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Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver neoplasm, followed by hepatocellular
carcinoma. ICC can be further subclassified as (i) perihilar and (ii) peripheral types, the latter histologically resembling
small-sized intrahepatic bile ducts, such as interlobular bile ducts, cholangioles/ductules and the canals of Hering.
Cholangiolocellular carcinoma (CoCC), now classified by the World Health Organization as a subtype of combined
hepatocellular-cholangiocarcinoma, is currently regarded as a subtype of peripheral-type ICC. The present study was
undertaken to determine whether sulfated glycans recognized by the MECA-79 monoclonal antibody could serve as a
CoCC marker. Using immunohistochemistry, we show that MECA-79 sulfated glycans are preferentially expressed at the
apical membrane of cholangiocytes found in small-sized intrahepatic bile ducts in normal liver and in canalicular
structures formed in CoCC. We also report that apical membrane MECA-79 sulfated glycan expression colocalizes with that
of mucin 1 (MUC1) core proteins. We also present immunoblotting of Chinese hamster ovary cells overexpressing FLAG-
tagged MUC1 to show that MUC1 serves as a MECA-79 scaffold. Furthermore, we report that SSP-25 human ICC cells
overexpressing N-acetylglucosamine-6-O-sulfotransferase 2 (GlcNAc6ST-2), but not GlcNAc6ST-1, exhibit membrane
expression of MECA-79 sulfated glycans, suggesting that GlcNAc6ST-2 catalyzes MECA-79 epitope biosynthesis in
cholangiocytes. Moreover, both wild-type and GlcNAc6ST-1 knockout mice exhibit apical membrane MECA-79 expression
in small-sized intrahepatic bile ducts, namely interlobular bile ducts, whereas MECA-79 expression was completely absent
in comparable tissues from GlcNAc6ST-1 and GlcNAc6ST-2 double knockout mice. These data collectively indicate that
apical membrane localization of MUC1 proteins decorated with GlcNAc6ST-2-dependent MECA-79 sulfated glycans may
mark cholangiocytes with cholangiolar/ductular differentiation and could serve as a useful CoCC marker.
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Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver neoplasm, followed by hepatocellular
carcinoma (HCC).1,2 ICC can be further subclassified into (i)
perihilar type (also called large bile duct type) and (ii)
peripheral type (also called small bile duct type or
cholangiolar type),2–6 and both subtypes are thought to arise
from topologically different intrahepatic bile ducts.5 As
named, perihilar type emerges from perihilar large-sized
intrahepatic bile ducts, such as segmental and septal bile
ducts, which are lined with mucous-producing tall cylindrical
cholangiocytes (biliary epithelial cells),7 whereas peripheral

type originates in peripheral small-sized intrahepatic bile
ducts, such as interlobular bile ducts, cholangioles/ductules,
and the canals of Hering,8 which are lined with non-mucous-
producing cuboidal cholangiocytes.1,2

Cholangiolocellular carcinoma (CoCC) (also called bile
ductular carcinoma3), classified as cholangiolocellular type of
combined hepatocellular-cholangiocarcinoma with stem cell
features in the latest (4th) edition of the World Health
Organization (WHO) classification,9 was first described by
Steiner and Higginson in 1959.10 For over a half century since
then, CoCC has been categorized as a special subtype of

1Department of Tumor Pathology, Faculty of Medical Sciences, University of Fukui, Eiheiji, Japan; 2Department of Pathology, Fukui Red Cross Hospital, Fukui, Japan;
3Department of Pathology and Laboratory Medicine, Kariya Toyota General Hospital, Kariya, Japan; 4Department of Biochemistry, Nagoya University Graduate School of
Medicine, Nagoya, Japan; 5Department of Molecular Pathology, Shinshu University Graduate School of Medicine, Matsumoto, Japan and 6Department of Laboratory
Medicine, Shinshu University School of Medicine, Matsumoto, Japan
Correspondence: Professor M Kobayashi, MD, PhD, Department of Tumor Pathology, Faculty of Medical Sciences, University of Fukui, 23-3 Matsuoka-Shimoaizuki, Eiheiji,
Fukui 910-1193, Japan.
E-mail: motokoba@u-fukui.ac.jp

Received 8 March 2016; revised 25 August 2016; accepted 30 August 2016

1246 Laboratory Investigation | Volume 96 December 2016 | www.laboratoryinvestigation.org

Laboratory Investigation (2016) 96, 1246–1255
© 2016 USCAP, Inc All rights reserved 0023-6837/16

http://dx.doi.org/10.1038/labinvest.2016.104
mailto:motokoba@u-fukui.ac.jp
http://www.laboratoryinvestigation.org


peripheral-type ICC.5,6,11 Histologically, CoCC is described as
well-differentiated adenocarcinoma forming anastomosed
antler-like glands with edematous fine fibrous stroma,
resembling a ductular reaction seen in several acute and
chronic liver diseases, including massive hepatic necrosis.10–12

CoCC is thought to originate in the peripherally distributed
biliary ductular system, including cholangioles/ductules
and the canals of Hering,8 where hepatic progenitor cells
(HPCs) are located.5,11,12 As HPCs can differentiate into
either hepatocytes or cholangiocytes,11 they are thought to be
the origin of combined hepatocellular-cholangiocarcinoma.
However, the histogenesis of CoCC and combined
hepatocellular-cholangiocarcinoma remains controversial,
and definite conclusions relevant to diagnostic criteria for
these diseases have not yet been reached.

Several molecules have been proposed as CoCC markers,
including cytokeratin 19,12,13 neural cell adhesion molecule
1,14 N-cadherin,1 and mucin 1 (MUC1).7,15,16 Among them,
MUC1, also known as epithelial membrane antigen (EMA), is
generally thought to be most useful to distinguish CoCC from
perihilar-type ICC: CoCC shows an apical membrane MUC1
staining pattern, whereas MUC1 staining is diffuse and
cytoplasmic in perihilar-type ICC.7,15,16

Transmembrane MUC1 protein is present in the apical
membrane of glandular epithelial cells in numerous organs
and tissues, where it functions primarily in lubrication and
cell protection.17,18 MUC1 is translated as a single polypeptide
chain that undergoes autoproteolytic cleavage to form two
subunits that interact non-covalently.19 The large N-terminal
subunit consists of a long extracellular domain, and the small
C-terminal subunit contains a short extracellular domain, a
transmembrane region and a cytoplasmic tail.20 The larger
subunit harbors a serine/threonine-rich region with a highly
polymorphic sequence motif termed the variable number of
tandem repeats (VNTR), which is often extensively O-
glycosylated with a battery of Lewis blood group-related
carbohydrate antigens, such as sialyl Lewis A (also known as
CA19-9) and sialyl Lewis X.17,21,22

A sulfated form of sialyl Lewis X, specifically 6-sulfo sialyl
Lewis X, is displayed on high endothelial venules (HEVs) in
secondary lymphoid organs such as lymph nodes, tonsils and
Peyer’s patches, and functions in physiological recirculation
of lymphocytes from the bloodstream into lymphoid organs, a
process termed lymphocyte 'homing.'23 Although absent
under normal conditions, 6-sulfo sialyl Lewis X is also
displayed on HEV-like vessels induced in chronic inflamma-
tory gastrointestinal diseases such as chronic Helicobacter
pylori gastritis24,25 and ulcerative colitis,26,27 where it func-
tions in pathologic lymphocyte recruitment. Since the
discovery that 6-sulfo sialyl Lewis X-capped glycans on HEVs
function as ligands of L-selectin on lymphocytes,28–30 investi-
gators have detected those glycans using the monoclonal
antibody MECA-79,31 whose epitope is 6-sulfo N-acetyllacto-
samine attached to extended core 1 O-glycans, Galβ1→ 4
(sulfo→ 6)GlcNAcβ1→ 3Galβ1→ 3GalNAcα1→ Ser/Thr.32

Previously, we demonstrated that HEV-like vessels induced
in type 1 autoimmune pancreatitis were positively immuno-
stained by MECA-79 monoclonal antibody.33 In that study,
we unexpectedly discovered a sizable fraction of interlobular
pancreatic ducts that were also MECA-79 positive.33 Thus, we
concluded that the biliary system, which is connected to the
pancreatic duct system to form the pancreaticobiliary system,7

is also decorated with MECA-79 sulfated glycans. It remained
unknown whether MUC1 was the scaffold protein for those
glycans.

In the present study, we demonstrate that MECA-79
sulfated glycans are preferentially expressed in apical
membranes of small-sized intrahepatic bile ducts as well as
on canalicular structures in CoCC. Moreover, apical mem-
brane MECA-79 positivity colocalized with MUC1 core
proteins. These findings suggest that apical membrane
localization of MUC1 protein decorated with MECA-79
sulfated glycans may be a distinct feature of cholangiocytes
with cholangiolar/ductular differentiation and serve as a
CoCC marker.

MATERIALS AND METHODS
Human Tissue Samples
In the present study, the diagnosis of CoCC was made when
cases of peripheral-type ICC (in a broad sense) fulfilled all
four criteria as follows: (i) well-differentiated adenocar-
cinoma forming small monotonous and/or anastomosing
glands, (ii) which are composed of cuboidal non-mucous-
producing neoplastic cholangiocytes, (iii) with fine fibrous
stroma, and (iv) luminal surface of canalicular structures were
positively immunostained by MUC1. Formalin-fixed,
paraffin-embedded tissue blocks of CoCC liver tissue
(n= 20; 6 males and 14 females; age range, 48–85 years;
median, 71 years) were retrieved from the pathological
archives of Shinshu University Hospital and its affiliated
hospitals. Liver tissue blocks with peripheral-type ICC
(n= 26; 15 males and 11 females; age range, 28–85 years;
median, 70 years), perihilar-type ICC (n= 25; 18 males and 7
females; age range, 54–85 years; median, 65 years) and HCC
(n= 25; 24 males and 1 female; age range, 44–85 years;
median, 68 years) were also retrieved as controls. Detailed
clinicopathological information, including background liver
diseases, of these patients is listed in Supplementary Table 1.
Analysis of human liver tissues was approved by the Ethics
Committee of Shinshu University School of Medicine and by
the Ethics Committee of Faculty of Medical Sciences,
University of Fukui.

Mouse Tissue Samples
Mice deficient in either N-acetylglucosamine-6-O-sulfotrans-
ferase 1 (GlcNAc6ST-1)34 or both GlcNAc6ST-1 and
GlcNAc6ST-2 were generated as described.35 Mutant mice
and wild-type littermates were maintained in the animal
facility of Nagoya University Graduate School of Medicine in
accordance with institutional guidelines. For tissue analysis,
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after deep anesthesia with sodium pentobarbital, mice were
perfused with phosphate-buffered saline (PBS), and their
livers were removed, fixed in neutralized 10% formalin at 4 °C
for 24 h, and embedded in paraffin. The experimental
protocol was approved by the Animal Research Committee
of Nagoya University.

Immunohistochemistry
The following monoclonal antibodies served as primary
antibodies: GP1.4, recognizing the sequence PDTRPAPGS
in the VNTR of human MUC1 (mouse IgG; Leica Biosystems,
Nussloch, Germany)36 and MECA-79, recognizing 6-sulfo N-
acetyllactosamine attached to extended core 1 O-glycans (rat
IgM; BD Biosciences, San Jose, CA).31,32 MUC1 immunohis-
tochemistry was undertaken using the Histofine system
(Nichirei, Tokyo, Japan) according to the manufacturer’s
protocol, and that for MECA-79 was carried out using an
indirect method as described.37 MUC1/MECA-79 double
immunofluorescence was carried out as described.38

Cell Culture
The human ICC cell line SSP-25 (Riken Bioresource Center,
Tsukuba, Japan) was cultured in RPMI-1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) supplemen-
ted with 10% fetal bovine serum (HyClone, South Logan, UT)
at 37 °C in a humidified atmosphere of 5% CO2. Chinese
hamster ovary (CHO) cells stably expressing CD34 decorated
with 6-sulfo sialyl Lewis X attached to extended core 1 O-
glycans, sialic acidα2→ 3 Galβ1→ 4[Fucα1→ 3(sulfo→ 6)]
GlcNAcβ1→ 3 Galβ1→ 3GalNAcα1→ Ser/Thr (termed
CHO/CD34/F7/C1/LSST cells), were established and cultured
as described.39

RT-PCR
Total RNA was extracted and single-stranded cDNA synthe-
sized as described.38 PCR was performed also as described.38

Expression of GlcNAc6STs in SSP-25 Cells
SSP-25 cells were transiently transfected with pcDNA1.1-
GlcNAc6ST-1,27,40,41 pcDNA1.1-GlcNAc6ST-2,24,42 or pcDNA1.1
(mock) using Lipofectamine Plus (Thermo Fisher Scientific)
according to the manufacturer’s instructions. Cells were
analyzed 36 h later. Expression of GlcNAc6ST-1 protein
in GlcNAc6ST-1-transfected cells was confirmed by
immunofluorescence with an anti-GlcNAc6ST-1-N antibody
as described.41

Construction of a FLAG-Tagged MUC1 Expression Vector
cDNA encoding FLAG-tagged MUC1 was constructed as
described previously17 using an overlapping PCR method
described elsewhere.43,44 Briefly, with outer primers and
internal complementary primers harboring the FLAG tag
sequence, two overlapping PCR fragments were amplified in
the first round of PCR using the cDNA clone AK301575,
which encodes a human MUC1 splicing variant (Biological

Resource Center, National Institute of Technology and
Evaluation, Kisarazu, Japan) as a template. In the second
round of PCR, the full-length MUC1 coding region with a
FLAG epitope tag was generated using only outer primers and
first-round PCR products as a template. Primers used were as
follows: 5′-TCAAgCTTCACCACCACCATgACACCgggCAC
-3′ (outer forward primer), 5′-TgCTCgAgCTACAAgTTggCA
gAAgTggCTgC-3′ (outer reverse primer), 5′-ACTgAgAA
gAATgCTgACTACAAAgACgATgACgACAAggTgAgTATgAC
CAgC-3′ (inner forward primer), and its complementary
inner reverse primer 5′-gCTggTCATACTCACCTTgTCgTCA
TCgTCTTTgTAgTCAgCATTCTTCTCAgT-3′ (HindIII and
XhoI sites underlined; FLAG epitope in bold). PCR products
were inserted into pCR-Blunt (Thermo Fisher Scientific),
resulting in pCR-Blunt-MUC1/FLAG, and the sequence
confirmed. pCR-Blunt-MUC1/FLAG was digested with
HindIII and XhoI, and the insert ligated into pcDNA3.1/
Hygro HindIII and XhoI sites, resulting in pcDNA3.1/Hygro-
MUC1/FLAG.

Immunoprecipitation and Western Blot Analysis
CHO/CD34/F7/C1/LSST cells were transiently transfected
with pcDNA3.1/Hygro-MUC1/FLAG or pcDNA3.1/Hygro
(mock) using Lipofectamine Plus. After 36 h, cells were lysed
with a sonicator in 1% sodium dodecyl sulfate (SDS)
supplemented with a protease inhibitor cocktail (Roche,
Basel, Switzerland). Cell lysates were then incubated with
anti-FLAG M2 monoclonal antibody (mouse IgG; Sigma-
Aldrich, St Louis, MO) at 4 °C for 60 min on a rotator. Mouse
IgG (Beckman Coulter, Indianapolis, IN) served as a negative
control. Protein G Sepharose Fast Flow (Sigma-Aldrich) was
prepared according to the manufacturer’s instructions and
added to the cell lysate/antibody mix, and then incubated at
4 °C for 60 min on a rotator. Beads were washed in PBS five
times and lysed in a sample buffer, and then Western blot
analysis was carried out as described.45 Briefly, after
incubation at 65 °C for 15 min, samples were subjected to
5% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto a polyvinylidene difluoride membrane
(Millipore, Billerica, MA). After blocking in Tris-buffered
saline containing 5% skim milk for 60 min, the membrane
was incubated with anti-FLAG or MECA-79 monoclonal
antibodies at 4 °C overnight, followed by host- and isotype-
matched horseradish peroxidase-conjugated secondary anti-
bodies (Jackson ImmunoResearch, West Grove, PA). The
membrane was developed using SuperSignal West Dura
Extended Duration Substrate (Thermo Fisher Scientific) and
evaluated using a luminescent image analyzer LAS-4000 (GE
Healthcare, Little Chalfont, UK).

Statistical Analysis
Differences between groups were statistically analyzed by
Fisher’s exact test using the GraphPad Prism 5 software
(GraphPad Software, La Jolla, CA). P-values o0.05 were
considered significant.
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RESULTS
Expression Patterns of MECA-79 Sulfated Glycans in
Intrahepatic Bile Ducts
To determine whether cholangiocytes that constitute intra-
hepatic bile ducts express MECA-79 sulfated glycans, we first
carried out immunohistochemistry of normal liver tissue
sections using MECA-79 monoclonal antibody. As shown in
Figure 1 (upper panels), small-sized intrahepatic bile ducts,
such as interlobular bile ducts (arrows), cholangioles/
ductules, and the canals of Hering (arrowheads), were
preferentially immunostained for MECA-79, chiefly in an
apical membrane pattern. However, when we examined large-
sized intrahepatic bile ducts (Figure 1, lower panels), the
largest ones, such as segmental bile ducts (arrows), were
MECA-79 negative, and the smaller the ducts (arrowheads),
the more MECA-79 positivity they exhibited, although
staining was diffuse and cytoplasmic. Hepatocytes were
completely negative for MECA-79 sulfated glycans (see
Figure 1, upper middle panel). This staining pattern was
observed in all normal liver regions in all samples examined.
Interestingly, expression patterns of MUC1 core proteins
(Figure 1, right column) were comparable to those of
MECA-79 sulfated glycans (Figure 1, middle column);
however, MUC1 core proteins were expressed weakly in the
cytoplasm of cholangiocytes that constitute large-sized
intrahepatic bile ducts (Figure 1, lower right panel). More-
over, in small-sized intrahepatic bile ducts, MUC1 core
protein expression was restricted to interlobular bile
ducts, and no signals were detected in cholangioles/ductules
and the canals of Hering (Figure 1, upper right panel).
These findings indicate that MECA-79 immunohistochem-
istry is useful to identify small-sized intrahepatic bile
ducts and, compared with MUC1 (EMA) staining, can
identify even the smallest bile ducts, namely the canals of
Hering.

Apical Membrane Expression of MECA-79 Sulfated
Glycans in CoCC
We then determined whether CoCC tissues, which histolo-
gically resemble small-sized intrahepatic bile ducts, express
MECA-79 sulfated glycans. As shown in Figure 2 (top middle
panel), MECA-79 sulfated glycans were preferentially
expressed along the luminal surface of canalicular structures
formed in CoCC in 18 of 20 (90.0%) cases examined. A
similar MECA-79 staining pattern was observed in 12 of 26
(46.2%) peripheral-type ICC cases (Figure 2, second row,
middle panel). By contrast, in perihilar-type ICC (n= 25),
apical membrane expression of MECA-79 sulfated glycans
was not observed and only a small fraction of carcinoma cells
weakly expressed these sulfated glycans in the cytoplasm
(Figure 2, third row, middle panel). HCC tissues (n= 25)
were completely negative for MECA-79 sulfated glycans
(Figure 2, bottom middle panel). Table 1 summarizes the
incidence of apical membrane expression of MECA-79
sulfated glycans in all primary liver tumors examined

(n= 96 in total). The incidence of MECA-79 apical
membrane expression among CoCC cases was greater than
that among HCC (Po0.0001), perihilar-type ICC
(Po0.0001), or peripheral-type ICC (P= 0.0022) cases with
high statistical significance. Intriguingly, the expression
pattern of MUC1 core proteins in CoCC resembled that of
MECA-79 sulfated glycans (Figure 2, top panels), whereas
MUC1 expression in perihilar-type ICC was primarily diffuse
and cytoplasmic (Figure 2, third row, right panel). The
expression pattern of MUC1 in peripheral-type ICC varied;
however, most carcinoma cells exhibited both apical mem-
brane and diffuse cytoplasmic patterns (Figure 2, second row,
right panel). HCC tissue was completely negative for MUC1
core proteins (Figure 2, bottom right panel). Overall, these
findings suggest that expression of MECA-79 sulfated glycans
at the apical membrane of cholangiocytes indicates their
cholangiolar/ductular differentiation and, compared with
MUC1 positivity, appears to be a more sensitive diagnostic
marker of CoCC and, to a lesser extent, of peripheral-type
ICC, both of which likely originate from small-sized
intrahepatic bile ducts.

MUC1 is a Scaffold Protein for MECA-79 Sulfated Glycans
Using double immunofluorescence staining, we confirmed
apical membrane colocalization of MECA-79 sulfated glycans
and MUC1 core proteins in CoCC (Figure 3), prompting us
to ask whether MUC1 is a potential scaffold protein for
MECA-79 sulfated glycans. To determine this possibility, we
transiently transfected CHO cells stably expressing MECA-79
sulfated glycans and CD34, which serves as a scaffold protein
for MECA-79 sulfated glycans,27 with cDNA encoding FLAG-
tagged MUC1. In these transfectants, CD34 glycoforms serve
as an internal positive control for glycosylation with
MECA-79 sulfated glycans. We then immunoprecipitated cell
lysates with anti-FLAG antibody or control mouse IgG and
conducted Western blot analysis of precipitates plus samples
from control lysates that had not undergone immunopreci-
pitation. Lysates from cells transfected with FLAG-tagged
MUC1 showed a single band migrating at 180 kDa, a size
corresponding to FLAG-tagged MUC1, whereas mock-
transfected cells did not (Figure 4, left panel). A comparable
band was also seen in samples immunoprecipitated with anti-
FLAG monoclonal antibody but was absent in samples
immunoprecipitated with control mouse IgG.

Using the same samples, we then conducted Western blot
analysis with a MECA-79 monoclonal antibody. As shown in
Figure 4 (right panel), whole-cell lysates from mock-
transfected cells showed a single 100 kDa band corresponding
to CD34 decorated with MECA-79 sulfated glycans, whereas
lysates from cells transfected with FLAG-tagged MUC1
exhibited an additional band migrating at 180 kDa, corre-
sponding to FLAG-tagged MUC1 glycoforms (Figure 4, right
panel). After immunoprecipitation with anti-FLAG antibody,
the CD34 band was absent and only the band corresponding
to FLAG-tagged MUC1 remained, whereas no bands were
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evident in control IgG samples (Figure 4, right panel). These
results indicate that MUC1 serves a scaffold protein for
MECA-79 sulfated glycans.

GlcNAc6ST-2 is Critical for Biosynthesis of MECA-79
Sulfated Glycans in Small-Sized Intrahepatic Bile Ducts
and CoCC
Among the five GlcNAc6ST family members cloned so far,46

GlcNAc6ST-1 (ref. 40) and GlcNAc6ST-2 (ref. 42) have been
shown to cooperatively regulate sulfation of L-selectin ligand
carbohydrates on HEVs.35,47 To determine which GlcNAc6ST
is critical for sulfation in small-sized intrahepatic bile ducts
and in CoCC, we conducted overexpression studies using the
human ICC cell line SSP-25. These cells do not express
MECA-79 sulfated glycans, as confirmed by RT-PCR analysis,
which detected only minimal levels of GlcNAc6ST-1 and
GlcNAc6ST-2 transcripts in these cells (Figure 5). We then
transfected SSP-25 cells with either GlcNAc6ST-1 or
GlcNAc6ST-2 expression vectors and observed that only cells
overexpressing GlcNAc6ST-2 showed cell surface expression
of MECA-79 sulfated glycans (Figure 6a), whereas those
overexpressing GlcNAc6ST-1 did not (Figure 6b).

To confirm these findings in vivo, we examined liver tissues
obtained from mice deficient in GlcNAc6ST-1 or doubly

deficient in both GlcNAc6ST-1 and GlcNAc6ST-2 (DKO). As
shown in Figure 6c, in control wild-type mice, apical
membrane expression of MECA-79 sulfated glycans was
observed in ~ 10% of interlobular bile ducts but not in the
canals of Hering, whereas almost all small-sized intrahepatic
bile ducts in human samples were MECA-79 positive (see
Figure 1). Immunohistological findings seen in
GlcNAc6ST-1-knockout mice were comparable to those seen
in wild-type mice. By contrast, mice deficient in both
GlcNAc6ST-1 and GlcNAc6ST-2 showed no expression of
MECA-79 sulfated glycans, indicating that GlcNAc6ST-2 is
the primary sulfotransferase catalyzing biosynthesis of
MECA-79 sulfated glycans in interlobular bile ducts.

DISCUSSION
Here we show that MECA-79 sulfated glycans are constitu-
tively expressed in apical membranes of cholangiocytes that
comprise small-sized intrahepatic bile ducts, including
interlobular bile ducts, cholangioles/ductules and the canals
of Hering. Similar patterns of the MECA-79 immunolocaliza-
tion observed in CoCC may reflect its cholangiolar/ductular
differentiation. Thus, immunohistochemical positivity for
MECA-79 glycoepitopes could represent an alternative means
to diagnose CoCC.

Figure 1 Expression of MECA-79 sulfated glycans and mucin 1 (MUC1) core proteins in small-sized (upper panels) and large-sized (lower panels)
intrahepatic bile ducts. Normal human liver tissues were stained with hematoxylin and eosin (HE) and immunostained for MECA-79 and MUC1 core
proteins. In small-sized intrahepatic bile ducts such as interlobular bile ducts (arrows), cholangioles/ductules and the canals of Hering (arrowheads),
cholangiocytes are abundantly decorated with MECA-79 sulfated glycans, primarily in an apical membrane pattern (upper middle panel). However, in
large-sized intrahepatic bile ducts, the largest ducts (arrows) are MECA-79 negative, and the smaller the ducts (including peribiliary accessory glands;
arrowheads), the more MECA-79 positive they become, although staining becomes diffuse and cytoplasmic (lower middle panel). These expression
patterns are comparable to those of MUC1 core proteins, except that (i) MECA-79 antibodies more widely recognize peripheral biliary tracts, including
the canals of Hering and (ii) in large-sized intrahepatic bile ducts, MUC1 core proteins are expressed weakly in the cytoplasm of cholangiocytes (lower
right panel). Tissues are counterstained with hematoxylin. Bar = 50 μm (upper panels) and 200 μm (lower panels).
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Although MECA-79 monoclonal antibody more selectively
recognizes peripheral small-sized intrahepatic bile ducts, centrally
located large-sized biliary tract epithelia and their accessory
mucus-secreting glands in normal liver tissues are almost devoid
of apical membrane expression of MECA-79 sulfated glycans.
Maeno et al16 reported site-dependent, differential localization
patterns of MUC1 core proteins. Accordingly, they found that

central biliary ducts wider than 40 μm lacked apical membrane
MUC1 expression, whereas interlobular bile ducts and their
peripheral ductular cells exhibited an apical membrane staining
pattern. These results are in agreement with those reported here;
however, here, we show that MECA-79 sulfated glycans are a
more sensitive marker of components of the peripherally
distributed biliary ductular system, including the canals of Hering.

Figure 2 Expression of MECA-79 sulfated glycans and mucin 1 (MUC1) core proteins in cholangiolocellular carcinoma (CoCC) (top row), peripheral-type
intrahepatic cholangiocarcinoma (ICC) (second row), perihilar-type ICC (third row) and hepatocellular carcinoma (HCC) (bottom row). Serial sections were
stained with hematoxylin and eosin (HE) and immunostained for MECA-79 and MUC1 core proteins. MECA-79 sulfated glycans are preferentially
expressed along the luminal surface of canalicular structures formed in CoCC and peripheral-type ICC, an expression pattern comparable to MUC1 core
proteins. Tissues are counterstained with hematoxylin. Bar = 100 μm.
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In the present study, we used Western blot analysis with
MECA-79 antibody of immunoprecipitated recombinant
FLAG-tagged MUC1 to demonstrate that MUC1 can serve
as a scaffold protein for MECA-79 sulfated glycans. We
performed this analysis in MECA-79-positive CHO cells that
had been transiently transfected with a MUC1 expression
vector as a model of CoCC cells, as no CoCC cell lines are
currently available. Future experiments using either CoCC
carcinoma cells or cell lines derived from CoCC should be

performed to confirm these findings and define molecular
mechanisms governing apical membrane expression of
sulfated glycans in cholangiocytes with cholangiolar/ductular
differentiation.

Sasaki et al48 previously reported that MUC6 core proteins
are expressed on the luminal surface of small-sized intrahe-
patic bile ducts, particularly proliferating bile ductules seen in
chronic viral hepatitis, as well as on canalicular structures
formed in various types of ICC, including combined

Figure 3 Double immunofluorescence staining of cholangiolocellular carcinoma (CoCC) for MECA-79 sulfated glycans (green) and mucin 1 (MUC1) core
proteins (red). Merged panels indicate colocalization. Samples are stained with 4′,6-diamidino-2-phenylindole (DAPI) to mark nuclei. Bar = 100 μm.

Figure 4 Mucin 1 (MUC1) proteins are decorated with MECA-79 sulfated
glycans. Chinese hamster ovary (CHO) cells expressing CD34 decorated
with MECA-79 sulfated glycans were transiently transfected with
pcDNA3.1-MUC1/FLAG (MUC1/FLAG) or pcDNA3.1 (mock). Whole-cell
lysates immunoprecipitated (IP’d) with anti-FLAG M2 antibody or control
non-immune mouse immunoglobulin G (IgG), as well as those without
(w/o) immunoprecipitation, were analyzed by Western blotting (IB) with
anti-FLAG M2 (left panel) or MECA-79 (right panel) monoclonal
antibodies. Bands migrating at 180 kDa correspond to FLAG epitope-
tagged MUC1; those migrating at 100 kDa correspond to CD34. Numbers
at left indicate molecular weight (kDa).

Figure 5 Reverse transcription-PCR (RT-PCR) analysis of transcripts
encoding GlcNAc6ST-1 and GlcNAc6ST-2 in SSP-25 human intrahepatic
cholangiocarcinoma (ICC) cells. RNA samples were treated with (+) or
without (− ) RT. Distilled water (N) or plasmid harboring target cDNA (P),
respectively, served as negative or positive controls. SSP-25 cells show
minimal expression of transcripts encoding either sulfotransferase. GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) serves as a loading control.

Table 1 Apical membrane expression of MECA-79 sulfated
glycans in primary liver tumors

ICC (n= 71) HCC
(n= 25)

Peripheral type
(in a broad sense) (n= 46)

Perihilar type
(n= 25)

CoCC
(n=20)

Peripheral type
(n= 26)

MECA-79 (+) 18 (90%) 12 (46.2%) 0 (0%) 0 (0%)

MECA-79 (− ) 2 (10%) 14 (53.8%) 25 (100%) 25 (100%)

Abbreviations: CoCC, cholangiolocellular carcinoma; HCC, hepatocellular
carcinoma; ICC, intrahepatic cholangiocarcinoma.
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Figure 6 (a) Immunofluorescence staining (green) for MECA-79 sulfated glycans in SSP-25 cells transiently transfected with pcDNA1.1 (mock), pcDNA1.1-
GlcNAc6ST-1, or pcDNA1.1-GlcNAc6ST-2. (b) SSP-25 cells transiently transfected with GlcNAc6ST-1 cDNA were subjected to double immunofluorescence
staining for GlcNAc6ST-1 proteins (red) and MECA-79 sulfated glycans (green). Despite GlcNAc6ST-1 misexpression, MECA-79 sulfated glycans are not
detectable. (c) Immunofluorescence staining (green) for MECA-79 sulfated glycans in liver tissue sections obtained from wild-type mice (WT), mice
deficient in GlcNAc6ST-1 (GlcNAcST-1 KO), and mice deficient in both GlcNAc6ST-1 and GlcNAc6ST-2 (GlcNAc6ST-1/2 DKO). Samples are also stained
with 4′,6-diamidino-2-phenylindole (DAPI) to indicate nuclei. Bar = 50 μm.
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hepatocellular-cholangiocarcinoma.49 Such MUC6 immuno-
localization resembles that of MUC1, as previously reported
by the same authors15,50 and confirmed here. Thus, in
addition to MUC1, MUC6 may also serve as a scaffold protein
for MECA-79 sulfated glycans in cholangiocytes in small-sized
intrahepatic bile ducts or in CoCC cells.

Here, we also demonstrate that GlcNAc6ST-2 is likely the
principal sulfotransferase catalyzing biosynthesis of MECA-79
sulfated glycans in CoCC, as transfection of the human ICC
cell line SSP-25 (which is negative for MECA-79 sulfated
glycans) with a construct encoding GlcNAc6ST-2, but not
GlcNAc6ST-1, promoted membrane expression of MECA-79
sulfated glycans. Moreover, using Northern blot analysis,
Bistrup et al42 clearly demonstrated that GlcNAc6ST-2
transcripts were present not only in lymph nodes but also
in liver and pancreas, where ductal epithelial cells express
MECA-79 sulfated glycans, as we have shown here and
previously.33 In support of these findings in humans, we also
report here that MECA-79 expression in interlobular bile
ducts, which is seen in wild-type and GlcNAc6ST-1-knockout
mice, is absent in mice doubly deficient in GlcNAc6ST-1 and
GlcNAc6ST-2. Overall, these findings strongly suggest that
GlcNAc6ST-2 has a critical role in the biosynthesis of
MECA-79 sulfated glycans in small-sized intrahepatic bile
ducts and in CoCC.

In an unanticipated finding, we observed that in wild-type
or GlcNAc6ST-1-knockout mice, MECA-79 sulfated glycan
expression was seen in a fraction (~10%) of interlobular bile
ducts but not in cholangioles/ductules and the canals of
Hering, whereas in human tissues, most small-sized intrahe-
patic bile ducts were MECA-79 positive. This species
difference may be due to differences in expression levels of
core 1 extending β1,3-N-acetylglucosaminyltransferase, also
called core 1 extension enzyme, an enzyme required for
MECA-79 glycoepitope biosynthesis.32,51 Alternatively,
expression levels of GlcNAc6ST-2 and/or MUC1 core
proteins may be lower in the murine biliary system than in
the human system.

In malignant tumors, GlcNAc6ST-2-mediated expression
of MECA-79 sulfated glycans is not restricted to liver,
pancreas or lymph nodes: Kanoh et al52 report that
GlcNAc6ST-2 is expressed in subtypes of ovarian carcinoma
such as mucinous, clear cell, and serous papillary carcinomas.
Moreover, Okayama et al53 reported that MECA-79 sulfated
glycans were aberrantly expressed in roughly a quarter of
gastric adenocarcinoma cases. Recently, we also reported that
~ 20% of bladder urothelial carcinoma cases express
MECA-79 sulfated glycans.38 In both ours38 and the Okayama
et al53 study, GlcNAc6ST-2 was identified as the sulfotrans-
ferase responsible for biosynthesis of MECA-79 sulfated
glycans expressed on carcinoma cells. These findings indicate
that aberrant GlcNAc6ST-2 expression has a major role in
inappropriate biosynthesis of MECA-79 sulfated glycans in
neoplastic cells in organs other than liver, pancreas and
lymph nodes.

In conclusion, we show here that preferential expression of
GlcNAc6ST-2-mediated MECA-79 sulfated glycans at apical
membranes of cholangiocytes is indicative of cholangiolar/
ductular differentiation. We propose that MECA-79 sulfated
glycans could serve as a useful marker of CoCC.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http://www.laboratoryinvestigation.org)
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