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1. 5 v PILENEEIEEF (vascular endothelial growth
factor, VEGF) #ifk

20 % HEEEFSRATRIZTS500W, 54 M2RD~vA 70w 2 —
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fHEL 22, ) v ERBEAIEK (phosphate-buffered saline, PBS)
(pH7.4) THEHRYvERMEEHVT Oy ¥ 72T VIT
v } VEGFHifk (10047 %R, Santa Cruz Biotechnology, Santa
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Fig.1. Computer assisted histological analysis. Left side,
histological pictures of the fat graft (HE stain). Right side, Fat
cells are recognized and selected (black area). Then the ratio
of area of fat cells to that of one visual field was calculated.
Scale bar indicates 50 z m.
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Days after transplantation

Fig.2. The changes in the weight of fat graft. Each point
indicates X £ SD. En bloc group ((J) and minced group (@)
are indicated. In both groups, the weight increased more or
less during the first 7 days, and then decreased gradually. The
weight of fat grafts correlated negatively with days after
transplantation. En bloc group, R=— 0.878, p < 0.0001.

Minced group, R=— 0.787, p< 0.0001 (R, correlation
coefficient).
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Fig.3. The weight of en bloc fat grafts and injected fat grafts
retrieved over a time range of 2 to 180 days. Statistically
significant correlation was observed between the groups by
Mann Whitney U test. *p < 0.05.
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Fig. 4. Photomicrographs of fat grafts transplanted into back
skin. (A) Excised fat tissue as control, (B)~ (F) En bloc fat
grafts. (B) At 2nd day, almost every fat cells keep normal
shape with minimal fibrous connective tissue proliferation.
(C) At 7th day, macrophage infiltration and proliferation of
fibroblast are recognized. (D) At 30th day, necrosis of fat cells
and smaller adipocyte-like cells are found. (E) At 90th day.
(F) At 180th day, connective tissue increased with time. (G) ~
(K) Injected fat grafts. (G) At 2nd day. (H) At 7th day,
breakage of cell walls is recognized. (I) At 30th day, cystlike
cavities are observed. (J) At 90th day. (K) At 180th day, very
small amount of viable fat tissue is surrounded by connective
tissue (HE stain). Scale bar indicates 50 x m.
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Fig. 5. Photomicrographs of fat grafts placed in the muscle. (A)~ (D) En bloc fat grafts. (A) At 2nd day. (B) At 7th day. (C) At 30th day,
cystlike cavities surrounded by inflammatory cells are frequently seen. (D) At 90th day, severe cell wall disruption is observed. (E)~(H)
Injected fat grafts. (E) At 2nd day. (F) At 7th day, a mild surrounding inflammation is observed. (G) At 30th day. (H) At 90th day,
massive fibrosis is observed (HE stain). Scale bar indicates 50 » m.
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Fig. 6. Fibroblastic responses in the graft after 90days.
Growing intracellular fibroblast and collagen are observed
(Elastic van Gieson's stain). Scale bar indicates 50 . m.
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Fig. 7. The ratio of the area of fat cells to one visual field by
computer assisted histological analysis in graft. (A) Back skin,
(B) In muscle (HE stain). Each point indicates X =SD. En
bloc group () and minced group (@) are indicated. In both
(A) and (B) the percentage of fat tissue correlated negatively
with the days after transplantation. (A) R=—0.837, p < 0.0001.
(B) R=—0.790, p < 0.0001 (R, correlation coefficient).
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Fig.8. The ratio of the area of connective tissue to one visual
field by computer assisted histological analysis in graft. (A)
Back skin, (B) In muscle (Elastic van Gieson's stain). Each
point indicates X + SD. En bloc group ([]) and minced group
(@) are indicated. In both (A) and (B) the percentage of
connective tissue correlated positively with the days after
transplantation. (A) R=0.825, p<0.0001. (B) R=0.752, p<
0.0001 (R, correlation coefficient).
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Fig. 10. The number of VEGF positive cells in high power field
under microscope in fat graft (A) Back skin, (B) In muscle.
Each point indicates X = SD. En bloc group ((CI) and minced
group (@) are indicated. The expression of VEGF appeared
on 7th day after transplantation and then decreased. In (B)
group, the expression of VEGF correlated negatively with the

days after transplantation. R=— 0.430, p < 0.0001 (R,
correlation coefficient).
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2. TIRAFH - I rF-VrEE
EAMBIBEREORMAECTH o/, BIE2HEZELVE
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n, BiEEbcENIRED LN, RO
EEDCPRESMEOER L BMICEE L Tnieds, FEn®E
EEICIEEROT, HErREMEED 62,07z (H6).

3. BRI

1) FRRAkRk

B TRERECREEGOLEFAHE LV IIRP LTEED
B CER VAR O B R ATER D 5 17z (R=— 0.837, p < 0.0001)

Fig.9. Immunohistochemical staining for VEGF after 7days.
VEGF positive cells are found in connective tissue around fat
graft. Scale bar indicates 50 » m.

Fig. 12. Immunohistochemical staining for von Willebrand
factor 7days after the transplantation. Microvessels are
represented by clusters, which stand out sharply from other
tissues. Scale bar indicates 50 x m.
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Fig. 14. Detection of apoptosis in the fat graft. Apoptotic cells
are stained by the terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end-labeling (TUNEL) method.
Positive signals are detected in the nuclei of fat cells. Scale bar
indicates 50 xm.
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Fig. 11. Expression of VEGF in fat grafts of the back skin
(retrieved in the range of 2 to 180 days) and of the muscle
(retrieved in the range of 2 to 90 days). The expression of
VEGF was significantly high in the graft in muscle than that of
back skin. Statistically significant correlation was observed
between the groups by Mann Whitney U test. *p <0.05.
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Fig. 13. The number of microvessels in high power field under
microscope in fat graft. (A) Back skin, (B) In muscle. Each
point indicates X = SD. En bloc group ({]) and minced group
(@) are indicated. The number of microvessels was markedly
increased on 7th day after transplantation.
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Abstract

Autologous fat transplantation is now considered one of the better methods for augmentation techniques for treatment
of paralyzed larynxes and cosmetic deformities. However, long-term graft survival prospects remain unclear. In this study,
we evaluated changes in grafted fat tissues and estimated their survival, focusing on angiogenesis and apoptosis. We
designed two types of fat graft models in rats. Fat tissues were obtained from the inguinal region and were transplanted by
either en bloc placement or by injection of minced fat. Fat grafts were transplanted into either the skin of the back or the
muscle of the thigh. The grafts were variously retrieved over a time range of 2 to 180 days. The weight of en bloc fat
grafts was significantly heavier than that of injected fat grafts at every point in time. The weight of the fat grafts correlated
negatively with number of postoperative days. Histologically, the ratio of area of fat cells to that of the visual field under
the microscope also correlated negatively with the number of days after transplantation, while the ratio of area of the
connective tissue had a positive correlation with this measure. The expression of vascular endothelial growth factor
(VEGF) and microangiogenesis were investigated immunohistochemically using antibodies to the von Willebrand factor.
The expression of VEGF appeared at 7th day, decreased thereafter and disappeared by 90th day. The number of
microvessels was markedly increased after 7th day and remained stable. The expression of VEGF was significantly higher
in the graft into muscle than in that into the skin of the back. Apoptotic cells were detected using the TUNEL method, and
were observed in the fat tissue between 7th day and 90th day. These results suggest that, although VEGF helps to develop
the microangiogenesis which is necessary for graft survival, prolonged apoptosis was observed among the grafted fat cells
and is supposed to be the major cause of loss of graft volume. Further supportive methods to facilitate angiogenesis and
prevent apoptosis would seem to be helpful to clinical application of free fat grafts.



