unlabeled
cell (negative) control is included for comparison. FITC, fluorescein isothiocyanate; APC, allophycocyanin; PerCP, peridinin chlorophyll protein; PE,

phycoerythrin.
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Figure 3. RNA expression relative to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH): runt-related transcription factor 2 (RUNX2),
osteopontin, transforming growth factor-beta (TGF-p), osterix, type |
collagen and fibronectin in the 2-dimensional (2D) plate culture and 3D
gel culture at the end of the 3 days. The data are expressed as the mean
with standard deviation (n=10) (*p <0.05).
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Figure 4. (A) Macroscopic view of the resected specimen. Subcutaneous injection of the composite from a rat after 4 weeks. (B) Subcutaneous
injection of composite from a rat after 4 weeks. (C) Subcutaneous injection of phosphate buffer saline (PBS)+adipose derived stem cell (ADSC) from
a rat after 4 weeks. (D) Histological observations: (a) H&E stain of control (PBS+ADSC), (b) H&E stain of composite, (c) Masson trichrome stain of
composite and (d) Silver nitrate stain of composite, and () Osterix immunohistochemical staining of the composite.
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