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SUMMARY
Objective: Identify molecular basis of cholestatic cirrhosis with hepatocellular carcinoma (HCC) in a 55-year-old woman
Design: Case study
Settings: Center of Cardiovascular Surgery and Transplantation, Brno, Czech Republic
Material and Methods: A woman aged 60y had pruritus and icterus as an infant, with normal-range serum gamma-glutamyl 
transpeptidase activity, that were palliated effectively by biliary diversion and pharmacotherapy. Cirrhosis (diagnosed at age 
20y) was complicated by portal hypertension with variceal bleeding (29y) and hypersplenism requiring splenectomy (34y). 
Jaundice recurred after a viral illness treated with acetaminophen, and worsened; serum alpha-fetoprotein was elevated, 
and magnetic resonance imaging found a 22mm left-lobe mass. At transplant hepatectomy (55y), HCC arisen in cirrhosis 
was confirmed. Immunostaining for bile salt export pump (BSEP), encoded by ABCB11, was conducted and ATP8B1, 
ABCB11 and TJP2 were analyzed in the patient and her first-degree relatives.
Results: BSEP was unremarkably expressed in the explanted liver. Compound heterozygosity for 2 pathogenic point mu-
tations in ABCB11, encoding bile salt export pump (BSEP), was identified (c.2495G>A [p.Arg.832His] and c.2629G>A 
[p.Gly877Arg]), without ATP8B1 lesions. Both mutations are reported in association with progressive familial intrahepatic 
cholestasis. 
Conclusion: HCC associated with PFIC due to ABCB11 mutations is recognized in children. To our knowledge, no report 
in an adult has yet appeared. Our patient had PFIC with functional but not absolute deficiency of BSEP. Unusually slow 
progression of her disease can be attributed to residual BSEP function, assisted by surgical and medical palliative interven-
tions.
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SOUHRN
Husová L., Sticová E., Žampachová V., Neřoldová M., Jirsa M.: Progresivní familiární intrahepatální cholestáza 
v dospělosti: �0leté sledování
Cíl studie: Objasnit molekulární příčinu cholestatické cirhózy s hepatocelulárním karcinomem (HCC) u 55leté ženy
Typ studie: Kasuistika
Název a sídlo pracoviště: Centrum kardiovaskulární a transplantační chirurgie Brno
Materiál a metody: Dnes 60letá žena prodělala v dětství žloutenku provázenou pruritem s normální sérovou aktivitou gama-
glutamyltransferázy, která byla účinně léčena cholecystoduodenoanastomózou a poté farmakologicky. Jaterní cirhóza dia-
gnostikovaná ve 20 letech byla v 29 letech komplikována portální hypertenzí, krvácením z jícnových varixů a ve 34 letech 
hypersplenismem vyžadujícím splenektomii. Žloutenka se znovu objevila při viróze léčené acetaminofenem a postupně se 
zhoršovala, byla zjištěna zvýšená hladina alfa-fetoproteinu a magnetická rezonance ukázala 22mm ložisko v levém jaterním 
laloku. V 55 letech podstoupila nemocná transplantaci jater a hepatocelulární karcinom byl potvrzen. Následně bylo pro-
vedeno imunohistologické vyšetření explantátu na pumpu žlučových kyselin (BSEP) kódovanou ABCB11, mutační analýza 
genů ATP8B1, ABCB11 a TJP2 a vyšetření v rodině.
Výsledky: Protein BSEP byl v explantovaných játrech exprimovaný. Molekulární vyšetření prokázalo, že nemocná je složený 
heterozygot pro dvě patogenní bodové mutace (c.2495G>A [p.Arg.832His] a c.2629G>A [p.Gly877Arg]) dříve nalezené 
u dětí s progresivní familiární intrahepatální cholestázou. 
Závěr: Asociace HCC s PFIC2 je známa u dětí. U dospělých však dosud nebyla popsána. Příčinou PFIC u naší nemocné byl 
zřejmě významný funkční, avšak nikoliv kompletní deficit BSEP.  Nezvykle pomalou progresi choroby lze vysvětlit reziduální 
transportní aktivitou exprimovaného mutovaného proteinu umožňující efektivní působení sekvestrantů žlučových kyselin 
a choleretik.
Klíčová slova: jaterní cirhóza, transplantace jater, žloutenka, Bylerova choroba, Summerskill-Walsheův syndrom.
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Introduction

Progressive familial intrahepatic cholestasis (PFIC) 
denotes a genetically heterogenous group of autoso-
mal recessive liver diseases. PFIC was 30 years ago 
also called „Byler disease“, with Amish extended kin-
dred in which it was first described supplying the epo-
nym [1]. Clinical manifestations usually appear during 
the first year of life as permanent jaundice (albeit some-
times initially episodic), severe pruritus, steatorrhea, 
anorexia, growth retardation, and hepatosplenomega-
ly. Additional features resulting from fat-soluble vitamin 
malabsorption include coagulopathy, osteopenia, and 
neuromuscular disorders [2, 3]. 

ABCB11 or ATP8B1 mutations most frequently un-
derlie PFIC with low serum gamma-glutamyltransferase 
(GGT) activity [2, 3]. ATP8B1, expressed body-wide, 
encodes an aminophospholipid-transporting flippase, 
ATP8B1 / familial intrahepatic cholestasis 1 (FIC1), that 
in the hepatocyte maintains compositional asymmetry 
between the two hemileaflets of the bile-canaliculus 
membrane. Functional or absolute deficiency of FIC1 
impairs membrane stability [3]. How cholestasis follows 
is incompletely understood. ABCB11, expressed only 
in hepatocytes, a transporter, ABCB11 / bile salt ex-
port pump (BSEP), effectively the sole route for con-
jugated bile salts from cytoplasm into canalicular bile. 
Functional or absolute deficiency of BSEP impedes bile 
salt secretion. Hepatocellular injury and cholestasis en-
sue [3]. In both ATP8B1 disease and ABCB11 disease, 
fibrosis and cirrhosis develop, but biomarker patterns 
vary – in ATP8B1 disease reflecting bland cholestasis, 
in ABCB11 disease cholestatic hepatitis instead [3]. 
Hepatocellular carcinoma (HCC) may develop in early 
childhood, generally on a background of cirrhosis in 
ABCB11 disease or in the rare TJP2 disease [4-6].

Conservative therapy of both ATP8B1 disease and 
ABCB11 disease includes administration of ursodeoxy-
cholic acid, simvastatin, cholestyramine, and rifampicin. 
Its efficacy is generally low. Surgical procedures such 
as terminal-ileum bypass or partial cutaneous biliary 
diversion [7], which reduce the pool of circulating bile 

salts, can palliate PFIC. Liver transplantation (LTX), 
however, currently is the only definitive therapy.

Case study

A 60yo woman with an unremarkable family his-
tory suffered from jaundice and pruritus as an infant 
and toddler. After construction of a cholecystoduo-
denal anastomosis (age 2y), jaundice resolved. She 
experienced temporary cholestatic bouts thereafter, 
with long symptom-free periods. Aged 20y, after 5mo 
of non-remitting icterus and pruritus, surgical revision 
was undertaken. Whilst the biliary tract was patent, the 
liver appeared cirrhotic (confirmed histopathologically). 
PFIC was diagnosed and cholestyramine therapy was 
initiated, with near-complete resolution of symptoms 
and signs of cholestatic liver disease [8]. 

During the next cholestatic attack (29y) ascites de-
veloped and variceal hemorrhage occurred. LTX was 
considered, but cholestasis resolved, and supportive 
therapy was continued. Adhesions and splenomegaly 
were found on laparoscopy (31y) undertaken during 
general re-assessment, at which hypercholanemia 
without unusual bile-acid species was confirmed. Ur-
sodeoxycholic acid was given. Splenectomy was un-
dertaken for hypersplenism (34y).

Cirrhosis appeared adequately compensated on 
outpatient monitoring until, following an intercurrent vi-
ral illness for which paracetamol was given, jaundice 
and pruritus recurred and worsened rapidly (55y). Se-
rum alpha-foetoprotein values were elevated (507µg/L). 
Magnetic resonance imaging showed a 22mm mass 
involving liver segments II and III. LTX was undertaken; 
the explanted liver contained a single HCC (G2, 22mm), 
with focal angioinvasion, corresponding to the mass, 
arisen against biliary cirrhosis with chronic cholestasis. 
On immunostaining, canalicular expression of BSEP 
was unremarkable (Fig. 1). Although recovery from LTX 
was both complicated and prolonged, at present (60y; 
5y follow-up) the patient is well, without biomarker evi-
dence of hepatobiliary disease. 

Fig. �. Explanted liver; septal fibrosis (A) and preserved immunohistochemical expression of BSEP along bile canaliculi (B). 
(A) Verhoeff’s van Gieson, original magnification x40. (B) Rabbit polyclonal anti-BSEP primary antibody (NBP1-89319, Novus 
Biologicals, Abingdon, UK), hematoxylin counterstain; original magnification x400.
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Whilst PFIC appeared an appropriate diagno-
sis, atypical clinicopathologic features were thought 
to warrant genetic study (HCC, unknown in ATP8B1 
disease; age at development of HCC and unremark-
able BSEP expression, both unusual in ABCB11 dise- 
ase). Analysis of ATP8B1, ABCB11, and TJP2 was 
offered. The patient provided informed consent. The 
sequence of the coding regions of both genes, inclu- 
ding untranslated regions and portions adjoining introns, 
was analysed in genomic DNA isolated from peripheral 
blood via cycle sequencing on an ABI3130 genetic ana- 
lyzer (Applied Biosystems, Foster City, CA). Whereas 
no predictably pathogenic sequence variations were 
found in ATP8B1 (refseq NM_005603.4) and TJP2 (ref-
seq NM_004817.3), two known pathogenic missense 
mutations were detected in ABCB11 (refseq NM_
003742.4): c.2495G>A (p.Arg.832His) and c.2629G>A 
(p.Gly877Arg), listed in the Human Gene Mutation Da-
tabase respectively as CM107193 and CM103695. The 
mutation c.2495G>A, predicted to yield p.Arg.832His, 
was found in combination with c.203G>A (p.Cys68Tyr) 
in an infant aged 6mo with cholestatic liver disease, his-
tologically characterized as giant-cell cholestatic fibros-
ing hepatitis, with normal serum GGT activity [9]. The 
mutation c.2629G>A, predicted to yield p.Gly877Arg, 
was found in combination with a non-specified large 
deletion in trans in an infant aged 8mo with chole- 
static liver disease [10]. Histopathologic correlation with 
BSEP expression was conducted in neither child.

The mutations were identified as in trans (compound 
heterozygosity) in our patient when, after obtaining in-
formed consent, the patient’s healthy mother proved to 
carry the c.2495G>A mutation but not the c.2629G>A 
mutation, and the latter mutation was found in hetero-
zygous state in a healthy brother, consistent with pa-
ternal origin (Fig. 2).

Discussion

Our patient’s disorder at onset met criteria for „be-
nign“ recurrent intrahepatic cholestasis (BRIC; Sum-
merskill-Walshe syndrome), with episodic cholesta-
sis, low GGT values, and normal liver architecture; 
its prognosis is good, as regards longevity, although 
pruritus can make life a misery. The unexpected fin- 
ding of cirrhosis at age 20y, however, warranted revision 
of her diagnosis to „adult Byler disease“ [8]. In 1982 
this appellation was suitable; no longer. Both her dis-
order and its name evolved into PFIC, and she even-
tually developed HCC. Although HCC may complicate 
PFIC in both ABCB11 disease [4, 5] and TJP2 disease 
[6], it is not reported in ATP8B1 disease. Genetic stu-
dies of ABCB11, ATP8B1, and TJP2 identified no di-
sease-causing lesions in ATP8B1 and TJP2 and bial-
lelic lesions in ABCB11. The two ABCB11 mutations 
that our patient harboured are reported in association 
with cholestatic liver disease of onset in infancy [9, 10]. 
Thus, although BSEP expression was preserved in 
our patient’s liver, we ascribe her hepatobiliary disor-
der to ABCB11 mutation, and report her progression 
to cirrhosis with HCC in late adulthood as unusual in 
ABCB11 disease.

Transformation from BRIC to PFIC is known in both 
ATP8B1 disease [11] and ABCB11 disease [12, 13], 
but in ABCB11 disease, at least, such slow progres-
sion from PFIC to HCC is not yet published and may 
well be extremely rare. Apart from the 5y between ages 
29y and 34y, when cirrhosis was decompensated due 
to variceal bleeding and hypersplenism, our patient was 
stable and without complaints for almost 35y. Whilst 
freedom from icterus and pruritus likely was achieved 
in part by cholestyramine and ursodeoxycholic acid ad-
ministration, that may have reflected the facts that nei-
ther of the patient’s ABCB11 lesions is a null mutation 
and that BSEP expression was not lost. We infer from 
the immunohistopathologic findings and the indolence 
of disease that some secretory capacity for conjugated 
bile salts remained at least partially preserved. 

Partially preserved secretory function of mutated 
BSEP could also contribute to the late onset of HCC, 
in stark contrast with the early onset of HCC in children 
with complete biallelic inactivation of ABCB11 [4, 5]. 
Unfortunately, this is only speculation: Whilst interesting 
genetic abnormalities characterize HCC arisen in early 
childhood in association with ABCB11 mutations [14], 
the mechanisms of hepatocarcinogenesis in ABCB11 
disease are still unknown. Further clouding the picture 
are the occurrence in ABCB11 of HCC with specific 
mutations associated with „routine“ HCC [15] and, at 
present considered non-specific, the occurrence of 
HCC in long-standing cirrhosis. 

In conclusion, genetic testing in the proband and 
her family members confirmed and refined a clinical and 
histopathological diagnosis of intrahepatic cholestasis 
assigned over 35 years before HCC was identified. Re-
sidual secretory function of mutated BSEP likely per-
mitted choleretics and bile-salt sequestrant therapy to 
palliate disease. 

Fig. �. ABCB11 mutations detected in the index patient and 
her first-degree relatives. Heterozygosity for the mutation 
c.2495G>A (p.Gly877Arg) in one brother and its absence in 
the mother indicate paternal origin of this mutation. DNA not 
available, n.a. 
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