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Abstract

Progressive familial intrahepatic cholestasis (PFIC) is a 
chronic condition that begin in childhood and leads to cir-
rhosis and liver failure in the first years of life. It can be dif-
ficult to distinguish from other forms of cholestatic liver 
diseases. Treatment of PFIC includes medical and surgical 
methods. This study aimed to review PFIC in light of the re-
cent studies.
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Introduction

PFIC is an autosomal recessive disorder of cholestasis. Inci-
dence is estimated to be at 1: 50,000 to 1: 100,000 births. In this 
disease, cholestasis and hepatocellular damage is caused by a 
defect in bile acid transport. The onset of the disease is gener-
ally infancy but diagnosis may be delayed until adolescence. It is 
shown that 3 genes are responsible for the PFIC disease [1].

PFIC1- Byler Disease

PFIC1, also known as Greenland familial cholestasis, is 
caused by a mutation in the ATP8B1 gene (FIC 1) localized in 
the chromosome 18 (18q21). The protein produced by ATP8B1 
gene is found throughout the body. Mutations in the ATP8B1 
gene causes bile accumulation in hepatocytes. It is not known 
exactly how the mutation of this gene causes cholestasis short 
stature and deafness [2].

PFIC2

PFIC2 is similar to Byler’s disease clinically. It is caused by a 
mutations in ABCB11. Mutations of this gene result dysfunction 
in the bile salt export pump (BSEP). Recently, The ABCB11 gene, 
also know sister-glycoprotein (SPGP) has been shown to be lo-
calized chromosome 2q24 (3). More than 80 different mutations 
in ABCB11 gene have been reported in patients with PFIC2 (4).

PFIC3

Mutations in the ABCB4 gene encoding the MDR3 protein 
causes PFIC3 disease. MDR3 plays an important role in the 
transport of phosphatidylcholine through the canal. Mutations 
in ABCB4 gene result deterioration of bile transport. Phospho-
lipid deficiency, which leads to cholestasis produces unstable 
micelles having a toxic effect on bile duct [5].
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Signs and symptoms

Children with PFIC manifest with jaundice, poor weight gain 
and pruritus. The onset of symptoms vary with each type. PFIC1 
is characterized by recurrent cholestasis episodes with intrac-
table pruritus and diarrhea. Symptoms of PFIC1 usually begin 
between the 3rd and 6th months of life. It usually leads to liver 
failure and cirrhosis within the first years of life. Other features 
include sensorineural hearing loss, chronic diarrhea, cholecysti-
tis, recurrent pancreatitis, cough and delayed puberty develop-
ment [5,6].

The progression of PFIC2 is considered to be more severe 
than PFIC1. Patients generally present with jaundice at onset. 
Affected patients also have an increased risk of developing he-
patocellular carcinoma and end-stage liver failure. If the liver is 
not transplanted, death is inevitable. Cholelithiasis has been re-
ported in patients with PFIC2. Unlike PFIC1, extrahepatic symp-
toms are not present in PFIC2 [7,8].

PFIC3 is rarely seen in the first year of life with clinical signs 
of cholestasis. Older children may have features of portal hyper-
tension, including gastrointestinal bleeding and splenomegaly. 
The intensity of pruritus and jaundice in PFIC3 is less severe 
than other PFIC types. Just like PFIC2, Cholelithiasis has also 
been reported in patients with PFIC3. Progression to end-stage 
liver disease is generally slow [9,10]

Diagnosis

The diagnosis of PFIC is based on clinical, radiological, bio-
chemical, histopathologic and ultrastructural findings [5]. Ab-
dominal ultrasonography examination should be performed to 
exclude bile duct diseases. In patients with PFIC, ultrasonogra-
phy is normal. In some PFIC types, biliary stones may also be de-
tected. When performed, cholangiography may show a normal 
biliary tree [5,11].

Biochemistry

Although serum bilirubin measurement is not a reliable indi-
cator of cholestasis, it is an important test in the initial phase. A 
detailed liver function and coagulation tests, especially gamma 
glutamyl transferase (GGT) measurement are required in all 
patients. The low GGT concentrations indicates PFIC1-2 while 
high concentrations would be seen in PFIC3. Further within 
the PFIC spectrum, serum bile acid levels are grossly elevated. 
On the other hand serum cholesterol levels are not elevated. 
Other tests include metabolic screening and serologic tests 
[12,13,14].

Histopathological changes

PFIC1 biopsies are typically characterized by a maintained 
lobular architecture without inflammation. Canalicular bile is 
pale or wispy. The interlobular bile ducts are hypoplastic. Ducy-
topenia is often seen. Lobular fibrosis and cirrhosis develop 
later in the course of the disease [5,10,12].

PFIC2 is seen a canalicular and hepatocellular cholestasis 
with khaki-colored bile. Although giant cell hepatitis with lobu-
lar inflammation and hepatocellular necrosis is predominant, 
true ductular proliferation is absent [12,15].

PFIC3 biopsies show evidence of true ductular proliferation 
with mixed inflammation and portal fibrosis [5,12].

Liver immunostaining 

MDR3 and BSEP immunostaining in liver tissues would be a 
helpful component in differentiating not only PFIC from other 
causes of neonatal cholestasis but also subtypes of PFIC [16]. 

Mutational analysis

The diagnosis of PFIC may confirmed by mutation analysis of 
the ATP8B1, ABCB11 and ABCB4 gene. Insertion, deletion, non-
sense, and splicing mutations of the implicated genes result in 
damaging effects. Detection of biallelic mutations is accepted as 
diagnostic [17,18,19].

Differential diagnosis

Differential diagnosis varies with the age of presentation. 
It must be differentiated from other causes of cholestasis. Se-
rum GGT measurement is very useful to observe cholestasis. 
Serum GGT concentrations is normal or low in PFIC1-2, on the 
other hand it is typically elevated in PFIC3 and other common 
causes of neonatal cholestasis like biliary atresia, alagille syn-
drome, alpha 1 antitrypsin deficiency. Bile acid synthesis dis-
orders (BASDs) are a group of rare metabolic disorders which 
present with cholestasis and normal GGT. The serum bile acid 
concentration is low or absent in BASDs. On the other hand the 
serum bile acid concentration is high levels in PFIC1-2. Urinary 
bile acid analysis is required for diagnosis of BASDs. Neona-
tal hemochromatosis, familial amish hypercholanemia and ar-
throgryposis-renal dysfunction syndrome (ARC syndrome) are a 
rare cholestatic diseases with normal GGT [12,20].

Treatment

Medical and surgical methods are used to treat of PFIC pa-
tients. Medical therapy includes choleretic drugs and nutri-
tional support [21]. Pruritis is an important problem in children 
with cholestasis. Choleretic drugs such as ursodeoxycholic acid 
(UDCA), rifampicin and cholestyramine are used in the treat-
ment [22].

CYP3A4 which is a major cytochrome P450 plays a critical 
role in the detoxification of bile acids and also increases con-
jugation and excretion of bilirubin. Rifampicin reduces pruritus 
by inducing the expression of CYP3A4 in the biotransformation 
of bile acids. The dosage is 10–20 mg/kg/day PO in two divided 
doses [25]. Cholestyramine binding bile salts in the intestinal 
tract increases fecal bile salt excretion. However it has not 
been showed to be useful in children with PFIC1-2. The recom-
mended dose of cholestyramine is 240 mg/kg/day PO, in three 
divided doses [26].

Engelmann et al. proposed steroid treatment has a positive 
effect on disease course of PFIC 2 [27]. Recently new choleretic 
agents such as resveratrol, retinoid X, farnesoid X receptor ago-
nists and tauroursodeoxycholate are investigated in the treat-
ment of cholestasis. However those are still in the experimental 
phase [28,29,30].

Nutritional support includes water and fat soluble vitamins, 
medium chain triglycerides (MCT oil), calcium and zinc supple-
mentation. The total dietary energy intake should be 125 % of 
recommended daily allowance. Children with cholestasis should 
be intake daily vitamin A- 5000–25,000 IU, vitamin D 400–800 
IU, vitamin E 50–100 IU and vitamin K 2.5–5 mg peroral [31]. 
Surgical methods such as biliary diversion and ileal bypass are 
also effective in PFIC1-2 patients. In case of therapeutic failure, 
liver transplantation is required [32].
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Conclusion

In conclusion, PFIC is typically progressive and may result in 
cirrhosis and many times end-stage liver disease. It must be dif-
ferentiated from other causes of cholestasis. Liver transplanta-
tion has been accepted as a life saving option for PFIC patients 
with end-stage liver disease.
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