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Summary

Arterial allografts are used now-a-days as a modality in the treatment of vascu-
lar prosthesis infections. Prolonged administration of immunosuppressive drugs
seemed to be essential for long-time patency rates of alloarterial vascular recon-
structions. Nevertheless, the use of immunosuppressives if there exist an acute
infection is controversial. The experimental work described herein studied
effects of a delayed low-dose FK 506 administration on the development of
acute rejection changes 30 days after aortal transplantation in rats. The
response of the recipient’s immune system to aortal wall antigens of the donor
in the field of no immunosuppression resulted in an intimal proliferation and
its infiltration by immunocompetent cells of the recipient, necrosis of medial
smooth muscle cells, including deposition of immunoglobulins, and a massive
adventitial infiltration of CD4 and CD8 positive cells. On the other hand, all
the principal histological signs of rejection listed above were suppressed by FK
506 administration, no matter whether the immunosuppressive was adminis-

tered on day 0 or day 7 after the transplantation.

Introduction

The problem of unsatisfactory results in the treatment of
the life-threatening vascular prosthesis infection has
recently contributed to renewed interest in arterial allo-
grafts [1-3]. The procedure consists of an infectious pros-
thesis extraction and its in situ replacement by an
allograft. Nevertheless, arterial grafts in the field of no
immunosuppression are subject to degenerative changes,
which may lead to their thrombosis or aneurysmal dilata-
tion. This fact has been documented by experiments on
animals, as well as in clinical practice [4-7].

The immunosuppressive therapy after alloarterial or
allovenous reconstructions is not generally accepted. How-
ever, if the therapy is administered, the drug most fre-
quently used (mainly in Europe) is cyclosporine A (CyA)
[8-13]. However, it has been demonstrated that CyA can
induce endothelial cell (EC) injury, as well as stimulate
arterial wall fibrosis by triggering the production of the
transforming growth factor-beta (TGF-beta) [14,15]. None
of these properties is particularly suited for long-term
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patency rates of alloarterial reconstructions. An attractive
alternative to CyA is tacrolimus (FK506). Tacrolimus when
compared with cyclosporine-based immunosuppressive
therapy in kidney transplantation, resulted in significantly
reduced risk of graft failure, without an increase in the
incidence of adverse events associated with long-term
immunosuppression [16,17]. Moreover, the inhibition of
TGEF-beta production by FK 506 could make the drug
eligible for use in vascular surgery as well [18,19].

However, the immediate use of immunosuppression in
patients early after the replacement of an infectious pros-
thetic graft with an arterial allograft is not optimal as well.

A rat aortal allograft model is frequently used to study
vascular rejection phenomena [20]. Different stages of the
recipient’s immune response were documented in detail
in all three cell layers of an arterial graft: tunica intima,
media and adventitia [21]. One of the features observed
during the primary rejection of the arterial wall is a two-
step process of denudation and regeneration of the endot-
helial layer. During the first 7 days, it is believed that the
process is caused by a nonimmunological injury, followed

371



Delayed administration of FK 506 after aortal transplantation in rats

by an immunological reaction and an acute rejection of
all three wall layers [21,22]. The administration of tacroli-
mus early after the aortal transplantation in rats proved
to be able to prevent the arterial wall injury caused by the
immunological rejection [22,23].

The aim of our experimental work was to study the
possibility of delaying the administration of FK 506 for
1 week after the arterial transplantation to reduce its
adverse effects in the early postoperative period in
patients with a recent infection. The rejection changes of
the arterial wall were studied using the Brown-Norway
(BN) into Lewis (LEW) aortal transplantation model with
a 30-day follow-up period.

Material and methods

Principles of laboratory animal care were followed, and
applicable national laws observed during the study.

Animals

Male LEW rats (RT1)  weighing  240-380 g
(291.6 £ 32.1 g) (n = 44) were used as recipients of alloge-
neic or syngeneic abdominal aortal grafts. Male BN rats
(RT1") weighing 220-320 g (264.2 + 28.5) (n = 18) were
used as donors of the allogeneic and LEW (RT1') weighing
280-320 g (305.01 £ 19.1) (n = 4) were used as donors of
syngeneic abdominal aortal grafts. Animals were obtained
from Charles River, Germany. All the rats were maintained
according to the National Institute of Health Guidelines.
Each transplanted animal was held separately in a confine-
ment cage during the entire follow-up period.

Operative procedure

The donor animals were anesthetized by an i.m. injection of
ketamine (Narkamon®; Spofa, Prague, Czech Republic)
100 mg/kg and xylazine (Rometar®; Spofa) 10 mg/kg. A 2—
2.5 cm long segment of the infrarenal aorta was excised after
the administration of heparin (100 IU/kg) via the inferior
caval vein. The graft was gently flushed with 2 ml of histi-
dine-tryptophan-ketoglutarate (HTK) solution (Custodi-
ol®; Dr Franz Kéhler Chemie GmbH, Alsbach-Hahnlein,
Germany) containing 100 IU/ml of heparin, and divided
into two pieces of an identical length for use in two recipient
rats. Each of them was stored separately in 10 ml of Custo-
diol® solution at a temperature of about 4 °C. No antibiot-
ics were added. The mean cold ischemic time (CIT) for the
aortal grafts was about 25 h, the better to simulate clinical
conditions of a fresh arterial transplantation. The specimen
from each aortal graft was obtained at the end of the conser-
vation period and prepared for a light microscopic histolog-
ical evaluation as described below.
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The recipient animals were anesthetized by an im.
injection of sufentanil (Sufenta®; Janssen Pharmaceutica
Inc.) 20 pg/kg and azaperone (Stresnil®, Janssen Pharma-
ceutica Inc., Titusville, NJ, USA) 1 mg/kg. The aortal
grafts were transplanted orthotopically after midline la-
parotomy into the recipient’s infrarenal aorta. Neither
anti-coagulants nor anti-platelet drugs were administrated
during the postoperative period.

Immunosuppressive therapy

FK 506 (Prograf® ; Astellas Pharma Inc., Munich, Germany)
suspended in normal saline solution was administered i.m.
in daily doses of 0.2 mg/kg. The recipient animals were
divided into four groups according to the postoperative
immunosuppressive protocol: group A was that of isogene-
ic control (LEW to LEW), group B was that of allogeneic
control (BN to LEW) with no administration of immuno-
suppression; animals in group C (BN to LEW) were
immunosuppressed from day 1 to day 30; and animals in
group D (BN to LEW) were immunosuppressed from day
7 to day 30 after the transplantation.

FK 506 blood levels were evaluated using an enzyme mul-
tiplied immunoassay technique (Emit® 2000 Tacrolimus
assay; Dade Behring, Cupertino, CA, USA) on day 7, or day
30 after the transplantation. Blood samples were collected
from the venous ophthalmic sinus under i.m. anesthesia.

The aortal grafts were removed after midline re-lapar-
otomy in anesthetized and heparinized animals on day 7
(group A, B, C), or day 30 (group A, B, C, D), respect-
ively. The animals were then killed by an intracaval
administration of a lethal dose of thiopental (Thiopen-
tal®; Spofa). Removed grafts of the abdominal aorta were
processed for histology and immunohistochemistry.

Histologic analysis

The removed grafts were fixed in a 10% natural buffered
formalin. Paraffin cross sections (5 um) were prepared
and stained with hematoxylin and eosin and Van Gieson
with elastica stain. The sections were taken from the mid-
portion of the graft to avoid any iatrogenically induced
response to the suture material.

Each section was photographed using an Olympus
Cammedia C-5050 digital camera mounted on an Olym-
pus BX51 microscope the magnification of which was
%400 (all from Olympus, Hamburg, Germany). The ima-
ges were digitally captured in the TIFF format with no
compression, and analyzed using Olympus DP-Soft soft-
ware Version 3.2. Intimal thickness (from endothelial sur-
face to the inner border of tunica media), as well as
medial thickness (defined by internal and external elastic
membranes), were measured up to 10 locations in each
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section. The mean value and SD (mean * SD) were cal-
culated for each aorta as well as animal group.

Immunohistochemical analysis

As to the immunohistochemistry detection of antigens,
the sections were obtained from the midportion of the
graft as described above. After the harvest, they were
embedded using Tissue Tek® Cryomold holders (Sakura,
Japan) and Tissue Tek® O.C.D. compound, and subse-
quently frozen in 2-methylbutane (Fluka Chemika, Buchs,
Switzerland) cooled by liquid nitrogen. The samples were
then stored at —80 °C in freezers until the immunohisto-
chemical analysis. Monoclonal and polyclonal antibodies
used in the study are listed in Table 1.

Detection of CD4", CD8" cells and Von Willebrand factor
Detection was performed on 8 um thick sections using a
two-step indirect method. Briefly, the sections were fixed
in cold acetone for 10 min. After rinsing in 0.2% Triton
X-100 and phosphate-buffered saline, the specimens were
incubated with a primary antibody for 60 min. After
blocking of endogenous peroxidase in 0.3% H,0, in 70%
methanol for 30 min, the antibody was detected by incu-
bation with a secondary antibody (Histofine®; Simple
Stain Rat MAX PO, Nichirei, Japan) for 30 min. After the
incubation for 5 min with Dako Liquid DAB+ Substrate-
Chromogen System (DakoCytomation, Glostrup, Den-
mark), the specimens were counterstained and dipped in
Entellan (Merck, Darmstadt, Germany).

The slides were then scored in a blinded fashion. The
cells were counted at five locations at the original magni-
fication, X1000. The cellularity was defined as the mean
value of the cells counted.

Detection of immunoglobulins

The detection was performed on 8 pm thick sections
using a direct method. After being rinsed in phosphate-
buffered saline, the tissues were air-dried and incubated
with an antibody directly conjugated with fluorescein
isothiocyanate for 30 min. The specimens were then
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dipped in glycerin medium and then immediately ana-
lyzed by a fluorescence microscope.

Detection of RT1.B" positive cells

The detection was performed on 8 pm thick sections
using a three-step indirect method. The sections were
fixed for 10 min in cold acetone. After being rinsed in
0.2% Triton X-100 and phosphate-buffered saline, endog-
enous biotin was blocked using the Biotin blocking sys-
tem (DakoCytomation). The tissues were then incubated
in 10% horse serum to prevent unspecific binding, and
then using a primary antibody for 60 min. After blocking
of endogenous peroxidase in 0.3% H,0, in 70% meth-
anol for 30 min, the antibody was detected by incubating
the specimen with a secondary biotinylated horse anti-
mouse (Vector Lab, Burlingame, CA, USA) antibody, fol-
lowed by an incubation with R.T.U. Vectastain Elite ABC
Reagent (Vector Lab). After the incubation for 5 min
with Dako Liquid DAB+ Substrate-Chromogen System
(DakoCytomation), the specimens were counterstained
and dipped in Entellan (Merck).

Statistical analysis

The values in the text and figures are expressed as the
mean * SD. Comparisons of intimal and medial thick-
nesses and numbers of lymphocytes between the experi-
mental groups were performed using the analysis of
variance, followed by the Tukey HSD Multiple Compari-
sons test. The Kruskal-Wallis one-way analysis was used
to compare FK 506 blood levels between the groups.
P-values <0.05 were considered significant.

Results

Animals

Forty-eight aortal grafts were successfully transplanted.
Two animals died in group B because of a hemorrhage
resulting from anastomosis and anastomotic stenosis,
respectively. One animal was overdosed and died during
blood sampling in group C.

Table 1. Antibodies for immunohisto-

chemical staining. Specificity Origin ~ Company Dilution (x)  Clone Detection
Von Willebrand factor Rabbit  DakoCytomation 5000 Histofine
CD4* cells Mouse  Cymbus Biotechnology Ltd 800 W3/25 Histofine
CD8* cells Mouse Cymbus Biotechnology Ltd 500 OX-8 Histofine
Immunoglobulins Sheep  Chemicon International 10 FITC
RT1.BY* Mouse Cedar Lane 50 MRC-OX3  Vector

FITC, fluorescein isothiocyanate.

List of monoclonal and polyclonal antibodies used for immunohistochemical staining of aortal

grafts.

*MHC class Il positive cells of Lewis origin.
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A decrease in the preoperative weight was observed in
all animal groups on day 7. After that day, the weight of
animals was increasing in all the experimental groups.

Immunosuppression

The mean blood level of FK 506 during the entire experi-
ment was 5.0 £ 0.7 ng/ml, with no statistical difference
between the immunosuppressed groups. No adverse
effects of the FK 506 administration, such as diarrhea or
a persisted weight loss, were observed in any of the
experimental animals.

Tunica intima

The mean CIT during the entire experiment was
25.8 £ 8.0 h, with no statistical differences between the
experimental groups. No significant changes in the vascu-
lar wall were observed after the 25-h period mentioned
above.

The moderate intimal thickening was observed in all
the groups on day 7 (Table 2). The ECs were underlying

Table 2. Parameters under study — day 7.
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with small disparate clumps of mononuclear cells. The
higher extent of the leukocyte adhesion was observed in
the allogeneic nonimmunosuppressed group. The mean
value of the intimal reaction in this group reached a peak
value of 20.3 + 15.0 pm.

The process of intimal proliferation continued then in
all the experimental groups. There was no statistical dif-
ference in the intimal thickness between group A, group
C and group D on day 30 (Table 3). However, the inti-
mal proliferation in the allogeneic nonimmunosuppressed
group B was statistically higher when compared with all
the other groups (Fig. 1).

A typical feature observed in all the groups was a non-
concentric form of intimal lesions. The regions with mas-
sive intimal thickening alternate with those showing a
lower intimal response.

The luminal surface of the thickened intima was covered
by a monolayer of ECs in all the groups on day 30 (Fig. 2).

Lewis major histocompatibility complex (MHC) class II
positive cells in the neointima of BN were detected only
in the allogeneic, but not in any of the immunosup-
pressed groups, on day 30 (Fig. 3).

Intimat Mediat Adventitia}
Group Immunosuppression Day Thickness ECs layer Thickness IgG deposition CD4™ cells CD8* cells
A No 7 10.6 £ 5.2 - 77.5+9.3 - 21475 3.0+238
B No 7 20.3 +15.0 - 75.2 £ 10.6 - 32.6 + 8.8 8774
C FK 506 day 1-30 7 143 5.1 - 81.2+14.2 - 15.0+49 39+32
D* FK 506 day 7-30 7 20.3 +15.0 - 75.2 £ 10.6 - 32.6 + 8.8 8774
ECs, endothelial cells.
Parameters of aortal wall injury 7 days after transplantation.
*Values of group D on day 7 are identical to those of allogeneic no immunosuppressed group B.
tIntimal and medial thicknesses are expressed in pum.
tNumbers of CD4 and CD8 positive cells in one eyepiece at original magnification x1000.
Table 3. Parameters under study — day 30.

Intima* Media* Adventitiat

ECs [el€} Cb4* CD8*

Group Immunosuppression Day Thickness layer Thickness deposition cells cells
A No 30 355+ 234 + 80.2 + 14.2 - 253 +838 9.6 +7.1
B No 30 121.6 + 33.2% + 61.3+11.1 + 108.8 + 24.0% 59.8 + 12.2%
C FK 506 day 1-30 30 41.0£19.2 + 735+ 11.8 - 238+93 6.0+5.0
D FK 506 day 7-30 30 40.5 + 23.6 + 829+ 137 - 23.7 6.5 83+45

Effects of a delayed administration of FK 506 on main features of an aortal wall injury 30 days after the transplantation.

*Intimal and medial thicknesses are expressed in um.

tNumbers of CD4 and CD8 positive cells in one eyepiece at original magnification x1000.

1P < 0.05.
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Figure 1 The extent of the intimal reaction on day 30 in both immuno-
suppressed groups (C, D) was comparable with that of the isogeneic
group (A). The intimal thickness in the allogeneic group B on day 30
was significantly higher (P < 0.05) when compared with groups A, C
and D.

Tunica media

No statistical difference in the tunica media thickness was
noticed in the experimental groups on day 7. The medial
layer of none of the aortal grafts showed any morphologi-
cal alterations or IgG depositions.

The delayed administration of FK 506 had no effect on
the medial thickness of aortal allografts on day 30. Values
of the tunica media thickness on day 30 did not differ
between group A, group C and group D, respectively.
The histological findings were comparable with those
observed on day 7. However, the tunica media thickness
in the allogeneic animals was significantly lower when
compared with all the other groups. The degeneration
and necrosis of medial smooth muscle cells was not
detected in most of the allogeneic grafts. The maximum
medial degenerative changes were localized beneath
regions of the most significant intimal proliferation.

No medial IgG depositions were detected in the isoge-
neic or in any of the immunosuppressed allogeneic
groups on day 30. Immunofluorescent staining revealed
IgG depositions as small fluorescent granular deposits

Figure 2 Light microscopic findings of arterial allografts obtained
30 days after the transplantation. Immunostaining with anti-Von
Willebrand factor antibody. Positive endothelial cells (EC) are stained
brown. The monolayer of ECs covering the neointima of aortal grafts
was observed in the syngeneic group A (a), from day 7 immunosup-
pressed allogeneic group D (b) as well as in nonimmunosuppressed
group B (c). The immune reaction in the field of no suppression led to
a significantly higher formation of neointima in group B (c) when
compared both with the isogeneic group A (a) and from day 7 immu-
nosuppressed group D (b). Original magnification, x400. |, tunica
intima; M, tunica media; A, tunica adventitia.
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surrounding smooth muscle cells only in the allogeneic
control group B. The regions of IgG deposition correlated
well with the regions of maximum medial degenerative
changes (Fig. 4).

Tunica adventitia

The interstitial infiltration by mononuclear cells was the
main feature in the adventitial layer observed in all the
groups on day 7. The highest degree of CD4" cellular
infiltration was observed in the allogeneic nonimmuno-
suppressed group B. In group C, the CD4" cellular infil-
tration was even lower when compared with the isogeneic
control group A. The proportion of CD8" adventitial
infiltration on day 7 was almost identical to that of CD4"
cells. However, the difference between the syngeneic and
the immunosuppressed grafts observed in CD4" was not
noticed in CD8" cells infiltration.

Both regimens of immunosuppression resulted in a
lower adventitial infiltration rate by both CD4" and
CD8" cells when compared with the isogeneic group A
on day 30 (Fig. 5). The adventitial layer of allogeneic
nonimmunosuppressed grafts was infiltrated by a high
amount of CD4" and CD8' cells (Fig. 3). Most of
them were confined beneath the medial layer. The
regions of CD4" and CD8" infiltrations correlated well
with the regions of maximum medial degenerative
changes.

Discussion

The results of our experimental study concerning the
morphological changes in all three layers of the arterial
wall revealed a similar morphological picture, irrespective
of whether the immunosuppression with a low-dose of
FK 506 was administered immediately after, or from day
7 after the operation. While the process of rejection in
the field of no immunosuppression resulted in intimal
hyperplasia, medial necrosis and adventitial infiltration of
aortal allografts, doses of FK 506 given from day 7 sup-
pressed and reversed the immune response against arterial
wall antigens.

Histological signs of endothelial denudation and light
leukocyte adhesion on day 7 were comparable between
the syngeneic and the allogeneic groups, no matter whe-

Delayed administration of FK 506 after aortal transplantation in rats

Figure 4 Light microscopic findings of arterial allografts 30 days after
the transplantation. Immunofluorescent staining with anti-lgG anti-
body. No IgG granulations was observed in the medial layer of aortal
grafts in group D (a). The rejection of aortal grafts observed in group
B was characterized by a focal deposition of immunoglobulins into
the tunica media, accompanied by a massive neointimal reaction (b).
Original magnification, x100. L, aortal lumen; |, tunica intima; M,
tunica media; A, tunica adventitia.

ther immunosuppressives were given, or not. The intimal
reaction is believed to be triggered by alloantigen-inde-
pendent ECs damage and an activation caused by ischemic
and reperfusion (I/R) injury [24]. The intensity of the in-
timal reaction and subsequent rejection is proportional to
the value of the I/R damage and increases proportionally
to the time of ischemia [25].

Figure 3 Light microscopic findings of aortal grafts obtained from animals of group D (a, b, ¢) and group B (d, e, f) 30 days after the transplan-
tation. Immunostaining revealed a marked suppressive effect of the delayed FK 506 administration in group D on the neointimal and advential
infiltration, both by CD4* cells (a) and CD8* cells (b) when compared with the nonimmunosuppressed group B (d, e). The anti Lewis MHC class I
antibody was used to identify the origin of the invading cells (c, f). The massive neointimal and adventitial infiltration by the recipient’s immuno-
competent cells were observed in nonimmunosuppressed animals in group B (f), in contrast to animals of group D (c) immunosuppressed from
day 7. The positive cells are stained brown. Original magnification, x400. L, aortal lumen; I, tunica intima; M, tunica media; A, tunica adventitia.
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Figure 5 The extent of the CD8" infiltration on day 30 in both
immunosuppressed groups (C,D) was comparable with that of the iso-
geneic group (A). The CD8" cells infiltration in the allogeneic nonim-
munosuppressed group B on day 30 was significantly higher
(P < 0.05) when compared with groups A, C and D.

Apart from the ischemic time, the next important fac-
tor affecting the endothelial damage of arterial grafts is
represented by properties of the solution used for conser-
vation [26]. The HTK solution used in our experiment is
routinely used in clinical as well as experimental organ
transplantations with good results [27].

The process of a massive leukocyte adhesion and strong
neointima formation after day 7 continued only in the allo-
geneic group with no immunosuppression. When given
from day 1 or even from day 7 after the transplantation, FK
506 was sufficient to suppress secondary alloantigen-
dependent ECs damage which commonly occurred between
day 14 and day 21 after the transplantation, as described
previously by Gohra et al. [28] and Azuma et al. [22].

In all the experimental groups, the monolayer of ECs
covered the neointima on day 30. Our method did not
permit to determine the origin of the ECs, i.e. from the
donor or from the recipient. Nevertheless, we suppose
that the suppression of rejection by the delayed adminis-
tration of FK 506 was even sufficient to allow the regener-
ation of ECs of donor origin, as observed by other
research teams [22,24].

The adequate host immune system suppression by the
delayed FK 506 administration was also confirmed by the
absence of any signs of the recipients’ LEW MHC class II
positive cells infiltration into the neointima of the donors’
BN aortal grafts on day 30.

The immunosuppressive protocol involving FK 506
being administered from day 7 after the transplantation
succeeded in suppressing the IgG deposition in the tunica
media, as well as the necrosis of aortal smooth muscle
cells. This layer was considered to be the delayed target of
recipient’s immune response. In our experiment, the first
signs of rejection appeared after day 8 and subsequently
led to a necrosis of medial layer.
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A specific characteristic feature of the tunica media
rejection process is the absence of inflammatory cells infil-
tration [21]. Several mechanisms involved in smooth mus-
cle cell necrosis have been mentioned in the literature: a
severe nutritional deficiency caused by an extensive inflam-
mation of adventitia and lack of ingrowth of the new
recipient-derived vasa vasorum into the media [24], apop-
totic cell death caused by up-regulation of CD8" T-cell
derived inducers of apoptosis [29], and IgG-dependent
smooth muscle cells injuries related to the mechanism
other than complement-induced cell necrosis [21].

FK 506 given from day 7 suppressed even the process
of ongoing inflammation and adventitial infiltration by
CD4" and CD8" positive cells. The characteristic feature
of adventitial layer acute rejection observed in other stud-
ies occurred only in the condition of no immunosuppres-
sion [29].

The main effectors of the adventitial reaction seem to
be CD8" T lymphocytes. The process of infiltration starts
on day 5 and reaches its peak on day 18 after the trans-
plantation [21]. After that day, the medial smooth muscle
cells start to disappear as a result of apoptosis [29]. Az-
uma et al. [22] observed a massive cellular infiltration of
the tunica adventitia 2 weeks after the cessation of FK
506. Some findings indicate that the medial smooth mus-
cle cells destruction and intimal proliferation are regula-
ted independently [29,30].

FK 506 inhibits the mixed lymphocyte reaction assay,
the formation of IL-2 by T lymphocytes, and formation
of other soluble mediators, including IL-3, IL-4, IL-5,
tumor necrosis factor alpha and granulocyte-macrophage
colony-stimulating factor [31]. Almawi et al. have con-
firmed that, in exerting its antiproliferative effect, FK 506
acts on two levels: by inhibiting the cytokine availability
and by suppressing the cytokine effect on target cells
[32]. This finding can explain the beneficial effect of FK
506 in attenuating ongoing immune responses. The effect
of FK 506 on the augmentation of T-cell apoptosis was
observed in experiments as well [31].

The predicted effect of FK 506 observed in our study
was the suppression of CD8" cells as well as the growth
factor formation. The first effect resulted in a suppression
of smooth medial cells necrosis; the second one in a sup-
pression of intimal hyperplasia of aortal allografts.

The antigenicity of arterial allografts has been docu-
mented frequently in experiments, as well as in clinical
practice [9,21]. The process of rejection was adjusted
using various immunosuppressive drugs, including cal-
cineurin inhibitors, in many experimental studies
[22,23,33,34]. However, the use of immunosuppression
after an alloarterial or allovenous transplantation to
increase the patency rate of reconstructions in humans is
not widely accepted. Moreover, the suppression of the
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immune system in patients after the removal of an infec-
ted prosthesis, followed by an arterial transplantation, has
not yielded a definite solution yet [1,35,36].

The present study considered a possibility of delaying
the administration of FK 506 after an arterial transplanta-
tion for 1 week without any influence on morphological
signs of an acute arterial wall rejection.
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