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� Xenotransplantation is one be possible solution for a severe shortage of human organs available
for transplantation. However, only a few studies addressed metabolic compatibility of transplanted
animal organs. Our aim was to compare activities of adenosine metabolizing enzymes in the
heart of different species that are relevant to clinical or experimental xenotransplantation. We
noted fundamental differences: ecto-5′nucleotidease (E5′N) activity was 4-fold lower in pig and
baboon hearts compared to the human hearts while mouse activity was compatible with human
and rat activity was three times higher than human. There also were significant differences in
AMP-deaminase (AMPD), adenosine deaminase (ADA) and purine nucleoside phosphorylase
(PNP) activities. We conclude that differences in nucleotide metabolism may contribute to organ
dysfunction after xenotransplantation.

Keywords Xenotransplantation; Ecto-5′-nucleotidase; Purine metabolism

This study was supported by the Magdi Yacoub Institute.
Address correspondence to R. T. Smolenski, Heart Science Centre, Imperial College at Harefield

Hospital, Harefield UB9 6JH, UK. E-mail: r.smolenski@imperial.ac.uk

1221

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
5
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1222 A. H. Y. Yuen et al.

INTRODUCTION

Despite efforts to develop pharmacological therapy to treat cardiac
dysfunction, transplantation still seems to be the only option for the end
stage heart failure. There is a serious shortage of human organs available
for allotransplantation and xenotransplantation seems to be a potential
solution.[1,2] Pig organs are considered to be the best substitution for
human organs, not just because of the similarity of anatomy and cardio-
vascular function but also for economical and ethical reasons.[3] While
extensive studies were undertaken to identify and overcome immunological
barriers,[4] only very few addressed metabolic incompatibility. Mouse-to-
rat cardiac transplant is the most commonly used experimental model
of xenotransplantation while advanced studies to mimic pig-to human
xenotransplantation have been done using pig-to-baboon model. The aim
of this study was to compare the activities of selected enzymes of adeno-
sine and nucleotide metabolism in human, pig, baboon, rat, and mouse
hearts.

MATERIALS AND METHODS

Enzyme activity analysis in heart homogenates was described in detail
previously.[5] Heart biopsies from human, pig, baboon, rat, and mouse
were homogenised in homogenisation buffer (150 mmol/l KCl, 20 mmol/l
TRIS/HCl, 1 mmol/l EDTA, 1mmol/l dithiothreitol, and 0.1% triton,
pH 7.0) at 4◦C. Ecto-5′nucleotidease (E5′N) assay was carried out with
the crude homogenate using method specific for extracellular but not
cytosolic isoform of 5′-nucleotidase. The remaining homogenate was spin
at 3700 rpm for 30 minutes at 4◦C and assay for AMP-deaminase (AMPD),
adenosine deaminase (ADA) and purine nucleoside phosphorylase (PNP)
at 37◦C under optimal conditions for each of these enzymes. After incuba-
tion, substrates and products were separated using HPLC[6] and the rate
of product formation was used to express enzyme activity. All results are
expressed as mean ± standard error of mean (SEM).

RESULTS

Activity of E5′N in human, pig, baboon, rat, and mouse heart is
presented on Figure 1. E5′N activity in rat heart was significantly higher
than in the heart of the other species. Pig and baboon have a very low activity
while human and mouse was intermediate. Figure 2 presents AMPD activity.
Pig and baboon AMPD activity was significantly lower than human, rat or
mouse. Baboon has the highest ADA activity (4.34 ± 0.07 nmol/min/mg wet
weight), followed by rat (1.62 ± 0.23 nmol/min/mg wet weight). Human,
pig, and mouse have the lowest activity in ADA (0.73 ± 0.06, 0.91 ± 0.03,
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FIGURE 1 Ecto-5′-nucleotidase activity in the heart of different species (∗p < 0.05 in comparison with
human; #p < 0.05 in comparison with rat).

AMPD Activity

Human Pig Baboon Rat Mouse 

nm
ol

/m
in

/m
g 

w
et

 w
ei

gh
t 

 

§

§ 

§ 
# 

#
*

§ 
#
*

0 

2 

4 

6 

8 

10 

FIGURE 2 AMP-deaminase activity in different species (∗p < 0.05 in comparison with human; #p < 0.05
in comparison with rat; ğp < 0.05 in comparison with mouse).
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and 0.46 ± 0.03 nmol/min/mg wet weight respectively). Mouse PNP
activity (13.54 ± 1.19 nmol/min/mg wet weight) was significantly higher
than human, baboon, rat and pig (1.23 ± 0.09, 2.99 ± 0.71, 1.45 ± 0.25,
and 0.70 ± 0.19 nmol/min/mg wet weight, respectively (p < 0.05)).

DISCUSSION

We have shown here that there are significant differences in activities
of enzymes of adenosine metabolism in the heart of different species. These
differences may not only play a role in the rejection of pig organs in humans
but also may affect experimental models of xenotransplantation. Widely
accepted preclinical pig-to-baboon experiments may not fully characterize
pig-to-human xenotransplantation due to the differences in enzyme ac-
tivities. Similar low activity of E5′N in pig and baboon hearts may result
in lack of the responses that will occur after pig organ transplantation
into humans. On the other hand mouse to rat model may be appropriate
to study the role of E5′N in xenotransplantation as this will reproduce
transplantation of the low E5′N cardiac activity organ into high cardiac E5′N
activity species. The activity of E5’N is especially interesting in context of
xenotransplantation since lower activity of E5′N in pig hearts may atten-
uate production of adenosine and its cytoprotective, immunosuppressive
and thrombo-inhibitory properties leading to augmented xenograft acute
vascular rejection.

We also have shown other important differences in activities of enzymes
of nucleotide metabolism such as AMPDA, ADA, and PNP. These differences
may affect intracellular nucleotide metabolism and in particular ability of
the cells in the transplanted organ to maintain adequate nucleotide pool.
Nucleotide metabolism requires therefore particular attention in context of
xenotransplantation.
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