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The Apelin Receptor APJ in Hematopoietic Stem Cells/
Progenitor Cells in the Early Stage of Non-Alcoholic
Steatohepatitis
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Abstract

Background: Non-alcoholic steatohepatitis (NASH) is character-
ized by hepatic steatosis and inflammation with or without fibrosis.
The apelin receptor (APJ) is related to angiotensin-like-receptor 1
(AGTRL1). The present study aimed to evaluate APJ as an indicator
of the pathophysiology of early-stage NASH.

Methods: APJ expression was evaluated in six tissue samples with
histologically proven early-stage NASH using immunohistochemis-
try (IHC) and immunoelectron microscopy (IEM).

Results: On IHC, in control liver tissue, APJ was mainly localized in
the aortic artery, although APJ was detected only slightly in the sinu-
soids. In early NASH liver tissue, on IEM, APJ was observed mainly
at the sites of sinusoidal lining cells around the central vein and peri-
portal regions, and at arterial capillaries in the portal tract. With re-
gard to endothelial cells (ECs), one sample showed a hematopoietic
stem cell (HSC)/progenitor cell (HPC) partially wrapped with an EC.

Conclusion: HSCs/HPCs expressing APJ may contribute to the an-
giogenesis of liver tissue in early-stage NASH.
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Introduction

The formation of blood vessels is initiated by the assembly of
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endothelial cells (ECs), which is termed vasculogenesis, and
this is followed by angiogenesis, which results in the emer-
gence of new vessels [1]. In both processes, to maintain the
structural stability of nascent EC tubes, mural cells (MCs),
such as smooth muscle cells and pericytes (PCs), are recruited
around the forming tubes and adhere to ECs.

Apelin receptor (APJ), a ligand for angiotensin receptor-
like 1 (AGTRL1), was recently isolated as a bioactive peptide
from bovine gastric extract [2, 3]. APJ is a G protein-coupled
receptor, reportedly expressed in the pathophysiology of the
cardiovascular system [3]. During angiogenesis, hematopoi-
etic stem cells (HSCs)/progenitor cells (HPCs) migrate into
avascular areas before ECs; therefore, angiopoietin-1 from
these cells can induce angiogenesis by promoting EC chemot-
axis [4]. Moreover, HSCs/HPCs regulate caliber size modifica-
tion of blood vessels via APJ [4].

Non-alcoholic steatohepatitis (NASH) is characterized by
hepatic steatosis and inflammation and liver cell damages [5].
The present study aimed to evaluate APJ as an indicator of
the pathophysiology of early-stage NASH. We believe that the
findings will help in the treatment of NASH.

Materials and Methods

Six patients with histologically confirmed Brunt classifica-
tion stage 1, F1, carly-stage NASH [5], seven patients with
non-alcoholic fatty liver disease (NAFLD), and five normal
controls were examined. Normal liver tissues were obtained
from patients who had undergone hepatic resection because of
metastasis of colon cancer. The antibodies for APJ were anti-
apelin receptor (APJ) rabbit polyclonal antibodies (MBL In-
ternational, Woburn, MA, USA). We performed immunohisto-
chemistry (IHC), and immunoelectron microscopy (IEM). The
details of these methods have been described previously [6].
This study was approved by the relevant ethics committees of
the institutions involved. Informed consent was obtained from
all subjects (Supplementary 1, www.jocmr.org).

Results

On IHC, in control liver tissue, APJ was mainly localized in
the hepatic artery, although APJ was detected only slightly in
the sinusoids (Fig. 1a, b). In early NASH liver tissue, APJ was
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APJ in HSCs/HPCs in NASH
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Figure 1. Immunohistochemical expression of APJ. (a, b) In normal control liver, APJ shows positive staining at vascular regions
and capillaries in the periportal area. (c, d) In early-stage NASH liver, APJ shows strong positive staining at hepatic sinusoidal
lining cells and inflammatory cells in the pericentral area and positive staining at hepatic sinusoidal lining cells in the periportal
area. P: portal tract; c: central vein; BD: bile duct. (a, c) Low magnification. (b, d) High magnification.

observed mainly at the sites of sinusoidal lining cells around
the central vein and periportal regions, and at arterial capil-
laries in the portal tract (Fig. 1c, d). With regard to ECs, one
sample showed an HSC/HPC partially wrapped with an EC
(Fig. 2a, b). In another sample, only one region of a PC was
attached to an EC (Fig. 2a, c). IEM showed the expression of
APJ in both HSCs/HPCs and ECs and PCs and ECs.

Discussion

To the best of our knowledge, this is the first study to demon-
strate increased expression and distinct localization of APJ in
HSCs/HPCs associated with differentiated proliferative capil-
lary ECs in early-stage NASH in humans.

Immature HSCs/HPCs have been shown to exit from cir-
culation and lodge nearby the endothelium in experimental
animals [7]. We demonstrated the expression of APJ in HSCs/
HPCs related to ECs and PCs in human liver.

Hypoxia is associated with the development and progress
of NAFLD and lipid metabolism in the liver [8]. It has been
well established that hypoxia/ischemia triggers HSCs/HPCs to
migrate from the bone marrow into peripheral blood [9]. After
migration to the site of hypoxic/ischemic tissue, HSCs/HPCs
can differentiate into ECs and participate in the formation of
novel vessels. HIF-1a is a key determinant of oxygen-depend-
ent gene regulation in angiogenesis, which has been shown
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to be involved in HSC/HPC proliferation and differentiation,
through low oxygen tension (hypoxia), which has been termed
“hypoxic niche” [9]. HIF-1a, as well as its downstream apelin/
APJ signaling, were upregulated in hypoxia-treated HPCs, and
might therefore serve as a potential target for the prevention of
hypoxic ischemic injury in vitro [10]. In sprouting angiogen-
esis, angiopoietin-1 and apelin function as important factors
that support mature ECs sprouting from pre-existing vessels
[4]. APJ was highly expressed in HSCs and hepatocytes in cir-
rhotic liver, suggesting that hypoxia and inflammatory factors
could play major roles in the activation of the hepatic apelin
system, which can lead to angiogenic and fibroproliferative re-
sponses in chronic liver disease [11].

In conclusion, HSCs/HPCs expressing APJ may contrib-
ute to the angiogenesis of liver tissue in early-stage NASH.
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Figure 2. Immunoelectron microscopic observation of APJ in early NASH liver. (a) APJ expression is aberrantly observed at the
proliferated arterial capillaries opening into the sinusoid. (b) APJ expression is localized at proliferated capillary ECs and peri-
cytes. (c) APJ expression is localized at HSCs/HPCs. S: hepatic sinusoid; EC: endothelial cell; H: hepatocyte; p: pericyte; HSC/
HPC: hematopoietic stem cell/progenitor cell. (a) Low magnification. (b, ¢) High magnification.
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APJ: apelin receptor; EC: endothelial cell; HSC/HPC: he-
matopoietic stem cell/progenitor cell; IEM: immunoelectron
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