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Progressive familial intrahepatic cholestasis (PFIC) is a group of rare disorders which are caused by defect in bile
secretion and present with intrahepatic cholestasis, usually in infancy and childhood. These are autosomal recessive
in inheritance. The estimated incidence is about 1 per 50,000 to 1 per 100,000 births, although exact prevalence is not
known. These diseases affect both the genders equally and have been reported from all geographical areas. Based on
clinical presentation, laboratory findings, liver histology and genetic defect, these are broadly divided into three
types—PFIC type 1, PFIC type 2 and PFIC type 3. The defect is in ATP8B1 gene encoding the FIC1 protein, ABCB
11 gene encoding BSEP protein and ABCB4 gene encoding MDR3 protein in PFIC1, 2 and 3 respectively. The basic
defect is impaired bile salt secretion in PFIC1/2 whereas in PFIC3, it is reduced biliary phospholipid secretion. The
main clinical presentation is in the form of cholestatic jaundice and pruritus. Serum gamma glutamyl transpepti-
dase (GGT) is normal in patients with PFIC1/2 while it is raised in patients with PFIC3. Treatment includes nutri-
tional support (adequate calories, supplementation of fat soluble vitamins and medium chain triglycerides) and use
of medications to relieve pruritus as initial therapy followed by biliary diversion procedures in selected patients.
Ultimately liver transplantation is needed in most patients as they develop progressive liver fibrosis, cirrhosis
and end stage liver disease. Due to the high risk of developing liver tumors in PFIC2 patients, monitoring is recom-
mended from infancy. Mutation targeted pharmacotherapy, gene therapy and hepatocyte transplantation are being
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explored as future therapeutic options. (J CLiN Exp HepaTOL 2014;4:25-36)

rogressive familial intrahepatic cholestasis (PFIC) is
a heterogeneous group of liver disorders of auto-
somal recessive inheritance, presenting as intrahe-
patic cholestasis in infancy or early childhood and
resulting in end stage liver disease (ESLD) and death or
liver transplantation in infancy to adulthood.' Clayton
et al first described this disease in 1965 as Byler disease
in a population of Amish kindred.” The disease has been
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classified into three types (types 1, 2 and 3) based on the
genetic defect involved in bile transport.

PFIC accounts for 10-15% cases of neonatal cholestasis
syndrome™ and 10-15% of children requiring liver
transplantation.”” It is a rare disease with an estimated
incidence of 1 per 50,000 to 1 per 100,000 births
although the exact prevalence is not known. The disease
affects both genders equally and has been reported from
around the world.””

ETIOPATHOPHYSIOLOGY

All the three types of PFIC are caused by defects in bile
secretion from hepatocyte to canaliculi (Figure 1). The de-
fects are in form of penetrant mutations in genes encoding
proteins associated with hepatocellular transport system.

PFIC1: It is also known as Byler disease and is associated
with defects in ATP8B1 gene on chromosome 18 (18q21-
22) which encodes for familial intrahepatic cholestasis 1
(FIC1) protein.'”'* FIC1 protein is a member of the type
4 subfamily of P type adenosine triphosphatase (ATPase).
Type 4 ATPases are multispan transmembrane proteins
that are involved in phospholipid translocation (flippase
activity) from the exoplasmic (outer) to the cytoplasmic
(inner) leaflet of the biological bilayer membrane."” FIC1
is located on canalicular membrane of hepatocytes. It
acts as a flippase for aminophospholipid transport and
leads to movement of phosphatidylserine and phosphati-
dylethanolamine from the outer to inner leaflet of plasma
membrane of hepatocyte. This flippase activity of FIC1
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Figure 1 Etiopathogenesis of PFIC (PFIC: progressive familial intrahepatic cholestasis; FIC1: familial intrahepatic cholestasis protein 1; BSEP: bile salt

exporter pump; MDR3: multidrug resistance protein 3).

helps in maintaining asymmetric distribution of phospho-
lipids in the membrane bilayer (higher concentration of
phosphatidylserine and phosphatidylethanolamine in in-
ner layer) which helps to protect the membrane from
high bile salt concentration in canalicular lumen'* '
and maintain its integrity.” "’

Exact mechanism of cholestasis and other symptoms in
PFIC1 is not fully elucidated. The proposed mechanisms
include:

e Overload of bile acid in hepatocyte due to reduced bile
salt secretion and increased ileal bile salt reabsorption.
Disturbed biliary secretion of bile salts occurs due to
downregulation of farnesoid X receptor (FXR), a nuclear
receptor related to regulation of metabolism of bile
acids."” This in turn results in downregulation of bile
salt exporter pump (BSEP) protein and upregulation
of synthesis of bile acid in the hepatocytes. There is
also an upregulation of apical sodium bile salt
transporter (ASBT) in microvilli of small intestine”” >
which increases the intestinal uptake. It is not clear if
downregulation of FXR is primarily due to gene defect
or is secondary to increased bile salt concentration.”®

e Increased secretion of cholesterol from apical (canalic-
ular) membrane of hepatocyte in atp8b1 (capital letters
denote human gene while small letters denote mouse
gene) deficient mice has been shown.”” Cholesterol con-
tent of the membrane is an essential determinant of
BSEP activity. Impaired BSEP activity leads to chole-
stasis as explained in pathogenesis of PFIC2.

e Down regulation of cystic fibrosis transmembrane
conductance regulator (CFTR) in cholangiocytes of pa-
tients with PFIC1 has been described which may explain
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extrahepatic features of the disease as well as contribute
to the impaired bile secretion.’

e ATP8BI1 is also expressed in the membrane of cells of
small intestine, kidney and pancreas."” This might
explain extrahepatic manifestations of PFIC1 viz.
pancreatic insufficiency, sweat electrolyte abnormalities
and diarrhea. FIC1 probably also has a general
biological cell function and therefore results in
features like short stature, and sensorineural deafness.’

Genotype-phenotype associations are complicated in
patients with ATP8B1 mutations as these mutations are
also present in patients with milder presentations like
benign recurrent intrahepatic cholestasis 1 (BRIC1), tran-
sient neonatal cholestasis and intrahepatic cholestasis of
pregnancy 1 (ICP1).”® These diseases are taken as contin-
uum of FIC1 deficiency and the protein function is only
partially impaired in them. In approximately 10% patients
with PFIC1, only one mutated allele or no mutation is seen.
In these patients, possible disease mechanisms include
either the presence of mutations in regulatory sequences
of the gene, or in the other genes involved in the transcrip-
tion of PFIC1 gene or control of protein trafficking of FIC1
protein.”’

PFIC2: This disease was previously known as Byler's
syndrome® and is a result of mutation in the ABCB 11
(ATP binding cassette [ABC] family B, member 11)”
gene encoding BSEP, located on chromosome 2 (2q24).

BSEP is a transporter protein, expressed at the canalic-
ular membrane of hepatocyte.”" It is the main exporter of
bile acids from hepatocyte to canaliculi against a concen-
tration gradient.1 Genetic mutations (insertion, deletion,
nonsense and splicing) result in either premature
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truncation of protein or total failure of protein produc-
tion.”” " These children usually have no detectable BSEP
on  immunostaining.”” " Sometimes  missense
mutations result in defective processing or trafficking of
protein or disruption of the structure or functional
domain of BSEP. The immunostaining of liver in these
patients may show presence of BSEP on canalicular
membrane but it is not functional. These defects in BSEP
synthesis and/or function lead to reduced bile salt
secretion followed by decreased bile flow, accumulation
of bile salts in hepatocytes and hepatocellular damage.

As with ATP8B1 mutations, milder mutations are asso-
ciated with milder forms of cholestasis like BRIC2,**
ICp2,*! drug induced cholestasis™ and transient neonatal
cholestasis." The main mutations in these milder variants
are missense type and are located in less conserved regions
of the gene.43

PFIC3: This disorder is different from PFIC1 and 2 in
clinical presentation and is associated with high gamma
glutamyl transpeptisae (GGT) as compared to normal/
low GGT in patients with type 1 and 2.5 It is caused
by defects in Adenosine triphosphate-binding cassette,
subfamily B, member 4 (ABCB4) gene encoding multidrug
resistance class III (MDR3) protein,"® located on chromo-
some 7 (7q21). MDR3 is a p-glycoprotein (pGp) which is
a phospholipid translocator. It is expressed in canalicular
membrane of hepatocytes10’38‘47 and is a type of floppase,
responsible for biliary secretion of phospholipids,
predominantly phosphatidylcholine.48’49 As
phospholipids are responsible for neutralizing the
detergent effect of hydrophobic bile salts, defects in
MDR3 protein result in injury of biliary epithelium and
bile canaliculi, ultimately leading to cholestasis.”> Absence
of phospholipids in bile also destabilizes micelles and pro-
motes cholesterol crystallization resulting in increased
biliary lithogenicity. This further increases liver damage
by obstruction of small bile ducts.”

The mutations on ABCB4 gene are present on both al-
leles in most patients. In one third of cases, mutations
lead to no expression of MDR3 pGp on canalicular mem-
brane on immunohistochemistry. This complete loss of
MDR3 protein has been attributed to quick destruction
of truncated protein or a premature stop codon causing
instability or decay of mRNA.>" Remaining two third
of cases have missense mutations which may cause
either defective transport function or intracellular
misprocessing of MDR3 protein.‘;l‘SZ These missense
mutations are usually seen in highly conserved amino
acid sequences of Walker A and B motifs.”” Immunohis-
tochemistry shows a faint or normal MDR3 staining in
these cases.

Milder phenotypes of PFIC3 present as ICP3,® choles-
terol gall stone disease,”” drug induced cholestasis, "
adult idiopathic cirrhosis,””*° and transient neonatal

cholestasis.”” In some patients the disease may present as
a clinical continuum, starting with gall stone disease going
on to cholestasis and then biliary cirrhosis.”*"’

CLINICAL FEATURES

“Cholestasis”, which is characterized by jaundice and pru-
ritus, is the hallmark presentation of PFIC. The age of
onset and severity is variable, ranging from neonatal period
in PFIC2 to adulthood/late adolescence in PFIC3. The
main clinical, laboratory and histological features differen-
tiating the various types of PFIC are shown in Table 1.
Family history of affected sibling and consanguinity be-
tween parents can give clue to the diagnosis.

In PFIC patients with normal GGT (PFIC1 and 2), the
cholestasis is more severe and presents with persistent
jaundice in type 2 in comparison to type 1 which has recur-
rent jaundice initially and permanent later in the disease
course. The infant has to be of at least 4-5 months of
age to manifest pruritus. Pruritus is the most debilitating
symptom, leading to cutaneous mutilation, loss of sleep,
irritability, poor attention and impaired school perfor-
mance in children with PFIC.

Examination reveals icterus, hepatomegaly, scratch
marks with excoriation and hyperpigmentation of skin
and shiny nails. The weight and height may be below
normal centiles due to fat malabsorption along with signs
of fat soluble vitamin (A, D, E, and K) deficiency. Portal hy-
pertension and decompensation develops earlier in the
first year of life in type 2 as compared to early childhood
in type 1. One child with PFIC2 presenting with liver fail-
ure in neonatal period has also been reported.(’[)

Two studies have compared the clinical presentation
and disease progression of approximately 200 genetically
proven type 1 and 2 PFIC children.®™** Overall, type 2
PFIC patients have more severe hepatobiliary disease
with greater impairment of bile salt handling whereas
type 1 patients have extrahepatic disease. The percentage
of subjects with disease onset by 3 months of age (65-
85%), jaundice at presentation (70-80%) and an affected
sibling (15-25%) was similar in PFIC1 and 2. PFIC1
patients had higher alkaline phosphatase and lower
serum albumin than PFIC2 cases. Whereas, higher serum
aminotransferase, bile acids and alpha fetoprotein along
with increased prevalence of portal hypertension, gall
stones and hepatocellular carcinoma (HCC) was seen in
type 2 PFIC cases.

No definite genotype-phenotype correlation has been
shown within the PFIC1/2 subtypes. However, in the
type 2 PFIC, the patients with D482G mutation have a
slowly progressive disease and develop cirrhosis at an older
age as compared to other BSEP patients.(’I The alanine or
aspartate aminotransferase level (ALT or AST) was found
to be the most reliable differentiator®’ between type 1
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Table 1 Clinical, Biochemical and Histological Features of Different Types of PFIC.
Feature PFIC1 PFIC2 PFIC3

Age at presentation Infancy

End stage liver disease First decade

Course of disease Moderately severe

Pruritus Severe
Extrahepatic manifestations (watery diarrhoea,  Present
pancreatitis, sensorineural deafness,

short stature, abnormalities in sweat chloride)

Risk of development of liver tumors No
Risk of cholesterol stone disease Absent

Serum ALT Mild elevation
Serum AFP Normal

Serum GGT Normal
Serum bile acids Raised ++
Bile composition

Primary bile acids Low (3-8 mM)
Phospholipids Normal

Liver histology Bland cholestasis,

mild lobular fibrosis

Electron microscopy Granular bile

Neonatal period-early infancy

Rapid, first few years
Severe
Very severe

Absent

High
Increased
Moderate elevation
Raised

Normal

Raised +++

Very low (<1 mM)
Normal

Cholestasis, giant cell hepatitis,

Late Infancy (~30%) to early
adulthood

1st to 2nd decade of life
Insidious
Moderate

Absent

Mild increase
Increased
Mild elevation
Normal
Elevated

Raised +

Normal
Low

Bile ductular proliferation,

hepatocellular necrosis, portal fibrosis  inflammatory infiltrate, and

biliary fibrosis

Amorphous bile -

PFIC: progressive familial intrahepatic cholestasis; GGT: gamma glutamyl transpeptidase; AFP: alpha fetoprotein; ALT: alanine aminotransferase.

and 2 with values of >2 times upper limit of normal sug-
gesting PFIC2 with a sensitivity of 88% (95% CI 73-96%)
and specificity of 81% (95% CI 63-93%) in the study by Paw-
likowska et al®' The higher risk of developing end stage
liver disease (ESLD), HCC and cholangiocarcinoma®>®*
in early life in PFIC2 requires close surveillance with
regular (6-12 monthly) a-fetoprotein estimation and
ultrasonography.

In contrast, patients with PFIC3 usually develop chole-
stasis in late infancy (one third of cases) to adolescent age
group.2 Gastrointestinal bleeding due to cirrhosis and por-
tal hypertension may be the first presentation in older chil-
dren or young adults. The disease usually progresses from
chronic cholestasis with or without jaundice to portal hy-
pertension and ESLD. These children are also at increased
risk of development of cholesterol stones in intrahepatic
bile ducts or the gall bladder and drug induced chole-
stasis.”® Severe ICP may be seen in female patients who
reach adulthood and pregnancy without requiring liver
transplant. Hormonal changes (due to intake of oral con-
traceptives containing estrogen and progesterone or dur-
ing pregnancy) may lead to precipitation of symptoms in
patients with PFIC3. Thus it is important to remember
that medical therapy of cholestasis should not be stopped
in these females during pregnancy.“ The main differences
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between the three diseases i.e. PFIC, ICP and BRIC are
shown in Table 2.°¢7°

INVESTIGATIONS

The following investigations help in making a diagnosis of
PFIC, its classification into type 1, 2 or 3 and differenti-
ating it from other causes of cholestasis.

Liver Function Tests

These tests differ in three types of PFIC (Table 1). Pro-
longed international normalized ratio (INR) is common
and correctable with injectable vitamin K in early stages
of the disease. Poor synthetic functions (low serum albu-
min and uncorrectable coagulopathy) are seen in patients
with advanced disease.

Radiology

Ultrasonography is the first test which is essentially normal
except for the presence of cholelithiasis in some cases of
PFIC 2/3. It also helps to exclude other causes of extrahe-
patic cholestasis. Cholangiography (magnetic resonance
cholangiopancreaticography; MRCP) helps in excluding
sclerosing cholangitis in patients with high GGT
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Table 2 Differences Between PFIC, ICP and BRIC.

BRIC

ICP

PFIC
Gene/types
ATP8B1 PFIC 1
ABCB11 PFIC2
ABCB4 PFIC3
Mutation Homozygous

Severe disruption of protein function

Age at presentation Infancy—adulthood (depending on type)

Disease Permanent and usually progressive

Treatment Drugs: UDCA, rifampicin, cholestyramine
Partial biliary diversion

Liver transplantation

Complications Cirrhosis, HCC and cholangiocarcinoma

Differential diagnosis Depends on age of presentation

Newborn and first 6 months: all causes of
neonatal cholestasis

Late infancy with pruritus: Alagille
syndrome, non syndromic bile ductular
paucity, sclerosing cholangitis (primary/
secondary), AAT, cystic fibrosis, BASD

BRIC 1
BRIC 2

Homozygous
Partial impairment of protein
function

Mostly after first decade

Usually limited to attacks
(variable

duration of few weeks to months)
Complete normalcy between two
episodes

Drugs: UDCA rifampicin,
cholestyramine
ENBD®®®”
Plasmapharesis®®

Extrahepatic biliary obstruction,
Intrahepatic cholestasis: acute
viral hepatitis, drug induced
cholestasis, PSC, AlH, PBC,
overlap syndrome, 18G4
associated disease, CHF and
Caroli's syndrome, infiltrative
disorders (lymphoma/
histiocytosis) etc

ICP 1
ICP 2
ICP 3

Heterozygous mutation

During second half of
pregnancy

Transient cholestasis
limited to pregnancy
with complete resolution
after delivery/during
intake of OCP

Drugs: UDCA
Elective delivery at
37-38 weeks of
gestation®®"°

Poor foetal outcome:
prematurity, foetal
distress, intrauterine
death

Other causes of
jaundice during
pregnancy e.g. HELLP,
acute fatty liver of
pregnancy, cholestatic
viral hepatitis, BCS,
biliary disease etc

(PFIC: progressive familial intrahepatic cholestasis, BRIC: benign recurrent intrahepatic cholestasis, ICP: intrahepatic cholestasis of pregnancy, OCP:
oral contraceptive pill, UDCA: ursodeoxycholic acid, ENBD: endoscopic nasobiliary drainage, HCC: hepatocellular carcinoma, HELLP: hemolysis
elevated liver enzymes and low platelet, BCS: Budd—Chiari syndrome, PSC: primary sclerosing cholangitis, AIH: autoimmune hepatitis, AAT: alpha
1 antitrypsin deficiency, BASD: bile acid synthesis defects, CHF: congenital hepatic fibrosis).

cholestasis. The role of hepatic scintigral;)hy71 and *'P MRS
spectroscopy’” is being evaluated.

Liver Biopsy

Liver histology shows canalicular type of cholestasis,
biliary plugs and lobular disarray and is often described
as “bland” in PFIC1.”? Hepatocytes may show periportal
biliary metaplasia. Ductular proliferation, giant cells
and portal fibrosis are absent. Lobular fibrosis and
cirrhosis develop later in the course of the disease. In
PFIC2, canalicular cholestasis is associated with more
marked hepatocellular disarray with lobular and portal
fibrosis. Hepatocellular necrosis and giant cell hepatitis
is predominant. Biliary metaplasia is also more pro-
nounced. True ductular proliferation is absent. In
PFIC3, portal fibrosis and true bile ductular proliferation
is seen at disease onset. Most portal tracts demonstrate

interlobular bile ducts. Giant cell hepatitis is mild. In
later stages, there is marked portal fibrosis and biliary
cirrhosis. Intraductal cholelithiasis may also be seen in
some cases. Periductal fibrosis and biliary epithelial injury
is not seen.

Immunohistochemistry

The biopsy specimen should be subjected to immunohisto-
chemistry which shows mild or absent canalicular staining
with MDR3 and BSEP antibodies in PFIC3 and PFIC2
respectively.”” Though absent/decreased immunostaining
is diagnostic, normal immunostaining does not preclude
the diagnosis of PFIC as some mutations are associated
with only functional defect in protein which is otherwise
normal in synthesis and expression. Standardized anti-
bodies for immunohistochemistry for PFIC1 are yet not
available.
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Electron Microscopy

The bile in PFIC1 is coarse and granular (Byler's bile) in
comparison to PFIC2 which has amorphous bile.

Bile Analysis

Bile can be obtained for analysis either by duodenal aspira-
tion or gall bladder puncture.”” Low biliary phospholipid
concentration (<15% of total biliary lipids; normal 19-24%)
and normal biliary bile salt concentration is typical of
PFIC3. The biliary phospholipids are very low (<2%) in
subjects with severe mutations as compared to milder
mutations which have >2% biliary phospholipids. The
biliary bile salt to phospholipid ratio is increased (>S5
fold) in PFIC3. A biliary phospholipid concentration of
>7% of total biliary lipids predicts good response to
ursodeoxycholic acid (UDCA). In contrast, reduced
biliary bile salt and normal phospholipids is seen in
PFIC1 and 2 with greater reduction in type 2 as
compared to type 1.

Genetic Testing

This is the gold standard for diagnosis and involves DNA
sequencing of the 27 coding exons and their splice junc-
tions. A resequencing chip, dedicated to look for genetic
syndromes of cholestasis has been developed and may facil-
itate <:lia§__{nosis.74

As no phenotypic features can exclude PFIC1 or 2 in a
patient with normal GGT PFIC, immunohistochemistry
with BSEP staining followed by genetic analysis is recom-
mended. In patients with negative BSEP staining one
should first test for ABCB 11 whereas in patients with
normal BSEP staining, ATB8B1 mutation should be
looked for.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis depends on the age of presenta-
tion. In newborns and young infants, PFIC1/2 needs to be
differentiated from other (obstructive, metabolic, infective,
genetic and endocrinal) causes of cholestasis. GGT is very
useful in this situation and should always be done in a pa-
tient with cholestasis. Normal GGT suggests PFIC1/2
while other common causes of neonatal cholestasis like
biliary atresia, Alagille syndrome, alpha 1 antitrypsin defi-
ciency, etc have high GGT values. Inborn errors of bile acid
synthesis, also known as bile acid synthesis disorders
(BASD) is a group of disorders of autosomal recessive in-
heritance which present with cholestasis and normal
GGT.”” As the name suggests, the serum bile acid concen-
tration is low or absent in BASD in comparison to high
levels in PFIC1/2. Urinary bile acid analysis is required
for diagnosis of BASD. The age of presentation in BASD
is variable, pruritus is mild or absent, response to bile
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acid therapy is good and outcome is better in comparison
to that of PFIC1/2 patients.

Other rare cholestatic conditions with normal GGT
include Arthrogryposis-renal dysfunction syndrome
(ARC syndrome)’® and familial Amish hypercholanemia.”
In subjects with cholestasis and high GGT (PFIC3), it is
essential to rule out other causes of extrahepatic biliary
obstruction and sclerosing cholangitis. The differential
diagnosis for the different disease forms i.e. PFIC, BRIC
and ICP are shown in Table 2.

TREATMENT
Medical Management

Medical therapy is the first line of treatment in patients
with all types of PFIC. The objectives are to provide relief
from pruritus, improve the nutritional status, correct
vitamin deficiencies and treat complications of advanced
liver disease like ascites and variceal bleeding if present.
Simple measures like keeping the skin moisturized and
trimming the fingernails are helpful to provide symptom-
atic relief. The total caloric intake should be around 125%
of the recommended daily allowance (RDA). Dietary fat
should be provided largely as medium chain triglycerides
(MCT oil) as they do not require bile salts for absorption
and help in improving nutrition. Water soluble vitamins
are given at 1-2 times of the age appropriate RDA. The
fat soluble vitamins are usually supplemented in the
following dosage in children: vitamin A—5000-
25,000 IU/day PO, vitamin D 400-800 IU/day PO, vitamin
E 50-100 IU/day PO and vitamin K 2.5-5 mg/day PO or 2-
5 mg intravenous every 3-4 weeks. Adequate sunlight expo-
sure and dietary intake of calcium (800-2000 mg/day PO)
is also essential. It is important to evaluate the child both
clinically as well as biochemically (serum levels of vitamins)
for signs of specific vitamin deficiencies and adjust the sup-
plements accordingly.””

The most commonly used drug for pruritus is urso-
deoxycholic acid (UDCA) which is a hydrophilic bile acid,
non-toxic to hepatocytes.”” It replaces toxic hydrophobic
bile salts and may amount to up to 40% of total serum
bile salt concentration with long term the1rapy.79’80 Other
postulated mechanisms of action include induction of
BSEP and MDR3 expression with increased biliary
secretion of bile acids and phospholipids. UDCA is a safe
drug with no major side effects and has been shown to
be effective in all forms of PFIC.”®%1"®* Patients with
total defect in MDR3 gene expression are usually non-
responders to UDCA therapy.”® Overall, complete or par-
tial response is seen in approximately 35-40% of low
GGT PFIC and ~70% cases of high GGT PFIC.'"””

Rifampicin induces the expression of CYP3A4 (enzyme
of drug metabolism) which increases 6-« hydroxylation of
bile salts. These bile salts are thereafter glucuronidated and
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excreted in urine. It also induces uridine diphosphate
(UDP)-glucuronosyl transferase (UGT1A1) and leads to
increased conjugation and excretion of bilirubin. Apart
from reduced pruritus in some cases, use of rifampicin
does not cause significant improvement in PFIC1/2."
Also, potential hepatotoxicity should be kept in mind
when using the drug.

Cholestyramine is a resin which binds bile salts in the
intestinal lumen and thus reduces absorption and in-
creases fecal bile salt excretion. It has not been found to

be very useful in PFIC1/2 patients."’

Surgical Management

a. Biliary diversion procedures: Decrease in the enterohe-
patic circulation with reduction of toxic bile salt accu-
mulation is the basis of biliary diversion procedures.
The serum bile acid concentration has been shown to
be reduced in patients with successful biliary diver-
sion.”” Two main types of procedures are commonly
performed as shown in Figure 2.

i. Partial biliary diversion (PBD)—This has been used suc-
cessfully in many patients with PFIC1/2 who do not
respond to medical therapy and are as yet not candidates
for liver transplant. The best results are obtained in pa-
tients who have not developed cirrhosis at the time of sur-

STOMACH

PEBD N

SKIN

COLON

ILEUM ‘
o

Figure 2 Biliary drainage procedures: a diagrammatic representation
(IB: ileal bypass, NBD: nasobiliary drainage; PEBD: partial external biliary
drainage; PIBD: partial internal biliary drainage).

gery,z’86 PBD, along with UDCA may help in delaying the
progression to ESLD.'” PBD is of two types -

Partial external biliary diversion (PEBD): this can be per-
formed with open or laparoscopic techniques. The proce-
dure, as originally described by Whittington et al,*’
involves use of a 10-15 cm jejunal conduit between gall
bladder and abdominal wall where a permanent stoma is
created. Modifications of this procedure include use of a
button of gall bladder wall®® or appendix®” as the conduit
between gall bladder and skin. PEBD results in improved
growth, improvement/normalization of liver function, sig-
nificant reduction of serum bile acid and improvement in
liver histology, largely in terms of reduced progression of
fibrosis in approximately 80% patients with PFIC1/2.%* In
a recent study of 24 patients (age 26 months [4mo-17y])
subjected to PEBD, 13 (54%) had a successful outcome
with normalization of serum bile acids. None of these cases
showed any progression of cholestasis over a long median
follow-up of 9.8y (1.6 — 14.3y). In comparison, 11 (46%)
cases failed to show normalization of bile acids and 9/11
of them required liver transplantation over a short
follow-up period of 1.9 (0.5 — 3.8y). Amongst these 24
cases, 7/7 (100%) with cirrhosis required liver transplanta-
tion in comparison to 2/17 (12%) without cirrhosis. Thus,
PEBD should be the first line of surgical therapy in PFIC
patients and should be offered early before development
of cirrhosis. Only patients with established cirrhosis
should be taken for primary liver transplantation. Clinical
response with normalization of serum bile acids at 1 year
post PEBD is suggestive of a good long term outcome.®

Partial internal biliary drainage (PIBD): It involves use
of a jejunal conduit between gall bladder and colon or
anastomosis between gall bladder and anti-reflux loop of
colon (cholecysto-colostomy).”” ”* The main advantage is
that there is no external fistula. It is a relatively newer
technique with limited follow-up duration.

ii. Ileal bypass—Some surgeons prefer ileal bypass (IB) in
which ileocolic anastomosis is used to bypass distal
15% of small intestine, thus interrupting enterohepatic
circulation of bile salts.”** This procedure was initially
used for patients with previous cholecystectomy. The
advantages include avoidance of external stoma
and its associated fluid and electrolyte imbalance.
Symptoms recur in almost half of the cases over 1
year of follow-up due to ileal adaption and thus IB is
not as good as PEBD in low GGT PFIC.

Nasobiliary drainage (NBD) may help to select the pa-
tients who will respond to biliary diversion proced.ures.z’3
Comparative trials are not available for different types of
PBD procedures for PFIC1/2. Genotype-phenotype
markers to select subgroups of PFIC1/2 patients more
likely to respond to medical therapy or PBD are also not
yet available.
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b. Liver transplantation (LT): This is the last therapeutic
option for patients with all types of PFIC and should
be considered in patients with ESLD, HCC or those
with poor quality of life due to refractory pruritus
despite medical treatment and biliary diversion. LT im-
proves cholestasis and its symptoms in 75-100% pa-
tients, irrespective of PFIC subtype over a short term
follow-up of 3-5 yeatrs.z’s‘gS 7

For PFIC1 patients, LT should be offered after thought-
ful consideration as extrahepatic manifestations like diar-
rhea, liver steatosis and short stature do not improve or
even worsen after LT.”*”” Chronic diarrhea may become
intractable after restoration of bile acid secretion post LT
in some patients. This responds to therapy with bile salt
sequestrating agents™'"’ and biliary diversion.'”" Liver
steatosis may progress to cirrhosis and require retrans-
plant.

Recurrence of PFIC after LT due to alloimmunization of
the recipient against the affected protein (FIC1, BSEP or
MDR3) is a possibility, especially in patients with severe
mutations leading to absence of the protein and has
been reported in two patients with PFIC2.'"%” Concerns of
increased risk of immunosuppression related cholestasis/
cholelithiasis in the post-transplant period due to the

SRIVASTAVA

heterozygous state of donor liver (from father/mother)
has not been proven to be true as yet.

PROGRESSIVE FAMILIAL INTRAHEPATIC
CHOLESTASIS IN INDIA

The published data on PFIC from India is in the form of
case reportslo‘%’lo5 and small case series.'’° No data is avail-
able regarding the prevalence of PFIC in India. In the
largest series of 7 children, one responded to medical ther-
apy, 2 required biliary diversion and three of the four sub-
jects with liver decompensation underwent liver
transplantation.'’® The biggest difficulc faced by the
gastroenterologist is of confirming the diagnosis of PFIC
and its subtype due to lack of easy availability of genetic
tests.

FUTURE THERAPIES

As there is no universally effective and non-invasive ther-
apy for PFIC, newer therapeutic options are being
explored. These include

1. Hepatic support by albumin dialysis or Molecular
Adsorbent Recirculating System (MARS) which has

Activation of genes
associated with bile

FXR ligand
therapy salt homeostasis
Endoplasmic
Readthrough reticulum
premature Inhibition of
stop codon degradation of
isfolded
Preven.t mis o. e —
formationof | 7 protein
truncated
protein
MDR 3
ERAD
inhibitors

Golgi apparatus

Canaliculus

Hepatocyte

Figure 3 Future therapies for PFIC (black arrows denote steps in transcription of transporter protein (FIC1, BSEP, MDR 3) from nucleus to endo-
plasmic reticulum to Golgi apparatus to canalicular membrane. Farnesoid R receptor (FXR) ligand therapy activates a number of genes like BSEP asso-
ciated with bile salt homeostasis. Agents acting by read through premature stop codon help mRNA to skip a stop codon; endoplasmic reticulum
associated degradation (ERAD) inhibitors act on endoplasmic reticulum to decrease degradation of misfolded/truncated protein and chaperone
agents act on Golgi apparatus to correct misfolding/mistrafficking of proteins).

32

© 2013, INASL



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

the potential to reverse symptoms and help tide over the

crisis situations e.g. during pregnzmcy.107

2. Hepatocyte transplantation and gene therapy with
modified hepatocytes to correct the metabolic defect.'”®
The therapeutic use of these procedures remains to be
established.

3. Mutation specific drug therapy—These include different
approaches targeted towards increasing the expression
of functional transporter proteins (FIC1, BSEP,
MDR3) on the canalicular membrane (Figure 3). The
different approaches towards achieving this include
the following:

a. FXR receptor ligands like 6-a-ethyl-chenodeoxycho-
late, fibrates, statins etc.”' activate nuclear
receptor FXR which in turn transactivates genes
involved in bile secretion leading to reduced
hepatic bile salt uptake and increased biliary
secretion of bile salts and phospholipids. Ligands
for other nuclear receptors e.g. peroxisome
proliferator activator receptor alpha (PPAR «)
which increases expression of ABCB4 and induces
biliary phosphatidylcholine secretion.

b. Compounds that can suppress premature stop co-
dons e.g. aminoglycosides and PTC124 may help
skip and read through the stop codon. These agents
are useful in patients in whom specific premature
stop codon due to mutations result in premature
truncation of transporter protein.

c. Drugs inhibiting endoplasmic reticulum associated
degradation (ERAD) like MG132 decrease degrada-
tion of misfolded/truncated protein.

d. Pharmacological chaperone drugs (e.g.
4-phenylbutyrate) are small molecular weight com-
pounds which correct misfolding and prevent mis-
trafficking of proteins.

ROLE OF GENETIC COUNSELING AND
ANTENATAL DIAGNOSIS

The current level of understanding of genetics of PFIC
should be utilized to test all affected patients for the ge-
netic defect. The patients and their parents should be
offered genetic counseling. The parents should also be
tested for heterozygosity. Role of prenatal diagnosis is be-
ing explored as it requires clinical and biochemical exper-
tise, available only at select centres.'%!1°

PROGNOSIS

PFIC patients have a variable prognosis depending on the
type of PFIC and severity of genetic defect within each type.
Approximately 30% children respond to UDCA therapy
and about 70-80% to PBD if offered early in course of dis-
ease, before development of cirrhosis. Patients with

cirrhosis and end stage liver disease require liver trans-
plant. The data on long term outcome is limited. In a study
of PFIC with normal GGT,** out of 33 children, 7 patients
were 16 years or older at last follow-up. These children
(n = 7) had symptoms in form of poor growth (5/7 below
Sth centile for height), pruritus (6/7), vitamin deficiency
rickets and vitamin E neuropathy (2/7) and gall stones
(5/7). Another study of 62 children with normal GGT
PFIC showed that nearly 87% subjects were alive at a me-
dian age of 10.5 (1-36) years with therapy. LT was required
in 50% cases in this series.®”

CONCLUSIONS

This review focuses on the etiopathogenesis, clinical fea-
tures, diagnosis and therapy of patients with PFIC. Further
studies are required to ascertain role of phenotype-
genotype variations and efficacy of one therapeutic option
over another. Trials are needed to find out the best biliary
diversion procedure as well. Liver transplantation remains
the treatment of choice for patients with end stage liver dis-
ease but there are issues of long term efficacy in PFIC1 pa-
tients.
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