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In recurrent primary biliary cirrhosis after liver transplantation,
biliary epithelial cells show increased expression of mitochondrial
proteins
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Abstract In biliary epithelial lesions in primary biliary cir-
rhosis (PBC), mitochondrial proteins associated with
deregulated autophagy are abnormally expressed. We exam-
ined whether this could be used as a diagnostic marker for
end-stage PBC and recurrent PBC after liver transplantation.
We examined the expression of the mitochondrial protein py-
ruvate dehydrogenase complex-E2 component and cyto-
chrome c oxidase, subunit I (CCO), the autophagy-related
marker microtubule-associated protein-light chain 3 (LC3),
and p62/sequestosome-1 and the senescence markers p16Ink4a

and p21WAF1/Cip1 in small bile ducts and bile ductules in
explanted livers from patients with PBC (n=20) in compari-
son with liver tissue from control patients (n=21) and post-
transplant samples including recurrent PBC and cellular rejec-
tion (n=28). Intense granular expression ofmitochondrial pro-
teins was significantly more frequent in small bile ducts in
explanted livers with PBC than in control livers (p<0.05).
Post-transplant samples comprised of three groups: group A
(positive for mitochondrial proteins, n=7), group B (positive
for either autophagy-related or senescence markers but nega-
tive for mitochondrial proteins, n=7), and group C (all nega-
tive, n=14). All but one case of group A were clinically and
histologically diagnosed as recurrent PBC. In contrast, all
cases of group B were diagnosed as cellular rejection. This
study suggests that the expression of mitochondrial proteins in

small bile ducts may be a useful diagnostic marker for end-
stage PBC and recurrent PBC after liver transplantation.

Keywords Primary biliary cirrhosis . Post-liver transplant
rejection . Pyruvate dehydrogenase complex-E2 component .

Biliary epithelial cell . Autophagy and cellular senescence

Introduction

Primary biliary cirrhosis (PBC) is an organ-specific autoim-
mune disease that presents with chronic, progressive cholesta-
sis, and liver failure [1–3]. PBC is characterized histologically
as cholangitis of the small bile ducts (chronic non-suppurative
destructive cholangitis; CNSDC), eventually followed by ex-
tensive loss of small bile ducts [1, 4]. Serum anti-
mitochondrial antibodies are characteristic of PBC.
Orthotopic liver transplantation (OLT) is widely performed
for PBC and PBC may sometimes recur in the transplanted
liver. Histological diagnosis of recurrent PBC can occasional-
ly be difficult [5], because portal inflammation and bile duct
damage similar to PBC rejection may also be found in other
conditions. In addition, end-stage PBC can be challenging to
distinguish from other chronic liver diseases, notably when
histological hallmarks such as florid duct lesions are not read-
ily present. This justifies the search for potential markers of
PBC recurrence and end-stage PBC.

We have previously reported that biliary epithelial cells
(BECs) in bile duct lesions in PBC show unique expression
of mitochondrial antigens, autophagy and deregulated autoph-
agy markers, and markers of senescence [6–9]. We reported
that in PBC biliary epithelial cells (BECs) involved in
CNSDC show cellular senescence, characterized by increased
expression of senescence-associated β-galactosidase (SA-β-
gal), p16INK4a and p21WAF1/Cip1, and telomere shortening [6,
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10, 7, 11]. We also reported that deregulated macroautophagy
(hereafter referred to as autophagy) might be involved in the
pathogenesis of bile duct lesions in PBC [8, 12]. Furthermore,
our studies revealed that BECs in biliary epithelial lesions
show abnormal expression of mitochondrial antigens associ-
ated with deregulated autophagy, which may play a role in the
pathogenesis of PBC [9].

Given the specific pattern of expression of mitochondrial
antigens in biliary epithelial lesions in PBC, we hypothesized
that this might be helpful in the diagnosis of recurrent and end-
stage PBC. In this study, we examined expression of mito-
chondrial antigens, autophagy markers, and markers of senes-
cence in end-stage and post-transplant recurrent PBC cases.
We show that expression of mitochondrial antigens might be
useful as diagnostic marker for recurrent PBC after OLT and
also for end-stage PBC.

Materials and methods

Classification of intrahepatic biliary tree We classified the
intrahepatic biliary tree into intrahepatic large and small bile
ducts (septal and interlobular bile ducts) by their size and
distribution in the portal tracts [13]. Bile ductules, which are
characterized by tubular or glandular structures with a poorly
defined lumen and location at the periphery of the portal tracts
[13, 14], were not considered small bile ducts.

Liver tissue preparation We collected 74 liver tissue speci-
mens (biopsies or explants) from the liver disease files of our
laboratory and affiliated hospitals. The Ethics Committee of
Kanazawa University approved this study. The liver speci-
mens in this study consisted of: (1) end-stage cirrhotic speci-
mens: 20 cases of PBC (all explants), 7 of primary sclerosing
cholangitis (PSC, 4 biopsies and 3 explants), 7 of autoimmune
hepatitis (AIH, all explants), and 7 cases of nonalcoholic

steatohepatitis (NASH, 1 biopsy and 6 explants); (2) 28
post-orthotopic liver transplant (OLT) samples (all biopsies,
including 11 cases of recurrent PBC and 13 cases of acute
cellular rejection). All PBC cases were from patients fulfilling
clinical, serological, and histological characteristics consistent
with a diagnosis of PBC [1]. PBC livers were staged histolog-
ically [1]; 3 cases were stage 3 and 17 stage 4. All explants of
PSC, NASH, and AIH were stage 4.

Liver tissue samples were fixed in 10 % neutral-buffered for-
malin and embedded in paraffin. For each case, at least 20
serial sections, 4 μm thick, were cut from each block. Several
slides were then stained routinely with hematoxylin and eosin,
reticulin, and orcein for histology studies. The remaining sec-
tions were processed for immunohistochemistry.

I m m u n o h i s t o c h e m i s t r y We e x a m i n e d
immunohistochemically, as described previously [10], the
expression of the following mitochondrial antigens: pyruvate
dehydrogenase complex-E2 component (PDC-E2) and
cytochrome c oxidase subunit I (CCO), the autophagy marker
microtubule-associated protein-light chain 3β (LC3), the
deregulated autophagy marker p62/sequestosome-1 (p62),
and the senescence markers p16INK4a and p21WAF1/Cip1.
Details of the used primary antibodies are listed in Table 1.
In brief, after pretreatment for antigen retrieval (Table 1) and
blocking of endogenous peroxidase, the sections were incu-
bated with the primary antibody at 4 °C overnight. The Envi-
sion+solution (Dako) was then applied for 30 min at room
temperature. The reaction products were visualized using 3-3′-
diaminobenizidine tetra hydrochloride (Sigma Chemical, Co.,
St. Louis, MO) and H2O2. The sections were then lightly
counterstained with methyl green or hematoxylin. A similar
dilution of control mouse or rabbit Immunoglobulin G (Dako)
was applied instead of the primary antibody as negative

Table 1 Primary antibodies used in this study

Primary antibody Type (clone) Pre-treatment Dilution Source

Mitochondrial proteins

PDC-E2 Rabbit poly Proteinase K (RT, 10 min) 1:100 Santa-Cruz, Santa Cruz, CA

CCO Mouse mono (1D6E1A8) eARI–BA (121 °C, 5 min) 1:200 Invitrogen, Camarillo, CA

Autophagy-related markers

LC3 Goat poly eARI–BA (121 °C, 5 min) 1:50 Santa-Cruz, Santa Cruz, CA

p62 Rabbit poly eARI–BA (121 °C, 5 min) 1:1,000 MBL, Nagoya, Japan

Senescent markers

p16INK4a Mouse mono (JC8) eARI–BA (121 °C, 5 min) 1:100 Neomarkers, Fremont, CA

p21WAF1/Cip1 Mouse mono (70) eARI–BA (121 °C, 5 min) 1:100 BD transduction, San Jose, CA

PDC-E2 pyruvate dehydrogenase complex-E2 component, CCO cytochrome c oxidase, subunit I, p62 p62/sequestosome-1, LC3 microtubule-associ-
ated proteins-light chain 3β, RT room temperature, MW microwave treatment, CB 0.05 M citric buffer (pH 6), eARI, electronic antigen retrieval
instrument (Pascal, Dako), BA 0.05 M boric acid buffer (pH 8)
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control. Positive and negative controls were routinely includ-
ed. Histological analysis was performed in a blinded manner.

Extent of expression of immunohistochemical markers in
small bile ducts was scored as follows: 0 (negative), 1 (focal,
positive cells detected in three or fewer small bile ducts), and 2
(extensive, positive cells detected in more than three small bile
ducts). Extent of expression of immunohistochemical markers
in bile ductules was scored as follows: 0 (negative), score 1
(focal, positive cells detected in one third or fewer portal
tracts), and 2 (extensive, positive cells detected in more than
one third of portal tracts).

Laboratory data Laboratory data, including total bilirubin,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (AP), and γ-glutamyltransferase
(γ-GT), were available in 26 post-OLT patients. The correla-
tion between laboratory data and the expression of PDC-E2,
CCO, LC3, p62, p16INK4a, and p21WAF1/Cip1in small bile
ducts and bile ductules was assessed.

Statistical analysis Statistical analysis of the differences was
performed using the Kruskal–Wallis test with Dunn’s post-
test. Correlation between two groups was assessed using
Spearman’s correlation test. When the p value was <0.05,
the difference was considered significant.

Results

Marker expression in small bile ducts in end-stage livers

PDC-E2 and CCO Intense granular and vesicular expression
of PDC-E2 (Fig. 1) and CCO was seen in biliary epithelial
cells in small bile ducts in end-stage PBC livers (Figs. 1 and
2a). In our previous study, we also commonly observed PDC-
E2 and CCO expression in damaged small bile ducts [9]. In
contrast, the expression of PDC-E2 and CCO, if present, was
focal in non-PBC end-stage control livers (Figs. 1 and 2a).
PDC-E2 and CCO were significantly more frequently
expressed in small bile ducts in end-stage PBC than in end-
stage PSC (p<0.05; Fig. 2a).

LC3 and p62 Granular and vesicular expression of LC3 was
observed in small bile ducts in end-stage PBC livers, but not in
end-stage PSC, AIH, and NASH livers (Fig. 2a). Granular
expression of p62 was observed in small bile ducts of end
stage PBC livers, whereas the expression of p62 was absent
or faint in end-stage PSC and NASH livers (Figs. 1 and 2a).

p16INK4a and p21WAF1/Cip1 Nuclear and cytoplasmic expres-
sion of p16INK4awas observed, while expression of p21WAF1/

Cip1was nuclear. Expression of p16INK4a and p21WAF1/Cip1 was

observed in small bile ducts in some end-stage PBC and end-
stage PSC (Fig. 2a).

Marker expression in bile ductules in end-stage livers

PDC-E2 and CCO Intense granular expression of PDC-E2
and CCO was seen in bile ductules in end-stage PBC and
other diseases. PDC-E2 was significantly more frequently
expressed in end-stage PBC than in end-stage AIH livers
(p<0.05; Fig. 2b).

LC3 and p62 Granular and vesicular expression of LC3 and
p62 was seen in bile ductules in end-stage PBC and other
diseases (Fig. 2b). Granular expression of p62 was also seen
in bile ductules in end-stage PBC and other diseases (Fig. 2b).
Expression of LC3 and p62 in bile ductules was not signifi-
cantly different between PBC and other diseases.

p16INK4a and p21WAF1/Cip1 p16INK4a was frequently
expressed in bile ductules in end-stage PBC and other liver
diseases (Fig. 2b). Expression of p21WAF1/Cip1 was more fre-
quent in bile ductules in end-stage PBC, compared to PSC and
NASH (p<0.05; Fig. 2b). Expression of p21WAF1/Cip1 was
more frequent in bile ductules in end-stage AIH, compared
to NASH (p<0.05; Fig. 2b)

Fig. 1 Increased granular expression of pyruvate dehydrogenase, E2
component (PDC-E2) and p62 in small bile ducts in end-stage primary
biliary cirrhosis (PBC). Top) Intense granular and vesicular expression of
PDC-E2 was seen in biliary epithelial cells in small bile ducts (arrow) in
PBC, stage 4. Granular expression of p62 was observed in small bile
ducts (arrow) in PBC, stage 4. Bottom) The expression of PDC-E2 and
p62/sequestosome-1 (p62) was absent in biliary epithelial cells in the
small bile duct (arrow) in nonalcoholic steatohepatitis (NASH), stage 4.
Immunostaining for PDC-E2 and p62. Original magnification, x400
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Marker expression in small bile ducts in post-OLT livers

PDC-E2 and CCO Intense granular and vesicular expression
of PDC-E2 was seen in biliary epithelial cells in small bile
ducts in recurrent PBC after liver transplantation (Fig. 3). In
contrast, the expression of PDC-E2 was faint in small ductular
biliary epithelial cells in acute cellular rejection after liver
transplantation (Fig. 3). Expression of PDC-E2 was signifi-
cantly more frequent in small bile ducts in recurrent PBC than
in acute cellular rejection (p<0.05; Fig. 4a).

LC3 and p62 Granular expression of LC3 and p62 was ob-
served in small bile ducts in recurrent PBC after liver trans-
plantation (Fig. 3). Granular expression of LC3 and p62 was

also seen in small bile ducts in acute cellular rejection after
liver transplantation (Fig. 3). Expression of LC3 and p62 in
small bile ducts was not significantly different between recur-
rent PBC, acute cellular rejection, and other diseases (Fig. 4a).

p16INK4a and p21WAF1/Cip1 p16INK4a and p21WAF1/Cip1 ex-
pression was present in small bile ducts in some recurrent
PBC and in acute cellular rejection (Fig. 4a).

Table 2 and Fig. 5 summarize the expression pattern in all
post-OLT livers examined and the rate of expression in each
histological category (recurrent PBC, acute cellular rejection,
or others). Post-OLT samples were divided into group A (pos-
itive for both PDC-E2 and CCO; n=7), group B (positive for
either of LC3, p62, p21, or p16; negative for PDC-E2 and
CCO; n=7), and group C (all negative; n=14; Fig. 5). All
but one case of group A were clinically and histologically
diagnosed as recurrent PBC. In contrast, all but one case of
group B were diagnosed as rejection.

Marker expression in bile ductules in post-OLT livers

PDC-E2 and CCO Granular expression of PDC-E2 and
CCO in bile ductules in post-OLT livers was not significantly
different between recurrent PBC, acute cellular rejection and
others (Fig. 4b).

�Fig. 2 Semiquantitative evaluation of mitochondrial, autophagy-related
and senescent markers expression in biliary epithelial cells in PBC and
control livers. a) Expression in small bile ducts. Grey column, score 1
(mild) and black, score 2 (extensive). *, p<0.05. PDC-E2 pyruvate
dehydrogenase complex-E2 component, CCO cytochrome c oxidase,
subunit I, p62, p62/sequestosome-1;LC3 microtubule-associated
proteins-light chain 3β, PBC primary biliary cirrhosis, PSC primary
sclerosing cholangitis, AIH autoimmune hepatitis, NASH nonalcoholic
steatohepatitis, TL post-liver transplantation. b) Expression in bile
ductules. Grey column, score 1 (mild) and black, score 2 (extensive). *,
p<0.05. PDC-E2 pyruvate dehydrogenase complex-E2 component,
CCO cytochrome c oxidase, subunit I, p62 p62/sequestosome-1, LC3
microtubule-associated proteins-light chain 3β, PBC primary biliary
cirrhosis, PSC primary sclerosing cholangitis, AIH autoimmune
hepatitis, NASH nonalcoholic steatohepatitis, TL post-liver
transplantation

Fig. 3 Increased granular expression of pyruvate dehydrogenase, E2
component (PDC-E2) in small bile ducts in recurrent primary biliary
cirrhosis (rPBC). Top) Intense granular and vesicular expression of
PDC-E2 was seen in biliary epithelial cells in small bile ducts (arrow)
in recurrent PBC after liver transplantation. Granular expression of
microtubule-associated proteins-light chain 3β (LC3) and p62/
sequestosome-1 (p62) was also observed in small bile ducts (arrows) in

recurrent PBC after liver transplantation. Bottom) The expression of
PDC-E2 was faint in biliary epithelial cells in the small bile duct
(arrow) in acute cellular rejection after liver transplantation. Granular
expression of LC3 and p62 was seen in small bile ducts (arrows) in
acute cellular rejection after liver transplantation (Reject).
Immunostaining for PDC-E2, LC3 and p62. Original magnification, x400
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LC3 and p62 Granular and vesicular expression of LC3 and
p62 in bile ductules in some cases of recurrent PBC and acute
cellular rejection (Fig. 4b) was not significantly different be-
tween recurrent PBC, acute cellular rejection, and others
(Fig. 4b).

p16INK4a and p21WAF1/Cip1 p16INK4a expression was present
in bile ductules in some cases of recurrent PBC and acute
cellular rejection (Fig. 4b). p21WAF1/Cip1 expression was pres-
ent in bile ductules in some post-OLT livers (Fig. 4b).

Correlation between laboratory data and marker
expression

Serum AST and ALT levels correlated with the expression of
LC3 in small bile ducts (AST, p=0.028, r=0.479; ALT, p=
0.035, r=0.462). Serum AST and ALT levels correlated with
the expression of LC3 in bile ductules (AST, p=0.0045, r=
0.594; ALT, p=0.016, r=0.519) and of p21 in bile ductules
(AST, p=0.0055, r=0.584; ALT, p=0.032, r=0.468). Serum
AST level correlated with the expression of p16 in bile duct-
ules (p=0.046, r=0.440).

Discussion

This study confirms that expression of mitochondrial proteins
(PDC-E2 and CCO) is significantly more frequent in small
bile ducts in end stage PBC, suggesting that this might be used
as a diagnostic marker for end-stage PBC.We have previously
demonstrated that in BECs in damaged small bile ducts in

�Fig. 4 Semiquantitative evaluation of mitochondrial, autophagy-related
and senescent markers expression in biliary epithelial cells in post-
orthotopic liver transplantation a) Expression in small bile ducts. Grey
column, score 1 (mild) and black, score 2 (extensive). *, p<0.05. PDC-
E2, pyruvate dehydrogenase complex-E2 component; CCO, cytochrome
c oxidase, subunit I; p62, p62/sequestosome-1; LC3, microtubule-
associated proteins-light chain 3β; TL, post-liver transplantation; rPBC,
recurrent primary biliary cirrhosis; AR, acute cellular rejection. b)
Expression in bile ductules. Grey column, score 1 (mild) and black,
score 2 (extensive). *, p<0.05; **, p<0.01. PDC-E2 pyruvate
dehydrogenase complex-E2 component, CCO cytochrome c oxidase,
subunit I, p62 p62/sequestosome-1, LC3 microtubule-associated
proteins-light chain 3β, TL post-liver transplantation, rPBC recurrent
primary biliary cirrhosis, AR acute cellular rejection

Table 2 Expression of mitochondrial, autophagy-related, and
senescent markers in small bile ducts in post-transplantation samples

Case no. Clin-diag Mitochondrial Autophagy-related Senescent

PDC-E2 CCO LC3 p62 p16 p21

1 rPBC 1 1 2 1 1 1

2 rPBC 1 1 2 2 1 1

3 rPBC 1 1 2 2 1 1

4 rPBC 2 2 1 1 0 1

5 rPBC 2 2 1 1 0 1

6 rPBC 1 2 0 0 0 0

7 rPBC 0 0 0 0 0 0

8 rPBC 0 0 0 0 0 0

9 rPBC 0 0 0 0 0 0

10 rPBC 0 0 0 0 0 0

11 rPBC 0 0 0 0 0 0

12 ACR 2 2 1 1 0 0

13 ACR 0 1 0 1 0 0

14 ACR 0 0 1 0 0 0

15 ACR 0 0 0 1 0 1

16 ACR 0 0 0 1 0 0

17 ACR 0 0 0 1 0 0

18 ACR 0 0 0 1 0 0

19 ACR 0 0 0 0 0 1

20 ACR 0 0 0 0 0 0

21 ACR 0 0 0 0 0 0

22 ACR 0 0 0 0 0 0

23 ACR 0 0 0 0 0 0

24 ACR 0 0 0 0 0 0

25 0 0 0 0 0 0

26 0 0 0 0 0 0

27 0 0 0 0 0 0

28 0 0 0 0 0 0

PDC-E2 pyruvate dehydrogenase complex-E2 component, CCO cyto-
chrome c oxidase, subunit I, p62 p62/sequestosome-1, LC3 microtu-
bule-associated proteins-light chain 3β, N needle biopsy, rPBC recurrent
primary biliary cirrhosis, ACR acute cellular rejection

Fig. 5 Histologic diagnosis and expression pattern of mitochondrial,
autophagy-related and senescent markers in small bile ducts in post-
transplantation samples. Black column, mitochondrial markers
(pyruvate dehydrogenase complex-E2component [PDC-E2] and
cytochrome c oxidase, subunit I [CCO])-positive; stripe column,
mitochondrial markers-negative and at least one of microtubule-
associated proteins-light chain 3β (LC3), p62/sequestosome-1 (p62),
p16INK4a, p21WAF1/Cip1-positive; white column, all negative. rPBC,
Cases histologically diagnosed as recurrent primary biliary cirrhosis;
Rejection; acute cellular rejection
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PBC, especially in early stages, expression of mitochondrial
proteins is increased due to deregulated autophagy [9]. Since
all our PBC cases were end stage, the difference in frequency
of staining as compared to what we reported previously is
likely secondary to the lack of early stages in the present case
series [9]. When present, extensive expression of mitochon-
drial proteins (PDC-E2 and CCO) in small bile ducts suggests
PBC, even in the end stage.

The present study also clearly shows that the expression of
PDC-E2 and CCO in small bile ducts may be useful as a
diagnostic marker for recurrent PBC. Interestingly, most cases
showing expression of mitochondrial proteins in small bile
ducts were clinically and histologically diagnosed as recurrent
PBC. In contrast, most cases showing in small bile ducts either
LC3, p62, p16INK4a, or p21WAF1/Cip1expression and no expres-
sion of PDC-E2 and CCO were diagnosed as acute cellular
rejection. To distinguish recurrent PBC from rejection can be
problematic because of overlapping histologic features of bile
duct injury [5]. Although the presence of florid
(granulomatous) bile duct lesions is regarded as presumptive
evidence of PBC recurrence, florid duct lesions are only seen
in around 30% of liver biopsies from patients with PBC [5]. A
few reports have considered diagnostic markers for recurrent
PBC. One study suggests that epithelial–mesenchymal transi-
tion may be involved in the pathogenesis of bile duct loss
during early stages of recurrent PBC [15]. Immunohistochem-
ical studies of PDC-E2 expression in liver allografts have
produced conflicting results in previous studies [16, 17]. Our
study provides further evidence that extensive expression of
mitochondrial proteins (PDC-E2 and CCO) in small bile ducts
is a characteristic of recurrent as well as native PBC. Although
one case (case no. 19 in Table 2) showed positive PDC-E2 and
CCO staining, it was not histologically and clinically defini-
tive for recurrent PBC and further follow-up is needed to
clarify this issue.

We found in most cases diagnosed as acute cellular rejec-
tion in small bile ducts expression of LC3, p62, p16INK4a, or
p21WAF1/Cip1, but not of PDC-E2 and CCO. Several studies
have focused on expression of p16INK4a and p21WAF1/Cip1 in
small bile ducts in liver allograft rejection. In chronic liver
allograft rejection as well as in PBC, both characterized by
progressive loss of intrahepatic bile ducts, cellular senescence
of biliary epithelial cells is reportedly critical to the mecha-
nism of bile duct loss [18]. We also reported increased expres-
sion of p16INK4a and p21WAF1/Cip1 in small bile ducts in chron-
ic rejection [6]. Biliary epithelial senescence with increased
expression of p21WAF1/Cip1 has also been reported in acute
cellular rejection [19]. The present study presents further ev-
idence of the occurrence of biliary epithelial senescence in
small bile ducts in acute and chronic rejection.

We found that small bile ducts in acute cellular rejection
frequently show expression of LC3 and/or p62. Expression of
LC3, p62, p16INK4a, or p21WAF1/Cip1 is frequently observed in

damaged small bile ducts in PBC [6, 10, 7, 11, 8]. We previ-
ously reported that autophagy precedes cellular senescence in
BECs in PBC [8]. In vitro studies showed that oxidative stress,
starvation, and hydrophobic bile acid (GCDC) induce autoph-
agy and deregulated autophagy in BECs [12, 8]. Taken togeth-
er, these data suggest that in the liver allograft bile duct injury
by acute cellular and chronic rejection deregulates autophagy
and induces subsequent cellular senescence. Although bile
duct injury in terms of deregulated autophagy and cellular
senescence resembles that in PBC, our study shows that in
acute cellular and chronic rejection expression of mitochon-
drial proteins is different from that in PBC. We hypothesize
that different mechanisms may be involved in the pathogene-
sis of bile duct injury in acute and chronic rejection as com-
pared to those operative in PBC.

We noted that in post-OLT livers AST and ALT levels
significantly correlated with expression of LC3 in small bile
ducts and bile ductules and with the expression of p21WAF1/

Cip1 in bile ductules, but the responsible mechanisms remain
unclear. One possibility is that severe liver injury might lead to
hepatocellular damage as well as biliary epithelial autophagy/
deregulated autophagy in post-OLT livers.

In conclusion, our data show that expression of mitochon-
drial proteins in small bile ducts is a potentially useful diag-
nostic marker for end-stage PBC and recurrent PBC following
liver transplantation.
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