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Background: Glycoprotein non-metastatic melanoma B (GPNMB) is a transmembrane glycoprotein with
various roles in inflammation regulation, tissue remodeling and oncogenesis. Clinical situations implicating
alterations in its expression include ischemic injury, cirrhosis and fatty liver disease amongst other. We
examine its expression in hepatic and renal tissue following hepatic ischemia-reperfusion (I/R) in a rat model,
with and without intravenous silibinin administration, as a silibinin-hydroxypropyl-B-cyclodextrin lyophilized
complex (SLB-HP-B-CD).

Methods: Sixty-three Wistar rats were divided into 3 groups: sham group (virtual intervention; 7 animals),
control (C) group (45 min of ischemia, followed by reperfusion and euthanasia at 60, 120, 180 and 240 min;
28 animals equally divided), and silibinin (Si) group (45 min of ischemia, intravenous administration of
SLB-HP-B-CD, reperfusion and euthanasia at the same time points; 28 animals equally divided). GPNMB
expression was examined in liver and kidney tissue.

Results: GPNMB expression was significantly increased following hepatic I/R in the control group, in
kidney tissue, in a time dependent manner. In the silibinin group, GPNMB expression significantly decreased
with time compared to the control group in both liver and kidney tissue (P<0.05).

Conclusions: Hepatic I/R causes increase of GPNMB levels both in liver and kidney tissues, which may
reflect tissue injury. Silibinin seems to act protectively on both liver and kidney, and can be potentially used

as a therapeutic approach against hepatic I/R injury.

Keywords: Glycoprotein non-metastatic melanoma B (GPNMB); hepatic ischemia-reperfusion injury; kidney;

liver; silibinin

Received: 15 June 2019; Accepted: 23 October 2019; Published: 05 January 2020.
doi: 10.21037/tgh.2019.11.01
View this article at: http://dx.doi.org/10.21037/tgh.2019.11.01

Introduction this also subjects the liver to ischemia-reperfusion (I/R)

Hepatic blood inflow occlusion is often applied during injury, a type of cellular damage initiated during ischemia

complex surgical operations such as transplantation or by low-oxygen supply and deteriorated during reperfusion

hepatectomy, with the intent to restrict blood loss. However, due to inflammatory and oxidative phenomena (1). Hepatic
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I/R has unfavorable sequelae on remote organs such as
brain, adrenals, lungs and kidneys, through partly known
mechanisms. Those include transient portal hypertension
and release of inflammatory cytokines (2). Hepatic I/R has
significant sequelae such as renal failure, acute lung injury,
multiorgan failure and even death. Considering the above,
hepatic I/R is a significant research area, with modern
research focusing on events at cellular level.

Glycoprotein non-metastatic melanoma B (GPNMB)
was discovered by Weterman ez 4/. as a transmembrane
glycoprotein expressed in melanoma cells with low
metastatic potential (3). In 2001, Safadi er a/. (4) described
GPNMB as a homologous gene in rats with osteopetrosis
Since its discovery, many researchers have focused on its
role in oncogenesis (5-7) while others have focused on the
GPNMB complex role as an inflammation mediator (7,8).
Relevant clinical models focusing on GPNMB include
cirrhosis, non-alcoholic fatty liver disease and hepatic
IR (9-11).

Silibinin is the major active compound of sylimarin, the
extract of milk thistle seeds (Silybum marianum) (12) with
hepatoprotective properties, acting as an antioxidant free
radical scavenger and an inhibitor of lipid peroxidation
(12-15). We recently demonstrated the hepatoprotective,
nephroprotective and anti-inflammatory effect of silibinin
under hepatic I/R conditions (16).

In the present study, we further explore the
hepatoprotective and nephroprotective effect of silibinin
under hepatic I/R conditions. More specifically, we study
the GPNMB expression at various time points in liver and
kidney tissues, using a liver I/R rat model, examining both
direct and remote I/R effects, and the protective role of
silibinin administration, with a view to explore its potential
applicability in liver surgery. "To the best of our knowledge,
GPNMB expression during I/R injury has not been studied
in the literature, either in hepatic or kidney tissue.

Methods
Animal bandling

Experiments were performed in the animal facility of the
Center of Clinical, Experimental Surgery and Translational
Research of the Biomedical Research Foundation of
the Academy of Athens. The facility is registered as a
“breeding” and “experimental” facility according to the
Greek Presidential Decree 56/2013, which harmonizes
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national legislation with the European Community
Directive 2010/63 on the Protection of Animals Used for
Experimental and Other Scientific Purposes. All animal
handling and experimental procedures were conducted
according to the National Research Council’s Guide for
the Care and Use of Laboratory Animals, and Directive
86/609 of the European Union. The study was approved by
the Veterinary Authorities of the Region of Athens, Greece
(583/05-02-2015).

Experimental I/R protocol

Sixty-three Wistar male rats (age 13.25+4.40 weeks) were
assigned into three groups, namely sham (n=7), control
(C) (n=28) and silibinin (Si) (n=28). In the sham group,
no intervention apart from open-close laparotomy was
performed. In the control group, 45 min of ischemia
were applied through occlusion of the hepatoduodenal
ligament. Reperfusion followed as discussed below. In the
Si group, silibinin was administered intravenously, as a
lyophilized SLB-HP-B-CD complex reconstituted in water
for injection immediately before reperfusion. Preparation
of SLB-HP-B-CD lyophilized product was performed
as previously described using a freeze-drying procedure
and the neutralization method (17,18). Briefly, 0.300 g of
silibinin (MW =482.44) and 1.860 g of HP--CD (MW
=1540) (both from Sigma Aldrich, Steinheim, Germany,
purity >99%) were transferred in a 300 mL volumetric
flask, and suspended with 200 mL of water (triple-de-ionized
water from Millipore was used for all preparations). Small
amounts of ammonium hydroxide were then added under
continuous stirring and pH monitoring, until complete
dissolution and pH adjustment to a value between 9 and
10 was obtained. The resulting solution at a molar ratio of
1:2 was thereafter freeze-dried using a Kryodos-50 model
"Telstar lyophilizer.

Control and silibinin groups were equally subdivided
into 4 sub-groups each representing one sampling time
point according to the duration of allowed reperfusion,
namely control sub-groups C60, C120, C180 and C240,
and silibinin sub-groups Si60, Si120, Si180 and Si240, for
60, 120, 180 and 240 min of euthanasia after reperfusion,
respectively. Euthanasia was followed by liver and kidney
tissue sample harvesting. The experiment was performed
under general anesthesia with isoflurane.

Tissue specimens were fixed in formalin solution,
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Table 1 GPNMB expression in liver and kidney tissue
Liver tissue Kidney tissue
Group
0 + ++ +++ 0 + ++ +++

Sham 7 0 0 0 7 0 0 0
C60 2 5 0 0 4 3 0 0
C120 2 5 0 0 0 7 0 0
C180 0 7 0 0 0 5 2 0
C240 0 7 0 0 0 2 5 0
Si60 5 2 0 0 0 6 1 0
Si120 6 1 0 0 4 3 0 0
Si180 7 0 0 0 7 0 0 0
Si240 7 0 0 0 7 0 0 0

0, negative expression; +, low expression; ++, moderate expression; +++, high expression.

neutral buffered 10% and embedded in paraffin according
to standard histological protocol. Four microns unstained
sections (4 pm) of representative blocks from each case
were deparaffinized, rehydrated, and treated with 0.3%
H,O, at room temperature for 15 min in order to block
the bioactivity of endogenous peroxidase, and then were
immunostained by the Super Sensitive Onestep Polymer-
HRP Detection System (QD 630-XAKE, Biogenex). Slides
were incubated for 60 min with primary anti-GPNMB
rabbit polyclonal antibody, in dilution 1:100 (Biorbyt,
UK). The positive expression of antibodies was determined
by counting the number of stained cells (cytoplasmic or
membrane localization). The average labeling index of
their expression was assessed according to the proportion
of positive cells. The immunohistochemistry evaluation
was blinded to the examined subgroup or examined time
point. The results of antibody expression, which was mostly
cytoplasmic (only 8 samples had cytoplasmic and membrane
expression simultaneously), were graded negative (0) for
<10% of stained cells, low (I) for >20% and <25% of stained
cells, moderate (IT) for >25% and <50% of stained cells,
high (III) for >50% of stained cells. Intensity was not scored
separately. Sections with <10% stained cells were evaluated
as negative (0) (16).

Statistical data analysis was performed using SPPS (v21).
Immunohistochemical data were considered as ordinal,
and thus, tests used were the linear-by-linear trend and
Chi-square test. P value <0.05 was considered statistically
significant.
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Results

GPNMB expression dataset for liver and kidney tissue are
presented in Table 1. GPNMB expression was absent in
sham groups both in liver and kidney tissues. Representative
histopathology results are shown in Figure 1 both for the
control and silibinin groups. Statistical analysis of the results
is shown in Tables 2 and 3.

A trend of decreasing GPNMB expression throughout
the experiment was found for the silibinin groups in
liver tissue. Before the end of the experiment (180 min),
the GPNMB expression was 0 for all animals in the
silibinin groups and was maintained so until the end of
the experiment. This decreasing trend in silibinin groups
in liver tissue was statistically indicative (P=0.06). In the
control group, in kidney tissue, a statistically significant
trend of increasing GPNMB expression was found from
the 60 min to the 240 min time point after reperfusion.
A statistically significant trend of decreasing GPNMB
expressions in kidney tissue was found in the silibinin
groups (1uble 2).

A comparison between corresponding control and
silibinin groups is shown (Table 3; Figures 2,3). Statistically
significant differences were found between all groups,
except for 60 min group in liver tissue. The results indicate
that silibinin inhibits the expression of GPNMB in the liver
and kidney tissues in the rat liver I/R model. Considering
the role of GPNMB as inflammation mediator, the results
indicate the potential protective role of silibinin on both the
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Figure 1 GPNMB expression in tissue of: (A) control group, liver—low (+) x200, control 180; (B) control group, kidney—moderate (++)

x400, control 180; (C) silibinin group, liver—negative (0) x200, silibinin 180; (D) silibinin group, kidney—negative (0) x400, silibinin 180.

Table 2 Results of statistical analysis

Group Linear by linear association P
Liver tissue
Control 3.600 0.06
Silibinin 3.528
Kidney tissue
Control 15.189 <0.001
Silibinin 16.200
liver and the kidney.
Discussion

GPNMB was discovered as an onco-suppressor gene due to
its expression at melanoma cells of low metastatic potential.
Soon after, Loging et al. (19) challenged this hypothesis by
reporting high GPNMB expression in glioblastoma cells
of high metastatic potential. Onaga et /. (20) reported
GPNMB overexpression in hepatoma cells in human and
rat tissues, further amplifying its role as an oncogene.
However even today the role of GNPMB in oncogenesis
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needs further investigation. Solid data exist for the role of
GPNMB in human breast cancer with its overexpression
signifying a more malignant phenotype (21). Clinical
research has led to the development of Glembatumumab
Vedotin, a conjugated GPNMB-auristatin E antibody
against breast cancer (22).

Silibinin is the major active compound of sylimarin,
the extract of milk thistle seeds (Silybum marianum) (12).
We recently demonstrated the hepatoprotective,
nephroprotective and anti-inflammatory effect of silibinin
under hepatic I/R conditions on the same rat model,
through the reduced expression of specific biomarkers in
liver (Fas/FasL, HMGB-1, CD45) and kidney (TNF-a and
M30) tissues, as well as by pharmacokinetic results showing
higher liver accumulation and slower plasma elimination of
silibinin in ischemic animals (16,23).

Research has also focused on GPNMB role on
inflammation, especially at liver injury. GPNMB is
regulated by various stimulants and interacts with
metalloproteinases, platelet derived growth factor and
tissue inhibitor metalloproteinases, participating in tissue
remodeling and fibrosis (9,10). Further research has shown
that GPNMB acts as a phagosome protein and is important
for cellular debris scavenging and tissue remodeling (24).
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Table 3 Statistical comparison between control and silibinin groups
Liver tissue Kidney tissue
Reperfusion time
@ P x P
60 min 2.571 0.109 6 0.05
120 min 4.667 <0.05 5.6 <0.05
180 min 14 <0.001 14 <0.001
240 min 14 <0.001 14 <0.01
GPNMB
H H H I—l exp_ression,
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Figure 2 Statistical analysis results of GPNMB expression in liver

tissue.

GPNMB expression has been studied under different
experimental scenarios. Haralanova-Ilieva et al. (7) studied
GPNMB expression in an experimental model of liver
injury after intraperitoneal infusion of carbon tetrachloride
(CCl,). They found significant expression of GPNMB
in liver tissue. GPNMB was expressed by Kupffer cells
and macrophages that were either native in liver tissue or
sequestrated from circulation. Furthermore, they studied
GPNMB kinetics and found that increased expression starts
4 h after liver injury, peaks at 48 h and starts depleting after
168 h. Abe et al. (9) studied its expression in cirrhotic rat
liver in wild type, knock out and transgenic mice. They
found that transgenic mice were protected from hepatic
injury. Protection seemed to act at the hepatic stellate cells
level since: (I) expressions of collagen I, platelet derived

© Translational Gastroenterology and Hepatology. All rights reserved.

Study group
Figure 3 Statistical analysis results of GPNMB expression in

kidney tissue.

growth factor a and type 1 and 2 of tissue inhibitors of
metalloproteinases were diminished; and (II) no changes
in biochemical values of the other groups were observed.
Katayama et a/. (11) studied osteoactivin and GPNMB
expression in non-alcoholic fatty liver disease in wild type,
knock out and transgenic mice. They found that GPNMB
expression depends on many inflammation regulators,
including bone morphogenic protein B, receptor activated
nuclear factor « ligand and colony stimulating factor.
Furthermore, they showed increased soluble GPNMB in
human serum of patients with non-alcoholic fatty liver
disease and type 2 diabetes.

GPNMB expression has been studied in models of
renal damage. In an experimental model similar to ours,
Li et al. (24) studied GPNMB expression in a direct
kidney I/R model in wild-type, knock-out and transgenic
mice. Macrophages in knock-out mice were defective in
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Authors

Model

Main conclusion

Haralanova-llieva et al., 2005 (7)

Ogawa et al., 2005 (27)

Ripoll et al., 2007 (10)

Abe et al., 2007 (9)

Li et al., 2010 (24)

Katayama et al., 2015 (11)

Kumagai et al., 2015 (28)

Hepatic injury with CCl," infusion. Rat model

Muscle denervation. Mice model

GPNB in activated macrophages/wild type
and knock-out rats

GPNM study in cirrhosis/wild type, knock out
and transgenic rats

GPNMB in renal ischemia-reperfusion/wild
type, knock out and transgenic GNPMB rats

GPNMB in nonalcoholic fatty liver disease/
wild type, knock out and transgenic for
GPNMB rats

Activated M2 macrophages after
intraperitoneal infusion of CCl,. Rat model

GPNMB* delayed overexpression at Kupffer cells

GPNMB overexpression in denervated muscle.
Overexpression of metalloproteinase 3 and
metalloproteinase 9

GPNMB is a negative regulator of inflammation

GPNMB acts protectively in hepatic cirrhosis

GPNMB is a negative regulator of inflammation after
ischemia-reperfusion. Its role is relevant in a clinically
important manner

GPNMB overexpression acts protectively in NAFLDS,
and protects from oxidative stress

GPNMB amplifies metalloproteinases expression and
contributes to hepatic tissue healing

', carbon tetrachloride; ¥, glycoprotein non-metastatic melanoma B; § nonalcoholic fatty liver disease.

scavenging apoptotic material and consequently in repairing
renal tubules after I/R injury. Knock-out mice developed
renal failure and experienced 85% increase in mortality
following bilateral ischemic kidney injury. They also studied
GPNMB kinetics, defining that it contributes in phagosome
function. Similarly Zhou et al also found overexpression of
GPNMB at rats kidney tissues subjected to acute ischemic
injury (25).

Studies of GPNMB in humans are limited. Pahl
et al. (26) found increased levels of soluble GPNMB in
dialysis patients. According to them, GPNMB increase
is attributed on increased macrophages—monocytes
transformation due to chronic inflammation caused by
dialysis and chronic uremia. A summary of studies on
GPNMB and inflammation can be found in Table 4.

The aim of our study was to give further insight to
our previous work (16,23) where the hepatoprotective
and nephroprotective effect of silibinin under hepatic I/R
conditions was demonstrated through its effect on the tissue
expression of various I/R related biomarkers, such as Fas/
FasL, HMGB-1, CD45, TNF-a and M30. To this end, the
GPNMB expression at various time points after reperfusion
was studied in liver and kidney tissues, for the first time, in
a rat model subjected to liver I/R injury. The protective role
of intravenous silibinin administration on both direct and
remote organs after I/R adverse effects is shown through

© Translational Gastroenterology and Hepatology. All rights reserved.

the amelioration of the expression of an additional marker,
GPNMB, thus making the use of silibinin promising in
hepatic surgery.

In conclusion, the immunohistological results of
our rat model indicate that GPNMB is overexpressed
during hepatic injury in both the liver and the kidneys.
A progressive and time-dependent increase in GPNMB
expression during I/R injury was observed in kidney tissue.
Furthermore, we observed the protective action of silibinin
in liver injury through significant decrease in GPNMB
expression. The silibinin protective effect during hepatic
I/R does not only act in a local but also in a remote manner,
as it expands to kidneys.
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