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The current study was conducted to evaluate the bio-
compatibility of a-1,3 galactosyltransfer ase knockout
pig bone graft in arat calvarial defect model. Porcine
cancellous bones were harvested from general and
alpha-gal KO pigs and washed with 70% ethanol so-
lution and normal saline. Bone pieces of the alpha-
gal KO pig underwent a chemical treatment process
to delipidize and deproteinize the bone. Bone graft
particles were freeze-dried and stored at —70°C until
use. Each bone graft was implanted into the rat cal-
varial defect in a fresh general pig, fresh transgenic
pig, and chemical-treated pig bone group. There was
no systemic adver se effect on hematology or necropsy
findings in all groups at 1 week and 4 weeks. In the
microcomputed tomography analysis, bone volume
increased significantly in the chemical-treated trans-
genic pig bone group, whereas bone mineral density
decreased significantly in the fresh general pig bone
group compared with other groups. Histological evalu-
ation showed cdlular infiltration located at the margin
of the bone graft particles, especially in the fresh gen-
eral pig bone group. These results indicate that fresh
general pig bone can €dlicit a greater local inflamma-
tory response than fresh transgenic pig bone. Further,
chemical-treated transgenic pig bone graft was less
immunogenic than fresh bone graft. In conclusion,
transgenic pig bone is a more biocompatible graft
material. In addition, chemical treatment can reduce
bone graft immunogenicity by delipidizing and depro-
teinizing bone.

Key words: xenotransplantation, bone graft, a-1,3 gal
knockout pig, calvarial defect, rat
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o A3 ol AFg-3H7] A A =E 1092 o) a7 (Critical de-
fect, CD), &9t = #] a2 A wj o] 2 (Fresh bone Gen-
eral, Fresh G), 323 =)= sldz A w o] 2 (Fresh
bone transgenic, Fresh T) % &2 8 =) %] &3t 2] s
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# =2 Ketamine (Ketamine50®, Yuhan Co., Korea) 40
mg/kget Xylazine (Rompun®, Bayer Korea, Korea) 10
mg/kgs TAG AL B FAbste] 2l vk sk T
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- 92H(Surgisorb®, Samyang Co., Seoul, Korea), ¥+
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vet blood analyzer (Drew Scientific Co. USA)Z ©]-&-3}¢]
& 1 (white blood cells), 23 -(red blood cells), &4 4
(hemoglobin) % 4 ¥ & 4 (hematocrit)S 574 3}l ).

Table 1. CBC (complete blood count) of rats at 1 week and 4 weeks after bone implantation

Group WBC (K/pL) RBC (M/pL) HB (g/dL) HCT (%)
1 week 6.97 + 1.08 6.11+0.73 14.30 + 1.08 35.56 + 4.40
b 4 weeks 8.11+1.56 7.81+0.61 17.36 +0.72 44.88 +£3.43
1 week 6.46 + 1.47 8.22+2.47 15.73 + 1.28 48.70 + 15.25
Fresh @ 4 weeks 7.93 +1.95 7.66 + 0.44 17.06  1.10 4137333
1 week 7.69 +3.54 710+ 1.54 15.46 + 3.04 41.21+9.85
Fresh T 4 weeks 6.96 + 1.36 7.12+0.87 16.18 + 1.88 39.16 + 4.47
Chom T 1 week 8.41+ 1.48 7.06 +0.32 17.84 4 0.36 40.00 +1.25
4 weeks 9.63 +1.39 7.95 +0.87 16.40 £ 0.70 39.83 +5.53

Values are expressed in mean + S.D. (n=5).

WBC: white blood cell, RBC: red blood cell, HB: hemoglobin, HCT: hematocrit.
CD: critical defect, Fresh G: fresh general pig bone, Fresh T: fresh transgenic pig bone, Chem T: chemical treated transgenic pig bone.
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Fig. 1. Photographs of rat calvaria at 1 week and 4 weeks after
bone implantation. CD group: critical defect group, Fresh G
group: fresh general pig bone, Fresh T group: fresh transgenic
pig bone, Chem T group: chemical treated transgenic pig bone.

SHEAN

Micro CT ZJellA] SA4 % 15 9 45319 =539 =4
T o 2 EAE 913 one-way ANOVA (SPSS version
21.0)E A}-g3ksl e, Bonferroni A4S o] &3t 5%
fro] 2 (P<0.05)0ll A F2l4d-& A58kt

Results
SOHANL

Fa A A7 WBC, RBC, HB 2 HCT X+ 2% A
2 W S] etell Al om 7k {9 A3l Apol = YERGA] &
kcH(Table 1).
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84 F 27 A AR 8 7] 9] o] g e vhehA
ergkon] 247 g7 FACNAE FrelHel wahs et
R gkTH(Table 2). & SlWAES o) 47 T2 AR 3
2 A g AANE 423 BRI Bol Ml 24 3
25 %) e gkeh(Fig. 1).

4 Weeks

Fig. 2. Micro CT 3D images of rat calvaria at 1 week and 4
weeks after bone implantation. CD group: critical defect group,
Fresh G group: fresh general pig bone, Fresh T group: fresh
transgenic pig bone, Chem T group: chemical treated transgenic
pig bone. Dotted line: defect margin.

Table 2. Relative organ weights of rats at 1 week and 4 weeks after bone implantation

Relative organ weight (g)

Group Body weight (g) (Organ weight/body weight x 100)
Spleen Thymus Lymph node
Db 1 week 255.6+10.83 0.3561 +0.0404 0.2047 £ 0.0388 0.5608 £ 0.0630
4 weeks 381.20 £25.47 0.2393 £0.0258 0.1508 +0.0181 0.3901 £ 0.0357
Fresh G 1 week 253.4 £7.99 0.3148 £ 0.0533 0.2165 +0.0609 0.4924 + 0.0505
4 weeks 348.78 £24.23 0.2342 £ 0.0324 0.1349 +0.0271 0.3690 + 0.0340
Fresh T 1 week 2552 £7.04 0.3117 +£0.0454 0.1847+0.0318 0.4812 +0.0817
4 weeks 346.83 £15.53 0.2191 £ 0.0268 0.1328 £0.0192 0.3519 +£0.0242
Chem T 1 week 253.0 £10.04 0.3898 +0.0450 0.2373 £0.0417 0.6271 £ 0.0845
4 weeks 368.25+11.93 0.2221 £0.0241 0.1494 £ 0.0375 0.3715+0.0369

Values are expressed in mean + S.D. (n=5).

CD: critical defect, Fresh G: fresh general pig bone, Fresh T: fresh transgenic pig bone, Chem T: chemical treated transgenic pig bone.
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Fig. 3. Histological findings of center region of rat calvarial
defects at 1 week after bone implantation. Hematoxylin &
eosin stain, x200. (A) CD group: critical defect group, (B)
Fresh G group: fresh general pig bone, (C) Fresh T group:
fresh transgenic pig bone, (D) Chem T group: chemical treated
transgenic pig bone. *: bone graft particle.
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Arh(Fig. 4). ZLeiv BLE o] 2ol A= o] A YA} 910l
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Fig. 4. Histological findings of center region of rat calvarial
defects at 4 week after bone implantation. Hematoxylin &
eosin stain, x200. (A) CD group: critical defect group, (B)
Fresh G group: fresh general pig bone, (C) Fresh T group:
fresh transgenic pig bone, (D) Chem T group: chemical treated
transgenic pig bone. *: bone graft particle, BM: bone like
material, CI: cellular infiltration.

Table 3. Bone volume and bone mineral density of the regenerated rat calvaria at 1 week and 4 weeks after bone implantation

BV (mm3) BMD (g/mmd)
Group
1 week 4 weeks 1 week 4 weeks
CD 0.145+0.170 2.944 + 2.699 0 0.018 £ 0.040
Fresh G 1.289 + 0.299* 2.739 + 1.307 0.010 + 0.009 0
Fresh T 2.251 £ 0.497™1 3.607 + 1.345 0.010+0.011 0.010+0.111
Chem T 5.016 £ 0.594 11+ 9.792 £ 5.508" 1+ 0.058 £ 0.012 0.051 +0.051

Values are expressed in mean £+ S.D. (n=5).

“P<0.05 as compared with the critical defect group. "P<0.01 as compared with the critical defect group. 'P<0.05 as compared with
the fresh general pig bone group. ""P<0.01 as compared with the fresh general pig bone group. *P<0.05 as compared with the fresh
transgenic pig bone group. #P<0.01 as compared with the fresh transgenic pig bone group.

BV: bone volume, BMD: bone mineral density.

CD: critical defect, Fresh G: fresh general pig bone, Fresh T: fresh transgenic pig bone, Chem T: chemical treated transgenic pig bone.
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