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5 We compared concentrations of nucleotide substrates and activities of enzymes of nucleotide
metabolism in pig and human blood, heart, and kidney. The most important difference was lower ecto-
5’-nucleotidase (E5’N) activity in both pig hearts and kidney. Furthermore, higher hypoxanthine,
inosine, adenine, and uracil, but lower uridine and uric acid concentrations were observed in pig blood as
compared to human. A twofold increase in UTP concentration has been observed in pig hearts following
4 h perfusion with human blood. Purine metabolism is an important target for genetic and phar-
macological manipulation during xenotransplantations.

Keywords Xenotransplantation, UTP, ATP, Nucleotides, Ecto-5’-Nucleotidase, Purine
Metabolites

INTRODUCTION

Metabolic compatibility of animal organs with human body environment could
be an important factor that may affect long-term organ survival fol lowing
xenotransplantation, a procedure that may greatly improve treatment of end-stage
organ failure.[1,2] Our aim was to compare concentrations of nucleotide substrates
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and activities of enzymes of nucleotide metabolism in pig and human blood, heart,
and kidney. Furthermore, we studied changes in cardiac metabolite concentration
fol lowing 4 h of ex vivo perfusion with human blood.

MATERIALS AND METHODS

Enzyme activities and metabolite concentrations were measured using HPLC
according to our procedures described in detail previously.[3,4] Specimens col lected
from unused donor human heart or kidneys and blood of healthy subjects were
used for enzyme activities and metabolic determinations. Pig tissue specimens and
blood samples were col lected from adult (70–120 kg) animals used for cardiac
surgery experiments. Pig samples were treated in the same way as specimens
col lected from human hearts or kidneys. Analysis of the effect of perfusion of pig
hearts with human blood was performed during perfusion of transgenic pig hearts
expressing human decay accelerating factor (hDAF)[5] with human blood. The
system used for perfusion was retrograde and constant flow and the hearts were
perfused under physiological work load at 37�C for 4 h. Cardiac biopsies were
col lected using Tru-Cut Travenol biopsy needles and were immediately frozen in
liquid nitrogen.

RESULTS AND DISCUSSION

Results of purine enzymes activity determination are presented in Table 1. The
most prominent and important difference in cardiac enzymes was in ecto-5’-
nucleotidase (E5’N) activity. This activity was much lower in pig hearts compared
tohuman. A significant difference was also observed between the activities of E5’N
in pig and human kidneys. This difference may have important implications
because of the regulatory role that extracel lular nucleotides and adenosine play in
inflammation, immune response, and platelet aggregation. Nucleotides such as

TABLE 1 Activities of Purine Enzymes in Pig and Human Hearts and Kidney (nmol/min/mg wet wt)

E5’N AMPD ADA PNP

Human heart 1.68 ± 0.30 1.64 ± 0.18 0.73 ± 0.06 1.23 ± 0.09
Pig heart 0.46 ± 0.02 0.21 ± 0.01 0.91 ± 0.03 0.70 ± 0.19
Human kidney 0.74 ± 0.06 1.42 ± 0.11 0.43 ± 0.07 3.52 ± 0.48
Pig kidney 0.11 ± 0.56 1.11 ± 0.10 0.14 ± 0.02 12.3 ± 0.5

TABLE 2 Concentrations of ATP, GTP, UTP, and CTP in Pig Hearts at the Beginning and After 4 h of
Perfusion of the hDAF Transgenic Pig Hearts with Human Blood

ATP GTP CTP UTP

Start of perfusion 21.53 ± 2.45 0.64 ± 0.03 0.16 ± 0.02 0.48 ± 0.04
4 h of perfusion 21.09 ± 1.10 0.60 ± 0.02 0.19 ± 0.01 0.87 ± 0.05

Values (mmol/g dry wt) are means ± SEM, n = 5–6.
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ATP or, in particular, ADP trigger immune and inflammatory responses and
platelet aggregation, whereas adenosine opposes these effects. Therefore, a lower
activity of E5’N may trigger unfavorable responses in the organs fol lowing
xenotransplantation. Furthermore, the activity of AMP deaminase (AMPD) was
markedly lower in the pig hearts. However, this difference could be beneficial as
low activity of this enzyme was associated with improved cardiac function (Kalsi
et al. and Yuen et al. this issue).

Concentrations of ATP, GTP, UTP, and CTP in transgenic pig hearts at
the beginning and at the end of 4 h perfusion with human blood are presented in
Table 2. A twofold increase in UTP concentration has been observed in pig hearts
fol lowing 4 h perfusion with human blood, whereas GTP, CTP, and ATP
concentrations remained stable.

Table 3 presents a comparison of concentrations of purine and pyrimidine
metabolites in pig and human blood. There were profound differences in blood
purine and pyrimidine concentrations such as manifold higher hypoxanthine
hypoxanthine, inosine, adenine, and uracil concentrations in pig blood compared
to human, but higher uridine and uric acid concentration in human blood com-
pared to pig.

CONCLUSION

We conclude that there are fundamental differences in purine metabolism
between pigs and humans that may have implications for xenotransplantation. Low
activity of E5’N activity in pigs may lead to retention of pro-inflammatory and pro-
aggregatory nucleotides and attenuation of the formation of anti-inflammatory
adenosine that exert opposite effects. The higher level of uridine in human blood
was the most likely factor that induced a supraphysiological increase in UTP
concentration in the pig heart after 4 h of perfusion with human blood. The
implications of significant differences in concentration of nucleotide precursors
have to be considered during xenotransplantation and treatment, e.g., by
al lopurinol, in order to adjust the purine profile to be closer to that of pigs.
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