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ORIGINAL ARTICLE

Influence of ischaemia/reperfusion and LFA-1
inhibition on telomere lengths and CDKI genes
in ex vivo haemoperfusion of primate kidneys

Abstract The telomere g ) length,
p2 I WAFT/CIPD and p27KPD cyclin-
dependent kinase inhibitor (CDKI)
genes are the markers of cell senes-
cence and DNA damage. The aim of
the study was to determine the
influence of renal ischaemia/reper-
fusion (I/R) and anti-lymphocyte
function-associated antigen-1 (LFA-
1) monoclonal antibody (mAb)
treatment on the value of the above-
mentioned markers. Significantly
higher levels of p21 and p27 were
expressed by the glomeruli
(P=0.001 and P=0.0001), tubules
(P=0.0065 and P=0.0006), and
interstitial cells (P=0.0017 and
P=0.0022, respectively) of the xen-
operfused kidneys. The mean T
length of non-perfused renal speci-
mens (5.56 £0.60 kbp) was longer
than that of the xenoperfused kid-
neys (5.46+0.36 kbp) [P= non-sig-
nificant (NS)]. Addition of anti-

LFA-1 mAbD did not significantly
influence the gene expression profile
in the xenoperfused kidneys. The
mean T length was longer in the
kidneys with anti-LFA-1 mAb than
in those without the medication
(5.7£0.11 vs 5.13+0.31 kbp)
(P=0.0661). Kidney I/R is associ-
ated with telomere shortening and
an over-expression of p21 and p27
CDKIs, which indicates substantial
DNA damage and/or accelerated
tissue senescence. Although anti-
LFA-1 mADb had some protective
effect on the telomeres, it did not
influence the gene expression profile
in this study.

Keywords Ischaemia/reperfusion -
Kidney preservation - Telomeres -
CDKI - Kidney senescence -
Xenoperfusion

Introduction

Ischaemia/reperfusion (I/R) is a strong transplantation
(Tx)-related stress that considerably influences graft
survival [1]. Delayed graft function caused by I/R acti-
vates immunological mechanisms and triggers episodes
of acute cellular rejection [2]. The pathophysiological
mechanisms of I/R injury are very complex, and thera-
peutic modalities against it are limited. The roles of
apoptosis and inflammation in organ damage by I/R
have been assessed [3].

Increased endothelial activation and cellular adhesion
due to the interaction of lymphocyte function-associated

antigen-1 (LFA-1) and intercellular adhesion molecule-1
(ICAM-1) have also been recognised as a major patho-
genetic mechanism of I/R injury [4]. Furthermore, up-
regulation of adhesion molecules is thought to stimulate
leukocyte binding to major histocompatibility complex
(MHC) antigens and initiate immune dependent events,
ultimately leading to graft rejection [5]. Theoretically,
treatment modalities directed against LFA-1 and/or
ICAM-1 should protect graft tissue from I/R injury and
prevent acute rejection episodes. Indeed, several experi-
mental studies have shown the beneficial effect of com-
bined LFA-1/ICAM-1 inhibition on graft acceptance [6,
7, 8]. However, the data on the effectiveness of anti-
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LFA-1 monoclonal antibodies (mAbs) in kidney Tx are
limited and highly controversial. While one group of
studies has shown a beneficial effect of anti-LFA-1
treatment [9, 10], others were unable to detect any
advantage from its administration [11, 12}. _

The telomere (T) length, p21WAFI/CIPD gpd po7(&iPD
cyclin-dependent kinase inhibitor (CDKI) genes are the
markers of cell senescence. p21 is increasingly expressed
in renal cells with advanced animal age [13] and p27 is
up-regulated in cell cultures with increasing replicative
age [14]. Reduction of the T length has been recently
demonstrated in renal cortex with human ageing [15].
The importance of the above-mentioned markers in I/R
injury is supported by the experimental and clinical
studies that show an up-regulation of p2l in post-I/R
acute renal failure [16] and over-expression of p27 in
ischaemic kidney damage [17]. The baseline kidney
telomere length was positively correlated with the or-
gan’s ability to recover its function after I/R [18]. The
influence of stresses associated with organ procurement
on the above-mentioned markers, as well as the effect of
anti-adhesion treatment on senescence markers, has not
yet been assessed.

The aim of the current study was to determine the
genetic changes in kidney tissue after I/R and assess the
potential protective effect of anti-LFA-1 mAb treatment
on Tx-associated stresses. For this purpose, the influence
of I/R and anti-LFA-1 mAb administration on tissue T
lengths and the expression of p2 1 WAFICIPD - ang
p27®iPY) CDKI genes was studied with an experimental
model of ex vivo haemoperfusion of primate kidneys. To
our knowledge, this is the first report on over-expression
of the CDKI genes and possible T shortening in kidneys
after xenoperfusion.

Materials and methods
Experimental protocol

A total of 13 Macaque cynomolgus monkeys weighing
between 2.5 and 5.3 kg (median weight 2.75 kg.) was
used in the study. The animals were kept under condi-
tions that met the international principles of laboratory
animal care. The study was carried out in accordance
with the German law on the protection of animals, and
the protocol was approved by the local ethics committee.
The monkeys were anaesthetised with 0.5% halothane
for the first 15 min and then with i.v. zolazepam (15 mg/
kg). They were operated on under assisted ventilation,
with monitoring of blood pressure, heart rate and blood
gases. The femoral artery was catheterised for blood
pressure measurements. After median laparotomy, the
kidneys were exposed, renal pedicles were dissected and
non-traumatic clamps were applied for 45 min. The
pedicles were then released and flushed in vivo with cold

Eurocollins solution for 5 min. The right kidney was
harvested and placed in Eurocollins solution at 4°C for
24 h. All primates were painlessly killed, after the rep-
erfusion, with an i.v. injection of sodium pentobarbital.

After storage, the renal artery was cannulated and
reperfused with freshly drawn heparinised human blood
with the specially designed perfusion system. The blood
was drawn from healthy volunteers, heparinised (10 TU/
ml), diluted to a haematocrit of 25% and adjusted to a
pH of 7.4 within the perfusion circuit, by bicarbonate
titration and CO, insufflation into the oxygenator.
Study group kidneys (n=9) were perfused with 500 ml!
un-pooled heparinised human blood of the same group,
with (n=15), or without (n=4) addition of specific anti-
human LFA-1 [gGl mAb (2 mg/l of “ANTILFA”,
Mericux, Lion, France) prior to the perfusion. The
perfusion time was 3 h. The control group kidneys
(n=4) were not perfused at all.

Perfusion system

Ex vivo haemoperfusion of kidneys was performed with
the perfusion system described earlier [19]. Briefly, the
system consisted of a perfusion circuit through a closed
chamber with a parallel separate membrane oxygenator
circuit. The oxygenator circulation was tested prior to
the experiments for leukocyte absorption of human
blood circulating through the system without organ
interposition. Leukocytes did not decrease to less than
80% of baseline values (data not shown) in 1 h. Via
arterial cannulation, pressure-controlled perfusion was
achieved by a computer-driven roller pump with on-line
recording of flow, pressure and resistance. A second
independent pump controlled the oxygenator circula-
tion. The venous effilux was collected and continuously
re-entered into the circuit.

Telomere length measurement

The telomere length detection was carried out in
accordance with the protocol “Telo TAGGG telomere
length assay”; Roche instruction manual, version 1,
June 1999 (http://www.rochediagnostics.jp/products/as/
lightcycler_files/Ic telo_taggg kit.pdf). DNA was ex-
tracted from fresh kidney tissues (approximately 20—
30 mg/sample) with the GEN-IAL-FirstDNA method
(GEN-IAL, Troisdorf, Germany) [20]. The DNA
quantification was carried out at 260 nm wavelengths
with a spectrophotometer. The integrity of each DNA
sample was confirmed by electrophoresis and visualisa-
tion of 1 ug DNA on an SYBR Green (Biozym, Ha-
meln, Germany) stained 0.8% agarose gel. For analysis
of the telomeric restriction fragment length, 1-2 ng
aliquots of DNA were digested for 2 h at 37°C with an
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enzyme mixture of 20U HINF I and 20U Rsa. Sub-
marine electrophoresis was performed in 0.8% agarose
gels at 5 V/em for 3-4 h in 1 x Tris-acetate-EDTA
buffer (running distance 15 cm). Controls were digoxi-
genin (DIG) molecular weight DNA, high and low
molecular weight DNA (Fig. 2). After electrophoresis
the gels were soaked in SYBR Green and photographed.
The digested DNA was transferred to positively charged
nylon membranes (Roche, Mannheim, Germany) by
capillary Southern blotting using 20x SSC. The blotted
DNA fragments were hybridised to a digoxigenin-la-
belled TTAGGG probe and incubated with DIG-spe-
cific antibody covalently coupled to alkaline phosphate.
The immobilised telomere probe was visualised by virtue
of alkaline phosphatase metabolising CDP-Star, a
highly sensitive chemiluminescence substrate. The X-ray
films were exposed for 2050 min.

The mean length of the telomere restriction fragment
(TRF) was calculated by the following equation:

_ X(ODy)

TRY = sopiLy

where OD; = chemiluminescent signals and L; = length
of the TRF at position i.

We carried out the calculation by scanning the ex-
posed X-ray films, using a densitometry procedure
(Scion Image, Scion, 2000). We calculated the telomere
length as total intensity of the telomeric signal, using the
arca under the curve minus the background signal.

Immunohistochemistry

The kidney specimens were cut into four equal pieces,
snap frozen in liquid nitrogen and kept at —80°C until
required. For immunohistochemistry, we used 4-pum-
thick sequential tissue sections consisting of cortex and
medulla. Tissue samples were fixed in ¢old (-20°C)
acetone and washed in phosphate-buffered saline (PBS)
solution. Endogenous peroxidase was blocked by incu-
bation in 1% hydrogen peroxide. Sections were then
incubated for 1 h at room temperature with either anti-
p21WAFVCIPD antibodies (clone F-5, code SC-6246;
Santa Cruz Biotechnology, Santa Cruz, USA) or anti-
p27®PD antibodies (clone 57, code K25020; Transduc-
tions Laboratories, Heidelberg, Germany), diluted (1:20
and 1:200 respectively) in PBS plus 1% bovine serum
albumin (Sigma 20K7607, Munich, Germany). After
being washed in PBS, the tissue sections were revealed
by the Envision monoclonal system (code K-4001;
Envision, Dako, Carpinteria, USA). Samples were
developed with a liquid diaminobenzidine DAB+ sub-
strate-chromogen system (code 3468; Dako, Glostrup,
Denmark) and counterstained with haematoxylin. Tis-
sues from ovarian cancer were used as a positive control
and non-immune mouse serum as a negative control.

Sample examination and scoring

Slides were examined blind by microscopy under 20—40x
magnification objectives. Only nuclear staining was
considered positive and was counted. Glomerular,
tubular, interstitial and vascular expression of the
markers was analysed separately by calculation of the
respective scores. To ensure maximum compatibility and
validity of results, we marked 0.5%0.5 cm rectangles in
each slide, and all counts were performed within that
area. The total number of glomeruli, tubules and
crosscut blood vessels that were positive for p21 and p27
were counted in glomerular scores (GSs), tubular scores
(TSs) and vascular (VSs), respectively. The total number
of positive interstitial nuclei was counted for an inter-
stitial score (IS).

Statistical analysis

Statistical analysis was performed with computer-as-
sisted software (StatView 5.0, SAS Institute, 1998).
Normality of data distribution was examined with the
Shapiro-Wilk test. T length, glomerular, tubular and
interstitial gene expression in the groups (study and
control), as well as in the subgroups (with or without
anti-LFA-1) was analysed by a two-sample f-test. Vas-
cular expression of the genes was compared with Wil-
coxon rank sum test for non-parametric variables. We
used paired #-tests to compare the intensity of gene
expression within groups.

Results

All kidneys from the study group were positive for p21
and p27. The genes were expressed to various degrees by
all structures (glomeruli, tubules, interstitial cells and
blood vessels) of xenoperfused kidney. In the control
group, the genes were expressed in glomerular, tubular
and interstitial cells only. Blood vessels of these kidneys
were negative for the expression of both markers
(Fig. 1).

The gene expression levels, expressed as the mean
number of positive cells for each group, and the mean T
lengths were compared between the study and control
specimens, and the results are shown in Table 1. Sig-
nificantly more p2l was expressed by glomeruli
(P=0.001), tubules (P=0.0065) and interstitial cells
(P=0.0017) of xenoperfused kidneys. Expression of p27
by the same tissue structures was also higher in the study
group specimens (P=0.0001, P=0.0006, P=0.0022,
respectively). Vascular expression of p21 was detected in
four out of nine (44.4%) study group kidneys
(P=0.1489), whereas p27 was expressed in eight out of
nine (88.9%) xenoperfused renal specimens (P=0.0047).



695

Fig. 1 a Glomerular cells of a ‘d
control group kidneys negative .
for the expression of p21. - ~
Tubular, interstitial (b) and Sl : ' = 4
vascular (¢} cells of control Son G gzt . Wy ¥ s
group kidneys negative for p27. . LT & ‘
Glomerular expression of p21 WL T B
(d); tubular, interstitial (e) and . -
vascular (f) expression of p27 in :
xenoperfused kidneys
b - A es 3
-'.' L]
’ "% .
. e & - .
po s . - >
: P s Al - :
] - - - .
P . . -_.
o, BRI TR
# m". ; ¥ E ’ .
- 'i' - ' ‘J
" f‘ . -
J- -.'\:
= 5. 1 e
B - g 7%
o \"__ 4 ’ . - -
The mean T length was longer in the control group M H L C A WA

kidneys (5.56+0.60 kbp) than in the study group kid-
neys (5.46+0.36 kbp, P=0.1341) (Table 1, Fig. 2).

Thus, ischaemia of the primate kidneys followed by 212
xenoperfusion led to the T shortening in conjunction
with the significant up-regulation of p27 in all its tissue 86
structures and over-expression of p2l in glomerular, -
tubular and interstitial cells. ’ 74
The marker levels were further analysed in xenoper- 61
fused kidneys according to anti-LFA-1 treatment, and
3135049
Table 1 Comparison of gene expression levels and mean T lengths 42
between the study and control groups 2635
Marker Study group  Control group P
27 |
P21 -
Glomerular 26.9+9.5 2.5+09 0.001
Tubular 304+13.1 1.0+0.6 0.0065 &
Interstitial 231.4+994 7.8+4.5 0.0017 2019
Vascular 0.6+£0.7 0.0£0.0 0.1489* s
P27
glcémlerular gi?ii?g (l)gig§ 8888; Fig. 2 DNA traces of the study and control group kidneys (M
Iut u?i. | 294 6+ 1'2 43 6.0 i2.9 0'0022 marker, H high-molecular-weight DNA, L low-molecular-weight
\? ors 11 1a 14 " 08 : 0'0 i 0'0 0'00 472 DNA, C control group kidney, 4 study group kidney with addition
Mezilm’}algngth (kbp) 5' 46 :tb 36 5' 56 ib 60 0'13 41 of the anti-LFA-1 mAb, WA study group kidney without addition

Wilcoxon rank sum test

of the anti-LFA-1 mAb)
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Table 2 Comparison of gene expression levels and mean T lengths
m the xenoperfused kidneys according to anti LFA-1 mAb treat-
ment

Marker Without With anti-LFA-1 P
anti-LFA-1
P21
Glomerular 18.0£9.1 34.0+13.3 0.11
Tubular 20.8+12.2 38.2+19.9 0.31
Interstitial 235.8+128.4 228.0+:94.9 0.94
Vascular 0.5+1.0 0.6+0.5 0.85
P27
Glomerular 26+99 358+9.8 0.25
Tubular 31.3+£15.9 36.4+13.4 0.70
Interstitial 273.34+£189.3 311.4+£110.7 0.79
Vascular 1.8+1.2 1.2+0.4 0.39
Mean T length (kbp) 5.13+0.31 5.74+0.11 0.0661

the results are shown in Table 2. No significant differ-
ences were detected in the expression of p21 and p27 in
any of the tissue structures. Addition of anti-LFA-I1
mAb did not significantly influence the gene expression
profile in glomerular, tubular, interstitial and vascular
cells of the xenoperfused kidneys. There was a trend to
significance in the difference of the mean T length, in
favour of the kidneys with anti-LFA-1 treatment as
compared with non-treated kidneys (5.7+£0.11 vs
5.13£0.31 kbp, P=0.0661) (Table 2).

Finally, p21 and p27 expression levels by the same
structures of the study and control group kidney tissues
were compared, and the results are presented in Table 3.
The mean marker expression levels in the control group
did not differ in any of the tissue structures. Significantly
more p27, however, was expressed by interstitial and
vascular cells of xenoperfused kidneys (P=0.021 and
P=0.020, respectively) (Table 3).

Discussion

This study focuses on two major Tx-related stresses: [/R
and xenoperfusion. We used an experimental model of

Table 3 Comparison of p21 and p27 expression levels within the
groups (ND not detected)

Scores P21 P27 P
Controls
Glomerular 2.5+0.9 1.5+0.8 0.42
Tubular 1.0+0.6 0.5+0.7 0.49
Interstitial 7.8+4.5 6.0+2.9 0.72
Vascular 0.0+0.0 0.0+0.0 ND
Study
Glomerular 26.9+9.5 31.4+10.9 0.16
Tubular 30.4+£13.1 341+£11.2 0.54
Interstitial 231.44+99.4 294.6+124.3 0.021
Vascular 0.6+0.7 1.4+£0.8 0.020

concordant ex-vivo haemoperfusion of primate kidneys
as a non-standard xenotransplantation model. Since
concordant haemoperfusion does not lead to hyperacute
rejection, the model itself and the study results could be
applicable to the clinical situation of cadaver kidney Tx.
It has been shown that ischaemia followed by concor-
dant xenoperfusion causes telomere shortening and sig-
nificant over-expression of p27 by all kidney tissue
structures. p21 was up-regulated in glomerular, tubular
and interstitial renal cells.

The telomere hypotheses of ageing became popular
during the past decade. Indeed, an inverse relationship
between T length and age has been demonstrated by
some of the recent studies [15]. Telomere erosion initi-
ates a whole cascade of very complex cell cycle events
with involvement of the CDKI genes [21]. Existing data
from in vitro and in vivo studies consider these genes to
be the markers of DNA damage and senescence [13, 14,
17]. However, the value of the senescence markers in
organ transplantation has been poorly assessed. Al-
though the influence of ischaemia on renal expression of
the above-mentioned genes has been recently studied
[16, 17], no in vivo data on the effect of Tx-associated
stresses on the genes are available. :

Our results emphasise the importance of reperfusion
as an additional and substantial damaging factor for
kidney tissue. Insufficient numbers of cases most likely
caused the non-significant difference between the mean
T lengths. Regrettably, the study design (experimental
primate model) does not allow assessment of the large
number of animals. From existing in vitro and in vivo
data on the value of the markers, our results indicate
that I/R is a strong tissue stress that leads to DNA
damage and accelerated kidney senescence. Up-regula-
tion of the genes caused by T erosion can also be
interpreted as a protective mechanism against replica-
tion of the DNA damaged cells in post-stress tissue
regeneration. Both concepts need to be further examined
in order for one to assess the importance of above
findings.

A question arises about the possible activation of
acute cellular rejection and its influence on the markers
that have been determined. It has been shown that,
unlike discordant xenografts, which are rejected hy-
peracutely within the minutes following reperfusion,
concordant grafts function for a period of days before
succumbing to acute rejection attack [22]. We think that
the short reperfusion time and ex vivo perfusion condi-
tions could not activate severe rejection episodes influ-
encing the marker levels.

Endothelial activation with subsequent up-regulation
of various adhesion molecules can cause an antigen-
independent sticking of white blood cells to vascular
endothelium and their binding with MHC antigens with
secondary immune activation [23]. From p2-integrins
up-regulated after Tx-associated stresses (harvesting,
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storage and engraftment), LFA-1 (CD11a) is recognised
as a critical molecule for adhesion and de-adhesion of
the lymphocytes [24]. Theoretically, treatment directed
against LFA-1 or its ligand, ICAM-1, should protect the
graft from Tx-related injuries. Indeed, initial experi-
mental studies have confirmed this view, showing
indefinite graft survival in mice treated with combined
anti-LFA-1/ICAM-1 mAbs [6] and improved animal
survival with anti-ICAM-1 treatment [7].

Early experimental data on anti-LFA-1 were also
promising [25, 26]. The clinical data on the value of anti-
CDIlla mAb administration are mostly available from
patients that have undergone blood marrow Tx, and are
conflicting [17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29]. The results of a very few clinical studies on the value
of anti-LFA-1 mAb in kidney Tx are also controversial.
The studies that report a beneficial effect of the antibody
treatment on kidney function recovery and acute rejec-
tion episodes are not free from methodological draw-
backs (small patient numbers and lack of well-
established control groups), which makes their results
doubtful [10, 30]. In the current study we have shown
that anti-LFA-1 mAb administration had a protective
effect on kidney T lengths, with a trend to significance
(P=0.0661). Insufficient numbers of cases may be the
reason why the difference did not reach significance. The
effect of antibody administration, however, was not

profound enough to influence the intensity of gene
expression. Although it was found that p21 and p27 are
highly expressed by some of the renal cells with anti-
LFA-1 treatment, none of those differences reached
statistical significance (Table 2). The influence of anti-
LFA-1 mAb on the senescence markers has not been
determined, either in vitro or in vivo. The exact mech-
anism of its action on cellular structures is not known.
We think that the same degree of CDKI gene expression
indicates that the degree of tissue damage was not
influenced by the antibody administration. These data
contradict the results of studies that showed a protective
effect of the antibody on renal function recovery and/or
post Tx acute rejection [9, 10, 30, 31].

In conclusion, it has been shown by the results of the
current study that renal ischaemia, followed by con-
cordant haemoperfusion, is associated with kidney
telomere shortening and over-expression of p21 and p27
CDKI genes, which indicates substantial DNA damage
and/or accelerated tissue senescence. Although anti-
LFA-1 mAD treatment may have a protective effect on
kidney telomeres, it did not influence the gene expression
profile in our study.
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