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Liver cirrhosis consists of an asymptomatic compensated phase
and a decompensated phase, which can cause two pulmonary vascu-
lar complications: hepatopulmonary syndrome (HPS) characterized
by hypoxia, intrapulmonary microvasculature dilatation, angiogene-
sis and arterio-venous malformations (AVMs) [1]; and portopulmo-
nary hypertension (PoPH) characterized by increased pulmonary
vascular resistance and pulmonary arterial hypertension (PAH) in the
absence of other etiologies of PAH [2]. Previous studies have shown
that PoPH and HPS are associated with markedly reduced bone mor-
phogenetic protein (BMP) 9/10 [3, 4] and increased soluble endoglin
(sEng) levels [5]. Approximately 4�40% of cirrhotic patients could
develop into HPS [6] and PoPH can develop in 1�6% of patients with
portal vein hypertension [7]. Both of these complications can increase
the mortality rate in liver cirrhotic patients and there are few effec-
tive precautionary or therapeutic measurements except liver trans-
plantation [8, 9]. The study recently published in EBioMedicine by
Owen and co-workers contribute to the literature from three aspects.

First is a better understanding of the molecular mechanisms of
HPS and PoPH. Vascular syndromes seldom arise as primary diseases,
they often present secondary to liver cirrhosis. It is known that
impaired liver anabolic and catabolic functions together with portal
hypertension trigger various vascular dysfunction cascades, which
affect pulmonary vasculature [10]. Portosystemic shunts caused by
portal vein hypertension allows locally generated or accumulated
vasoactive compounds to get access between different vascular com-
partments bypassing the liver. On the other hand, the change of
intestinal microbiome and their related bi-products carrying strong
vasoactive, endothelial-targeting and cytotoxic properties can further
complicate and disseminate vascular dysfunction, which result in
imbalance of vasoactive compounds and angiogenesis via disruption
of transforming growth factor-b (TGF-b), prostaglandins, endothelin
(ET), nitric oxide or vascular endothelial growth factor signalling
pathways, as well as the development of hypoxia injury, oxidative
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stress, HPS or PoPH eventually. The results showed by Owen et al.
that reduced BMP9/10 production leading to reduced endothelial
function, when combined with the additional impact of sEng on other
factors, such as TGF-b, at the hepatic or pulmonary level, may pro-
mote HPS or PoPH, indicate that the interaction of BMP and these sig-
nalling pathways might be the next pathophysiological exploratory
direction of HPS and PoPH.

Second is clinical prediction of HPS or PoPH. So far, the diag-
nostic criteria of HPS or PoPH is based on observable clinical man-
ifestations. Once diagnosed, the treatment options are limited. So,
establishing a risk prediction model of HPS or PoPH becomes vital
for patients with liver cirrhosis. Based on the results of Owen
et al., which is the identification of circulating biomarkers that are
indicative of the switch from a state associated with low mortality
to one associated with high mortality, reduced BMP9/10 and ele-
vated sEng might be a manifestation of the onset of the pulmo-
nary complications of patients with liver cirrhosis, so easy-to-
detect plasma BMP9/10 and sEng should be candidates for predic-
tion model construction. Whilst the sample size of this study was
small due to the low prevalence of HPS and PoPH, even the largest
cohort of PoPH patients reported by Savale et al., included only
637 patients (mean age 55§10 years; 58% male). Therefore, multi-
centre cohort studies are needed, to recruit enough cases to per-
form multivariate analysis for screening other risk factors, and
ROC analysis for model construction and validation.

Third is the potential therapeutic target of HPS and PoPH. As we
know, drug treatment of HPS and PoPH, such as the use of angiogen-
esis inhibitors, probiotics, ET receptor antagonists, caspase inhibi-
tors, endothelin receptor antagonists, or phosphidiesterase-5
inhibtors, is only moderately effective in a best case scenario. The
effectiveness of transjugular intrahepatic portosystemic shunt
(TIPS) is still unclear. To date, liver transplantation is the only effec-
tive option. However, it is hard to perform because of high costs and
limited number of donor livers. According to the result of Owen
et al., which suggests that loss of pulmonary endothelial homoeostasis
might be induced by low circulating levels of BMP9/10, supplementa-
tion with exogenous ligands might represent a non-invasive disease-
modifying alternative to the only current therapeutic indication, liver
transplantation.

In summary, it has been proven that reduction of BMP9/10 is asso-
ciated with the onset of HPS or PoPH in patients with liver cirrhosis.
Further studies with large sample sizes are needed to clarify the exact
mechanism of BMP signalling, to pave the way for new strategies in
the management of liver cirrhosis.
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