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Abstract
BACKGROUND
Clinically significant portal hypertension (CSPH) and severe portal hypertension
(SPH) increase the risk for decompensation and life-threatening complications in
liver cirrhosis. Pathologic angiogenesis might contribute to the formation of these
conditions. Placental growth factor (PlGF) and Nogo-A protein are biomarkers of
pathological angiogenesis, but data on their role in liver cirrhosis and portal
hypertension is scarce.

AIM
To determine plasma levels of PlGF and Nogo-A in patients with liver cirrhosis,
CSPH, SPH and potential to predict portal hypertension.

METHODS
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver
cirrhosis with characterized hepatic venous pressure gradient (HVPG) were
included in the study. Demographic data, medical history, Child-Turcotte-Pugh
and Model of End Stage liver disease score, clinical chemistry, liver stiffness
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values were recorded on the day of the procedure prior HVPG measurement. The
degree of portal hypertension was determined by the invasive HVPG
measurement. Nogo-A and PlGF plasma levels were evaluated using enzyme
linked immunosorbent assay. The control group consisted of 30 healthy age- and
sex- matched individuals.

RESULTS
Peripheral PlGF levels were higher and Nogo-A levels were lower in patients
with liver cirrhosis (23.20 vs 9.85; P < 0.0001 and 2.19 vs 3.12; P = 0.004
respectively). There was a positive linear correlation between peripheral levels of
PlGF and HVPG (r = 0.338, P = 0.001) and negative linear correlation between the
peripheral Nogo-A levels and HVPG (r = -0.267, P = 0.007). PlGF levels were
higher in CSPH and SPH (P = 0.006; P < 0.0001) whereas Nogo-A levels were
lower (P = 0.01; P < 0.033). Area under the curve for the diagnosis of CSPH for
PlGF was 0.68 (P = 0.003) and for Nogo-A - 0.67 (P = 0.01); for SPH 0.714 (P <
0.0001) and 0.65 (P = 0.014) respectively. PlGF levels were higher and Nogo-A
levels were lower in patients with esophageal varices (P < 0.05). PlGF cut-off
value of 25 pg/mL distinguished patients with CSPH at 55.7% sensitivity and
76.7% specificity; whereas Nogo-A cut-off value of 1.12 ng/mL was highly
specific (93.1%) for the diagnosis of CSPH.

CONCLUSION
Plasma PlGF levels were higher while Nogo-A levels were lower in patients with
liver cirrhosis and portal hypertension. Biomarkers showed moderate predictive
value in determining CSPH and SPH.

Key words: Liver cirrhosis; Portal hypertension; Angiogenesis; Placental growth factor;
Nogo-A; Hepatic venous pressure gradient

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this study, we aimed to evaluate plasma levels of angiogenesis mediators
placental growth factor and Nogo-A protein in patients with liver cirrhosis, clinically
significant portal hypertension, severe portal hypertension as well as biomarker potential
to predict clinically significant and severe portal hypertension. Higher levels of placental
growth factor have previously been associated with portal hypertension in animal
models; however, data in patients with liver cirrhosis are scarce. To date this is the first
study to evaluate Nogo-A protein levels in patients with liver cirrhosis and portal
hypertension. Furthermore, to our best knowledge this is the first study to evaluate
prognostic potential of these biomarkers to detect clinically significant and severe portal
hypertension. We believe that this study adds additional knowledge on the complex
pathogenesis of portal hypertension and might provide new insights for future research
of new diagnostic approaches and treatment targets in the field.

Citation: Gelman S, Salteniene V, Pranculis A, Skieceviciene J, Zykus R, Petrauskas D,
Kupcinskas L, Canbay A, Link A, Kupcinskas J. Plasma Nogo-A and placental growth factor
levels are associated with portal hypertension in patients with liver cirrhosis. World J
Gastroenterol 2019; 25(23): 2935-2946
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2935.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2935

INTRODUCTION
Portal hypertension (PH) is a consequence of liver cirrhosis and can cause serious life-
threatening complications.  The degree of  portal  hypertension is  one of  the most
important prognostic factors for complications and decompensation of liver cirrhosis
and is defined by the hepatic venous pressure gradient (HVPG)[1]. The presence of
clinically significant portal hypertension (CSPH; HVPG ≥ 10 mmHg) increases the risk
for  the  formation  of  varicose  veins  and  decompensation  whereas  severe  portal
hypertension (SPH; HVPG ≥ 12 mmHg) increases the risk for variceal bleeding and
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death[1-3]. In order to optimize the care of patients with liver cirrhosis, it is essential to
detect early PH and prevent the development of CSPH or treat already present CSPH
to avoid decompensation[4]. As current options for the prevention and treatment of
CSPH are limited to attenuating splanchnic vasodilatation, new insights and deeper
knowledge about pathogenetic me-chanisms of PH and molecules involved, would
aid in search for newer and more effective treatment strategies[5].

The  main  pathophysiological  mechanism  of  PH  in  cirrhosis  is  an  increase  in
intrahepatic vascular resistance (IHVR), mostly caused by structural changes in liver
tissue, but functional disorders of liver circulation are also important pathogenetic
factors[1]. Recent studies suggest that pathologic angiogenesis could also contribute to
an increase in IHVR, causing splanchnic hyperemia, portosystemic collateralization
and pathologic angiogenesis inside the liver, worsening an already existing PH[5-7].

Pathologic  angiogenesis  has  been reported to  result  from the  upregulation of
proangiogenic factors and simultaneous downregulation of angiogenesis inhibitors,
thus  both  stimuli  might  be  important  and  contribute  to  the  pathophysiological
mechanisms[8].

Vascular endothelial growth factor (VEGF) family has been recognized as one of
the  major  proangiogenic  mediators  associated  with  PH[9]  in  number  of  animal
studies[10-12] and only two small human studies[13,14] demonstrating beneficial effects on
PH when blocking VEGF signaling. However this could cause deleterious side effects,
as angiogenesis is essential for tissue healing and regeneration[5]. Placental growth
factor (PlGF),  a member of the VEGF family,  on the other hand could be a more
promising target as it has been reported only to enhance angiogenesis in pathological
conditions, not affecting normal tissues[15]. As a porangiogenic factor PlGF escalates
the  proliferation,  migration and survival  of  the  endothelial  cells,  intensifies  the
proliferation of the mesenchymal cells and regulates the contraction of the mural
cells[16]. The expression and function of PlGF has been addressed in several animal
studies[17,18], however data on plasma levels of PlGF in patients with liver cirrhosis,
portal hypertension and it’s complications is scarce.

Angiogenesis  is  a  two way process  including activation and inhibition of  an-
giogenesis stimuli and a number of endogenous angiogenesis inhibitors have been
identified, some of them being associated with PH[19,20]. Nogo-A and Nogo-B proteins
are novel recently discovered angiogenesis mediators that belong to the reticulon 4
protein family. Nogo-A protein, most widely examined as a potent neurite growth
inhibitor, has never been studied in patients with liver cirrhosis or PH. Studies have
examined the expression of Nogo-A in cardiomyocytes[21], enteric nervous system[22],
in ocular diseases[23] and hepatocellular carcinoma[24]. Nogo-A has also been reported
to be a negative regulator of retinal and CNS[25,26] angiogenesis, but the effects on an-
giogenesis in liver diseases remains unknown. As Nogo-B protein, a splice variant of
Nogo-A, is associated with liver fibrogenesis and liver cirrhosis[27,28], angiogenesis[29,30]

and endogenous tissue repair[31], we hypothesized that Nogo-A, similarly to Nogo-B,
might be associated with liver cirrhosis and the pathogenesis of PH.

In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver
cirrhosis patients with normal portal pressure and portal hypertension as well as in
controls. We also aimed to evaluate the potential of plasma PlGF and Nogo-A levels
as  biomarkers  to  predict  CSPH and SPH as  well  as  complications  of  portal  hy-
pertension.

MATERIALS AND METHODS

Patients
The study included patients with hepatitis  C virus and/or alcohol induced liver
cirrhosis  who underwent  a  scheduled HVPG measurement  or  transjugular  liver
biopsy in  the  Department  of  Gastroenterology,  Lithuanian University  of  Health
Sciences  from  September  2015  to  December  2017.  A  total  of  290  patients  were
examined, out of which 122 were included in the study. The main criteria for the
exclusion from the study were: Pre- or posthepatic causes of portal hypertension,
cardiovascular, kidney disease, diabetes, neurodegenerative diseases, active infection,
hepatocellular carcinoma or cancer of other location. We also excluded the patients
with  the  history  of  current  use  of  beta-blockers  or  other  vasoactive  drugs.  De-
mographic data,  medical history (presence of ascites,  esophageal varices),  Child-
Turcotte-Pugh and Model of End Stage liver disease (MELD) score, clinical chemistry,
liver  stiffness (Fibroscan,  Echosens,  France),  plasma levels  of  Nogo-A and PlGF,
HVPG values were recorded on the day of the procedure prior HVPG measurement.

Liver cirrhosis was diagnosed according to clinical, laboratory and radiologic data
and/or histology; the presence of portal hypertension was diagnosed by hepatic vein
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catheterization.
Thirty healthy volunteers, matched for age and sex, with normal liver enzymes and

normal liver stiffness measurements were included as controls for peripheral levels of
Nogo-A and PlGF.

The study was approved by Kaunas Region Biomedical Research Ethics Committee
(2015-08-24, No. BE-2-28, Kaunas, Lithuania). Every participant provided a written
informed consent to participate in the study and study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki.

Nogo-A and PlGF measurements
Peripheral blood samples were obtained on the day of the procedure. Blood samples
from the hepatic vein were obtained during the HVPG measurement in EDTA tubes.
Samples were centrifuged at room temperature in 3500 g for 10 min, plasma was
separated  and  stored  in  -80  °C  for  further  analysis.  Sandwich  enzyme-linked
immunosorbent assay (ELISA) kits were used to determine Nogo-A (Elabscience,
United States) and PlGF (Abbexa LTD, United Kingdom) plasma levels, according to
manufacturers’  protocols  using  SunriseTM  (Tecan  Trading  AG,  Switzerland)  mi-
croplate reader with 450 nm wavelength filter and MagellanTM (Tecan Trading AG,
Switzerland) software. In each ELISA kit both controls and patients were included.

HVPG measurement
The degree  of  portal  hypertension was determined by the  invasive  HVPG mea-
surement.  The  procedure  was  performed  by  the  same  experienced  radiologist
according to the standard as described by Groszmann et al[32]. At least three repeated
measurements were performed to determine free and wedged hepatic vein pressure
for calculation of HVPG. HVPG values of 1-5 mmHg were considered to represent
normal portal pressure, whereas portal hypertension was diagnosed at a HVPG ≥ 6
mmHg. HVPG ≥ 10 mmHg was considered to be CSPH and ≥ 12 mmHg-SPH.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 software. Descriptive statistics are
provided as mean and standard deviation (SD), or as median and range for non-
parametric data. Differences between the groups were assessed with the Student’s t
test or Mann-Whitney’s test as appropriate. Differences between three groups were
assessed  by  one-way  ANOVA  test  or  the  Wilcoxon  test,  when  appropriate.
Correlations  were  performed by  means  of  Spearman’s  correlation  for  PlGF and
Pearson’s  correlation for  Nogo-A and expressed by Spearman’s  or  Pearson’s  co-
efficient. Univariate regression analysis was performed to identify the relationship of
PlGF and Nogo-A with PH and its complications. Receiver operating characteristic
(ROC) curves were created to assess the predictive values of PlGF and Nogo-A for
CSPH,  SPH  and  complications  with  area  under  the  curve  (AUC),  sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV). The
value with the best sensitivity and specificity in AUC analysis (Youden’s Index) was
chosen for further analysis. Statistical significance was established at P < 0.05 and
expressed as aP < 0.05.

RESULTS

Patient characteristics
One hundred and twenty-two patients  with liver  cirrhosis  and 30 controls  were
included in the study. Sixty-seven patients (54.9%) were male and mean age was 50.45
(± 11.13). Sixty-one (50%) patient had alcohol induced liver cirrhosis and sixty-one
(50%)-hepatitis C virus cirrhosis.  Seventy-five (61.5%) patients were classified as
having Child-Pugh A, 30 (24.6%) as Child-Pugh B and 17 (13.9%) as Child-Pugh C
cirrhosis. Fourteen patients (11.5%) had normal HVPG, eighty-six (70.5 %) had HVPG
≥ 10 mmHg, of which 70 (57.4%) had HVPG ≥ 12 mmHg. Demographic, clinical and
endoscopic characteristics are displayed in Table 1. Peripheral Nogo-A and PlGF
levels were examined in 100 patients each and hepatic Nogo-A and PlGF levels were
examined in 30 patients each.

PlGF and Nogo-A plasma levels in liver cirrhosis
Median peripheral  PlGF levels were higher in patients with liver cirrhosis when
compared  to  controls  (23.20;  range  14.08-37.70  pg/mL vs  9.85;  range  4.88-22.72
pg/mL; P < 0.0001; Figure 1). Peripheral PlGF levels were higher in patients with
alcohol-induced cirrhosis when compared to patients with hepatitis C virus cirrhosis
(29.10; range 16.52-41.71 pg/mL vs 20.92; range 13.72-34.42 pg/mL; P = 0.049) and
both were significantly higher than in controls (9.85; range 4.88-22.72 pg/mL). Levels
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Table 1  Demographic, clinical and endoscopic characteristics of the patients and controls

Variable Patients (n = 122) Controls (n = 30)

Sex (male/female; %) 55/45 50/50

Age (yr; SD) 51.14 (± 9.73) 48.92 (± 15.46)

BMI (kg/m2; SD) 26.04 (± 4.63) 25.30 (± 3.51)

Etiology (N (%) of patients)

Alcohol induced cirrhosis 61 (50)

HCV cirrhosis 61 (50)

Child-Pugh class (A/B/C; %) 61.5/24.6/13.9

MELD score (SD) 11.15 (± 4.32)

TE (kPa; SD) 31.37 (± 19.79)

Ascites (% of patients) 38.5

Varices (% of patients)

Absent 45.1

F1 27

F2 18.9

F3 9

Risk signs of bleeding (N of patients) 24

HVPG (mmHg; SD) 13.70 (± 6.52)

HVPG 1-5 mmHg (% of patients) 11.5

HVPG 5-9 mmHg (% of patients) 19.7

CSPH; HVPG ≥ 10 mmHg (% of patients) 70.5

SPH; HVPG ≥ 12 mmHg (% of patients) 57.4

SD: Standard deviation; BMI: Body mass index; HCV: Hepatitis C virus; MELD: Model of End Stage Liver
Disease; HVPG: Hepatic venous pressure gradient; CSPH: Clinically significant portal hypertension; SPH:
Severe portal hypertension; TE: Transient elastography.

of PlGF at the hepatic vein did not differ significantly from those at the peripheral
vein (25.22 pg/mL, range 10.51-34.73 vs 21.22 pg/mL, range 9.48-44.87; P = 0.289).
There was a positive linear correlation between the peripheral PlGF levels and Child-
Pugh score (r = 0.424; P < 0.0001). Peripheral PlGF levels were increasing with the
Child-Pugh stage: in patients with Child-Pugh class A PlGF was 19.64 pg/mL (IQR:
13.38-31.42 pg/mL), in Child-Pugh class B 29.65 pg/mL (IQR: 18.95-46.29 pg/mL) and
in Child-Pugh class  C 32.80 pg/mL (IQR:  28.00-49.93 pg/mL).  PlGF levels  were
significantly higher in Child-Pugh class B (P < 0.042) and class C (P < 0.002) when
compared to Child-Pugh class A. Positive linear correlation was also observed with
MELD score (r  = 0.283; P  < 0.006). PlGF levels at the hepatic vein correlated with
Child-Pugh score (r = 0.384; P = 0.036) and were significantly higher in Child-Pugh C
stage (P = 0.007), when compared to Child-Pugh A and B stage.

Mean peripheral mean levels of Nogo-A protein were lower in patients with liver
cirrhosis (2.19 ± 1.47 ng/mL) when compared to controls (3.12 ± 1.54 ng/mL; P  =
0.004; Figure 2). Peripheral Nogo-A protein levels did not differ between the alcohol-
induced (2.22 ± 1.59 ng/mL) and hepatitis C virus cirrhosis (2.02 ± 1.33 ng/mL; P =
0.785), however both were significantly lower than in controls (3.15 ± 1.48 ng/mL).
Peripheral levels of Nogo-A were significantly lower when compared to the levels at
the hepatic vein (1.70 ± 1.19 ng/mL vs 3.48 ± 2.27 ng/mL respect. P < 0.0001). No
significant correlation was observed between peripheral and hepatic Nogo-A levels
and Child-Pugh score as well as MELD score. Peripheral Nogo-A levels did not differ
between the Child-Pugh stage groups (Child-Pugh A 2.19 ± 1.37 ng/mL; Child-Pugh
B 1.9 ± 1.49 ng/mL and Child-Pugh C 2.17 ± 1.84 ng/mL).

To evaluate the relationship of plasma PlGF and Nogo-A levels with liver stiffness
we calculated the correlation of biomarkers with values of transient elastography (TE;
Fibroscan).  Transient elastography measurements were available for 74 patients.
There was a positive linear correlation between peripheral PlGF values and TE (r =
0.364;  P  < 0.001),  but hepatic levels of PlGF did not correlate with liver stiffness.
Peripheral Nogo-A levels did not correlate with liver stiffness.

PlGF and Nogo-A plasma levels in portal hypertension
There was a positive linear correlation between peripheral levels of PlGF and HVPG
(r  = 0.338, P  = 0.001, Figure 3). Hepatic PlGF levels did not correlate with HVPG.
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Figure 1

Figure 1  Peripheral placental growth factor levels in liver cirrhosis and controls. Box plot graph; boxes
correspond to the median value and interquartile range. PlGF: Placental growth factor.

Higher peripheral PlGF values were significantly associated with ascites (OR = 5.59; P
= 0.018). Linear regression revealed that an increase of PlGF by 10 points increased the
HVPG by 0.5 mmHg (P = 0.003).

Peripheral levels of PlGF were significantly higher in patients with CSPH (28.20
pg/mL; range 17.09-41.17 pg/mL) than in patients without CSPH (17.20 pg/mL;
range 10.12-26.00 pg/mL; P = 0.006), as well as in patients with SPH (29.27 pg/mL;
range 19.83-42.68 pg/mL) when compared to patients without SPH (15.39 pg/mL;
range 10.15-24.99 pg/mL; P < 0.0001). AUC for the diagnosis of CSPH was 0.68 (CI:
0.56-0.79; P = 0.003 Figure 4A) and for the diagnosis of SPH 0.714 (CI: 0.61-0.82; P <
0.0001 Figure 4B). A cut-off value of 25 pg/mL provided the most accurate sensitivity
and specificity to discriminate between patients with and without CSPH, whereas a
cut-off value of 26.8 pg/mL helped to differentiate between the patients with and
without SPH (Table 2). When classifying patients according to the cut-off values, OR
for the presence of CSPH was 4.13 (P = 0.004) and for the presence of SPH 5.58 (P <
0.0001).

There was a negative linear correlation between the peripheral Nogo-A levels and
HVPG (r = -0.267, P = 0.007, Figure 5). Hepatic Nogo-A levels did not correlate with
HVPG. Linear regression showed an increase of HVPG by 1.2 mmHg per decrease of
Nogo-A levels by 1 point (P = 0.007).

Peripheral levels of Nogo-A were significantly lower in patients with CSPH (1.96 ±
1.39 ng/mL) than in patients without CSPH (2.77 ± 1.53 ng/mL; P = 0.011), as well as
in patients with SPH (1.94 ± 1.46 ng/mL) when compared to patients without SPH
(2.57 ± 1.42 ng/mL; P < 0.033). AUC for the diagnosis of CSPH was 0.67 (CI: 0.55-0.78;
P = 0.01 Figure 6A) and for the diagnosis of SPH 0.65 (CI: 0.54-0.75; P = 0.014 Figure
6B).  A  cut-off  value  of  1.12  ng/mL  yielded  the  most  accurate  sensitivity  and
specificity to differentiate between patients with and without CSPH whereas a cut-off
value of 1 ng/mL helped to differentiate between the patients with and without SPH
(Table  2).  When classifying  patients  according  to  the  cut-off  values,  OR for  the
presence of CSPH was 7.8 (P = 0.008) and for the presence of SPH 6.12 (P = 0.006).

PlGF and Nogo-A plasma levels and esophageal varices
Both peripheral PlGF and Nogo-A were significantly associated with esophageal
varices. Peripheral PlGF values were higher and Nogo-A levels were lower in patients
with esophageal varices when compared to patients without esophageal varices (PlGF
29.96 pg/mL; range 20.34-44.03 vs  17.73 pg/mL; range 11.76-27.97; P  = 0.001; and
Nogo-A 1.94 ± 1.48 ng/mL vs 2.52 ± 1.41 ng/mL; P < 0.05, respectively). The PlGF cut-
off value of 19.83 pg/mL and Nogo-A cut-off value of 2.3 ng/mL were the most
sensitive and specific in order to discriminate patients having esophageal varices.
When categorizing patients according to peripheral PlGF levels above 19.83 pg/mL,
the OR for the presence of esophageal varices was 5.25 (P = 0.0001). With peripheral
Nogo-A levels below 2.3 ng/mL, the OR for the presence of esophageal varices was
3.2 (P = 0.007). However, the levels of biomarkers did not differ between different
grades of esophageal varices (Figures 1-3).

To  evaluate  the  esophageal  varices  with  high  risk  of  bleeding  we  selected  a
separate group of patients with large (Figure 3) esophageal varices and with varices
containing  red  wale  marks  or  cherry  red  spots  on  endoscopy  (n  =  21).  Higher
peripheral PlGF levels were associated with high risk esophageal varices (OR = 7.512;
P = 0.01). AUC for the presence of high-risk esophageal varices was 0.62 (CI: 0.54-0.77)
(Table 2).
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Figure 2

Figure 2  Peripheral Nogo-A levels in liver cirrhosis and controls. Box plot graph; boxes correspond to the mean
value and standard deviation.

DISCUSSION
With growing burden on chronic liver diseases worldwide[33], the optimization of care
provided to the patients with liver cirrhosis has become a priority. According to the
Baveno VI consensus meeting the detection and treatment of early PH as well as the
prevention  and timely  treatment  of  CSPH,  in  order  to  avoid  complications  and
decompensation,  are of  utmost  importance[4].  The consensus has encouraged the
search for new treatment strategies to target different pathogenetic components of
PH[4].

This prospective study was aimed to gain deeper knowledge on the molecules
involved in the abnormal angiogenesis-one of the pathogenetic components of PH.
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis
inhibitor Nogo-A plasma levels in patients with liver cirrhosis, when compared to
controls. We have also determined a clear correlation of these mediators to PH and
complications of  PH. Furthermore,  we have for  the first  time demonstrated that
plasma concentration of Nogo-A is lower in liver cirrhosis and PH, as well as the
predictive values of plasma PlGF and Nogo-A levels in diagnosing CSPH, SPH and
PH complications. This information provides further insights in the pathogenesis of
PH in liver cirrhosis and might be useful in creating new noninvasive diagnostic
models for CSPH, as it is one of the most important prognostic factors for patients
with liver cirrhosis.

Data of recent research suggests that angiogenesis plays an important role in the
development of PH by contributing to all  pathogenetic processes involved in the
formation of PH and its complications: An increased intra-hepatic resistance due to
the establishment of abnormal liver angioarchitecture, portosystemic collateralization
and possibly development and maintenance of splanchnic hyperemia as well as hy-
perdynamic circulation[7,15,20]. This evidence supporting the role of angiogenesis in the
pathogenesis of PH arises from the animal and human studies involving a potent
proangiogenic  factor-VEGF.  VEGF  has  been  shown  to  be  overexpressed  in  the
splanchnic circulation in animal models of PH[11,12],  an increased VEGF mediated
angiogenesis was observed in animal models as well as cirrhotic patients with PH[34,35].

PlGF is a member of VEGF family, which is upregulated in pathological tissues and
almost undetectable in healthy tissues[16], making it a perspective candidate for the
therapeutic  strategies.  PlGF has been identified by multiple  studies  as  a  disease
modifying agent in various organs and organ systems, including heart, muscles, skin,
solid tumors, nervous system, colon, lungs[16].  In liver PlGF has been found to be
associated with inflammation, fibrosis, angiogenesis[17,18] and portal hypertension[36-38].
The role of PlGF in portal hypertension is believed to be associated with pathological
angiogenesis and vascular maturing through the action on VEGFR-1 receptor[5,20].
Thus PlGF antibodies or PlGF knockout decreased neo-vascularization, splanchnic
blood flow and portal pressure in animal models[9,17,39]. To our knowledge only one
previous study evaluated the association of PlGF to liver cirrhosis and HVPG in
humans. Van Steenkiste et al[17] reported the increase of PlGF expression in cirrhotic
liver, increase in plasma PlGF levels in patients with alcoholic hepatitis and a linear
correlation  between  plasma  PlGF  levels  and  HVPG.  Our  findings  support  this
evidence as we have also observed increased plasma PlGF levels in patients with
hepatitis C virus and alcohol-induced liver cirrhosis as well  as linear correlation
between plasma PlGF levels and HVPG. PlGF levels at the hepatic vein did not differ
from the levels at the peripheral vein, suggesting that PlGF levels remain stable after
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Figure 3

Figure 3  Relationship between peripheral placental growth factor levels and hepatic venous pressure
gradient. PlGF: Placental growth factor.

passing to the systemic circulation. The reason why in our study hepatic PlGF levels
did not correlate to HVPG needs further research and we are planning to explore this
phenomenon  with  a  higher  study  sample.  Furthermore,  in  our  study  we  have
observed  that  plasma  PlGF  levels  were  predictors  of  CSPH  (sensitivity  55.7%,
specificity 76.7%) and SPH (sensitivity 59%, specificity 79%) in patients with cirrhosis.
Another important finding of our study was the association of plasma PlGF levels
with high-risk esophageal varices. The cut-off value of 19.83 pg/mL predicted high-
risk esophageal varices with high sensitivity 90% and high negative predictive value
94.4%. Hence plasma PlGF levels could be promising candidates for noninvasive
diagnosis of PH and help distinguish the patients with high risk for variceal bleeding.

Nogo-A  is  a  member  of  reticulon  4  (RTN4)  family  of  membrane-associated
multifunctional proteins[40]. There are three isoforms of RTN4 protein: Nogo-A, Nogo-
B  and  Nogo  C.  Nogo-A  was  initially  most  widely  studied  as  a  neurite  growth
inhibitor and was believed to be mainly expressed in the nervous system[36,41]. Apart
from the nervous system, Nogo-A was shown to be expressed in the heart tissue,
testis  and  liver,  although  in  the  latter  the  signal  was  considered  unspecific[42].
Furthermore, a recent study by Ramo et al[43] has reported that Nogo-A and Nogo-B
are simultaneously expressed in human hepatoma, fibroblast  and neuronal cells,
concluding than none of the isoforms should be considered a cell type specific isoform
and revealed a wider range of functions for Nogo-A outside the nervous system.
Another study addressing the expression of Nogo-A in the liver was performed by
Hao et al[24], where the authors reported that Nogo-A was highly expressed in four
liver cancer cell lines in vitro and the depletion of Nogo-A protein suppressed cancer
cell proliferation. To our best knowledge, this study is the first to demonstrate the
relationship of Nogo-A with liver cirrhosis and PH in humans. Furthermore, the cut-
off value of 1.12 ng/mL helped to differentiate CSPH with high specificity (93.1%)
and positive predictive value (92.9%), showing that Nogo-A might be used as a non-
invasive marker for the diagnosis of CSPH. Nogo-A levels at the hepatic vein were
significantly higher than in the peripheral vein, suggesting that the protein undergoes
some metabolism processes  in the systemic circulation.  However to  explain this
phenomenon further mechanistic studies are required.

In conclusion, plasma PlGF levels were higher and Nogo-A plasma levels were
lower in patients with liver cirrhosis and PH. Both biomarkers showed correlation
with HVPG and only moderate predictive value in determining clinically significant,
severe portal hypertension and high-risk esophageal varices.

The main limitation of our study is the lack of mechanistic studies concerning
Nogo-A protein in healthy liver tissue and cirrhotic tissue, which could better explain
the expression of the protein in healthy and diseased liver.
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Table 2  Diagnostic performance of placental growth factor and Nogo-A for clinically significant, severe portal hypertension and high-risk
varicose veins

Cut-off value1 Sensitivity (%) Specificity (%) PPV (%) NPV (%) P value

CSPH

PLGF 25 pg/mL 55.7 76.7 84.8 42.6 0.003

Nogo-A 1.12 ng/mL 36.6 93.1 92.9 37.5 0.01

SPH

PlGF 26.8 pg/mL 59.0 79.5 81.8 55.4 0.0001

Nogo-A 1 ng/mL 33.3 92.5 87 48 0.014

High-risk varicose veins

PlGF 19.83 pg/mL 90.5 44.2 30.6 94.4 0.034

1Cut-off values with most accurate sensitivity and specificity to differentiate patients with the condition from patients without the condition. PlGF:
Placental growth factor; SPH: Severe portal hypertension; CSPH: Clinically significant portal hypertension; PPV: Positive predictive value; NPV: Negative
predictive value.

Figure 4

Figure 4  Receiver operating characteristic curves showing placental growth factor prediction of clinically significant portal hypertension (A) and severe
portal hypertension (B). ROC: Receiver operating characteristic.

Figure 5

Figure 5  Relationship between peripheral Nogo-A levels and hepatic venous pressure gradient.
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Figure 6

Figure 6  Receiver operating characteristic curves showing Nogo-A protein prediction of clinically significant portal hypertension (A) and severe portal
hypertension (B). ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Portal  hypertension  (PH)  is  a  consequence  of  liver  cirrhosis  and  can  cause  serious  life-
threatening complications.  The degree of portal  hypertension is one of the most important
prognostic factors and is defined by the hepatic venous pressure gradient (HVPG). In order to
optimize the care of patients with liver cirrhosis, it is essential to detect early PH and prevent the
development of clinically significant PH (CSPH) to avoid decompensation. As current options
for prevention and treatment of CSPH are limited to attenuating splanchnic vasodilatation, new
insights and deeper knowledge about pathogenetic mechanisms of PH and molecules involved,
would aid in search for newer and more effective treatment strategies.

Research motivation
With growing burden on chronic liver diseases worldwide, the optimization of care provided to
the patients with liver cirrhosis has become a priority. According to the Baveno VI consensus
meeting the detection and treatment of early PH as well as the prevention and timely treatment
of CSPH, in order to avoid complications and decompensation, are of utmost importance. The
consensus has encouraged the search for new treatment strategies to target different patho-
genetic components of PH. Recent studies suggest that one of these alternative pathogenetic
components is pathologic angiogenesis. Pathologic angiogenesis has been reported to result from
the upregulation of proangiogenic factors and simultaneous downregulation of angiogenesis
inhibitors,  thus both stimuli  might be important and contribute to the pa-thophysiological
mechanisms. This prospective study was aimed to gain deeper knowledge on the molecules
involved in  abnormal  angiogenesis-one of  the  pa-thogenetic  components  of  PH.  PlGF has
previously been associated with portal hypertension in animal models; however, data in patients
with liver cirrhosis are scarce. Nogo-A protein has not been previously evaluated in patients
with liver cirrhosis and PH.

Research objectives
In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver cirrhosis patients
with normal portal pressure and portal hypertension as well as in controls. We also aimed to
evaluate the potential of plasma PlGF and Nogo-A levels as biomarkers to predict CSPH and
SPH as well as complications of portal hypertension.

Research methods
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver cirrhosis with
characterized HVPG were included in the study. Demographic data, medical history, Child-
Turcotte-Pugh and Model of End Stage liver disease score, clinical chemistry, liver stiffness
values were recorded on the day of the procedure prior HVPG measurement. The degree of
portal hypertension was determined by the invasive HVPG measurement. Nogo-A and placental
growth factor levels in plasma were evaluated using enzyme liked im40munosorbent assay. The
control group consisted of 30 healthy age- and sex- matched individuals

Research results
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis inhibitor
Nogo-A plasma levels in patients with liver cirrhosis, when compared to controls. We have also
determined a clear correlation of these mediators to PH and complications of PH. Furthermore,
we have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis  and  PH,  as  well  as  the  predictive  values  of  plasma  PlGF  and  Nogo-A  levels  in
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diagnosing CSPH, SPH and PH complications. Futher research will be addressed to evaluate
Nogo-A expression in healthy and cirrhotic liver.

Research conclusions
We have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis  and  PH,  as  well  as  the  predictive  values  of  plasma  PlGF  and  Nogo-A  levels  in
diagnosing  CSPH,  SPH  and  PH  complications.  We  believe  that  our  study  expands  the
knowledge  on  pathologic  angiogenesis  and  its  role  in  the  pathogenesis  of  PH  as  well  as
molecules involved. We have demonstrated that indeed PH is a complicated pathology with
multiple pathogenetic pathways, which are important in optimizing the care of patients with
portal hypertension. This information provides further insights in the pathogenesis of PH in liver
cirrhosis and might be useful in creating new noninvasive diagnostic models for CSPH, as it is
one of the most important prognostic factors for patients with liver cirrhosis. We have proposed
the new hypothesis that Nogo-A protein is associated with portal hypertension and pathologic
angiogenesis. This study examined two novel non-invasive markers of portal hypertension,
which could be useful in creatinf noninvasive diagnostic models for PH, or new treatment
targets. We have demonstrated that two biomarkers of pathologic angiogenesis have moderate
predictive value in diagnosing CSPH and SPH as well as high risk esophageal varices. Our study
demonstrated that biomarkers of pathologic angiogenesis are associated with liver cirrhosis and
PH and have moderate ability to predict CSPH and SPH. These findings might be useful in
creating new noninvasive diagnostic models for PH as well as new treatment targets of PH.

Research perspectives
Future research will  be directed towards gaining more detailed information about Nogo-A
protein expression in healthy and cirrhotic liver as well as further understanding of Nogo-A
protein roles outside the central nervous system. We plan to conduct mechanistic studies, using
liver cell models as well as liver tissue biopsy specimens.
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