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Abstract
Peptidylglycine α-amidating monooxygenase (PAM) is a processing enzyme involved in maturation of
regulatory peptides. One product of PAM activity is adrenomedullin (bio-ADM), which regulates vascular
tone and endothelial integrity. In this study, we examined PAM activity and bio-ADM concentrations in
patients with various degrees of hepatic cirrhosis including the role of the liver in net release of the two
markers. We enrolled 48 patients with cirrhosis and 16 control subjects: The patients were evenly
distributed according to the Child-Turcotte classi�cation. PAM activity was progressively increased in
cirrhotic patients but without a net release across the liver, leg, or kidney. In contrast, bio-ADM
concentrations were not only associated to severity of disease but also found to be directly released by
the liver. Given the major expression of PAM in the heart, we propose that increased PAM activity in
plasma from patients with cirrhosis may re�ect cardiac involvement, e.g. cirrhotic cardiomyopathy.

Introduction
Peptidylglycine α-amidating monooxygenase (PAM) is a processing enzyme involved in maturation, e.g.
C-terminal amidation, of a plethora of regulatory peptides. Besides its systemic expression in
neuroendocrine tissue, PAM is dominantly expressed in the heart1. One product of PAM activity is the
amidated hormone adrenomedullin (bio-ADM), which regulates vascular tone and endothelial integrity2.
Albeit adrenomedullin was named after the adrenals, the tissue pro�le of expression involves the
endothelium in most organs, including the liver.

Now, PAM activity can be quantitated in circulation, e.g. in patient plasma, where PAM activity may
represent a new marker of disease. So far, no condition has been examined speci�cally, including
cirrhosis or cardiac dysfunction. For bio-ADM, scarce data are available from patients with septic shock
or heart failure3,4, and a singular report has associated bio-ADM concentrations with cirrhosis5. Given the
fact that cirrhosis can cause cardiomyopathy6, we examined both PAM activity and bio-ADM
concentrations in plasma from patients with various degrees of cirrhosis. The speci�c aim was to test
whether the markers in plasma are related to severity of disease and hepatic release/clearance. Notably,
these studies have only recently become possible due to development of new methodology for
quantitating PAM activity and bio-ADM concentrations in plasma.

Methods
We enrolled 48 patients with cirrhosis and 16 control subjects. The patients were evenly distributed
according to the Child-Turcotte classi�cation (16 patients in class A, 16 patients in class B, and 16
patients in class C). After an overnight fast, the patients underwent a complete hemodynamic
examination with catheterization of the liver, renal, and femoral veins and corresponding arteries, from
where blood was simultaneously collected. The plasma was stored at -80°C until biochemical analyses.
PAM activity was determined in heparin plasma with a new assay from PAM Theragnostics GmbH
(Hennigsdorf, Germany). PAM activities are reported as U/L by measuring the amount of bio-ADM
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generated from glycine-extended ADM by plasmatic PAM. One Unit (U) is de�ned as 1 µg bio-ADM
produced within 1 hour (Kaufmann et al., submitted). Bio-ADM was measured at a research laboratory at
SphingoTec GmbH (Hennigsdorf, Germany) using a method previously described7. Intra- and interassay
variation was <10% and <8%, respectively. In 200 healthy adults, the median concentration has earlier
been reported to be 20.7 pg/mL8. All data (without personal data that can be referred to the individual
patients) and results can be requested from the corresponding author. All patients gave informed (oral
and written) consent to participate in the study, which was approved by the regional ethics committee in
Copenhagen, Denmark (de videnskabsetiske komitéer i Region Hovedstaden). The study was performed
in accordance with all relevant guidelines and regulations.

Results
First, we assessed whether PAM activity was related to severity of cirrhosis (Figure 1A). Patients with
Child C cirrhosis displayed increased PAM activity in circulation. PAM activity across the liver, however,
did not reveal any release or extraction of PAM activity (p = 0.93, Figure 1B), nor from the kidney (p =
0.57) or leg (p = 0.09) (data not shown). In addition, there was no association of known clinical
manifestations of cirrhosis, e.g. ascites (p = 0.58), esophageal varices (p = 0.55) or portal hypertension (p
= 0.14). For established biochemical markers in cirrhosis, we did �nd associations of PAM activity to
alanine aminotransferase (r = 0.30, p = 0.04), bilirubin (r = 0.47, p = 0.001), INR (r = 0.42, p = 0.004), but
not to albumin (p = 0.07) or alkaline phosphatase (p = 0.4).

We assessed the same associations for bio-ADM concentrations, where a marked difference between the
different stages of cirrhosis was noted (Figure 1C). We also checked for associations between the bio-
ADM concentrations in femoral vein samples and standard parameters of hepatic function. For the
prothrombin time and albumin concentrations, negative correlations were found (r = -0.35, p = 0.02, r =
-0.54, p = 0.0001, Figure 1D). We then examined whether the cirrhotic liver release bio-ADM to circulation.
A net release was identi�ed across the liver (hepatic artery: 13.0 (8.7-21.0) vs. hepatic vein: 19.7 (12.7-
29.6) pg/mL, n = 48, p < 0.001) (Figure 1E+F). There was no release or extraction across the kidney, while
a release across the lower limp was registered (femoral artery: 12.6 (7.6-22.0) vs. femoral vein: 21.8 (13.5-
29.2) pg/mL, n = 48, p < 0.001). We further tested whether bio-ADM concentrations in plasma re�ect
severity of cirrhosis as de�ned by the Child-Turcotte score. A marked increase in bio-ADM concentrations
in all vascular beds was found when comparing patients in class A to those in classes B or C. Finally, we
evaluated whether bio-ADM concentrations re�ect complications of cirrhosis as de�ned by the presence
of portal hypertension and/or ascites. For all vessels, bio-ADM concentrations were increased in patients
with ascites (n = 26) compared to patients without (n = 22); in the femoral vein, the difference was 1.5-
fold (p = 0.05). In contrast, there was no difference between patients with esophageal varices (n = 32)
compared to patients without (n = 16).

Discussion
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Here, we are able to report on peptidylglycine α-amidating monooxygenase (PAM) activity combined with
adrenomedullin (bio-ADM) concentrations in plasma from patients with cirrhosis. PAM activity was
progressively increased in cirrhotic patients but without a net release across the liver, leg, or kidney. In
contrast, bio-ADM concentrations were not only associated to severity of disease but also found to be
released by the liver. Taken together, our data suggest that PAM activity does not directly re�ect the
cirrhotic liver but rather another organ or a systematically upregulation of PAM release into plasma. In
this context, it is worth noting that PAM is predominantly expressed in the heart1, and we speculate that
the increased PAM activity in cirrhosis reports on cardiac involvement, e.g. cirrhotic cardiomyopathy.
While the relation between increased PAM activity and cardiomyopathy must be con�rmed in patients
with primary heart disease, it opens up for a new marker of cirrhotic cardiomyopathy. Moreover, increased
PAM activity in circulation may be more than a marker of disease, as PAM amidates, i.e. activates, a
plethora of regulatory peptides.

The data on bio-ADM in circulation extends earlier data from cirrhotic patients by showing that the liver is
a true site of bio-ADM release. Importantly, the release of bio-ADM from the liver not only affects local
vasculature but also the systemic circulation. Generally, bio-ADM relaxes the pulmonary vasculature and
induces systemic hypotension; a common feature seen in patients with advanced cirrhosis. Whether the
hepatic gradient of bio-ADM correlates with pulmonary artery pressures remains to be established. It is
noteworthy, however, that we earlier reported that bio-ADM concentrations in patients with advanced heart
failure are associated with pulmonary pressures, and that the concentrations in plasma are related to the
degree of hepatomegaly and the presence of ascites/edema3. This suggests a common pathogenic link
between heart and liver failure6. We conclude that PAM activity in plasma is increased in cirrhosis and
may re�ect cirrhotic cardiomyopathy. Bio-ADM is also increased in cirrhosis and seems mainly to re�ect
severity of hepatic disease. Using these two measures in combination might provide a new tool
identifying patients at risk of developing cirrhotic cardiomyopathy and may help to better understand the
mechanisms involved in the disease.
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Figures

Figure 1

Panel A shows the PAM activity in the femoral vein accordingly to severity of cirrhosis. Norm represents
healthy individuals. Groups were compared with Kruskal-Wallis test using Dunn’s multiple comparison.
Panel B shows the PAM activity across the liver. Data were analyzed using Wilcoxon testing. Panel C
shows the bio-ADM concentrations according to disease severity: Norm represents healthy individuals.
Groups were compared with Kruskal-Wallis test using Dunn’s multiple comparison. Panel D shows linear
regression analyses comparing bio-ADM (from the femoral vein) concentrations with measurements of
albumin and prothrombin time. One patient was excluded (extreme outlier). Panel E and F show the bio-
ADM gradients across the liver in 48 patients (cirrhosis) and 16 control subjects (normal). Data were
analyzed using Wilcoxon testing. One patient was excluded (extreme outlier).


