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Viability of Endothelial Cells in Preserved Human Saphenous Vein Allografts

Hyun Keun Chee, M.D.*, Yong Jin Kim, M.D.**

Background: Autogenous vein is the preferred vascular graft for patients who require coronary artery bypass
surgery or peripheral arterial bypass surgery. When an autogenous vein is not available, an allograit saphenous
vein can be used as an alternative conduit. Although arterial homograft has been under investigation since the
beginning of this century, the viability of endothelial cells and the optimum mode of storage for the venous and
arterial allografts is controversial. In addition, with the recently gained knowledge of vascular endothelial functions,
such as the production of nitric oxide or thrombomodulin, the viability and antigenicity of endothelial cells are being
studied again. The purpose of this study was to evaluate the viability of endothelial cells in the preserved human
saphenous veins. Material and Method: The veins were stored in a 4°C RPMI (Roswell Park Memorial Institute)
1640 solution including 10% fetal calf serum, for one, three, five, seven or fourteen days. After the completion of
the storage period, the veins were divided into two groups: Group I: studied immediately at 4°C (cold) storage (I-1,
-3, I-5, I-7, 1-14), and Group Il: studied after storage at —196°C liquid nitrogen tank (cryopreservation) in an
RPMI 1640 solution containing 10% DMSO for two weeks (lI-1, 1I-3, [I-5, 1l-7, 1l-14). Light microscopy and
scanning electron microscopy (SEM), trypan blue exclusion testing, and thrombomodulin immunohistochemistry were
performed. Result: In a morphometric study using SEM, there was statistically significant increase in Gundry Score
in Groups |-7, |14, 1I-5, 1I-7, and Il-14 and showed cellular destruction (p<0.05). In the thrombomodulin
immunohistochemistry study, there was reactivity in Groups I-1, I-3, and I-5, but the cryopreserved group revealed
decreased reactivity (p<0.05). The trypan blue exclusion testing also showed superior viability in cold storage
Group |. Conclusion: Venous allografts preserved in a 4°C RPMI 1640 solution showed well preserved endothelial
cellular integrity and thrombomodulin expression at up to seven days of preservation. Although cryopreservation of
venous allografts stored in 10% DMSO -RPMI 1640 solution maintained the endothelial cellular structure on SEM,
immunohistochemistry from the thrombomodulin and trypan blue exclusion testing showed decreased viability. It
remains to be seen whether the decreased thrombomodulin reactivity could be restored, and what the nature to
the relationship is between thrombomodulin and long-term patency of allografts.

(Korean J Thorac Cardiovasc Surg 2003;36:229-241)
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Fig. 1. Scanning electron microscopic findings of 4°C preserved
veins (original magnification < 2000); A) Vein preserved for 5
days shows good maintenance of endothelial cells with intact
intercellular connections; B) Vein preserved for 7 days shows
mild cell separation and destruction; C) Vein preserved for 14
days shows increased areas of cell separation and destruction;
D) Vein preserved for 21 days severe cellular destruction and
exposed basement membranes and fibrillar collagen.
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Fig. 2. Scanning electron microscopic findings of cryopreserved
veins (original magnification <2000); A) Vein of 1 day cold
storage shows good maintenance of endothelial cells with intact
intercellular connections; B) Vein of 5 days cold storage shows
cellular destruction and exposed collagen fibers (arrow); C) Vein
of 7 days cold storage shows increased areas of cell separation
and destruction; D) Vein of 14 days cold storage shows increased
area of endothelial loss and exposed basement membranes.
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Table 1. Damage scores by scanning electron microscopy in 4°C preserved group (group |)

Group | Control 1 day 3 days 5 days 7 days 14 days 21 days
Endothelial separation 1.01£0.0 1.1+0.4 1.4+0.5 1.61+0.5 23105 3.1:04 40+0.0
Endothelial loss 1.0+0.0 1.0+0.0 1.34+0.4 1.3+0.5 2.1+£0.6 3.1+04 3.9+04
Exposed BM 0.0£0.0 0.0+0.0 0.0+0.0 0.1£04 1.1£0.6 20+0.0 3.8+04
Exposed collagen 0.0£0.0 0.0£0.0 0.0+0.0 0.1+04 0.8+0.5 1.0+0.0 0.8+0.5
Total scores 2.0+0.0 22+04 2.6+0.7 3.0£0.9 63116 9.3+0.5 15.6 0.7
p value NS NS NS <0.05 <0.05 <0.05

Damage score: 0=no change; 1=less than 10%; 2=10~25%; 3=26~50%; 4=more than 50% of vein involved.; control=fresh veins; “day”

in the first row means the period of 4°C preservation
BM, basement membrane; NS, not significant

Wilcoxon signed-rank test was used for statistical analysis of total scores in the group.

Table 2. Damage scores by scanning electron microscopy in cryopreserved group (group Il)

Group 1I Control 1 day 3 days 5 days 7 days 14 days
Endothelial separation 1.01£0.0 1.1+0.4 1.1+0.4 26+05 35+05 3.1x0.6
Endothelial loss 1.0+0.0 1.1+0.4 1.4+0.5 26205 3.6t0.5 3.1£0.6
Exposed BM 0.0£0.0 0.0+0.0 0.6 0.5 1.4+0.5 23805 3.0£0.6
Exposed collagen 0.0£0.0 0.0+0.0 0.0+0.0 0.6+0.5 2.11+04 2.8+£09
Total scores 20x00 2.3+0.5 3.1 1.4 TaELG 11550 12.0£0.6
p value NS NS < 0.05 < 0.05 <0.05

Damage score: 0=no change, 1=less than 10%, 2=10~25%, 3=26~50%,

control=fresh veins

4=more than 50% of vein involved

“day” in the first row means the period of 4°C preservation before cryopreservation

BM, basement membrane; NS, not significant

Wilcoxon signed-rank test was used for statistical analysis of total scores in the group.
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Table 3. Results of scanning electron microscopy, thrombomodulin immunohistochemistry and trypan blue exclusion test in 4°C
preserved group (group )

Group ) 1 day 3 days 5 days 7 days 14 days Control

SEM 22404 2.6+0.7 3.0+09 6.3+1.6 9.31+0.5 2.01+0.0
T™MI 2.5+0.8 2.3+09 26107 1.4+0.7 0.84+0.5 2.9+04
TB (%) 80.6 + 8.4 72.7+49 594+74 42.4+6.3 28.9+4+9.0 84.3+6.8

Control, fresh vein; SEM, scanning electron microscopic damaging scores (see Table 1); TMI, grading of thrombomodulin
immunohistochemistry; Grade 1, less than 10%; Grade 2, 10~50%; Grade 3, more than 50% of reactive cells. TB (%), percent of survival

cells by trypan blue exclusion test

A2 =5, 7|IAT =5)F e
(Table 1, 2, 3). IF-(HA HEF)]
of Hote wl, WA HE 1957E 5471
2 o3k W3l glol(p>005) W AEI} & BEHo] 9)
R2LHFig. 1-A), ¥4 BE &
o3t 7 (p<0.039)9] Pt HI-E AEAT T YU}
(Fig. 1-B). AA|XH o2 BZE 7|7} 142 717 50% o©]A<]
W AL 4 HolA ggtor), 2197 W REY
gme] Agolle 278 g 50% o] g2l g &4l
9J9)th(Table 1, Fig. 1-C, 1-D). 34 NF-(IA = W= |
2P A% WA 19, 38 F WE HER Aol v
fﬂP B3] & HExo] il ot(Fig. 2-A), 547
b WE RES IS5 ek Wkt olv] qigin
(Fig. 2-B). W7 B.E 7|7bo] Z5 BF A ¢ §Z AlE
9] £Alo| H Y rH(Table 2, Fig. 2-C, 2-D). I3} IS Y]
23S wl, W 717ke] 59U ol Ak A¢ WE uE
Al AL E 2 (p=0.0003)3F H}7E gl vl(Table

C

Fig. 3. Transmission electron microscopic findings of pre-

3). 3B Ire] A5 1ol sl s 9l sl #EeA served veins; A) Control vein; well preserved endothelial cells

A7 &7 crackleo] LH Awol|A] B¢t and smooth muscle cells; B) 4°C preserved vein for 3 days
=3 A A AA Al thzTel A ZH e W] A shows typical Weibel-palade bodies in cytoplasm (black arrow);

Fo] Rok A B}H} 2= glom 1 mlof o] 9] 3l C) Cll'yopreserredi vein(of ?}d:-,gs Tc'::ld slzorage sl,howsl Iargtﬁ
— = , vacuole In cytoplasm (arrow); Is shows relatively we

T AEE = 7 UG B HE TRAER] Weibel- preserved enr:}:I’DtEelial cell of cryc?presewed vein after ?‘f days

palade body 2] v|A] A|E F+= Fo| & FA=HI U cold storage (original magnification < 7000).

on] WE HES Aol WE U WY A £4o

2 Ho|& vacuwole 55 A5 BET = 9l h(Fig. 3).

54 AlEE e & grade 1 ﬂl‘ﬁ}ﬁi-‘i’- AL S R
A E % u|eksl9itH(Table 4, Fig. 6). gF3] uH
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Fig. 4. Thrombomodulin immunohistochemical staining of 4°C preserved veins for 1 day; A) Endothelial cells are stained dark
brown. White arrow shows small area of endothelial loss which are not stained (original magnification < 100); B) Endothelial cells

are prominent and well stained with dark brown (original magnification < 200).

Fig. 5. Thrombomodulin immunohistochemical staining of 4°C preserved veins (original magnification < 200); A) Vein preserved for
3 days shows dark brown staining of endothelial cells and valvular endothelial cells (white arrow); B) Vein preserved for 14 days

shows loss of endothelium. Scanty areas are stained brown (black arrow).

Fig. 6. Thrombomodulin immunohistochemical staining of cryopreserved vein; A) Vein cryopreserved after 3 day cold storage
shows intact endothelial cells. But these endothelial cells are not stained for brown (black arrow). White arrow shows vacuole of
damaged endothelium (original magnification < 100); B) Vein cryopreserved after 7 day cold storage shows decreased endothelial

cell number. There are no area of brown stain (original magnification x 200).
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Table 4. Results of scanning electron microscopy, thrombomodulin immunohistochemistry and trypan blue exclusion test in

cryopreserved group (group Il)

Group Il 1 day 3 days 5 days 7 days 14 days Control
SEM 2.3 =05% 3.1£1.0* 786 S el W G 11.5+0.8 12.0+06 2.020.0
T™I 0.8+0.9 0.5+0.5 0.8+0.7 303 0.6 0.5 29+04
TB (%) 23.7£59 173421 13.8+8.5 9.0+6.1 3.81+4.8 84.31+6.8

SEM, scanning electron microscopic damaging scores (see Table 2); TMI, grading of thrombomodulin immunohistochemistry; Grade 1,
less than 10%; Grade 2, 10~50%; Grade 3, more than 50% of reactive cells. TB (%), percent of survival cells by trypan blue exclusion

fest

*, No significant differences between group I and group II by Mann-Whitney U test.

2o B 55 HFAIA GAE 3 F 38700 I
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(Fig. 7).
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Fig. 7. Endothelial cell survival rate along the 4°C preserved
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