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Abstract

Objective The goal of this study was to determine plasma
levels of hepatocyte growth factor (HGF) in patients with
pulmonary artery hypertension (PAH), and to explore the
diagnostic value of plasma HGF for PAH.

Methods Sixty subjects were divided into a control group of
healthy individuals (N = 15) and a PAH group (N = 45).
The PAH group was divided into three groups (N = 15 each)
according to disease severity: mild PAH (group L), moder-
ate PAH (group M), and severe PAH (group H). Plasma
HGF levels in PAH patients were collected on the morning
after admission to the hospital. Mean pulmonary arterial
pressure was measured by right heart catheterization.
Results Plasma HGF levels were significantly higher in the
PAH group than in the control group (P < 0.001), and sig-
nificantly higher in group H than in group M (P < 0.001)
and group L (P < 0.001). There was no statistically
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significant difference in plasma HGF levels between patients
with PAH of idiopathic etiology and those with PAH of
secondary etiology (P = 0.595). The HGF level was posi-
tively correlated with mean pulmonary arterial pressure
(Pearson correlation coefficient 0.967, P < 0.001).
Conclusion Plasma levels of HGF in PAH patients with
mild disease were significantly higher than those in healthy
controls, suggesting that plasma HGF has potential utility
as a diagnostic biomarker for early PAH.

Key Points

There have been many basic studies of hepatocyte
growth factor (HGF) and pulmonary artery
hypertension (PAH), but fewer clinical studies.

The present study showed that serum HGF levels
were elevated in patients with PAH and were
positively correlated with the mean pulmonary
arterial pressure. Although many clinical conditions
may contribute to HGF levels, these findings are still
exciting.

HGF may be a biomarker for early diagnosis of
PAH, rather than a specific predictor.

1 Introduction

Pulmonary artery (PA) hypertension (PAH), a clinically
progressive syndrome characterized by restriction of pul-
monary vascular circulation [1], is the first category of
disease in the World Health Organization (WHO)
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classification of pulmonary hypertension (PH) [2]. The
mechanism of PAH pathology involves proliferation and
apoptosis of endothelial cells (ECs) and smooth muscle
cells (SMCs) in the PA, resulting in remodeling, damage,
and reduced circulatory effectiveness of the pulmonary
vasculature [3]. Pathological features of PAH include PA
vasospasm, hyperplasia and remodeling of the intimal-
media layer, in situ thrombosis, and vascular plexus
lesions, as well as elevations of PA pressure and pulmonary
vascular resistance (PVR), eventually leading to right heart
failure and death. PAH has a poor prognosis, with the
available treatments being unable to completely reverse the
pathological remodeling of the PA. Early diagnosis and
intervention can slow the pathological progression and
improve prognosis [4].

Unfortunately, early diagnosis of PH is difficult. Com-
mon PAH symptoms of shortness of breath, dizziness,
fainting, and chest pain are prevalent in other cardiovas-
cular diseases. Furthermore, as the incidence of PAH is not
high, some physicians may be unfamiliar with the disease.
This lack of exposure, combined with nonspecific symp-
toms, can make early diagnosis of PAH difficult. However,
the most important reason for the difficulty of early diag-
nosis is the lack of efficient and effective diagnostic
biomarkers for early screening of PAH.

The current gold standard for PAH diagnosis is a mean
PA pressure (mPAP) of 25 mmHg or greater on right heart
catheterization (RHC) [5]. However, RHC is an invasive
technique and thus is not suitable for routine screening. A
noninvasive method of PAH diagnosis is use of echocar-
diography to calculate PA systolic pressure (PASP)
through tricuspid regurgitation. However, there is limited
agreement between PASP values estimated by echocar-
diography and those estimated by RHC, with echocardio-
graphy having only about 50 % accuracy in estimating
PASP [6, 7].

Measuring circulating biomarkers for PAH would be an
ideal diagnostic approach for the disease, as blood tests for
biomarkers are simple and easy to perform. Levels of
B-type natriuretic peptide (BNP) and its precursor, the
N-terminal fragment of BNP (NT-proBNP), have been
suggested as valuable biomarkers for determining risk
stratification and prognosis in PAH [8]. Increased levels of
BNP and NT-proBNP in patients with PAH are associated
with increased mortality, whereas lower BNP levels have
been associated with reduced mortality and good treatment
outcomes. In comparison with BNP, NT-proBNP is less
influenced by diverse patient-related factors [9]. Never-
theless, neither biomarker is suitable for early diagnosis of
PAH.

Hepatocyte growth factor (HGF) is a major multifunc-
tional cytokine derived from liver mesenchymal cells. HGF
is an EC-specific growth factor [10], which promotes
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vascular EC proliferation; demonstrates anti-apoptotic,
anti-inflammatory, and endothelial nitric oxide synthase—
activating vasodilatory effects; and inhibits interstitial lung
remodeling [11]. Some researchers have found elevated
serum levels of HGF in patients with acute lung injury [12].
Traniyama et al. [13] studied rats with PAH that were
transfected with the gene encoding HGF. They showed that
HGF could reduce the pressure and endothelial injury in
the PA, and this suggested the existence of an association
between HGF and PH. However, serum levels of HGF in
patients with PAH have not been reported. Therefore, the
purposes of our study were to detect plasma HGF levels in
patients with PAH and to explore the value of plasma PAH
as a biomarker for early diagnosis of PAH.

2 Materials and Methods
2.1 Study Population and Grouping

Forty-five patients with PAH were admitted to our hospital
between January 2014 and July 2015, including 20 patients
with idiopathic PAH and 25 patients with secondary PH
caused by congenital heart disease (10 patients), left heart
disease (5 patients), chronic pulmonary embolism (5 pa-
tients), or connective tissue disease (5 cases). PAH was
diagnosed on the basis of the Diagnosis of Pulmonary
Artery Hypertension Treatment Guidelines drafted by the
European Society of Cardiology in 2009. All patients
provided informed consent for inclusion in this study. The
study was approved by the local institutional review board
(approval no. LC20140105).

PAH patients were divided into three groups on the basis
of disease severity. Patients with mPAP of 25-30 mmHg
were diagnosed with mild PAH (group L). Patients with
mPAP >30 mmHg but <50 mmHg were diagnosed with
moderate PAH (group M). Patients with mPAP
>50 mmHg were diagnosed with severe PAH (group H).
The control group included 15 healthy people who, on the
basis of their physical examination, were free of hyper-
tension, diabetes, kidney disease, obesity, and other
organic diseases.

2.2 Outcome Measures

Peripheral blood samples were obtained from all par-
ticipants. Serum was isolated from the blood and stored
at —80 °C until analysis. Serum analyte levels were
measured by sandwich enzyme-linked immunosorbent
assays (ELISAs), according to the manufacturers’ pro-
tocols. The optical density values of the samples were
measured by use of a human HGF ELISA kit (Boster
Biological Engineering Co. Ltd., Wuhan, China). The
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Table 1 Demographic characteristics of the pulmonary arterial hypertension groups

Characteristic Group L (n = 15)

Group M (n = 15)

Group H (n = 15) Control (n = 15)

Age, mean £ SD (years) 62 £+ 16 68 £+ 10 61 £ 17 60 + 14
Female sex, n (%) 10 (66.7) 6 (40) 7 (46.7) 7 (46.7)
Obesity, n (%) 3 (20) 4 (26.6) 4 (26.6) 2 (13.3)
Hypertension, n (%) 7 (46.7) 7 (46.7) 7 (46.7) 0
Diabetes, n (%) 1 (6.7) 2 (13.3) 3 (20) 0
Current smoker, n (%) 3 (20) 5(33.3) 6 (40) 0
Idiopathic PAH, n (%) 5(33.3) 7 (46.7) 8 (53.3) 0
Secondary PH, n (%) 10 (66.7) 8 (53.3) 7 (46.7) 0
Congenital heart disease 4 (40) 3 (30) 3 (30) 0
Connective tissue disease 1 (20) 2 (40) 2 (40) 0
Left heart disease 3 (60) 1 (20) 1 (20) 0
Chronic pulmonary embolism 2 (40) 2 (40) 1 (20) 0

HGF concentration values were determined from the
curve of absorbance versus concentration. Levels of all
analytes were measured at least in duplicate and were
quantified in comparison with dilutions of recombinant
protein standards and standardized serum samples. In
addition, NT-proBNP, C-reactive protein (CRP), and
alanine aminotransferase (ALT) were detected by an
DXC800 automatic biochemical analyzer (Beckman
Coulter, Inc., USA). Demographic information—includ-
ing age, sex, and comorbidities (e.g., systemic hyper-
tension, diabetes, smoking)—was collected from all
participants. The drug prescribed for the treatment of
each PAH patient was checked before admission.

2.3 Right Heart Catheterization

With the patient supine, routine disinfection was per-
formed, followed by local anesthesia with 2 % lidocaine.
Blood vessel access was achieved by the Seldinger method.
The right femoral vein was punctured, and an 8F arterial
sheath was placed and flushed with heparin—saline solution.
Next, the catheter was moved into the main PA through the
6F sheath. A multichannel polygraph was placed in a side
hole at the end of the catheter, allowing mPAP and other
indicator data (PVR, cardiac index [CI]) to be obtained by
tracing of the pressure curve. Finally, the catheter and
arterial sheath were removed, the puncture was bandaged,
and the surgery was completed.

2.4 Statistical Analysis

Statistical analysis was performed by use of the SPSS 12.0
statistical software package (Statistical Package for the
Social Sciences, Inc., Chicago, IL, USA). Measured data
were assessed for normality by use of the Kolmogorov—

Smirnov test. Normally distributed data were represented
as means * standard deviations. Data were compared
between groups by use of a 7 test for normally distributed
data or the Mann—Whitney test otherwise. Linear correla-
tion analysis was used to determine the relationship
between mPAP and HGF levels. For count data, a chi-
squared test was used. Differences with P values of <0.05
were considered statistically significant, and those with
P values of <0.01 were considered highly significant.

3 Results
3.1 Study Population and HGF Levels

The characteristics of patients in the three PAH groups (L,
M, and H) are summarized in Table 1. The three groups
showed no differences in age, sex, obesity, or comorbidi-
ties. Significantly higher levels of plasma HGF were
observed in the PAH group than in the healthy controls
(2.220 £ 1.670 versus 0.152 £ 0.038 ng/mL, P < 0.001).
HGF levels increased with increasing severity of dis-
ease (Fig. 1), with values of 0.685 + 0.348 ng/mL in
group L, 1.808 + 0.446 ng/mL. in group M, and
4.168 £ 1.292 ng/mL in group H (P < 0.001 for groups M
or L versus group H; other comparisons were not statisti-
cally significant). Additionally, HGF levels in the group
with mild PAH were significantly higher than those in the
healthy control group (P < 0.001). No statistically signifi-
cant difference in HGF levels was observed between
patients with idiopathic PAH (2.100 £ 1.554 ng/mL) and
those with secondary PH (2.370 £ 1.833 ng/mL)
(P = 0.595); there was also no statistically significant dif-
ference between the four secondary PH groups (P > 0.05;
Table 1).
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Fig. 1 Hepatocyte growth factor (HGF) levels in the control group
and in patients with mild pulmonary artery hypertension (PAH)
[group L], moderate PAH [group M] and severe PAH [group H]

Table 2 Clinical variables between each groups

3.2 Clinical Variables in Each Group

Table 2 shows that the differences in levels of PVR and
mPAP between the three PAH groups were statistically
significant (P < 0.001 for groups M or L versus group H
and for groups M versus L); CI values were decreased with
elevating mPAP and were lower in group H
[2.17 £ 0.06 L/(min-m?)] and group M [2.26 £ 0.10 L/
(min-m?)] than in group L [2.48 & 0.15 L/(min-m?)]
(P < 0.001), while those in group H were also lower than
those in group M (P = 0.006).

Serum levels of NT-proBNP (median 2500 pg/mL [in-
terquartile range (IQR) 1000-6237]) and CRP (median
16.9 mg/L [IQR 3.45-88.25]) were higher in patients with
PAH than in the control group (P < 0.001). NT-proBNP
levels increased with higher mPAP or PVR, and there was
a statistically significant difference between the three PAH
groups (P = 0.006 for groups M versus L, P = 0.002 for
groups H versus M, and P < 0.001 for groups H versus L).
CRP levels were significantly higher in group H than in
groups M and L (P < 0.001); however, no statistically

Clinical variables Control (n = 15) Group L (n = 15) GroupM (n = 15) Group H (n = 15) p* r, P**
PVR (dyn-s-cm™) - 786 £ 193 1168 £ 202 1992 + 559 0.001; 0.001; 0.001 0.922

P < 0.001
CI (L/(min-m?)) - 248 + 0.15 2.26 + 0.10 2.17 + 0.06 0.001; 0.006; 0.001 —0.839

P < 0.001
nPAP (mmHg) - 27.67 £+ 1.80 41.00 £+ 4.97 60.73 £ 6.28 0.001; 0.001; 0.001 0.967

P < 0.001
NT-proBNP (pg/mL) 198 (112, 237)* 997 (243, 1110) 2500 (1003, 5962) 7883 (3550, 10034) 0.006; 0.002; 0.001 0.755

P < 0.001
CRP (mg/L) 1.8 (0.7, 4:2) 1.7 (0.5, 9.2) 12 (8.5, 25.7) 98.4 (65.7, 135) 0.148; 0.001; 0.001 0.82

P < 0.001
ALT (U/L) 21 (19, 30) 20 (16, 30) 32 (23, 64) 33 (21, 68) 0.064; 0.399; 0.132 0.243

P =0.108
PAH treatment, n (%) - 3 (20 %) 8 (53.3 %) 13 (86.7 %)
Prostacyclin analogue, n 0 1 2
Endothelin antagonist, n — 0 0 1
PDE-5 inhibitor, n - 0 2 3
Combination”®, - 0 2 3
Diuretics, n - 3 5 7
None, n - 12 7 2

PVR pulmonary vascular resistance, CL cardiac index, mPAP mean pressure of pulmonary artery, NT-proBNP N-terminal fragment of B-type
natriuretic peptide, CRP C-reaction protein, ALT alanine aminotransferase, PDE-5 inhibitor phosphodiesterase type 5 inhibitor

* The first P value is comparison between M and L group; the second P value is comparison between H and M group; the third P value is

comparison between H and L group

** The r value means relation with HGF for PVR and CI; the r value means relation with mPAP for NT-proBNP, CRP and ALT

* 198 (112, 237) means median (IQR; P25, P75)

° Combination means two drugs were used at least
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Fig. 2 Relationship between hepatocyte growth factor (HGF) levels
and mean pulmonary arterial pressure (mPAP)

significant difference was observed between groups M
and L (P = 0.148). There was no statistically significant
difference between the control group (21 U/L [IQR
19-30]) and the PAH group (26 U/L [IQR 19-42],
P = 0.104) for ALT levels, nor was there any significant
difference between the three PAH groups (P > 0.05). None
of the PAH therapies was associated with biomarker levels
(Table 2).

3.3 Associations Between mPAP and HGF
and Other Clinical Readouts

Linear correlation analysis confirmed the positive correla-
tion between HGF levels and mPAP (Pearson correlation
coefficient 0.967, P < 0.001; Fig. 2). Table 2 shows the
correlations between HGF and PVR and between HGF and
CI; HGF levels also had a high correlation with PVR
(r =0.922, P < 0.001) and a negative correlation with CI
(r = —0.839, P < 0.001); NT-proBNP and CRP levels had
positive correlations with mPAP (r = 0.755, P < 0.001;
r = 0.82, P <0.001); however, there was no correlation
between ALT and mPAP (r = 0.243, P = 0.108).

4 Discussion

In this study, we compared plasma levels of HGF between
healthy controls and patients with PAH of varying levels of
severity. Plasma HGF levels were significantly higher in
PAH patients and in patients with mild PAH than in
healthy controls. Furthermore, HGF levels increased as
mPAP or PVR increased and CI decreased, revealing a
relationship between plasma HGF levels and the extent of
PAH. HGF is a pleiotropic factor produced by mesenchy-
mal cells, and it acts on a wide variety of factors (including
mitogen and motogen) and influences morphogenesis.
Active HGF is a heterodimer composed of an o chain
(molecular weight [MW] 69 kD) and a B chain (MW
34 kD) [14]. HGF is widely distributed in the body, being
found in the small intestine, brain, thymus, bronchial and

alveolar epithelial cells, syncytiotrophoblast cells, and
vascular SMCs [15]. Circulating HGF can be detected in
blood from healthy humans.

Many recent studies have identified HGF as a crucial
proangiogenic factor, which plays important roles in
peripheral vascular disease, ischemic heart disease, and
ischemic lung disease [16]. Kimihiko et al. [12] measured
plasma levels of HGF in patients with acute lung injury and
severe lung disease, and found that these patients had
elevated levels of HGF protein in serum and HGF mRNA
in lung tissue, in comparison with normal values. They
concluded from these findings that HGF may promote lung
tissue repair and regeneration after acute lung injury.
Similarly, we detected significantly higher plasma levels of
HGF in PAH patients than in the normal population.
Plasma HGF levels were also significantly higher in
patients with mild PAH, indicating that HGF concentra-
tions begin to increase in the early period of PAH. A sig-
nificant relationship was observed between plasma HGF
levels and the extent of PAH, as indicated by mPAP.

The mechanism underlying the observed elevated
plasma HGF levels in PAH patients is not entirely clear.
Various pro-inflammatory factors, including interleukins
(ILs) 21a and 21, can lead to the increased gene and
protein expressions seen in HGF [17]. The human HGF
gene exists in an IL-6 response element, and IL-6 nuclear
factor binding occurs in the transcription initiation region.
These observations suggest that IL-6 can induce tran-
scription of HGF. As plasma IL-6 levels are elevated in
patients with acute lung injury [18], increased release of
inflammatory cytokines may be one important factor that
contributes to elevations in plasma HGF levels. Serum
CRP levels were elevated with higher mPAP values and
showed a positive correlation, which indicated that high
levels of CRP relate to both PAH progression and elevated
HGF levels. Furthermore, plasma levels of tumor necrosis
factor (TNF)-a and nuclear factor (NF)-kB were increased
in patients with PAH [19], and TNF-o has been shown to
induce expression of HGF via NF-«B [20].

NT-proBNP levels were increased and correlated with
mPAP. The association between BNP and HGF is
unknown, but heart failure may be indicated directly,
which may contribute to HGF elevation [21]. Abnormal
liver function may be another factor with an influence on
HGF. The ALT levels we measured did not differ signifi-
cantly between the four groups; however, patients with a
higher mPAP were more likely to have complications with
abnormal liver function and increased levels of ALT,
which may upregulate serum HGF levels [22].

Several limitations of this study should be mentioned.
First, many factors may contribute to levels of HGF, such
as the drugs used to treat PAH patients and primary dis-
eases (left heart disease, chronic pulmonary embolism or
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connective tissue disease) leading to PAH. Given the small
sample size in this study, this result might have been dif-
ferent if the patient cohort had been larger. Second, HGF
levels are likely to be increased in a variety of diseases or
conditions such as PA embolism, heart failure, inflamma-
tion of the lung or liver, and abnormal liver function. In the
above cases, HGF as a biomarker for diagnosis of PAH
might have high sensitivity but low specificity. Third, we
did not observe a relationship between the duration of PH
and HGF, and the long-term prognosis of PAH, which
would also be very important to assess in future clinical
studies.

The long-term prognosis of patients with PAH is poor
but can be significantly improved by early diagnosis and
treatment. The results of the present study suggest that
HGF has potential as a biomarker for early diagnosis of
secondary PH or for screening. However, as the present
study enrolled only a small number of cases, the early
diagnostic and prognostic value of HGF in PAH will
require large-scale experimental verification.
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