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Abstract

Introduction: Plasmalemmal vesicle-associated protein 

(PLVAP) is an endothelial-specific integral membrane glyco-

protein that localizes to caveolae and fenestrae in animal 

models; however, little is known about PLVAP in endothe-

lial cells (ECs) in hepatic sinusoids during liver cirrhosis (LC). 

Here, we aimed to elucidate PLVAP localization and expres-

sion in the human liver during LC progression. Methods: 

PLVAP protein expression was detected in specimens from 

normal control livers and hepatitis C-related cirrhotic livers 

using immunohistochemistry, Western blotting, and immu-

noelectron microscopy. Results: PLVAP mainly localized to 

the peribiliary capillary plexus (PCP) and was rarely ob-

served in hepatic artery branches and portal venules in con-

trol tissue, but was aberrantly expressed in capillarized sinu-

soids and proliferated capillaries in fibrotic septa within cir-

rhotic liver tissue. Ultrastructural analysis indicated that 

PLVAP localized to thin ECs in some caveolae, whereas 

PLVAP localized primarily to caveolae-like structures and 

proliferative sinusoid capillary EC vesicles in cirrhotic liver 

tissue. Western blot analysis confirmed that PLVAP was 

overexpressed at the protein level in advanced cirrhotic liv-

er tissue. Conclusion: PLVAP was strongly expressed in the 

caveolae of proliferated capillaries directly connected with 

sinusoids linked with the PCP, suggesting that it plays a role 

in angiogenesis and sinusoidal remodeling in LC.

© 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Plasmalemmal vesicle-associated protein (PLVAP, 
also known as MECA32 and PV-1) is an endothelial-spe-
cific, cationic, integral membrane glycoprotein that was 
the first molecular component to be identified in fenes-
trae. As well as being essential for the development of fe-
nestral and stomatal diaphragms in endothelial cells 
(ECs) [1, 2], PLVAP also regulates basal permeability, 
leukocyte migration, and angiogenesis [2]. Previous stud-
ies have suggested that PLVAP may be induced during 
hypoxia, since it is upregulated in patients with acute 
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ischemia [2, 3]. Moreover, studies have demonstrated 
that PLVAP is strictly localized to endothelial caveolae 
isolated from rat lungs using anti-caveolin-1 (CAV-1) an-
tibodies [2, 4, 5].

Liver sinusoidal endothelial cells (LSECs) differ from 
ECs in other capillaries as they contain fenestrations and 
lack a basal lamina [6]. However, LSECs lose their fenes-
trations and develop an organized basement membrane 
during liver cirrhosis (LC) [7], while the development of 
fibrotic scars is invariably accompanied by intense vascu-
lar proliferation and proliferative arterial capillary plex-
uses [8]. Interestingly, it has been shown that the number 
of LSEC fenestrations is markedly reduced in PLVAP-
deficient mice [9].

The peribiliary capillary plexus (PCP) is a network of 
capillaries derived from branches of the hepatic artery 
that surround the intrahepatic bile ducts and drain into 
the portal veins or hepatic sinusoids. Although the PCP 
surrounding the interlobular bile ducts has only 1 layer 
and is characterized by scattered capillaries, the PCP sur-
rounding large bile ducts has 2 layers and is characterized 
by chain-like capillaries [10, 11]. However, analysis using 
the endothelial marker anti-CD34 antibody revealed that 
the number of PCP capillaries is significantly higher in 
cirrhotic livers than in normal livers [12].

Although the molecular mechanisms underlying an-
giogenesis during the progression of chronic viral hepa-
titis have not yet been fully elucidated, accumulating evi-
dence has suggested that angiogenesis plays an important 
role in this process [13, 14]. For instance, the activation 
of vascular endothelial growth factor receptor (VEG-
FR)-2 in human umbilical vein endothelial cells stimu-
lated with VEGF, the primary regulator of PLVAP, has 
been shown to increase PLVAP mRNA and protein ex-
pression and thereby increase vascular permeability and 
angiogenesis [2–4]. In this study, we describe the localiza-
tion of PLVAP in sinusoids and the portal tract as well as 
its effect on hepatitis C-related LC.

Materials and Methods

Antibodies
The following antibodies were used in this study: rabbit anti-

PLVAP (NBP1-83911; Novus Biol., Littleton, CO, USA) and rabbit 
anti-CAV-1 (610060; BD, Franklin Lakes, NJ, USA). To avoid 
background signals, heat-mediated antigen retrieval was conduct-
ed using an autoclave for 15 min at 120°C, followed by staining 
with N-Histofine® Simple Stain AP, MULTI (Nichirei, Tokyo, Ja-
pan). Bound antibodies were visualized using 3,3′-diaminoben-
zoic tetrahydrochloride (D-8001; Sigma-Aldrich, St. Louis, MO, 
USA) and H2O2 solution.

Samples
To detect changes in CAV-1 and PLVAP localization and ex-

pression during LC progression, we studied 3 groups of tissues, as 
follows: group 1, normal control liver tissue; group 2, liver tissue 
from patients with early-stage cirrhosis; and group 3, liver tissue 
from patients with advanced-stage cirrhosis. As controls (group 1), 
wedge biopsy specimens were obtained from the normal areas of 
the livers from 6 patients (5 males and 1 female; aged 64–83 years, 
mean 76.4 years) who underwent surgical resection for metastatic 
liver carcinoma (colon carcinoma in 2 patients, gastric carcinoma 
in 1 patient, sclerosed hemangioma in 1 patient, and hepatocellular 
carcinoma [HCC] in 2 patients). Early cirrhotic liver specimens 
(group 2) were obtained from grossly cirrhotic areas surgically re-
sected from 7 patients (4 males and 3 females; aged 58–76 years, 
mean 70.8 years) who underwent hepatectomy for HCC with con-
current hepatitis C virus-related cirrhosis and were classified as 
Child-Pugh grade A. Advanced cirrhotic liver tissues (group 3) 
were obtained from 5 autopsies performed within 3 h after death 
(3 males and 2 females; aged 72–78 years, mean 74.4 years). All 
cases were diagnosed with HCC and concurrent hepatitis C-relat-
ed cirrhosis and were classified as Child-Pugh grade C. This study 
was approved by the Ethics Committee of the Kitasato University 
Medical Center (No. 25–16).

Methods

Immunohistochemistry (IHC), immunoelectron microscopy 
(IEM), and Western blotting were conducted as described previ-
ously [15] with minor modifications. CAV-1 and PLVAP in con-
trol and Child-Pugh grade A cirrhotic liver samples were analyzed 
using immunogold-silver enhancement, as described previously 
[15].

Immunohistochemistry
Liver tissues (approximately 3 × 2 × 1 cm) were fixed in forma-

lin, embedded in paraffin, and then serial sections (4 μm) were 
deparaffinized and rehydrated by immersion in xylene and a grad-
ed alcohol series. Endogenous peroxidase activity was quenched 
by incubation in 0.3% (v/v) H2O2 in methanol for 30 min at room 
temperature (RT). Heat-mediated antigen retrieval was performed 
using 10 mM citrate buffer (pH 6.0) in an autoclave for 15 min at 
120°C. Sections were blocked with 10% normal goat serum (Vector 
Laboratories, Burlingame, CA, USA), incubated for 90–120 min 
with primary antibodies in 2% serum, and then incubated over-
night at 4°C with anti-CAV-1 (1:250 dilution) or -PLVAP (1:400 
dilution) rabbit polyclonal antibodies. The sections were then in-
cubated with N-Histofine® Simple Stain MAX PO (Nichirei, To-
kyo, Japan) at RT for 30 min. After repeated washing with PBS, the 
sections were reacted with diaminobenzidine containing 0.01% 
H2O2 and counterstained with hematoxylin for light microscopy 
[16, 17].

Computer-Assisted Morphometric Analysis
Morphometric variables were determined by labeling sections 

with anti-PLVAP antibodies. Three periportal regions and regen-
erative fibrotic areas were assessed separately in each liver tissue 
section. In brief, immunostained sections were scanned under a 
light microscope at low magnification (×4.2), and vessels in each 
region were enumerated at a high magnification (×20; 0.304 mm2/
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Fig. 1. Immunohistochemical analysis of CAV-1 and 
PLVAP in control and cirrhotic liver specimens. a–d Nor-
mal control liver (zone 1). a, b CAV-1 localized mainly to 
capillary vessels was detected in large vessels and portal 
venules in the portal tract and was partly detected in sinu-
soids. c, d PLVAP was expressed in vascular and portal 
vein tissues. CAV-1 immunoperoxidase-positive sub-
strates were weakly detected around zone 1 and more fre-
quently detected around zone 3 of the hepatic sinusoidal 
linings of normal liver specimens. a, c Low magnification. 
b, d High magnification. Arrows denote reaction prod-
ucts and vessels of PLVAP. e–h Child-Pugh grade A cir-
rhotic liver. e, f CAV-1 reaction products partially local-
ized to hepatic sinusoids and proliferative arterial capil-
laries directly connected with sinusoids to generate 
hepatic nodules. g, h PLVAP immunostaining was main-
ly detected in proliferated capillary arteries and sinusoidal 
lining cells in the peripheral regions of nodules. P denotes 
the portal tract. C denotes the central vein. e, g Low mag-
nification. f, h High magnification. Arrowheads denote 
reaction products and capillaries of PLVAP. i–l Child-
Pugh grade C cirrhotic liver. i, j Reaction products indi-
cating CAV-1 expression were observed on proliferated 
arterial capillaries in the peripheral region of fibrous sep-
ta and aberrantly on sinusoids in regenerative nodules 
surrounded by broad fibrous septa, indicating hepatic si-
nusoid capillarization. k, l PLVAP immunoreactivity was 
mainly enhanced on sinusoidal lining cells in regenerated 
nodules and in the peripheral regions of nodules and fi-
brous septa. i, k Low magnification. j, l High magnifica-
tion. Arrowheads denote reaction products and capillaries 
of CAV-1 and PLVAP. PLVAP, plasmalemmal vesicle-
associated protein; CAV-1, caveolin-1.
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field). The stained sections were also visualized under a standard 
light microscope (magnification, ×20; Olympus, Tokyo, Japan). At 
least 5 images were captured using a digital camera (3,072 × 2,304 
size, 32-bit) to represent the entire periportal area and saved in 
JPEG format, during which the captured images were converted 
into points or pixels according to red tone to assess PLVAP stain-
ing in capillary ECs. The statistical significance of differences in 
PLVAP expression between control (periportal region or pericen-
tral regions) and LC samples was assessed using the Wilcoxon/
Kruskal-Wallis test with Bonferroni’s post hoc test. Statistical anal-
yses were conducted using EZR software (version 1.32; Saitama 
Medical Center, Jichi Medical University, Shimotsuke, Japan) and 
R (version 2.2.0; The R Foundation for Statistical Computing, Vi-
enna, Austria; http://www.R-project.org/). p values <0.05 were 
considered significant. Data are expressed as the mean ± standard 
error of the mean.

Western Blot Analysis
All patient samples (1.5-cm3 sections, nonrepetitions in 4 sub-

jects) were homogenized in 10 volumes of homogenization buffer 
(20 μM Tris-HCl (pH 7.5), 5 mM MgCl2, 0.1 mM PMSF, 20 μM pep-
statin A, and 20 μM leupeptin) using a polytron homogenizer at 
setting 7 for 90 s. The obtained membrane proteins were subjected 
to immunoblotting. In brief, proteins (30 μM/mL) were separated 
by SDS-PAGE and transferred onto polyvinylidene difluoride 
membranes (NEN Life Science Products). The membranes were 
blocked with 5% (w/v) dried milk in PBS for 30 min and incubated 
with anti-PLVAP antibodies diluted 1:1,000 in PBS with 0.1% 
Tween 20. After the blots had been washed, they were incubated 
for 1 h at RT with horseradish peroxidase-conjugated goat anti-
rabbit immunoglobulin diluted 1:20,000 (Santa Cruz Biotechnol-

ogy). Protein bands were detected using an enhanced chemilumi-
nescence detection system (ECL Plus; Amersham Biosciences, Up-
psala, Sweden). After the nitrocellulose sheets had been exposed to 
ImageQuant LAS-4000 mini (Fujifilm Wako, Inc., Osaka, Japan), 
β-actin (Cosmo, Tokyo, Japan) was used as a loading control for 
Western blot analysis [16, 17].

Immunohistological Quantification of PLVAP Expression by 
Western Blot Analysis
The expression levels of PLVAP and β-actin were determined 

by Western blotting. Expression of PLVAP and β-actin was pix-
eled, and the ratio was compared using ImageJ 1.52a software 
(NIH, Bethesda, MD, USA) [18].

Immunogold-Silver Staining for Electron Microscopy
We used a modified perfusion-fixation method to fix organelle 

and molecule structures in their in vivo positions [16]. In brief, 
wedge biopsies (approximately 3 × 1 × 1 cm) were obtained from 
the margin of the liver lobe as soon as the operator had access to 
control or Child-Pugh A cirrhotic livers and immediately trans-
ferred to a container filled with PBS (pH 7.4) at 37°C. Using for-
ceps, the corner of each biopsy sample was injected from multiple 
sides with a periodate-lysine-paraformaldehyde fixative using a 
26-G syringe in a perfusion-mediated manner in a Petri dish filled 
with saline until the tissue became discolored and hardened. After 
perfusion and incubation with periodate-lysine-paraformalde-
hyde overnight at 4°C, semi-thin 1-mm sections were prepared 
and treated as follows: (1) immersed 3 times for 15 min in 0.01% 
PBS (pH 7.4), (2) incubated with anti-PLVAP antibodies diluted 
1:400 in 0.01 M PBS containing 1% bovine serum albumin over-
night at 4°C in a moist chamber, (3) treated with PBS 3 times for 
15 min, (4) incubated with 1.4 colloidal gold-conjugated anti-rab-
bit IgG antibodies (Nanogold®; Nanoprobes, Yaphank, NY, USA) 
diluted 1:40 for 40 min, and (5) physically developed using a silver 
enhancement kit (Nanoprobe Silver Enhancement Kit; Nano-
probes) [16, 17]. The liver sections were then washed 3 times with 
0.01% PBS, fixed in 1.5% glutaraldehyde with 0.01% PBS (pH 7.4) 
for 1 h at 4°C, incubated with a graded ethanol series, and postfixed 
with 2% osmium tetroxide in 0.01% PBS (pH 7.4). After embed-
ding in Epon, ultrathin sections were cut using an LKB ultra mi-
crotome with a diamond knife, stained with uranyl acetate, and 
observed under a transmission electron microscope (JEM-1200 
EX; JEOL, Tokyo, Japan) with an 80-kV acceleration voltage [16, 
19].

Results

IHC Analysis of CAV-1 and PLVAP in Human 
Control and Cirrhotic Liver Tissues
CAV-1 is expressed in the vascular walls and portal 

vein tissues. Here, we detected CAV-1 immunoperoxi-
dase-positive substrates around zone 1 and more fre-
quently around zone 3 in the hepatic sinusoidal lining of 
normal control liver specimens (Fig. 1a, b). In these tis-
sues, PLVAP was mainly localized to capillary venules but 
was also detected on large vessels in the portal tract and 
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Fig. 2. Morphometric analysis. PLVAP was highly expressed in 
early-stage LC and was expressed at much lower levels in control 
liver tissues. Fifteen randomly selected nonserial liver specimens 
were analyzed from hepatitis C-positive unaffected cases (N = 4), 
cases with Child-Pugh grade A bridging fibrosis (LCA, N = 4), and 
cases with Child-Pugh grade C cirrhosis (LCC, N = 4). Statistical 
analysis was performed using one-way ANOVA with Dunnett’s 
post hoc multiple comparisons test. N, cases; n, liver specimens; 
PLVAP, plasmalemmal vesicle-associated protein; LC, liver cir-
rhosis.
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partially in hepatic sinusoids around the portal tract 
(Fig. 1c, d). In view of the large portal tracts, PLVAP was 
localized on scattered capillaries around the PCP bile 
ducts (online suppl. Fig. 1a, b; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000516923).

In Child-Pugh grade A cirrhotic liver tissue, CAV-1 
immunostaining was mainly detected in proliferative ar-
terial capillaries and sinusoidal lining cells in the periph-
eral regions of nodules (Fig. 1e, f). Consistently, PLVAP 
reaction products were partially localized to hepatic sinu-
soids and proliferative arterial capillaries that were direct-
ly connected with sinusoids in regenerating hepatic nod-
ules (Fig. 1g, h). In Child-Pugh grade C cirrhotic liver tis-
sue, CAV-1 immunoreactivity was mainly observed on 
sinusoidal lining cells in regenerated nodules and in the 
peripheral regions of nodules and fibrous septa (Fig. 1i, 
j). Reaction products indicating PLVAP expression were 
also evident on proliferative arterial capillaries in the pe-
ripheral region of fibrous septa, and aberrant expression 
was observed on sinusoids in regenerative nodules sur-
rounded by broad fibrous septa, indicating hepatic sinu-
soid capillarization (Fig. 1k, l). The morphometric exam-
ination of periportal and fibrotic areas revealed that 
PLVAP expression was significantly higher in patients 
with Child-Pugh grade A or C LC than in the control in-
dividuals (Fig. 2).

Western Blot Analysis
To confirm the results of our IHC analysis, we ana-

lyzed PLVAP expression in normal and cirrhotic liver tis-
sues using Western blotting. As expected, PLVAP was 
highly expressed in Child-Pugh grade C cirrhotic liver 
tissue and was expressed at much lower levels in control 
liver tissue (Fig. 3).

Ultrastructural Localization of PLVAP
To determine whether PLVAP expression was altered 

in LC, we analyzed its ultrastructural localization using 
IEM. In control liver tissue, immunogold staining for 
PLVAP immunoreactivity was detected at low levels in 
ECs in arterial vessel branches (Fig. 4a, b) and LSECs on 
hepatic sinusoids (Fig.  4c, d). In addition, PLVAP was 
present in some caveolae and spikes on the surface of true 
capillary ECs in scattered capillaries (Fig. 4e, f), while gold 
particles indicating CAV-1 were detected in caveolae and 
on some vesicles of capillary ECs in normal control liver 
tissue (online suppl. Fig. 2a, b).

In Child-Pugh grade A cirrhotic liver tissue, PLVAP 
was localized to the ECs of artery branches (Fig. 5a, b) and 
was primarily localized to caveolae-like structures and the 
vesicles of proliferative capillary ECs with adhesive contact 
to the EC membrane (Fig. 5c, d). Moreover, gold particles 
indicating CAV-1 were observed on the caveolae of capil-
lary ECs in cirrhotic liver tissue (online suppl. Fig. 2c, d).
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Discussion

In this study, we investigated the localization and ex-
pression of PLVAP in the human liver as well as changes 
during LC progression. Our IHC results revealed that 
PLVAP is mainly localized to proliferative capillary ECs 
in fibrotic septa and hepatic sinusoids in cirrhotic livers, 

while IEM confirmed that PLVAP is present in the ca-
veolae of proliferative capillary ECs.

Previous studies have reported that PLVAP is ex-
pressed in vascular ECs in HCC but not in the ECs of 
liver sinusoids, central veins, the portal vein, or hepatic 
arterioles [20] and is not notably expressed in the ECs of 
large vessels, except for the endocardial lining of cardiac 

a b

c d

e f

Fig. 4. IEM analysis of PLVAP in normal control liver specimens. a, b Little labeling was observed on the surface 
of capillary ECs in the branches of arteries. c, d Little labeling was observed on the plasma membrane and vesicles 
of LSECs. e, f Labeling was detected on some caveolae and microspikes on the surface of thin capillary ECs. a, c, 
e Low magnification. b, d, f High magnification. e denotes ECs. Arrowheads denote reaction products. PLVAP, 
plasmalemmal vesicle-associated protein; IEM, immunoelectron microscopy; ECs, endothelial cells; LSECs, liver 
sinusoidal endothelial cells.
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chambers [2]. Here, we found that CAV-1 localized to 
caveolae in ECs from arterial vessel branches in both con-
trol and cirrhotic liver specimens, while PLVAP was also 
partly detected on these ECs.

Interestingly, PLVAP was aberrantly expressed on ECs 
in the regenerative nodules of cirrhotic liver specimens, 
which may be associated with capillarization and remod-
eling in this region. However, PLVAP was also aberrant-
ly detected on periportal LSECs corresponding to capil-
larized sinusoids and on proliferative arterial capillaries 
opening into sinusoids in regenerating hepatic nodules. 
Previously, we reported that aquaporin 1 is related to the 
proliferation of arterial capillaries from vessels of fibrotic 
septa directly connected with sinusoids, which contrib-
utes toward microvascular resistance in human LC [21].

Proinflammatory mediators and other nonhypoxic 
stimuli can elicit an angiogenic response by inducing hy-
poxia-inducible factor-1 (HIF-1) and HIF-1-dependent 
transcriptional activity, including VEGF production [22]. 

VEGFR-2 is the key mediator of VEGF signaling in ECs 
[23] and localizes to caveolae [24], while studies have shown 
that treating human umbilical vein endothelial cells with 
VEGF increases PLVAP mRNA and protein expression by 
activating VEGFR-2 [4]. Previously, we reported that the 
immunoreactivity of VEGFR-2-positive blood vessels is 
considerably higher in cirrhotic liver tissue than in control 
liver tissue, and that VEGFR-2 is highly expressed on pro-
liferative capillaries in regenerative hepatic nodules as well 
as being expressed on hepatic sinusoids [24].

Our ultrastructural analysis demonstrated that PLVAP 
localized to some caveolae and microspike-like structures 
in true capillary ECs. PLVAP labeling was mostly found 
to be associated with the neck of the caveolae or their sto-
matal diaphragms at both fronts of ECs. Very little label-
ing with PLVAP, if any, was found on the endothelial 
plasmalemma proper and coated pits using pre-embed-
ding methods. Following postembedding of IEM cryosec-
tions, the label was found at comparable frequencies on 

a b

c d

Fig. 5. IEM analysis of PLVAP in cirrhotic liver specimens. a, b Little labeling was observed on the surface of 
capillary ECs in artery branches. c, d Labeling was detected in the caveolae of some ECs in capillarized hepatic 
sinusoids. a, c Low magnification. b, d High magnification. c denotes capillary ECs. Arrowheads denote reaction 
products. PLVAP, plasmalemmal vesicle-associated protein; IEM, immunoelectron microscopy; ECs, endothe-
lial cells.
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the caveolae at both fronts of ECs as well as on vesicles 
within the cytoplasm. According to IEM, the localization 
of PLVAP following the pre-embedding method presum-
ably reflected the higher accessibility from the lumen.

Moreover, PLVAP protein was negatively regulated by 
VEGF-R2 in the lung of CAV-1, but not CAV-2, null 
mice. According to relation of CAV-1 and CAV-2, loss of 
CAV-1 results in loss of CAV-2 by proteolytic degrada-
tion as a result of failed heterodimerization with CAV-1. 
In contrast, the loss of CAV-2 has little effect on CAV-1 
protein or caveolae biogenesis. Thus, CAV-1-mediated 
protein interaction and targeting remains intact in CAV-
2 null mice, likely explaining the difference in PLVAP 
protein levels between these 2 genetic models [25]. The 
intracellular domain of PLVAP consists of 2 short, identi-
cal stretches of amino acids, one of which is adjacent to 
the transmembrane region and contains a putative CAV-
1-binding domain, whereas the other is located at the ex-
treme N-terminus [26]. The endothelial surface layer sig-
nificantly affects hemodynamic conditions such as the 
mechanical stresses acting on red blood cells in microves-
sels, oxygen transport, vascular control, coagulation, in-
flammation, and atherosclerosis [1–4, 26].

PLVAP is restricted to the membrane of a subset of ECs 
in normal microvasculature [27, 28] and was the first mo-
lecular component of fenestrae to be identified in ECs [1–
3]. Hepatic microcirculatory sites may include various 
segments of afferent portal venules and hepatic arterioles, 
sinusoids, and central and hepatic venules. Although di-
rect connections (arterio-portal anastomoses) have been 
observed in terminal portal venules, the frequency of these 
connections appears to be species dependent [29]. A pre-
vious immunohistochemical study showed that sinusoi-
dal ECs lacking or containing fenestrae are present in zone 
1 of the rodent liver and possess characteristics of vascular 
(capillary) ECs from the portal triad [21, 30]. Consistently, 
IEM analyses performed in this study detected PLVAP on 
sinusoidal endothelial fenestrae of LSECs.

Proliferating ductules are often observed at the portal 
tract interface in patients with hepatitis C and fibrosis and 
are thought to arise from hepatic progenitor cells (HPCs) 
[31]. In addition, a significant relationship exists between 
the periportal bile ductular reaction and hepatic fibrosis 
in many patients with chronic hepatitis C infection. Pro-
liferating ductules likely arise from HPCs based on their 
close proximity to the ductular reaction and its strong 
correlation with hepatic fibrosis. Interestingly, steatosis 
and interface hepatitis are both independently associated 
with an increase in the number of HPCs and the extent of 
the ductular reaction [32].

The density of the endothelial marker CD34-positive 
PCPs per interlobular bile duct during prolonged chron-
ic inflammation and portal hypertension may be linked 
to PCP angiogenesis during LC [12]. Our IHC and IEM 
analyses indicated that angiogenesis involving sinusoidal 
ECs differs from angiogenesis involving ECs in systemic 
vessels. Moreover, we found that PLVAP localized to ar-
eas of the PCP and may be linked to the sprouting of cap-
illary ECs from the PCP during the progression of human 
LC. However, the potential mechanism via which PVLAP 
functions in hepatic angiogenesis and sinusoidal remod-
eling has not yet been investigated. Additional studies are 
needed to investigate whether our findings can be repli-
cated in experimental animals with liver fibrosis. This 
would lead to the generation of an alternative experimen-
tal animal model, which will permit rigorous laboratory 
studies of the molecules and proteins involved in the 
complex process of sinusoidal remodeling.
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