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Summary

Matrix metalloproteinases and tissue inhibitor of metalloproteinases play an important role in the
regulation of mesangial cell proliferation and may be involved in ischemia-reperfusion injuries.
Preservation solutions are thought to diminish the ischemic injury and appropriate choice of the
solution should guarantee a better graft function and good prognosis for graft survival. The aim
of the study was to examine the effect of preservation solutions UW and EC on the expression
of matrix metalloproteinase II and tissue inhibitor of metalloproteinase II genes in rat kidney.

The study was carried out on Wistar rat kidneys divided into 3 groups: kidneys perfused with
0.9% NaCl (control group), with UW, and with EC preservation solution.

The results show an enhancement of MMP-2 and TIMP-2 gene expression after 12 min of cold
ischemia. This increase was more expressed in kidneys preserved with UW solution in compa-
rison with kidneys perfused with EC solution and 0.9% NaCl. After 24 h of cold ischemia the
expression of MMP-2 and TIMP-2 genes in kidney perfused with UW solution decreased, while
in kidneys perfused with EC it was increased. After warm ischemia the MMP-2 and TIMP-2 gene
expression increased, whereas it was significantly lower in kidneys perfused with EC solution.

UW ¢ EC * matrix metalloproteinase Il ¢ tissue inhibitor of metalloproteinase Il

Streszczenie

Metaloproteinazy macierzy oraz tkankowe inhibitory metaloproteinaz odgrywaja istotna role
w regulacji proliferacji komérek mezangium i moga braé¢ udzial w procesie uszkodzenia niedo-
krwienno-reperfuzyjnego. Ptyny konserwujace stosowane sa w celu zmniejszenia uszkodzenia
niedokrwiennego, ich wiasciwy wybor moze wplywaé na dalsze funkcjonowanie przeszczepu.
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Celem pracy byta ocena wplywu ptynéw konserwujacych UW i EC na ekspresj¢ genéw metalo-
proteinaz macierzy oraz tkankowych inhibitoréw metaloproteinaz w nerce szczura.

Badanie przeprowadzone na szczurach rasy Wistar podzielonych na 3 grupy: nerki perfundowa-
ne 0,9% NaCl (grupa kontrolna), grupa perfundowana ptynem UW, grupa perfundowana ptynem
EC. Wyniki wykazaty nasilenie ekspresji genu MMP-2 1 TIMP-2 po 12 min zimnego niedokrwie-
nia. Wzrost ten byt najbardziej nasilony w nerkach perfundowanych ptynem EC w poréwnaniu
z nerkami perfundowanymi ptynem UW i 0,9% NaCl. Po 24 h zimnego niedokrwienia ekspresja
gendw MMP-2 i TIMP-2 w nerkach perfundowanych ptynem UW zmalata, natomiast EC wzro-
sta. Po okresie cieptego niedokrwienia ekspresja gendw MMP-2 i TIMP-2 wzrosta, jednakze byta
istotnie mniejsza w nerkach perfundowanych ptynem EC.

Stowa kluczowe:

UW ¢« EC ° metaloproteinaza Il » tkankowy inhibitor metaloproteinazy Il
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INTRODUCTION

Matrix metalloproteinases (MMP) are a family of proteins
that are capable of digesting extracellular matrix and ba-
sement membrane components under physiological con-
ditions. MMP are inhibited by tissue inhibitors of metal-
loproteinases (TIMP) through formation of non-covalent
complexes with MMP [22]. The tissue inhibitor of metal-
loproteinases comprises a four-member family of homo-
logous MMP inhibitors [11]. The transcription of TIMP
is regulated by similar cytokines and growth factors that
control MMP expression. MMP and TIMP are involved in
many biological processes, such as embryonic development,
organ morphogenesis including the kidneys, and angioge-
nesis. Increased expression or activity of MMP was descri-
bed in cases of several different glomerular diseases, such
as glomerulonephritis I[gA nephropathy, and diabetic ne-
phropathy [24,27]. The precise role of MMP and TIMP in
organ transplantation has not yet been clarified. However,
chronic kidney allograft rejection is characterized by pro-
gressive fibrosis in which the regulation of extracellu-
lar matrix metabolism appears to be of high significance.
Therefore, MMP and TIMP are likely candidates to play
an active role in transplantation medicine [1,9].

MMP-2 plays an increasingly recognized role in the regu-
lation of mesangial cell proliferation in cell cultures and
in glomerulonephritis. These proteolytic enzymes appe-
ar to induce the activation of glomerular mesangial cells
[20]. Therefore, a continuous expression of mesangial cell
MMP-2 as a result of inflammatory stimuli must finally
contribute to the evolution of glomerulosclerosis. The di-
rect effect of MMP-2 on mesangial cell proliferation was
confirmed in vivo, since infusion of activated MMP-2 into
the renal artery demonstrated focal areas of mesangial cell
proliferation in rat glomeruli [18]. Moreover, MMP play an
important role in ischemia-reperfusion injury [25].
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Table 1. Composition of UW and EC storage solutions

Component E;’E g) f::,l\:"]'s o(lf:J\réI:I;I;ec[E)::::s’:i;n
Sodium 10 35
Potassium 15 125
Magnesium 30 5
Sulphate 30 5
Phosphate 50 25
Chloride 15 -
Bicarbonate 10 100
Glucose 140 -
Raffinose - 30
Glutathione - 3
Adenosine - 5
Allopurinol - 1
Hydroxyethyl starch - 50q/L
Dexamethasone - 16 mg/L
Insulin - 40U/L
Penicillin - 2x10°U/L

Recent studies show that MMP-2 is involved in seve-
ral acute biological processes independent of its ac-
tions on extracellular matrix proteins [16]. These inc-
lude platelet activation, regulation of vascular tone and
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Table 2. MMP-2 gene expression in rat kidneys of the control, ECand UW solution groups

Group (X£SD)
Period p
Control [cu] EC[cu] UW [cu]
Idl, 0.22+0.18 0.77+0.47 3.361.17%+ <0.001
a, 0.30+0.23 1.63+0.71% 0.87+0.43 <0.001
Wi 4.32+1.50 2.14+1.03* 4.08+0.65 <0.01
p <0.001 <0.001 <0.001 -

ICl, — initial period of cold ischemia; CI,, — 24 h cold ischemia; W1 — warm ischemia; * p<0.05 as compared with control group; * p<0.05 as compared
with EC group; cu — conventional unit — multiplication of constant mRNA expression of ribosomal protein L19.

ischemia-reperfusion injury after reperfusion of the
transplanted kidney. MMP-2 is activated during oxidati-
ve stress injury and is responsible for the degradation of
cytoskeletal proteins.

Preservation solutions are thought to diminish the ische-
mic injury and appropriate choice of the solution sho-
uld guarantee a better graft function and good prognosis
for graft survival. Many studies concerning the influen-
ce of preservation solutions on the obtained kidney have
been published, but the assessment is still ambiguous [4].
University of Wisconsin (UW) and Euro-Collins (EC) so-
lutions are often compared. The components of both so-
lutions are presented in Table 1.

The aim of the study was to examine the effect of prese-
rvation solutions UW and EC on the expression of matrix
metalloproteinase II and tissue inhibitor of metalloprote-
inase II genes in rat kidney.

MateriaL AND METHODS

Animals

The study was approved by the local ethics committee
(No11/02/2002). Male Wistar rats weighing 300-350 g were
used in this experiment. They were allowed to acclimatize
for a minimum of 10 days prior to the study. The rats were
housed in a room maintained at 21+1°C with a 12-h light-
-dark cycle with the light cycle beginning at 6:00 a.m. All
animals were fed standard rat chow and water ad libitum.
Food was withheld overnight before surgery.

The rats were divided into 3 groups as follows:

» group NaCl, in which kidneys were perfused with 0.9%
NaCl (control group) (n=8);

e group UW, in which kidneys were perfused with UW
preservation solution (n=8);

» group EC, in which kidneys were perfused with EC pre-
servation solution (n=8).

Experimental protocol

The rats were anesthetized with ketamine (Ketolar). The
abdominal cavity was opened via middle incision. The aor-
ta, vena cava inferior, and finally left and right renal ves-
sels were atraumatically isolated. The catheter (Becton
Dickinson Vascular Access Inc., Sandy, Utah USA) was

inserted in the aorta. The aorta and vena cava superior were
clamped over the right and left renal artery, and then the
vena cava inferior was catheterized to enable the outflow
of perfusion solution.

The solutions were perfused in the aorta continuously at
100 ml/h for 12 minutes (temperature of the solution +4°C,
volume of injected solution 20 ml). The perfusion was per-
formed using a perfusion pump (Duet Nowa Standard 50).
Finally, bilateral nephrectomy was performed.

The left kidneys were divided into two equal parts. The
upper parts of left kidneys were immediately frozen in
liquid nitrogen (cold ischemia 0). The lower parts of left
kidneys and right kidneys were placed in cold (0-4°C)
UW, EC or 0.9% NaCl solution for 24 hours (cold ische-
mia 24 h).

The lower parts of left kidneys were frozen using liquid
nitrogen. The organs were preserved at the temperature of
—70°C until evaluation. Subsequently the right kidneys were
incubated in 0.9% NaCl at temp 20°C for 30 min (warm
ischemia). Then the kidneys were frozen using liquid ni-
trogen. The organs were preserved at the temperature of
—70°C until evaluation.

The expression of studied genes was assessed using the
RT-PCR method as previously described [3].

Statistical analysis

The parameters were statistically evaluated using ANOVA
and Tukey test.

ResuLts

The expression of MMP-2 gene after 12 min of cold ische-
mia (cold ischemia 0) in kidneys perfused with UW and
EC solutions was significantly increased in comparison
with kidneys from the control group. Moreover, the MM P-
2 gene expression in kidneys perfused with UW solution
was significantly higher in comparison with kidneys per-
fused with EC solution (Table 2). After 24 h of cold ische-
mia the MMP-2 gene expression in control kidneys did not
differ from baseline values (cold ischemia 0), in kidneys
perfused with EC solution it was increased in comparison
with baseline values, whereas in kidneys perfused with
UW solution it was decreased.
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Table 3. TIMP-2 gene expression in rat kidneys of the control, ECand UW solution groups

Group (X£SD)
Period p
Control [cu] EC[cu] UW [cu]
I, 0.32+0.18 1.78+0.67% 2.83+0.70*# <0.001
a, 0.33+0.14 2.16+0.99* 0.760.40 <0.001
Wi 2.19+1.02 231+£1.23 2.47+1.86 NS
p <0.001 NS <0.005 -

ICl, — initial period of cold ischemia; CI,, — 24 h cold ischemia; W1 — warm ischemia; * p<0.05 as compared with control group; * p<0.05 as compared
with EC group; NS — non-significant; cu — conventional unit — multiplication of constant mRNA expression of ribosomal protein L19.

The MMP-2 gene expressions after warm ischemia time
were significantly increased in the control group, as well as
in kidneys perfused with EC and UW solutions compared
with baseline values (cold ischemia 0) and values after 24
h of cold ischemia. Nevertheless, expression of the MMP-2
gene in kidneys perfused with EC solution was significan-
tly decreased in comparison with kidneys from the control
group and perfused with UW solution.

Expressions of the TIMP-2 gene after 12 min of cold ische-
mia (cold ischemia 0) in kidneys perfused with EC and UW
solutions were significantly increased in comparison with
kidneys from the control group. Moreover, the TIMP-2 gene
expression in kidneys perfused with UW solution was si-
gnificantly higher in comparison with kidneys perfused
with EC solution (Table 3). After 24 h of cold ischemia the
TIMP-2 gene expression in control kidneys and perfused
with EC solution did not differ from baseline values (cold
ischemia 0), whereas in kidneys perfused with UW solu-
tion it was decreased in comparison with baseline values.

The TIMP-2 gene expression after warm ischemia time
was significantly increased in the control group in com-
parison with baseline values (cold ischemia 0), and valu-
es after 24 h of cold ischemia, whereas in kidney perfused
with EC and UW solution it did not differ from baseline
values (Table 3).

Discussion

The preservation of the harvested organ constitutes a pre-
requisite for organ transplantation. For kidney preserva-
tion, hypothermia storage remains the most common tech-
nique in use. However, hypothermic organ preservation is
associated with oxygen deprivation, which inevitably le-
ads to some degree of ischemia-reperfusion injury upon
transplantation [19]. During the renal storage before trans-
plantation, hypothermic swelling of the medullary thick
ascending tubules results in mechanical constriction of the
peritubular capillaries and vasa recta [5]. During the reper-
fusion, a large amount of reactive oxygen agents (supero-
xide anions, hydroxyl radicals, and hydrogen peroxides) is
produced by the re-entry of oxygenated blood in the ische-
mic tissue. Euro-Collins and University of Wisconsin solu-
tions are the mainstay of therapy for hypothermic storage
protection [12,30]. Nevertheless, the delayed graft func-
tion related to acute tubular necrosis (ATN) still remains an
important complication after transplantation [21]. Recent

studies have demonstrated that ischemia and reperfusion
contribute to the non-immunological damage that compli-
cates transplantation [17].

In our study we investigated the expressions of MMP-2 and
TIMP-2 genes in rat kidneys perfused with UW and EC
solutions. The cellular and molecular mechanisms under-
lying the changes during ischemia-reperfusion remain not
fully understood. MMP are important regulators of matrix
deposition, and uncontrolled matrix remodeling. Our stu-
dy showed increased expression of the MMP-2 gene after
reperfusion in kidneys perfused with UW solution. After
warm ischemia, expression of the MMP-2 gene was si-
gnificantly lower in kidneys perfused with EC solution in
comparison with control kidneys and perfused with UW
solution. The TIMP-2 gene expression was significantly
increased in kidneys perfused with UW solution, whereas
after warm ischemia there were no significant differences
between studied groups.

MMP-2 and TIMP-2 play important roles in tubular fi-
brosis and extracellular matrix deposition. Lutz et al. [17]
showed that early MMP inhibition resulted in significan-
tly reduced protein excretion that was paralleled by a lo-
wer grade of chronic allograft nephropathy. Rodrigo et al.
showed that serum MMP-2 was significantly higher in pa-
tients with chronic transplant nephropathy than in patients
with acute rejection, stable graft function and healthy do-
nors. In an experimental study in chronic renal allograft
rejection, mRNAs of MMP-2, MMP-12 and TIMP-1 and
TIMP-2 were found to be significantly augmented [26].
Nicholson et al. found that intragraft expression of mRNA
for TIMP-1 and TIMP-2 is significantly correlated with hu-
man allograft fibrosis and expression of TGF-f3 [23]. These
authors concluded that alterations in the ratio of TIMP and
MMP in the transplant kidney may be an important mo-
lecular mechanism leading to the development of tubulo-
-interstitial fibrosis [28].

Renal ischemia-reperfusion injury is the major cause of acu-
te renal failure and may also be involved in the development
and progression of some forms of chronic kidney disease.

Previous studies have shown that MMP play an impor-
tant role in ischemia-reperfusion injury and subsequent
progression to chronic allograft nephropathy [15,25]. Up-
regulation of MMP propagates the inflammatory response
that drives ischemia-reperfusion injury. On the other hand,
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inhibition of MMP significantly reduces ischemia-reperfu-
sion kidney injury and tubular fibrosis [10,14].

The above reports indicate the important role of MMP in
ischemia-reperfusion injury, tubular fibrosis and develop-
ment of chronic allograft nephropathy.

Previous studies showed the increased expression of MMP-2
and TIMP-2 during I/R.

The enzymatic activity of MMP-2 located on the cell sur-
face is specifically inhibited by TIMP-2 [29]. Hypoxia-
induced MMP-2 shows a dual effect, affecting both cell de-
ath and cell life. In the I/R model a significant increase was
demonstrated both in MMP-2 activity and TIMP-2 protein
levels by reoxygenation. The increase in MMP-2 secretion
caused by reoxygenation may be stimulated by the oxidati-
ve stress which occurs following reoxygenation. Gashe et
al. reported that the activation of MMP-2 increased with
oxidative stress [7]. TIMP-2 protein level may be inter-
preted as a compensation mechanism related to increased
proMMP-2. In contrast to the findings of previous studies
reporting that MMP-2 protein is expressed by endothelial

REFERENCES

cells, it has been stated that MMP-2 transcription also in-
creases through hypoxia-induced AP-1 (activating prote-
in-1) and hypoxia-inducible factor-1-a [2,13]. However,
these responses may be cell-specific and depend on the
experimental model and conditions used. Both angioge-
nesis and cell death involve the degradation of basal mem-
brane and extracellular matrix, as well as the impairment
of cell—cell and cell-matrix interactions. It is reported that
high levels of MMP cause cells to become detached from
the extracellular matrix, directing them toward apoptosis
[6]. Reperfusion was also shown to result in structural and
biochemical changes in endothelial cells, leading to dama-
ged endothelium [8]. In summary, our results show an en-
hancement of MMP-2 and TIMP-2 gene expression after
12 min of cold ischemia. This increase was more expres-
sed in kidneys preserved with UW solution in comparison
with kidneys perfused with EC solution and 0.9% NaCl.
After 24 h of cold ischemia the expression of MMP-2 and
TIMP-2 genes in kidney perfused with UW solution de-
creased, while in kidneys perfused with EC it was incre-
ased. After warm ischemia the MMP-2 and TIMP-2 gene
expression increased, whereas it was significantly lower in
kidneys perfused with EC solution.

[1] Akiyama K., Shikata K., Sugimoto H., Matsuda M., Shikata Y., Fujimoto
N., Obata K., Matsui H., Makino H.: Changes in serum concentrations
of matrix metalloproteinases, tissue inhibitors of metalloproteinases
and type IV collagen in patients with various types of glomerulone-
phritis. Res. Commun. Mol. Pathol. Pharmacol., 1997; 95: 115-128

[2] Bergman M.R., Cheng S., Honbo N., Piacentini L., Karliner J.S., Lovett
D.H.: A functional activating protein 1 (AP-1) site regulates matrix
metalloproteinase-2 (MMP-2) transcription by cardiac cells through
intreactions with JunB-Fral and JunB-FosB heterodimers. Biochem.
J.,2003; 369: 485496

[3] Bhuvarahamurthy V., Kristiansen G.O., Johannsen M., Loening S.A.,
Schnorr D., Jung K., Staack A.: In situ gene expression and localiza-
tion of metalloproteinases MMP1, MMP2, MMP3, MMP9, and their
inhibitors TIMP1 and TIMP2 in human renal cell carcinoma. Oncol.
Rep., 2006; 15: 1379-1384

[4] Boggi U., Vistoli F., Del Chiaro M., Signori S., Croce C., Pietrabissa
A., Berchiolli R., Marchetti P., Prato S.D., Mosca F.: Pancreas prese-
rvation with University of Wisconsin and Celsior solutions: a single-
-center, prospective, randomized pilot study. Transplantation, 2004;
77: 1186-1190

[5] Corner J.A., Berwanger C.S., Stansby G.: Preservation of vascular tis-
sue under hypothermic conditions. J. Surg. Res., 2003; 113: 21-25

[6] Frisch S.M., Francis H.: Disruption of epithelial cell-matrix interac-
tions induces apoptosis. J. Cell. Biol., 1994; 124: 619-626

[7] Gasche Y., Copin J.C., Sugawara T., Fujimura M., Chan P.H.: Matrix
metalloproteinase inhibition prevents oxidative stres associated blo-
od-brain barrier disruption after transient focal cerebral ischemia. J.
Cereb. Blood. Flow. Metab., 2001; 21: 13931400

[8] Glyn M.C., Ward B.J.: Changes in the actin cytoskeleton of cardiac
capillary endothelial cells during ischemia and reperfusion: the effect
of phalloidin on cell shape. J. Vasc. Res., 2002; 39: 72-82

[9] Inkinen K.A., Soots A.P., Krogerus L.A., Lautenschlager I.T., Ahonen
J.P.: Fibrosis and matrix proteinases in rat renal allograft. Transpl. Int.,
2005; 18: 506-512

[10] Jain S., Bicknell G.R., Nicholson M.L.: Molecular changes in extra-
cellular matrix turnover after renal ischaemia-reperfusion injury. Br.
J. Surg., 2000; 87: 1188—-1192

[11] Johnson T.S., Haylor J.L., Thomas G.L.: Matrix metalloproteinases
and their inhibitions in experimental renal scarring. Exp. Nephrol.,
2002; 10: 182195

[12] Kinasiewicz A., Fiedor P.: Amylase levels in preservation solutions as

a marker of exocrine tissue injury and as a prognostic factor for pan-
creatic islet isolation. Transplant. Proc., 2003; 35: 2345-2346

[13] Krishnamachary B., Berg-Dixon S., Kelly B., Agani F., Feldser D.,
Ferreira G., Iyer N., LaRusch J., Pak B., Taghavi P., Semenza G.L.:
Regulation of colon carcinoma cell invasion by hypoxia-inducible fac-
tor 1. Cancer. Res., 2003; 63: 1138-1143

[14] Kucuk A., Kabadere S., Tosun M., Koken T., Kinaci M.K., Isikli B.,
Erkasap N.: Protective effects of doxycycline in ischemia/reperfusion
injury on kidney. J. Physiol. Biochem., 2009; 65: 183—191

[15] Kunugi S., Shimizu A., Kuwahara N., Du X., Takahashi M., Terasaki
Y., Fujita E., Mii A., Nagasaka S., Akimoto T., Masuda Y., Fukuda
Y.: Inhibition of matrix metalloproteinases reduces ischemia-reperfu-
sion acute kidney injury. Lab. Invest., 2011; 91: 170-180

[16] Lalu M.M., Pasini E., Schulze C.J., Ferrari-Vivaldi G., Bachetti T.,
Schultz R.: Ischemia reperfusion injury activates matrix metallopro-
teinases in the human heart. Eur. Heart. J., 2005; 26: 27-35

[17] Lutz J., Yao Y., Song E., Antus B., Hamar P., Liu S., Heemann U.:
Inhibition of matrix metalloproteinases during chronic allograft ne-
phropathy in rats. Transplantation, 2005; 79: 655-661

[18] Marti H.P.: The role of matrix metalloproteinases in the activation of
mesangial cells. Transpl. Immunol., 2002; 9: 97-100

[19] Michel P., Vial R., Rodriguez C., Ferrera R.: A comparative study of
the most widely used solutions for cardiac graft preservation during
hypothermia. J. Heart. Lung. Transplant., 2002; 21: 1030-1039

[20] Misra S., Shergill U., Yang B., Janardhanan R., Misra K.D.: Increased
expression of HIF-1alpha, VEGF-A and its receptors, MMP-2, TIMP-
1, and ADAMTS-1 at the venous stenosis of arteriovenous fistula in a

mouse model with renal insufficiency. J. Vasc. Interv. Radiol., 2010;
21: 1255-1261

[21] Moreso F., Serén D., Gil-Vernet S., Fulladosa X., Ramos R., Alsina
J., Griny6 J.M.: Donor age and delayed graft function as predictors
of renal allograft survival in rejection-free patients. Nephrol. Dial.
Transplant., 1999; 14: 930-935

[22] Nagase H., Woessner F.: Matrix proteinases. J. Biol. Chem., 1999;
274: 21491-21494

[23] Nicholson M.L., Waller J.R., Bicknell G.R.: Renal transplant fibrosis
correlates with intragraft expression of tissue inhibitor of metallopro-
teinase messenger RNA. Br. J. Surg., 2002; 89: 933-937

[24] Norman J.T., Lewis M.P.: Matrix metalloproteinases (MMPs) in re-
nal fibrosis. Kidney. Int. Suppl., 1996; 54: S61-S63

[25] Novak K.B., Le H.D., Christison-Lagay E.R., Nose V., Doiron R.J.,
Moses M.A., Puder M.: Effects of metalloproteinase inhibition in a
murine model of renal ischemia-reperfusion injury. Pediatr. Res., 2010;
67: 257-262

49



Postepy Hig Med Dosw (online), 2012; tom 66: 45-50

[26] Rodrigo E., Lopez-Hoyos M., Escallada R., Ferndndez-Fresnedo G.,
Ruiz J.C., Pinera C., Cotorruelo J.G., Zubimendi J.A., de Francisco
A.L., Arias M.: Circulating levels of matrix metalloproteinases MMP-
3 and MMP-2 in renal transplant recipients with chronic transplant ne-
phropathy. Nephrol. Dial. Transplant., 2000; 15: 2041-2045

[27] Urushihara M., Kagami S., Kuhara T., Tamaki T., Kuroda Y.: Glomerular
distribution and gelatinolytic activity of matrix metalloproteinases
in human glomerulonephritis. Nephrol. Dial. Transplant., 2002; 17:
1189-1196

[28] Waller J.R., Nicholson M.L.: Molecular mechanisms of renal allograft
fibrosis. Br. J Surg., 2001; 88: 1429-1441

[29] Yana I., Weiss S.J.: Regulation of membrane type-1 matrix metallo-
proteinase activation by proprotein convertases. Mol. Biol. Cell., 2000;
11: 2387-2401

[30] Zhang R.Z., Yang Q., Yim A.P., He G.W.: Alteration of cellular elec-
trophysiologic properties in porcine pulmonary microcirculation after
preservation with University of Wisconsin and Euro-Collins solutions.
Ann. Thorac. Surg., 2004; 77: 1944—1950

The authors have no potential conflicts of interest to declare.

50



