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Tight junctions (TJ) of biliary epithelial cells (BEC) and
hepatocytes prevent bile regurgitation from the biliary tract.
Alterations in these TJs may participate in chronic choles-
tatic liver diseases such as primary biliary cirrhosis (PBC)
and primary sclerosing cholangitis (PSC). We examined the
localization of 2 TJ proteins, ZO-1 and 7H6, in these dis-
eases. Frozen sections from livers of PBC, PSC, extrahepatic
cholestasis (Ex-C), and hepatitis C–associated cirrhosis
(LC-C), as well as histologically normal livers, were pro-
cessed for double-fluorescence immunohistochemistry. In
controls and cirrhosis, 7H6 and ZO-1 colocalized surround-
ing the luminal space of the bile ducts and outlined the bile
canalicular spaces between hepatocytes. In untreated PBC,
immunostaining for ZO-1 in BEC of bile ducts 40 to 80 �m
in diameter was preserved, but that for 7H6 was diminished
to absent. In PBC treated with ursodeoxycholic acid
(UDCA), immunostaining for 7H6 was well preserved. In
PSC as well as in Ex-C, immunostaining for both 7H6 and
ZO-1 was well preserved in bile ducts. In hepatocytes, ZO-1
showed preserved immunoreactivity, but immunostaining
for 7H6 frequently disappeared. The percentage of bile
ducts with immunostaining for 7H6 in all bile ducts with
immunostaining for ZO-1 was significantly reduced in PBC
compared with that in control, LC-C, Ex-C, and PSC (all P <
.0001). Substantial alteration in the TJ protein occurs pre-
dominantly in bile ducts in PBC and in hepatocytes in PSC,
suggesting increased paracellular permeability along dif-
ferent paracellular routes for bile regurgitation in these
chronic cholestatic liver diseases. (HEPATOLOGY 2001;33:
1460-1468.)

Primary biliary cirrhosis (PBC), a chronic cholestatic liver
disease characterized by immune-mediated bile duct destruc-

tion, shows elevated serum concentrations of bile acids, alka-
line phosphatase, �-glutamyl transpeptidase, and, in ad-
vanced stages, bilirubin.1 In cholestasis, elevations of these
substances in blood result at least in part from regurgitation of
bile constituents into blood.2

Previous ultrastructural studies demonstrated not only de-
generated or apoptotic biliary cells, but also separation of
those cells associated with reduced intercellular digitation in
PBC. Electron-dense deposits are often shown between the
multilayered basement membrane and in lateral intercellular
spaces of damaged bile ducts, which are surrounded by infil-
trating macrophages containing neutral fats. These findings
strongly suggested increased biliary epithelial permeability in
PBC, resulting in bile leakage from the luminal space of bile
ducts to the periductal area.3-6

Because the tight junction (TJ) of biliary epithelial cells
(BEC) is the only intercellular barrier between the luminal
space and the portal area, the functional integrity of TJ is
crucial in preventing paracellular leakage of bile constituents.
In several clinical forms of cholestasis and in cholestatic mod-
els, distinct functional and morphologic alterations of TJ have
been described in hepatocytes.3,7,8 Freeze-fracture electron
microscopy is well suited to evaluation of hepatocyte TJ mor-
phology.9 However, this technique is not practical for exami-
nation of bile duct TJ, because the number of BEC is much
smaller than that of hepatocytes in normal liver (3% to 5% vs.
60% of the liver cell population, respectively); the population
of BEC is even smaller in liver with PBC.5,10 Thus, previous
reports concerning PBC have not addressed the morphology
and function of TJ in bile ducts.

Primary sclerosing cholangitis (PSC), another chronic cho-
lestatic liver disease, is characterized by fibrosing inflamma-
tion of extra- and intrahepatic bile ducts; like PBC, PSC results
in chronic cholestatic biochemical changes in blood.11 The
bile regurgitation pathways resulting in elevated serum con-
centrations of bile-derived substances in PSC have not been
demonstrated.

Recently, 10 TJ-associated proteins have been identified,
including ZO-1 and 7H6.12-16 ZO-1, a 220-kd phosphoprotein
that couples occludin molecules, belongs to the membrane-
associated guanylate kinase protein family and most likely has
both structural and signaling functions.17-19 A protein re-
cently identified in a bile canaliculus–enriched membrane
fraction, 7H6, is a 155-kd phosphoprotein.20 Immunolocal-
ization of 7H6 appears to correlate closely with paracellular
permeability in several organs, including the rat liver.21-24,25

Abbreviations: PBC, primary biliary cirrhosis; TJ, tight junction; BEC, biliary epithe-
lial cells; PSC, primary sclerosing cholangitis; UDCA, ursodeoxycholic acid; LC-C, hep-
atitis C–associated cirrhosis; Ex-C, extrahepatic cholestasis.

From the 1Third Department of Medicine, Fukuoka University School of Medicine,
Fukuoka, Japan; 2Second Department of Medicine, Kurume University School of Medi-
cine, Kurume, Japan; 3Department of Pathology, Sapporo Medical University School of
Medicine, Sapporo, Japan; 4Department of Surgery, Hokkaido University School of Med-
icine, Sapporo, Japan; and 5Shin Koga Hospital, Kurume, Japan.

Received July 24, 2000; accepted March 26, 2001.
Address reprint requests to: Shotaro Sakisaka, M.D., Ph.D., Third Department of

Medicine, Fukuoka University School of Medicine, 7-45-1 Nanakuma, Johnan-ku,
Fukuoka 814-0180, Japan. E-mail: sakisaka@fukuoka-u.ac.jp; fax: 81-92-874-2663.

Copyright © 2001 by the American Association for the Study of Liver Diseases.
0270-9139/01/3306-0016$35.00/0
doi:10.1053/jhep.2001.25086

1460



In contrast, immunostaining for ZO-1 is not correlated with
paracellular permeability.21, 24,25

In the present study, we assessed alterations in TJ of intra-
hepatic bile ducts and hepatocytes in livers involved by PBC
and PSC. We performed immunohistochemistry using anti-
bodies against 7H6 and ZO-1, followed by confocal laser scan-
ning microscopy. We demonstrated that alterations in immu-
nostaining for 7H6 occur predominantly in BEC in PBC and in
hepatocytes in PSC, which suggests increased paracellular
permeability for bile in relation to the 2 different cell types in
these 2 chronic cholestatic diseases. In PBC after treatment
with ursodeoxycholic acid (UDCA), the alteration of TJ in
BEC was only slight or absent.

PATIENTS AND METHODS

Materials. All reagents were purchased from Wako Pure Chemical
Industries (Osaka, Japan) unless otherwise indicated.

Liver Specimens. Liver specimens used in this study were obtained
by needle biopsy, surgical wedge biopsy, or at liver transplantation.
These procedures were performed for diagnosis in 14 untreated pa-
tients who all were histologically confirmed to have PBC and all had
demonstrable antimitochondrial antibody in serum. The histologic
stage, based on Scheuer’s classification,26 was as follows: stage I in 4
cases, stage II in 6, stage III in 1, and stage IV in 3. Five liver speci-
mens from PBC (all stage II) treated with UDCA for more than 1 year
were also studied. Six liver specimens from patients with PSC were
studied. The histologic stage of PSC, based on Ludwig’s classifica-
tion,27 was stage II in 2 and stage IV in 4 (Table 1). Six histologically
normal liver samples, 6 samples from patients with hepatitis C–as-
sociated cirrhosis (LC-C), and 4 with extrahepatic cholestasis
(Ex-C) were also included in the study. Liver biopsy had been per-
formed for diagnosis; only a few sections or a portion of the liver
specimen were used in the study.

Informed consent was obtained from each patient, and the study
protocol followed the ethical guidelines of the 1975 Declaration of

Helsinki as confirmed by a priori approval by the Kurume Universi-
ty’s Human Research Committee.

Immunohistochemistry. Double-indirect immunofluorescent stain-
ing for 7H6 and ZO-1 was performed in liver specimens as previously
described.24,25 Briefly, 6-�m-thick nonfixed frozen sections were in-
cubated with 100% cold acetone for 10 minutes. The sections were
then incubated with a mixture of an anti-7H6 mouse monoclonal
antibody20 and an anti–ZO-1 rabbit polyclonal antibody (Zymed
Laboratories, San Francisco, CA). Then, the sections were incubated
with the secondary antibodies, a mixture of fluorescein isothiocya-
nate–conjugated goat anti-mouse IgM (Cappel, Aurora, OH) and
tetramethylrhodamine isomer R–conjugated swine anti-rabbit im-
munoglobulins (Dako Japan, Kyoto, Japan). A confocal laser scan-
ning microscope (FV500; Olympus, Tokyo, Japan) equipped with an
argon/krypton laser capable of dual excitation and detection was
used to visualize immunostaining for 7H6 and ZO-1.

Quantitation of Immunostaining Intensity for 7H6 and ZO-1. Immuno-
staining for 7H6 and ZO-1 in each group of samples was quantified in
hepatocytes and in bile ducts 40 to 80 �m in diameter, the latter
being the structures mainly affected in PBC.28 In each group, confo-
cal laser scanning microscopic images were obtained randomly from
3 liver specimens. All images were coded to avoid bias during quan-
titation. Immunostaining intensities for 7H6 and ZO-1 were assessed
as individual pixel intensities using a Macintosh computer (Power
Macintosh 7600/200; Apple Computer, Cupertino, CA) with the
public-domain program NIH Image 1.62. Immunostaining intensity
curves were constructed by averaging immunostaining intensity
curves from 15 randomly selected hepatocyte and BEC TJ in 9 im-
ages.

Percentage of Bile Ducts With Immunostaining for 7H6. Liver speci-
mens containing more than 6 bile ducts each measuring 40 to 80 �m
in diameter were used for analysis. In double immunostaining for
7H6 and ZO-1, immunostaining for 7H6 was evaluated only in bile
ducts retaining ZO-1 immunostaining. Bile ducts with more than
two thirds of BEC showing 7H6 immunostaining were defined as bile
ducts retaining immunostaining for 7H6, and the percentage of bile
ducts with immunostaining for 7H6 in all bile ducts analyzed was
calculated. A total number of bile ducts analyzed were 35 in controls,
37 in LC-C, 30 in Ex-C, 76 in PSC, 89 in PBC stages I and II, 31 in
PBC stages III and IV, and 24 in PBC treated with UDCA.

Statistical Analysis. All data are expressed as the mean � SE. Dif-
ferences between 2 groups were analyzed by the Mann-Whitney U
test. P � .05 was considered statistically significant.

RESULTS

Immunostaining Distribution. In the BEC of control group liv-
ers, immunostaining for 7H6 and ZO-1 colocalized at the api-
cal portion of the cell border that corresponds to the site of
TJ. In contrast, immunostaining for 7H6 in BEC was greatly
reduced in PBC. This change was recognized in bile ducts 40
to 80 �m in diameter in the early stages (stages I and II). This
was also apparent in the late stages (stages III and IV), even
though the numbers of bile ducts ranging from 40 to 80 �m in
diameter were decreased in these stages. Immunostaining for
7H6 in BEC was well preserved in PBC treated with UDCA
(Fig. 1). On the other hand, immunostaining for 7H6 was
readily demonstrated in BEC in PSC as well as Ex-C (Fig. 2).

In control specimens, hepatocytes showed immunostaining
for both 7H6 and ZO-1 that was localized mainly at the out-
lines of the bile canaliculi. In contrast, immunostaining for
7H6 was discontinuous and less uniformly present in hepato-
cytes in early-stage (I and II) PBC. Immunostaining for 7H6 in
hepatocytes was even more discontinuous or lost in late-stage
(III and IV) PBC. Immunostaining for 7H6 was well preserved
in hepatocytes of PBC treated with UDCA (Fig. 3). The PSC

TABLE 1. Patient Characteristics

Age Sex Stage
TB

(mg/dL)
ALT

(IU/L)
ALP

(IU/L)
GGT

(IU/L)

PBC
1 62 Male I 1.1 66 420 180
2 63 Female I 0.5 55 893 288
3 64 Female I 0.5 63 283 392
4 67 Female I 0.8 16 686 223
5 58 Female II 1.4 61 442 57
6 59 Female II 0.9 82 660 280
7 67 Female II 0.5 19 425 58
8 38 Female II 0.7 25 1435 127
9 49 Female II 0.6 49 696 225

10 59 Male II 0.8 134 1204 447
11 44 Female III 1.4 114 778 1082
12 49 Female IV 10.9 122 1277 212
13 44 Female IV 10.9 53 443 612
14 47 Female IV 8.8 77 393 73

PSC
1 24 Male II 0.9 31 274 80
2 78 Male II 0.8 45 309 66
3 16 Female IV 10.8 155 985 120
4 28 Male IV 21.6 84 311 58
5 47 Female IV 33.0 20 237 70
6 25 Male IV 0.7 74 505 89

Abbreviations: TB, total bilirubin; ALT, alanine-transaminase; ALP, alka-
line phosphatase; GGT, �-glutamyl transpeptidase.
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FIG. 1. Immunostaining for 2
proteins, 7H6 (green signal) and
ZO-1 (red signal), localizes at the
apical and lateral membranes of BEC
in a control liver specimen. A
merged image shows colocalization
of immunostaining for 7H6 and
ZO-1 (yellow signal) (A). In PBC (B
and C), while the middle-sized bile
duct (40 to 80 �m in diameter) (B
and arrow in [C]) shows faint or ab-
sent immunostaining for 7H6 and
retains staining for ZO-1, the large
bile duct retains immunostaining for
both 7H6 and ZO-1, resembling the
pattern in the control (C). A merged
image clearly shows disappearance
of immunostaining for 7H6 protein
in BEC of middle-sized bile ducts (B
and C). A Nomarski image is over-
laid on the merged image in PBC (B).
In PBC treated with UDCA, immu-
nostaining for 7H6 in BEC is well
preserved (D). (A and B), Bar � 30
�m; (C), bar � 60 �m; (D), bar � 10
�m.



and Ex-C groups showed markedly decreased immunostain-
ing for 7H6 in hepatocytes (Fig. 4).

In contrast to the dramatic alteration of immunostaining for
7H6 in PBC and PSC, no marked change in localization of
immunostaining for ZO-1 was seen in BEC or hepatocytes in
PBC or PSC.

Immunostaining Intensity. The distribution and intensity of
immunostaining for 7H6 and ZO-1 were analyzed (Fig. 5). In
control BEC, immunostaining for 7H6 and ZO-1 showed sim-
ilar intensity and colocalization at TJ. In contrast, intensity of
immunostaining for 7H6 in BEC was markedly reduced in
early stages (I and II) of PBC compared with that in controls.
The change in intensity of immunostaining for 7H6 was more
evident in BEC in late stages (III and IV) in PBC. Immuno-
staining for 7H6 was well preserved in BEC of PBC treated
with UDCA. In PSC and Ex-C, the intensity of immunostain-
ing for 7H6 was relatively increased in BEC. The intensity of
immunostaining for ZO-1 was increased in BEC of both PBC
and PSC specimens compared with intensity in controls.

In hepatocytes of control specimens, immunostaining for
7H6 and ZO-1 colocalized at TJ with similar intensity. In
hepatocytes of PBC, immunostaining for 7H6 was slightly
decreased in intensity at TJ. Those changes were most evident
in hepatocyte in late stages (III and IV) of PBC. In both early
and late stages of PBC, changes in immunostaining for 7H6
were more evident in BEC than in hepatocytes. In PBC treated
with UDCA, immunostaining for 7H6 was well preserved in
hepatocytes. Immunostaining for 7H6 in hepatocytes was ex-
tremely diminished in PSC and in Ex-C. Intensity of immu-
nostaining for ZO-1 was greater in hepatocytes in PBC, PSC,
and Ex-C specimens than in controls. Changes in distribution
in immunostaining for ZO-1 were not evident in PBC and
PSC.

Percentage of Bile Ducts With Immunostaining for 7H6. In con-
trols, more than 90% of bile ducts showed retaining immuno-
staining for 7H6. This immunostaining was retained in bile
ducts in LC-C, Ex-C, and PSC. However, only 34.6% � 13.1%
and 14.9% � 11.3% of bile ducts showed immunostaining for
7H6 in early-stage (I and II) PBC and in late-stage (III and IV)
PBC, respectively. The percentage of bile ducts with immuno-
staining for 7H6 was significantly lower than in control, LC-C,
Ex-C, or PSC specimens (all P � .001). In PBC treated with
UDCA, the percentage was 72.0% � 5.2%, which was signif-
icantly higher than that in untreated PBC (P � .05) (Fig. 6).

DISCUSSION

In this study, we demonstrated that immunostaining for
7H6 in BEC was significantly decreased or disappeared in
PBC. This change was never seen in BEC of PSC, Ex-C, or
LC-C cases, although immunostaining for 7H6 was decreased
in hepatocytes in late stages of PBC, PSC, and Ex-C. Alteration
of TJ in BEC, then, is a characteristic feature of PBC.

Ultrastructural changes in intrahepatic bile ducts have been
well documented in PBC. Lateral intercellular spaces of BEC
are irregularly dilated and contain granular material that ap-
pears similar to that found in duct lumens and in the cyto-
plasm of periductal macrophages.3,4 Although these findings
suggest alteration of paracellular permeability in BEC, to date,
these have not directly addressed bile duct permeability or
changes in molecular architecture of tight junctions in PBC.

TJ creates a regulated barrier in the paracellular pathway.16

A growing number of TJ-associated proteins have been iden-
tified and characterized.16 ZO-1, the best-characterized TJ-
associated protein, belongs to a membrane-associated guanyl-
ate kinase homologue protein family.16 On the other hand,
7H6 was isolated from the bile canaliculus–rich membrane

FIG. 2. Immunofluorescence lo-
calization of 7H6 (green signal) and
ZO-1 (red signal) in bile ducts in
PSC (A) and Ex-C (B). Immuno-
staining for 7H6 and ZO-1 is present
at the apical and lateral membranes
of BEC in both groups. A merged im-
age (yellow signal) shows colocaliza-
tion of immunostaining for 7H6 and
ZO-1. A Nomarski image is overlaid
on the merged image in PSC (A).
(A), Bar � 30 �m; (B), bar � 10 �m.
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FIG. 3. Immunostaining for 7H6
(green signal) and ZO-1 (red signal) in
hepatocytes of a control liver specimen
(A). Immunostaining for both 7H6 and
ZO-1 is colocalized along the bile canal-
iculi in a control liver. In an early stage
(stage II) of PBC (B), immunostaining
for 7H6 and ZO-1 shows discontinuous
lines with slightly decreased intensity of
immunostaining for 7H6, but not for
ZO-1. In a late stage (stage IV) of PBC
(C), immunostaining for 7H6 has disap-
peared, while immunostaining for ZO-1
persists along bile canaliculi. In PBC
treated with UDCA (D), immunofluo-
rescence for both 7H6 and ZO-1 is well
presented. (A-C), Bar � 30 �m; (D),
bar � 10 �m.
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fraction in rat liver and is characterized as a TJ-associated
phosphorylated protein.20 Immunolocalization of 7H6 corre-
lates closely with paracellular permeability, and 7H6 serves as
a reliable immunocytochemical marker for monitoring epi-
thelial barrier function.21-23 Therefore, we performed immu-
nostaining for 7H6 to evaluate paracellular permeability, and
also stained for ZO-1, a protein whose immunolocalization
does not correlate with paracellular permeability.21

In the preliminary study, when we stained both ZO-1 and
CK-19, a marker for bile ducts, using livers of PBC, more than
80% of the remaining CK-19–positive bile ducts presented
immunostaining for ZO-1 even in PBC livers (85.4% �
14.5%). Thus, in double immunostaining for 7H6 and ZO-1,
immunostaining for 7H6 was evaluated only in bile ducts
retaining ZO-1 immunostaining. In the present study, immu-
nostaining for 7H6 showed alteration or disappearance in
BEC even in early PBC (stages I and II). These alterations
occurred mainly in small to middle-sized bile ducts (� 80 �m
in diameter), the predominant lesion site in PBC.27 While
immunostaining for 7H6 was lost in these bile ducts, immu-
nostaining for ZO-1 still was preserved in many bile ducts in
PBC, suggesting that the BEC had retained their cellular con-
tacts. On the other hand, these changes were not recognized
in BEC in PSC, Ex-C, or LC-C.

Considering the characteristics of 7H6 noted above, we
speculate the following pathogenetic sequence. Paracellu-
lar permeability of BEC is increased in PBC, allowing toxic

bile acids or various antigens to enter the periductal area
from the lumen of bile ducts. This spillover may promote
infiltration of lymphocytes, macrophages, and plasma cells
around bile ducts. These cells then secrete various cyto-
kines, including tumor necrosis factor-�, interferon-�, in-
terleukin-1, and interleukin-6, which in turn would aggra-
vate bile duct injury in PBC.29 The 7H6 changes are fairly
specific: no changes of immunostaining for 7H6 occur in
BEC of PSC, Ex-C, and in rats with bile duct ligation.24 We
also demonstrated that immunostaining for 7H6 was al-
tered in both BEC and hepatocytes in the late stages of PBC
(stages III and IV). Bile regurgitation is considered to occur
through damaged BEC or through hepatocytes in these late
stages, when the numbers of remaining bile ducts are de-
creased and severe hepatocytic cholestasis is present. How-
ever, it is not still clear that immunolocalization of 7H6 is
closely related with paracellular permeability in BEC, al-
though this was already demonstrated in many other cells,
including hepatocytes.21,22,24,25 Thus, further studies on
the relationship between TJ permeability and immunolo-
calization of 7H6 in BEC should be performed. It is impor-
tant to determine whether the changes in 7H6 localization
are causally related phenomena or epiphenomenona. It has,
however, many difficulties in evaluating the paracellular
permeability in patients with PBC and following both
structural and functional changes of TJ. 7H6 regulates
paracellular permeability through protein phosphoryla-

FIG. 4. Immunostaining of hepa-
tocytes in both PSC (A) and Ex-C (B)
shows faint or absent fluorescence
for 7H6 (green signal), but preserves
fluorescence for ZO-1 (red signal).
(A), Bar � 30 �m; (B), bar � 10 �m.
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tion,21 and can have various effects. In our previous study
using rat livers,25 there is an obvious relationship between
the changes in 7H6 localization and paracellular perme-
ability. The changes in 7H6 are seen in the early stage of
cholestatic rat livers, which show normal liver-function
tests and liver tissue. Similarly, the changes in 7H6 local-
ization were seen even in patients with early-stage PBC in
this study. Thus, the changes in 7H6 localization may be
causally related phenomena.

Why immunostaining for 7H6 is altered in BEC in PBC is
not clear, and several mechanisms could be suggested. First,
cytotoxic bile acids may induce alterations of TJ in BEC. Bile
acids are reabsorbed by BEC, where they can affect mitochon-

dria to result in impaired adenosine triphosphate produc-
tion.30-32 With such adenosine triphosphate reduction, 7H6
could disappear, and paracellular permeability therefore
would increase.21-23 However, in PSC or Ex-C, the alter-
ation of immunostaining for 7H6 in BEC was not observed.
Therefore, there could be other factors besides toxic bile acids
to produce these changes in BEC of PBC. The second possi-
bility is accumulation of endotoxin in BEC in PBC.33 Endo-
toxin is known to increase expression of uncoupling
protein-2, which decreases the intracellular adenosine
triphosphate level.34 As the third possible mechanism, cyto-
toxic T cells, which frequently are present surrounding bile
ducts in PBC,35 could release proinflammatory cytokines. Sev-

FIG. 5. Analysis of immuno-
staining intensity in confocal laser
scanning microscopic images in con-
trol liver specimens (CON), PSC,
Ex-C, early stages (I and II) and late
stages (III and IV) of PBC, and PBC
treated with ursodeoxycholic acid
(PBC-UDCA). In BEC, immuno-
staining for 7H6 and ZO-1 normally
are colocalized with similar intensity
at TJ. Immunostaining for 7H6 is de-
creased at TJ in BEC in early stages of
PBC (stages I and II) and more evi-
dently in late stages of PBC (stages
III and IV). In PBC-UDCA, immuno-
staining for 7H6 in BEC is fairly pre-
served. In PSC and Ex-C, immuno-
staining for 7H6 in BEC shows wider
and greater intensity than in con-
trols. Immunostaining for ZO-1 in
BEC shows wider and more intensity
in both PBC and PSC than in control
specimens. In hepatocytes (HEP),
immunostaining for 7H6 and ZO-1
colocalizes with similar intensity at
TJ in controls. Hepatocytic immuno-
staining for 7H6 is relatively dimin-
ished in PBC of stages III and IV, as
well as in PSC and Ex-C. Hepatocytic
immunostaining for 7H6 is well pre-
served in PBC-UDCA. Immuno-
staining for ZO-1 in HEP increases
with wider distribution in both PBC
and PSC. Each curve shown indi-
cates an average immunostaining in-
tensity obtained by averaging 15
immunostaining intensity curves
representing 15 sections from 5
specimens.
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eral of these cytokines are known to increase paracellular
permeability.

36, 37

We also investigated changes in immunostaining for 7H6 in
PSC, another chronic cholestatic liver disease. Here, a de-
crease or disappearance of immunostaining for 7H6 was seen
in hepatocytes, but not BEC, which was quite similar to the
result in Ex-C. These findings differ from those in PBC, indi-
cating that, in PSC, bile regurgitates through TJ as a result of
increased paracellular permeability between hepatocytes, not
BEC. This distinction held even in the terminal stage of PSC.
Similar changes of hepatocytic immunostaining for 7H6 could
be seen in Ex-C and in rat bile duct ligation.24 Altered hepa-
tocyte TJ in PSC may be a secondary change resulting from
impaired bile flow caused by narrowing or obliteration of bile
ducts.

The bile-regurgitation route in cholestatic liver diseases,
including PBC and PSC, has not been studied previously, al-
though biochemical evidence of bile regurgitation has been
described. The present results, demonstrating marked alter-
ation or disappearance of immunolocalization of 7H6 of BEC
in PBC, support the hypothesis that increased paracellular
permeability between BEC may be central to pathogenesis of
PBC. However, further studies are required to identify the
primary events in PBC.

Administration of UDCA improves clinical and biochemi-
cal cholestatic parameters; the alteration in the immunolocal-
ization of 7H6 was greatly corrected as well. It is possible that
the normalized immunolocalization of 7H6 protein at TJ pro-
duced by treatment with UDCA indicates preserved function
of TJ in BEC and contributes to biochemical and histologic
improvement in PBC. However, whether UDCA has direct
effects to correct the alteration of TJ in PBC should be inves-
tigated further.

Although PBC and PSC are chronic cholestatic diseases of
unknown etiology and both result in increased serum concen-
trations of bile constituents, we conclude that the paracellular
bile-regurgitation route differs greatly between these diseases
(Fig. 7).
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