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FHENE S L 20 5 RS A HE S 23417 (total en bloc spondylectomy, TES) @ & 9 % E K74 B RIBEZ 4 U 5T
Mrcix, X RCHEFEICEREST AMEHETEISRO 5L, RIFFE i, BIERE 7 IVIZB W TRk
i (Adipose derived regenerative cells: ADRCs) % HERFFEER FLE L THV, BIEEOFREA~OEDL Y %145
TEREFIIZEHE L 72, ROE13NHETES € 7 V1260 % Avy, ADRCsHE & df B2 01T 72, M HRBFIAHR & %
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AL, 74 T A NEGt Lok, B RIRIT O IERR IS 2 VR L 72, G R BEEmEE C B IR RE R =
TWVILERRET L7z, 7 — D02 2 MRS &AL O & 1E, 28k HE#E27.5%  ADRCs #:65.5%, 4 8%} B fE
58.3%  ADRCs #£86.6%, #IEH 12 d7 8 2 Fati s O B4 1%, 23X BTET7.9% . ADRCs #:47.5%, 4 8%t 1 #£63.3% .
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Key words bone formation, adipose derived regenerative cells, total en bloc spondylectomy
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HOEWTHR L 25N T2 —J5 ZOTFHTik
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FEICEELRERE Lo T A.
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Abbreviations: ADRCs: adipose derived regenerative cells, DMEM: Dulbecco’s Modified Eagle’s Medium, FBS: fetal
bovine serum, TES: total en bloc spondylectomy, T-saw: thread wire saw
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I. ZBREY

FEEEE L COEBRPADE =T VR (F V2
Y—2)v, ZIS5oR (KHE-12kg, M) 1280 % Hv, 7%
U=V WNICHERB B L FRE) L7y v
r—YMNICBREB L E CREiHEREMIE (adipose-
derived regenerative cells: ADRCs) % % #ifi L 7z B
(ADRCs#f) 12551 F 7=

RGBT [HMHE Rt OHER TR 2 B3 2 Rl
B 72 EZBRIIFSE | & L C, SRR E S5
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I. BH#SLHEETIVOIER

Gyl km AT IV Gug, ke) BEUI ¥
F 4 (3mg kg) THEL, /80 7 0= A & REHIRIIIC
eG4, 6.0mD N 7AFEF 2 — TR HE L, N LHR2E
(R—10, AIKAf# BT 1286t L Th0. 50% DR~
ELIRE A CTHREITR] 24T > 72, AERRMEE 121 7 a R
7+ =) (10mg kg, hr) v, FE@kiciz sy 7n
= A OHIRN G 2 #AATo 72, MFEE AR, 7 MY
THERVY (BET 4 r®, RHMEE ) 1g & FIRTESS
L7z, B = JEEAAL & L, I HIIE A 805 TE10 MtE A &
EIEHEDOMES T BRI L 72, 8811, 12k, 551, 2B HEHE(R
DAEZEREILFT A & 5l ORI L2 [ TEAES.0mm O
A 271) 2.— (M8 pedicle screw®, Medtronic, USA) % 4% 4
A, EAESSmmO T v FCTHM:Z E%E L7z RIZEL2
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& BERIRRIE % Mefh 2> & FI8E L 722, T-saw (Thread wire
saw) (71 X 74 J1)v, 4R & HTTI12,13, T13 /L1
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MR OB VO % S T e CE L 2 F 3 5
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Frafpg L7z,
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WML FEIS, % 2 A B LA ST L 2 P3RS 9 4 s % A Bt
MR E LC, €O (um?) %7 — Y aEOHE (um’)
THLERIZED 2EE %KD

2. B EEETA

BAEE OF R L 72 LUF o478 H 2 510 L AR
L7

1) BEEBICETh 2 MEOREOM

AR OZI0um DL EOFEREEEH T S S O %I
L, TOEROBN (um) %KD, fEaHiEsE (umd)
T L7z
2) BEFEICHT IHEMBOEE

BN BV TEIZHET 2B a0 A% & 971

BT HHEMIE L Bz L, NS S BAE R (umd)

ThrL 7.

3) HEBICHD 2EBEIREDEE, FEEICE SBFM
ROEE

TR TR S 2B OW, WG IS %

ﬁ?%”ﬂ‘d)iﬂ/*\%ﬂ?&)f:. A & AT 5 Bl
MR % B2 D B BERR R S 4R 55 L S 70 e

ﬂ%%)ﬂi’&% LOXREIL, HEMIIERELERLOD
AaRz T
4) BWRRE

IR B\ CHEDG IR Rk 2 e L, —E A
SR (um) & ZEAERRA (um) ZFEHIL 72 (1X4). IS
o IR OMFIET H & 72 ) OfFIRALEE (um) T
HY, UToREHCCTEEEGEE (mm? mm ~ day)
ZRDT
X)) BIEEGRE = fIKALHE

BRI ) BT

B, BRDSE K T & IR AU 5 72 FHI AS R #E T
ol KL D 10HE T O 2 LEHI L 72

AT A2 1XStudent DHIRE & iV 72, P<0.05 % F &
) LHE L

X (—HEERRE 2 +

€5 K]

I. 7—VABHERICH S5 M 2 EHBFNT O LG
AT ICEIE RIS CHB O SR LBl T 5 &, B
FBRFOFEFMWYREN TV L EIT (HESHEE) &
Tl o JE B LA AR 2 720 2 BT (RS AL AEI) &
WZRBIT & 72, MERUSHIRIE T & LTr — Y oHu Ly
SN2 TR S, BiEE DAHZADRCs # &9
TR ) % FRD 7 o 7o M NS OB RS 1213 E
Ml Z AT 55/NEER S WE/NENREL T,
~7i ol A R RIS T3 00 R HEMR IS B L 7230 A
B OB T8 L 72 EBAL I A C e L 7o sEds &
Lﬁw)%h, HRHEPE DA AR AR 4 72 MBI B 53 C i
72E3N Tz, ZONFIITEFERWIL S L7z AIK
LD U720, 06 D ZAL % 7B 5 BAE 25U &
nr-.

r— VNS (um?) 120580 25T (umd) O

&

A, 23 IERE27.5%  ADRCs #£58.3%, 4 3% I #65.5%
/ ADRCs#:86.6% & 237 542 CTHEECHML,
ADRCs HECTHEIZK & H o 72 (2 p=0.023, 414 p=0.015)
(1215).

IAFVC KA % A U 7oA % & T fE () ﬂ‘»ﬂz
) 1E, WL B IC2:E TId BT HER IR L B
N, 4 TEETHEER A S 7 — VAN ﬁ#ofﬂ;@ié
TR O I B1EE S a7z, IS éﬁ%%ﬁmp
g % & Ol CEWIEERL) (£, 28, 4388 3 IETEK
I D& S — VNN EED S N7z, B IRIGE &
Ar— D HUL O FUSAEIR & ORI, BB AR ARk
B ENZ2 DSBS BN D R0 5 N Wilg)s
Ho7z.

X HERE4 D11, ADRCs #E4 M D22 BV Tid, BT
HEARIZHEE L T2 WE R OB 3\ 3EIE T B N % 72
B 7z, AL AT ERAIKEHEE O ARk A4 LT
Wz FIS ORE ARSI TERRE B B A B O ML &
WAL TBY, BT IEr— Y oLz Tw
72 B O — I T e AT X BB ILSERD H
72. ADRCs#4HD161TI%, WHBHEE O —FIZ 73
MIFIZ X 2 B O b 2o 5.

0. BFaEEtAlER
1. BEHEBICE TN 2 MEDOREZEDOM

FRHEVE DA% G A 2 BT IS o THRILK CTHIZE T4 &

FEAHBATAT B A L 7 — Vi L OM» S, B
ﬁ»ﬁzpﬁﬂz TR #C, BMEL O F BT
LERICE D T CRAMMRE & b ICEEESRO LN
7o, FOWNEPEBOMIRE A Tz SN Tn5 2 Lh
5, BHEMEEINECTH D t%‘x%ﬂnt. INSIME®
EATIER G MRROMAE T 2 FIIcIZiz—3% L Twi.
o — D HLL OB A LR AT %qu\t;wﬁﬂzc X FEED
BIEREEILFRO S Lo 72 (IX6).

IR (um? 123§ 2 MEREORA (um) DI
2% B #£0.00294 ~ ADRCs #:0.00483, 4 385} I8 #£:0.00347
./ ADRCs#£0.00680 Td 1, 258, 4+ 3 |ZADRCsH#ET
HEIZKE D> 72 (238 p=0.040, 438 p=0.024) ([XI7).

2. BHEBEICW T 2 EMBENES

A RLREASIE B3 B SR O Hp TR R AR & 5 I
&, BIEEAREA ZEE L) R — D OPLED IR
D BTz BBAEAG ORI A ) EAHSERE L T
PRHEREZE L TV AR LIS BOBE AT HH
KEMEAL SHEEL, BEMLE Z20WIETH 5 2:
% Z2 Bz B ORI IE RN & 72 11155 25580
N, M5 & BALE ORI AR O & 7% %a“ﬂﬂizi&@fﬁiﬂﬁ

WA L, OB S 2o Sz,

WIPGERR OB & (um®) 23 2 8EiEio b
(cell number /" um? (%, 2ExFIEHE0.00900  ADRCs #f
0.01516, 4 %} HE#£0.00824  ADRCs #£0.01681 TH 1), 2

4L L ICHBEN CHEEEY RO R Do 72 (148).



B E RIRARIZ 3510 2 BRI SR el g o> T 1 P X 2 R 91

Fig.1. Canine model of total en bloc spondylectomy at 13th

thoracic vertebra. For spinal fixation, pedicle screws for Fig.4. Fluorescence microgram of newly formed bone in ADRC
human were inserted to vertebral bodies (2 each) above and group 4 weeks after surgery. The orderly labeled line indicated
below the 13th thoracic vertebra, and connected with rod on the mature lamellar structure. (BS) Bone surface (dLS)
one side. Plate and small screws were used for additional double labeled surface (L. TH) thickness between labeled
fixation on the other side. (A) Posterior view (B) Lateral view surface indicated the volume calcified in 7 days. Villanueva
(C) Cross-sectional view bone staining. White bar, 50pm.

Fig.2. Packing adipose derived regenerative cells (ADRCs) into the cage with bone graft. (A-D) Isolation process of ADRCs. (A, B) Adipose
tissue was harvested from the neck, and was finely cut. (C) Treatment with collagenase 1 (D) After centrifugation, ADRCs were shown at
bottom of the tube. (E, F) 13th thoracic vertebra was resected, comminuted into pieces. (G, H) ADRCs and autograft with fibrin glue were
packed into a titanium cage. (I) Spinal reconstruction was performed.

Fig.3. Light microgram of longitudinal section 2 weeks or 4 weeks after surgery. The area inside a titanium cage was surrounded by dot-
sqare. (A) (CTA) connective tissue area: The connective tissue expanded inside the cage from both ends toward the center. (URA)
unresponsive area: Bone graft was left behind unresponsively. (DM) dura mater. (AVB) adjacent vertebral body. (B) (BFA) bone
formation area: The area consist mainly of bone formation with osteoblast. (BRA) bone resorption area: the area consist mainly of bone
resorption with osteoclast. Villanueva bone staining. White bar, Imm.
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Fig.5. Ratio of the connective tissue volume to the total volume
(CV/TV). E control group. M ADRC group. 2 weeks, 2 weeks
after surgery; 4 weeks, 4 weeks after surgery. The ratio of CV/
TV was higher in the ADRC group at both 2 and 4 weeks after
surgery. * P<0.05

&

MR IS 2 B OB ME % 5o 72 ([M9).

QW IREE T, FEFDIT LA LD WHELET TH -
OIR L, Mo TIIRINE % (RO FiEsaE
I ® 5 BAE OEIE (%) 132 B IEEE7.9%  ADRCs
63.2%, 418 xF W8 #£47.5% ~ ADRCs##96.4% T & 1), 23
ADRCs #:C2 B IREEIZ IR THREICBINE OB &5
Wi R L 72 o 72 (p=0.014) (1210,11).

FET (um) 285 253 MAaEo It (cell number,”
um?) 1, 238 % HE#£0.0008, ADRCs #:0.0165, 4 3% He #
0.0155 / ADRCs#£0.0237 &, 238 ADRCs #: T2 3 % H8
ICHARTHEEICE - 72 (p=0.014) (X12).

4. BRBORE

BBHEIRIZBWT, 4T T A VEA Y RT b T
YA 70 L BEBBEIIC Y, RS N EIRE
2> T—ED L IZTEOEMRIMABIZR S iz, Wk
EDIZ2HTIHIT & A EH TR T, ik F
ARG T DI S > 72, R4 E CTIRIER S 7z
R S LB B 22 BHAR & L OB s, FEICADRCs
HECHEMERMAL RO SN B L 78 IRRHE
1, 238 xf BB #0.06  ADRCs##0.31, 438 &} H8 7£0.66
ADRCs#1.95T» v, flith2:8, 438 & b |ZADRCsHETH
HIZKE 2o 72 (238 p=0.035, 438 p=0.030) (1X]13).

Fig.6. Blood vessels observed in connective tissue. (A) In bone formation area, there were amount of vessels in connective tissue around
bone graft (white arrowheads). (B) In bone resorption area, there were many vessels with connective tissue (arrowheads). (C) In the
center of the cage (unresponsive area), there were neither connective tissue nor vessels. Villanueva bone staining. White bar, 100pum.
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Fig.7. Ratio of the total length of blood vessels to field area. Il
control group. [l ADRC group. 2 weeks, 2 weeks after surgery;
4 weeks, 4 weeks after surgery. More blood vessels in the
connective tissue were observed at 2 and 4 weeks in the ADRC
group. * P<0.05
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Fig.8. Ratio of number of osteoclast to the bone volume (N.Oc/
BV). M control group. M ADRC group. 2 weeks, 2 weeks after
surgery; 4 weeks, 4 weeks after surgery. The ratio of N.Oc/BV
was higher in the ADRC group at both 2 and 4 weeks after
surgery. * P<0.05
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Fig.9. Newly formed lamellar bone. (A) Under natural light (B) Under polarized light: The mature lamellar structure was observed. (C)
Under fluorescence: a number of bone canaliculus were observed between bone lacuna. Villanueva bone staining. White bar, 20 um.
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Fig.10. Ratio of lamellar bone volume to new bone volume (LBV/ Fig.12. Ratio of number of osteoblast to osteoid surface (N.Ob/
NBV). B control group. M ADRC group. 2 weeks, 2 weeks 0S). M control group. M ADRC group. 2 weeks, 2 weeks after
after surgery; 4 weeks, 4 weeks after surgery. The ratio of surgery; 4 weeks, 4 weeks after surgery. The ratio of N.Ob/OS
LBV/NBYV increased in both group, especially almost all was higher in the ADRC group at both 2 and 4 weeks after
lamellar bone was formed in ADRC group 4 weeks after surgery. As a result of increasing in control group, there were
surgery. * P< 0.05 no significant differences at 4 weeks after surgery. * P< 0.05

Fig.11. Characteristics of newly formed bone. Arrowheads showed osteoblasts formed a line on the bone surface. (A) 2 weeks in control
group: Almost all woven bone was formed. (B) 4 weeks in control group: Immature lamellar bone was formed. (C) 2 weeks in ADRCs
group: Lamellar bone was formed. (D) 4 weeks in ADRC group. Villanueva bone staining. White bar, 50 xm.
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Fig. 13. Bone formation rate (BFR). Il control group. M ADRC
group. 2 weeks, 2 weeks after surgery; 4 weeks, 4 weeks after
surgery. BFR calculated by using the parameter from the
fluorescence labeled line, increased significantly in ADRC
group 4 weeks after surgery. Increase in BFR indicated that
bone formation was promoted in ADRC group. * P< 0.05
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NG, REFFE T, 7 — I WIZTA LR ek &
FNLIME (BEOM) 25 L7/z& 25, ADRCsHT
3, BB TREHEBENIC LD 2 omEAE £
NBEZENHL DL o7 BfE, ADRCs 2 H I % 112
HETLEFII2EYEZ SN TS, & DlE, ADRCs
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Abstract

After total en bloc spondylectomy (TES) for complete resection of malignant spinal tumors, spinal reconstruction is
performed for critical-sized bone defects using a titanium cage filled with bone graft. Reconstruction materials that promote
bone healing are needed for strong initial fixation and biological bone healing. Meanwhile, regenerative medicine has
evolved recently. Adipose-derived regenerative cells (ADRCs) are easily isolated in large amounts from autologous adipose
tissue, safe to use, and simple to apply clinically. We examined whether ADRCs promote osteogenesis of bone graft inside a
cage in a canine TES model. We used 12 female dogs with (average weight, 10.5 kg) aged 12 months. The dogs were divided
into ADRC (n = 6) and control groups (n = 6). In the ADRC group, about 10 g of adipose tissue was harvested from the neck
preoperatively. ADRCs were isolated using a previously reported method. ADRCs and an autograft with fibrin glue were
packed into a titanium cage. In the control group, only the autograft with fibrin glue was packed into the cage. TES was
performed in the 13th thoracic vertebra. For spinal fixation, pedicle screws were inserted (2 each) above and below the
thoracic vertebra . The dogs were given calcein to label the mineralizing bone 9 and 2 days before killing them, and were
killed at 2 weeks (3 dogs from each group) or 4 weeks after surgery (3 dogs from each group). Specimens were harvested,
fixed in 70% ethanol, stained with Villanueva bone stain, and ground to thickness <20 um through the cage’ s long axis. The
bones were histomorphologically assessed by using fluorescence polarization microscopy. In all cases, the connective tissue
expanded inside the cage from both ends toward the center. The ratio of the connective tissue volume to the total volume
(CV/TV) at 2 and 4 weeks was higher in the ADRC group (control group: 27.5% and 65.5%, respectively; ADRC group: 58.3%
and 86.6%, respectively). More blood vessels in the connective tissue were observed at 2 and 4 weeks in the ADRC group
(ratio of the total length of blood vessels to field area: control group, 0.00294 and 0.00347, respectively; ADRC group: 0.00483
and 0.00680, respectively). The localized area adjacent to the vertebra at either end of the cage had bone formation. Lamellar
bone was formed in the ADRC group, whereas almost all woven bone was formed in the control group 2 weeks
postoperatively . The ratio of lamellar bone volume to new bone volume (LBV/NBYV) increased in both groups 4 weeks after
surgery (control group: from 7.9% to 47.5%, ADRC group: from 63.2% to 96.4%). Under fluorescent light, few depositions of
calcein were observed in the control group, while diffuse deposition, which showed immature lamellar structure, was
observed in the ADRC group 2 weeks after surgery. The orderly labeled line indicates the mature lamellar structure in both
groups 4 weeks after surgery. The bone formation rate (BFR), calculated by using the parameter from the fluorescence
labeled line, increased significantly in the ADRC group 4 weeks after surgery (control group: from 0.06 to 0.66, ADRC
group: from 0.31 to 1.95). In general, bone healing of the autograft follows 4 processes: (1) vascular rich connective tissue
extension, (2) resorption, (3) new bone formation, and (4) mineralization. Our results suggest ADRCs confer advantages in
processes (1), (2), (3), and (4). Therefore, the use of ADRCs as materials of spinal reconstruction promotes early-stage bone
formation of the autograft inside a cage.



