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Abstract To investigate the role of osteopontin (OPN) in
the formation of hepatolith, we have immunohistochemically
studied the involvement of OPN in hepatolithiasis in the
intrahepatic bile ducts and the intramural and extramural
glands, and in stones. In our hospital, 17 hepatic resections
for hepatolithiasis were carried out from June 2006 to October
2009. Immunohistochemistry was performed on 17 liver spec-
imens with hepatolith and on 24 control liver specimens
without hepatolith. We compared the osetopontin expression
in the epithelia of the intrahepatic bile ducts and peribiliary
glands or periglandular macrophages. Staining for OPN was
positive in the cytoplasm of the epithelial cells of stone-
containing intrahepatic bile ducts and the intramural and ex-
tramural glands, and in stones. But there were no significant
differences between the hepatolithiasis group and the control
group for the OPN immunoreactivity of the luminal surface of
the epithelial cells of the intrahepatic bile ducts and intramural

and extramural glands. The stone-containing intrahepatic bile
ducts were infiltrated by macrophages that showed intense
staining for OPN. The core and matrix of the stones showed
OPN immunoreactivity. The degree of OPN from the cyto-
plasm of the epithelia of the intrahepatic bile ducts and
peribiliary glands or periglandular macrophages was different
between hepatolithiasis and control groups. Our result sug-
gests that the OPN from the intrahepatic bile ducts and
peribiliary glands plays a role in the formation of intrahepatic
stone.
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Introduction

Hepatolithiasis is a commonly encountered disease in the East
Asia, including Korea. The relative frequency of hepatolithiasis
in gallstone disease is still high at about 11–15 % in Korea [1].
This disease is characterized by frequent cholangitis due to long-
standing residual stone. Histologically, the ducts that contain
stones show fibrosis, proliferation of mucous and serous glands,
and inflammatory cell infiltration in their walls and the periductal
tissue [2–4]. The abundant mucin, which is composed of high
molecular weight glycoprotein, is produced and secreted into the
biliary lumen by the biliary lining epithelial cells and peribiliary
glands of the large bile ducts, and this mucin is seen within the
biliary sludge and is considered to play an important role in the
initiation and development of hepatolithiasis [3–5]. The presence
of osteopontin (OPN), which was originally isolated from min-
eralized rat bone matrix, has been demonstrated in many organs,
such as bone, kidney, lung, breast, smooth muscle, and gallblad-
der [5, 6]. It is rich in acidic amino acids and it possesses strong
calcium-binding properties [7]. We conducted immunohisto-
chemical studies to determine whether OPN is related with stone
formation in the intrahepatic duct.
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Methods

This study was performed with approval of the Kyung Hee
University Hospital at Gangdong Institutional Review
Board (KHNMC IRB 2012-083).

Liver specimens were obtained from 17 patients who
underwent surgical treatment for hepatolithiasis, and the
control liver specimens were obtained from 24 patients
who were without hepatoliths between June 2006 and Oc-
tober 2009. The patient with acute cholangitis and chole-
cystitis were excluded from both groups. The hepatolithiasis
group consisted of 17 hepatectomy specimens from 17
patients who underwent surgical treatment for hepatolithiasis
with a mean age of 60.8 years (43–79). The male-to-female
ratio was 5:12. Two cases of intrahepatic cholangiocarcinoma
were included in this group. The control group consisted of 24
specimens from 24 patients who underwent hepatectomy for
trauma and colorectal liver metastasis and they had amean age
of 60.5 years (range 31–76). The male-to-female ratio was
14:10.

The immunohistochemistry procedures were carried out
on 4-μm tissue sections using the Bond Polymer Intense
Detection system (VisionBioSystems, VIC, Australia)
according to the manufacturer's instructions with minor
modifications. In brief, 4-μm sections of the formalin-
fixed and paraffin-embedded tissues were deparaffinized
using Bond Dewax Solution (VisionBioSystems), and an
antigen retrieval procedure was done using Bond ER Solu-
tion (VisionBioSystems) for 30 min at 100 °C. The endog-
enous peroxidase was quenched by incubation with
hydrogen peroxide for 5 min. The sections were incubated

for 15 min at ambient temperature with primary monoclonal
Osteopontin antibody (1:200, OP-3N; Leica Microsystems,
Newcastle, UK) using the biotin-free polymeric horseradish
peroxidase (HRP)–linker antibody conjugate system in a
Bond-max automatic slide stainer (VisionBioSystems). The
nuclei were counterstained with hematoxylin. The percent-
age of immunoreactive cells was assessed on all the sections
without the scorer having knowledge of the other results.
We interpreted the absence of immunoreactivity or slight
immunoreactivity (<10 %) of the immunoreactive cells as
negative staining and focal or diffuse immunoreactivity
(>10 %) of the immunoreactive cells as positive staining.

The expression of osteopontin between the hepatolithiasis
group and the control group was evaluated using the Pearson’s
chi-squared test. SPSS 12.0 was used for the statistical anal-
ysis. Differences were considered to be significant if the P
value was less than 0.05.

Results

1. Osteopontin expression in the intrahepatic bile duct
cells

Histologically, the stone-containing bile ducts showed
luminal dilatation and the epithelial cells of the bile ducts
showed marked proliferation. Of the 17 hepatolithiasis
specimens, two showed cholangiocarcinoma.

The osteopontin expression in the cytoplasm of the
intrahepatic duct cells was negative in 19 and positive in
five in the control group, and negative in 0 and positive in
17 in the hepatolithiasis group. There was a significant

Table 1 Comparison of the
osteopontin expression in the
intrahepatic ducts and peribiliary
glands between the
hepatolithiasis group and the
control group

Control group (%) Hepatolithiasis group (%) P value

Intrahepatic bile duct cells (cytoplasm) <0.001

Negative 19 (100) 0 (0)

Positive 5 (22.7) 17 (77.3)

Intrahepatic bile duct cells (luminal surface) 0.159

Negative 20 (64.5) 11 (35.5)

Positive 4 (40) 6 (60)

Intramural gland cells (cytoplasm) <0.001

Negative 22 (88) 3 (12)

Positive 2 (12.5) 14 (87.5)

Intramural gland cells (luminal surface) 0.585

Negative 23 (57.5) 17 (42.5)

Positive 1 (100) 0 (0)

Extramural gland cells (cytoplasm) <0.001

Negative 24 (82.8) 5 (17.2)

Positive 0 (0) 12 (100)

Extramural gland cells (luminal surface)

Negative 24 (58.5) 17 (41.5)

Positive 0 0
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difference between the groups for the osteopontin expres-
sion in the cytoplasm of the intrahepatic duct cells (P<
0.001).

The osteopontin expression on the luminal surface of
the intrahepatic duct cells was negative in 20 and positive
in four in the control group, and negative in 11 and
positive in six in the hepatolithiasis group. There was
not a significant difference between the groups for the

osteopontin expression on the luminal surface of the
intrahepatic duct cells (P=0.159) (Table 1; Figs. 1 and
2a, b).

2. Osteopontin expression in the intramural gland cells of
the peribiliary gland

The osteopontin expression in the cytoplasm of the
intramural gland cells was negative in 22 and positive in
two in the control group, and negative in three and
positive in 14 in the hepatolithiasis group. There was a
significant difference between the groups for the
osteopontin expression in the cytoplasm of the intramu-
ral gland cells (P<0.001).

The osteopontin expression on the luminal surface of
the intramural gland cells was negative in 23 and pos-
itive in one in the control group, and negative in 17 and
all negative in the hepatolithiasis group. There was not a
significant difference between the groups for the
osteopontin expression on the luminal surface of the
intramural gland cells (P=0.585) (Table 1 and Fig. 2a,
b).

3. Osteopontin expression in the extramural gland cells of
the peribiliary gland

Fig. 1 Osteopontin immunoreactivity in the control group showed
negative immunostaining in the cytoplasm and on the luminal surface
of the epithelial cells in the intrahepatic duct (×400)

Fig. 2 a Positive immunostaining is seen in the cytoplasm and on the
luminal surface of the epithelial cells of the intrahepatic duct. Negative
immunostaining is seen in the cytoplasm of the intramural glands
(×400). b Positive immunostaining is seen in the cytoplasm and on
the luminal surface of the epithelial cells of the intrahepatic duct and
intramural glands (×400)

Fig. 3 Cytoplasmic expression of OPN in the extramural gland cells.
Negative immunostaining is seen in the cytoplasm and on the luminal
surface (×400)

Fig. 4 Cytoplasmic expression of OPN in the extramural gland cells.
Positive immunostaining is seen in the cytoplasm and on the luminal
surface (×400)
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The osteopontin expression in the cytoplasm of the
extramural gland cells was negative in 24 and all neg-
ative in the control group, and negative in five and
positive in 12 in the hepatolithiasis group. There was a
significant difference between the groups for the
osteopontin expression in the cytoplasm of the extramu-
ral gland cells (P<0.001) (Table 1; Figs. 3 and 4). The
osteopontin expression on the luminal surface of the
extramural gland cells was negative in both groups.

4. Osteopontin expression in the peribiliary duct macro-
phages

The osteopontin expression in the macrophages of
the peribiliary duct was negative in 24 and positive in
0 in the control group, and negative in 2 and positive in
15 in the hepatolithiasis group. There was a significant
difference between the groups for the osteopontin ex-
pression in the peribiliary duct macrophages (P<0.001)
(Table 2 and Fig. 5).

5. Osteopontin expression in the intrahepatic stone
The sections of the calcium bilirubinate stones

showed OPN immunoreactivity. A lamellar pattern is
demonstrated by OPN immunostaining (Fig. 6).

Discussion

Hepatolithiasis is prevalent in the Far East, including Korea,
and the majority of intrahepatic stones are calcium
bilirubinate stones. Calcium salts are often present in the
center of all types of gallstones, and this suggests the role of
calcium in stone formation and growth [8]. Matrix proteins

are known to be essential for biomineralization, and they
may also be important in the formation and growth of
gallstones [9]. Mucin is a high molecular weight glycopro-
tein, and it is the predominant matrix protein [10–12]. Mu-
cin is found within the central nidus and throughout the
matrices of gallstones, and it is apparently the structural
protein of gallstones [13, 14]. Mucin secreted from stone-
laden intrahepatic bile ducts and peribiliary glands, such as
intramural and extramural glands, is regarded as an impor-
tant factor in stone formation [10]. This mucin and bile
pigment form a complex, which results in generating the
nucleus of a stone [11, 12].

Nakanuma et al. [3] reported that abundant mucin and
bile duct dilatation are important factors of stone formation,
and they demonstrated that mucin from stone-laden
peribiliary glands was found in bile sludge and calcium
bilirubinated stone.

OPN is an acidic noncollagenous bone matrix mucinous
glycoprotein that is sialated and phosphorylated [7]. OPN
acts as a chemoattractant cytokine for the recruitment of
macrophages, and OPN plays an important role in the pro-
duction of autoantibodies and in inflammatory diseases [15].
The OPN expression in the proliferated bile ductules is a key
marker of the degree of liver inflammation [16]. OPNs have
been found in many organs such as bone, kidney, lung,
breast, smooth muscle, gallbladder, and intrahepatic bile
duct epithelium [5, 6, 17, 18]. Nalbone et al. [19] and Okido
et al. [20] have isolated the same anionic calcium-binding,
low molecular weight glycoprotein from hepatic bile, gall-
bladder bile, cholesterol gallstones, and pigment gallstones,
which may be a fragment of OPN.

Table 2 Comparison of the
osteopontin expression in the
periductal macrophages between
the hepatolithiasis group and the
control group

Control group (%) Hepatolithiasis group (%) P value

Periductal macrophage <0.001

Negative 24 (92.3) 2 (7.7)

Positive 0 (0) 15 (100)

Fig. 5 OPN-positive macrophages (arrow) are seen in the epithelial
layer of the intrahepatic duct. OPN immunostaining (×400)

Fig. 6 Immunohistochemical staining of calcium bilirubinate stone.
The lamellar pattern is demonstrated by OPN immunostaining (×200)
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Nakai et al. [21] recently demonstrated over-expressed
immunohistochemical staining for OPN in the intramural
glands and extramural glands of bile ducts that contain
stone, but there was weak and diffuse immunohistochemical
staining for OPN in the epithelial cells of the normal bile
duct. They also suggested that OPN may protect the epithe-
lial surfaces, with decreased production in pathologic con-
ditions, and this favors degeneration of the epithelium. A
year later, Ichikawa et al. [18] with the same research group
reported that OPN from epithelial cells may play an impor-
tant role in the nidation of cholesterol gallstones. In the
present study, strong immunoreactivity was also seen in
the cytoplasm of the bile duct and intramural and extramural
gland cells of the hepatolithiasis, but the osteopontin expres-
sion of the luminal surface of the bile duct and intramural
and extramural cells of the hepatolithiasis group was not
different from that of the control group. Yet it is uncertain if
these findings are an effect or the cause of degeneration.

Hepatolithiasis is often associated with cholangiocarcinoma.
Some authors have suggested that in hepatolithiasis, chronic
mechanical irritation and damage of the biliary epithelium lead
to repeated exfoliation and regeneration of the epithelium, and
this induces carcinogenesis in the bile duct epithelial cells
through hyperplasia, dysplasia, noninvasive adenocarcinoma,
and invasive adenocarcinoma [22]. Recent studies have reported
that the overexpression of OPN is correlated with tumorigenesis,
tumor aggressiveness, and a poor prognosis for several types of
human cancer [23–26].

Terashi et al. [27] have reported that the decreased ex-
pression of OPN is a reliable indicator of tumor aggressive-
ness and the clinical outcome in patients with intrahepatic
cholangiocarcinoma. Yet in the present study, only two
cases showed negative staining for OPN in the macrophages
in the peribiliary glands of the hepatolithiasis group, and
these two cases had associated intrahepatic cholangiocarcinoma.
This indicates that the OPN expression may not be correlated
with tumorigenesis. The present study has a significant limitation
in that the number of patients was insufficient, and so further
study is needed to confirm and expand our results.

It has reported that the plasma OPN levels were signifi-
cantly higher in hepatocellular carcinoma, hepatitis, and
liver cirrhosis patients than that in healthy patients [28,
29]. Harada et al. [15] have reported that OPN is an impor-
tant molecule in the portal tracts, and OPN contributes to the
immune process in primary biliary cirrhosis and autoim-
mune hepatitis. Many articles have focused on OPN and
cholangitis and cholangiocarcinoma, but there is no report
regarding the relationship between OPN and hepatolithiasis
except for that of Nakai et al. [21]. In the present study, the
cytoplasm of the intrahepatic bile duct cells and intramural
and extramural gland cells with hepatolithiasis expressed
more intense OPN reactivity than that of the control group,
but the luminal surface of the intrahepatic bile duct cells and

the intramural and extramural gland cells, irrespective of the
presence of stone, showed no immunoreactivity in almost all
the specimens. OPN was expressed in the macrophages in
15 of 17 hepatolithiasis patients. On the contrary, no OPN
immunoreactive macrophages were demonstrated in the
control group. In the stones, we found that the core and
matrix demonstrated OPN immunoreactivity.

In conclusion, the degree of OPN expression from the
cytoplasm of epithelial cells in the intrahepatic ducts and
intramural and extramural glands or macrophages was dif-
ferent between control and hepatolithiasis group. But the
degree of OPN expression from the luminal surface of
epithelial cells in the intrahepatic ducts and intramural and
extramural glands or macrophages was not different be-
tween control and hepatolithiasis group.
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