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K e Y  P O i n t S

 • Progressive familial intrahepatic 
cholestasis (PFIC) is a group of 
rare inherited cholestatic disorders 
with a wide spectrum of clinical 
presentation.

 • Liver biopsy remains critical for 
the evaluation of PFIC. However, 
it is important to note that 
several histologic features can be 
nonspecific.

 • Molecular analysis, particularly 
whole-exome sequencing, plays 
a key role in the diagnosis of 
challenging PFIC cases with 
atypical clinical presentation and 
histologic features.
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a B S t r a c t 

Objectives:  Progressive familial intrahepatic cholestasis (PFIC) is a group of autosomal 
recessive disorders caused by defects in bile secretion or transport usually presenting as 
cholestasis in pediatric age. Herewith, we describe 3 PFIC cases with diagnostic challenges 
and highlight the role of genetic analysis.

Methods:  The clinical history, laboratory data, liver biopsy, and molecular analysis for 
each case were reviewed.

Results:  Case 1, a Hispanic male from Puerto Rico with hepatomegaly since age 2 months, 
was eventually diagnosed with PFIC3 following identification of a homozygous splice site 
variant in ATP binding cassette subfamily B member 4 (ABCB4) (c.2784-12T>C) at age 17 
years by whole-exome sequencing (WES). Case 2 was a 37-year-old man with a history of 
alcoholism, abnormal liver function tests, and ductopenia on biopsy. Molecular testing 
revealed a pathogenic heterozygous ABCB4 mutation (c.1633C>T) variant leading to a diag-
nosis of PFIC3. Case 3 was a 2-year-old female initially presenting as a drug-induced liver 
injury but was diagnosed with PFIC10 following identification of a heterozygous frameshift 
mutation (p.Asp300Trpfs*19) and a heterozygous missense mutation (c.1357T>C) in my-
osin VB (MYO5B) by WES.

Conclusions:  These PFIC cases highlight the heterogenous presentation and diagnostic 
challenges, and they emphasize the role of next-generation sequencing, particularly the 
utility of WES.

i n t r O D U c t i O n

Progressive familial intrahepatic cholestasis (PFIC) is a group of rare, autosomal recessive dis-
orders caused by defects in bile secretion or transport with an estimated incidence of around 
1 per 50,000 to 1 per 100,000 births. The main clinical presentations include cholestasis, pru-
ritus, and jaundice in infancy and childhood but rarely in adults as well. Progression is variable, 
with most patients developing fibrosis and progression to end-stage liver disease before adult-
hood. Literature review shows that among infants and children with cholestasis, 12% to 13% 
have genetically diagnosed PFIC.1 The initial PFIC subtypes identified were PFIC1, PFIC2, and 
PFIC3, caused by mutations in ATPase phospholipid transporting 8B1 (ATP8B1), ATP binding 
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cassette subfamily B member 11 (ABCB11), and ATP binding cassette 
subfamily B member 4 (ABCB4), respectively.2 ABCB4 encodes a 
class III multidrug resistance (MDR3) P-glycoprotein, which shows a 
canalicular pattern of staining by immunohistochemistry in normal 
liver.3 With advances in genomic analysis and use of next-generation 
sequencing (NGS), a growing number of genes have been identified 
associated with PFIC, and now at least 12 subtypes are recognized.4,5 
Histopathologic features vary among subtypes and include a combi-
nation of hepatocellular and canalicular cholestasis, pseud-acini for-
mation, giant cell transformation of hepatocytes, ductular reaction, 
duct loss, and variable degree of fibrosis. In typical cases, the histo-
logic changes also tend to be characteristic. However, the histologic 
findings are not specific to any PFIC subtype, and significant hetero-
geneity exists even within a given subtype. When the disease presents 
in older patients/adults, often the changes tend to be either milder or 
atypical, or presentation is with advanced fibrosis/cirrhosis. Here we 
present 3 unusual cases of PFIC that were diagnosed with the help of 
molecular testing. In all these cases, the clinical features and the liver 
histology were nonspecific. These cases not only highlight the wide 
spectrum of these disorders and challenges in clinical diagnosis but 
also emphasize the critical role of molecular testing for the diagnosis.

c a S e  r e P O rt S

Case 1
The patient was a Hispanic male originally from Puerto Rico with 
hepatomegaly since 2 months of age with a putative clinical di-
agnosis of congenital hepatic fibrosis. Laboratory tests showed 
elevated aspartate transaminase (AST) (74 U/L; normal range, 0-31 
U/L) and alanine transaminase (ALT) (124 U/L; normal range, 0-31 
U/L), normal alkaline phosphatase (ALK) (307 U/L; normal range, 
117-390 U/L), and normal total bilirubin (0.46 mg/dL; normal 
range, <1.20 mg/dL). Neither bile acid nor γ-glutamyl transferase 
(GGT) were measured. Liver biopsy at 8 months  FIGURE 1A ,  B  
demonstrated moderate portal and bridging fibrosis, moderate 
hepatocellular damage, and mild to moderate degree of bile duct 
proliferation with no evidence of cholestasis or bile plugging. 
However, the features were also not typical of ductal plate mal-
formation, and the diagnosis remained unclear. He subsequently 
developed gallstones, which increased in size and number, leading 
to cholecystectomy at the age of 10 years. He was also found to 
have portal hypertension with splenomegaly, left splenorenal 
shunt, and esophageal varices during surveillance. At age 17 
years, he presented with pruritus and direct hyperbilirubinemia 
(total bilirubin: 2.2 mg/dL [normal range, <1.20 mg/dL]; direct 
bilirubin: 1.2 mg/dL [normal range, <0.30 mg/dL]) with elevated 
GGT (373 U/L; normal range, <48 U/L). His serum bile acid level 
was also elevated at this time (39.8 µmol/L; normal range, ≤6.8 
µmol/L). Another liver biopsy was performed and showed cir-
rhosis  FIGURE 1C  with moderate portal inflammation  FIGURE 1D  
along with features of chronic cholestasis and ductular prolifer-
ation  FIGURE 1E . Ceruloplasmin and α-1-antitrypsin levels were 
normal, and hepatitis B surface antigen and hepatitis C virus anti-
bodies were negative. The diagnosis was unclear, and mutational 

analysis was performed on peripheral blood for germline muta-
tions. Whole-exome sequencing (WES) identified homozygous 
splice site mutations in ABCB4 (c.2784-12T>C), supportive of a 
diagnosis of PFIC3 as the cause of the infantile-onset liver disease. 
Immunohistochemistry for multiple drug-resistant 3 (MDR3) was 
subsequently performed; however, it demonstrated normal cana-
licular expression.  FIGURE 1F . Subsequently, the patient has been 
listed for liver transplantation.

Case 2
A 37-year-old man, who had recently moved to California, pre-
sented to his primary care physician stating that he had a “history 
of liver disease.” He was found to have abnormal liver function 
test about 5 to 6 years ago, when he drank heavily (half a bottle of 
whiskey per day) and then stopped. He was subsequently referred to 
the hepatology service and underwent a liver biopsy, which led to a 
diagnosis of “anti-mitochondrial antibody (AMA)-negative primary 
biliary cholangitis (PBC)” (slides not available for review). He re-
ported that he was on ursodiol intermittently (last dose 1 year ago) 
with little improvement in alkaline phosphatase, which remained in 
the 300 to 500 U/L range. He reported that his mother was also told 
that she had “AMA-negative PBC.”

His current laboratory tests showed ALT of 256 U/L (normal 
range, 0-63 U/L), AST of 126 U/L (normal range, 0-34 U/L), ALK 
of 514 U/L (normal range, 0-125 U/L), total bilirubin of 1.3 mg/
dL (normal range, <1.0 mg/dL), and GGT of more than 1,200 U/L 
(greater than the upper limit of the reference range). Anti-nuclear 
antibody (ANA), AMA, and anti-smooth muscle antibody (ASMA) 
were all negative. IgG, IgM, and IgA were all within normal limits. 
Hepatitis C virus antibody and hepatitis B surface antigen (HBsAg) 
were both negative. The α-1 antitrypsin phenotype was normal 
(proteinase inhibitor [PI]* MM ). A liver biopsy was performed 
and showed marked ductopenia (5/41 [12%] of portal tracts with 
bile ducts), with most portal tracts showing minimal to absent 
lymphocytic inflammation  FIGURE 2A ,  B . There was no signifi-
cant ductular proliferation, interface activity, steatosis, hepatocyte 
ballooning, or lobular inflammation. Trichrome stain revealed 
mild portal fibrous expansion. CK7 immunohistochemistry stain 
revealed marked chronic cholestatic effect (“biliary metaplasia” of 
hepatocytes) and confirmed bile duct loss  FIGURE 2C . Rhodanine 
copper stain revealed periportal hepatocyte copper deposition 
around many of the portal tracts, supporting the histologic impres-
sion of chronic cholestasis  FIGURE 2D . At this time, the possibility 
of a germline mutation in a gene encoding for a bile canalicular 
transport protein, particularly the ABCB4 gene (coding for the 
MDR3 protein), was considered. Next-generation sequencing for 
a cholestatic liver gene panel was performed and revealed a path-
ogenic heterozygous ABCB4 mutation (c.1633C>T, p.Arg545Cys), 
supporting a diagnosis of MDR3 dysfunction (PFIC3) as the cause 
of the biliary injury. In addition, the same mutation was found in 
the patient’s mother.

Case 3
A 2-year-old previously healthy female presented with cholestasis, 
pruritus, and jaundice that began after treatment with amoxicillin/
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FIGURE 1 Histologic features of case 1. A, B, Trichome stain (A, 4×) and H&E (B, 10×) of liver biopsy specimen at 8 months show fibrosis and mild to 
moderate portal inflammation. C-E, Progression to cirrhosis at age 17 years shown by trichrome (C, 4×) with moderate portal inflammation (D, 10×) and 
ductular reaction and chronic cholestasis demonstrated by CK7 immunohistochemistry (E, 10×). F, MDR3 immunohistochemistry compared with positive 
control (insert) (40×).
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clavulanate for 5 days for an unclear indication at an outside institu-
tion. No diarrhea or abdominal pain was reported. Her family history 
was unremarkable. The liver function tests showed elevated total and 
direct bilirubin (total bilirubin: 6.9 mg/dL [normal range, <1.20 mg/
dL]; direct bilirubin: 4.9 mg/dL [normal range, <0.20 mg/dL]), ALK 
(617 U/L; normal range, 117-390 U/L), AST (190 U/L; normal range, 0-31 
U/L), and ALT (268 U/L; normal range, 0-31 U/L), and near-normal GGT 
(33 U/L; normal range, 7-32 U/L). Serum bile acid was also significantly 
elevated above the clinical reportable range (282 µmol/L; reference 
range, 4.5-19.2 µmol/L) with elevated chenodeoxycholic acid (80.1 
µmol/L; reference range, 9.9 µmol/L or less) and cholic acid, which 
was also above the clinical reportable range (200 µmol/L; reference 
range, 3.1 µmol/L or less). Abdominal ultrasound was unremarkable. 
A liver biopsy was performed and showed paucity of bile ducts with 
occasional multinucleated giant cells  FIGURE 3A-C . A possible drug-
induced liver injury was considered, but her symptoms persisted, and 
bilirubin level remained high months after the cessation of medica-
tion. An inherited cholestatic liver disorder including PFIC was then 

considered, and mutational analysis was performed using a panel for 
cholestatic disorders at a reference laboratory that did not show mu-
tations in ATP8B1, ABCB11, ABCB4, JAG1, or TJP2. Subsequently, WES 
was performed on peripheral blood and found a heterozygous frame-
shift mutation at codon 300 (c.896_897dupTG; p.Asp300Trpfs*19) 
and a heterozygous missense mutation (c.1357T>C; p.Phe453Leu) in 
myosin VB (MYO5B). A diagnosis of PFIC10 was made at this time. 
The patient underwent partial internal biliary drainage surgery with 
functional end-to-end jejunojejunostomy at age 3 years and remained 
symptom free with normalization of serum fractionated bile acids at 
39 months of  follow-up. Subsequently, the patient has been lost to 
follow-up.

D i S c U S S i O n

Various inherited cholestatic disorders, including PFICs, are rare 
and can be diagnostically challenging. Delayed diagnosis or misdi-
agnosis6,7 is not uncommon, probably due to the wide spectrum of 

FIGURE 2 Histologic features of case 2. A, B, Loss of interlobular bile ducts in portal tracts with minimal to absent lymphocytic inflammation and no 
significant ductular proliferation shown by H&E (40×). C, Marked CK7 positivity in periportal hepatocytes (“biliary metaplasia”) and the absence of an 
interlobular bile duct demonstrated by CK7 immunohistochemistry (40×). D, Chronic cholestasis shown by rhodanine copper stain (40×).
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clinical presentation, lack of awareness among physicians/patho-
logists, and lack of genetic analysis. However, over the years with 
advances in genomic medicine and increasing application of NGS in 
clinical practice, our understanding of these disorders has evolved 
substantially, and many new PFIC subtypes have been described. 
It has increasingly become clear that the clinical spectrum of such 
disorders is very wide, with atypical presentations being not un-
common, and genetic analysis, particularly WES, is very helpful in 
the diagnostic workup.

In retrospect, the clinical course, laboratory results, and pa-
thology features of case 1 were consistent with PFIC3.8 However, 
the diagnosis was not made until the patient developed cirrhosis 
and molecular studies were pursued. Patients with PFIC3 are at an 
increased risk of developing cholesterol stones in intrahepatic bile 
ducts and gallbladder.9 Histologically, it has 2 patterns at the time 
of diagnosis: the first pattern shows ductular proliferation with 
mild inflammation and mild portal fibrosis. Giant cell transfor-
mation of hepatocytes and lobular cholestasis can be seen in some 

cases but remains variable. This can eventually progress to biliary 
type cirrhosis and liver failure. The second pattern is characterized 
by extensive portal fibrosis and biliary cirrhosis at presentation.10 
Other features such as subtle bile duct injury11 and intraductal cho-
lesterol crystals12 may be observed but are not specific for PFIC3. 
Complete loss13 or reduced expression10,14,15 of MDR3 protein by 
immunohistochemistry (IHC) can help in the pathologic diagnosis, 
but retained expression is seen in many cases, indicating a non-
functional protein, and thus retained MDR3 expression does not 
exclude the diagnosis of PFIC3.16,17 The retained MDR3 in case 1 by 
IHC is explained by the nature of the variant. In case 1, the variant 
ABCB4 c.278412T>C occurs in a polypyrimidine tract 12 base pairs 
(bp) from the 3ʹ splice site of intron 22 and disrupted splicing, re-
sulting in skipping of exon 23, which leads to a 141-bp deletion and 
likely encodes for a nonfunctional protein. Normal MDR3 expres-
sion by IHC in case 1 suggests retained antigenicity despite loss of 
function. Clinically, patients with PFIC3 typically show a cholestatic 
picture with raised liver enzymes, serum bilirubin, and serum bile 

FIGURE 3 Histologic features of case 3. A, B, Paucity of bile ducts in portal triad shown by H&E (A, 20×) and CK7 immunohistochemistry (B, 20×). C, D, 
Scattered multinucleated giant cells in lobular (arrows) at low power (C, 20×) and high power (D, 40×).
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salts. The GGT levels are typically high in PFIC3 in contrast with 
most other PFICs. Presence of extensive portal fibrosis, along with 
cholestasis and ductular proliferation, helps in establishing the di-
agnosis on histology in most cases, but none of the findings are en-
tirely specific. Nowadays, a definitive diagnosis is often established 
by genetic analysis, as happened in this case. The unusual clinical 
features present in this case included early onset (hepatomegaly at 
2 months of age) and lack of jaundice/cholestasis at initial presen-
tation, which led to the consideration of congenital hepatic fibrosis. 
In addition, the liver biopsy changes were nonspecific, and NGS was 
not readily available for clinical diagnosis at that time.

The genetic alteration detected in case 1 was also interesting. 
The variant identified in this case (ABCB4 c.278412T>C) occurred 
at the splice acceptor site of intron 22 with a decreased splicing 
efficiency and was interpreted as likely pathogenic. Interestingly, 
population-level screening for this variant revealed a carrier rate of 
1.95% in Puerto Rican individuals, and incidentally, this patient was 
also originally from Puerto Rico.18 A total of 5 individuals homo-
zygous for the ABCB4 c.278412T>C variant have been reported, of 
whom 4 were found to have cirrhosis and the fifth had liver steatosis 
on imaging. Two of these cirrhotic patients underwent liver trans-
plantation, and one was found to have a hepatocellular carcinoma 
in the explant. Heterozygotes for this variant seem to have associ-
ated liver disease in an allele dose-dependent manner.18 Notably, 
ABCB4 mutations have also been associated with increased risk of 
liver cancer (cholangiocarcinoma and hepatocellular carcinoma), in 
both case reports12 and a population-based genomic study.19

In case 2, the diagnosis was challenging due to older age at presenta-
tion and a liver biopsy specimen that was interpreted as AMA-negative 
PBC. Eventually, the familial nature of the disease and molecular 
testing led to the correct diagnosis of PFIC3. The ABCB4 missense 
mutation detected in this case, p.Arg545Cys, has been reported in the 
heterozygous state in multiple individuals with cholestatic liver disease 
and has also been reported to segregate with disease in at least 1 family 
with cholestatic phenotype.20,21 In vitro expression studies have shown 
that this mutation results in reduced expression of the MDR3 protein, 
thereby disrupting intracellular transport activity of bile acids.22 Other 
variants at this position in the gene (p.Arg545His, p.Arg545Gly) have 
also been associated with intrahepatic cholestasis, suggesting that a 
change at this position adversely affects protein structure and/or func-
tion.14,23 The patient’s mother was also found to have the same muta-
tion, confirming that the disease was inherited. The other interesting 
aspect is that his mutation is heterozygous and missense, which pre-
sents with less severe or even nonprogressive forms of MDR3 dysfunc-
tion, as opposed to large deletions, nonsense mutations, or frameshift 
mutations that are more common in the severe and pediatric forms 
of the disease. The histologic presentation of ductopenia is also note-
worthy; as discussed earlier, cholestasis with ductular proliferation is 
the more common histologic pattern of injury in PFIC3. This case sug-
gests that unexplained ductopenia should always raise the possibility 
of an ABCB4 mutation, even in adults, particularly in cases with high 
GGT levels.

Case 3 presented as a low-GGT cholestasis with jaundice 
and pruritus without significant gastrointestinal manifestation 

associated with 2 heterogenous variants in MYO5B. Isolated low-
GGT cholestasis due to a variant in actin filament–based motor 
protein myosin VB was first reported by 2 groups independently 
in 2017.24 It was initially designated as PFIC6 in literature,25 but 
subsequently, it has been recognized in the Online Mendelian In-
heritance in Man as PFIC10, phenotype 619658. The protein myosin 
VB binds selected small guanosine triphosphatase rab proteins, 
including the trans-Golgi network–associated and/or recycling 
endosome-associated rab8 and rab11a, and has been implicated in 
regulating membrane trafficking in polarized epithelial cells such as 
hepatocytes, enterocytes, and respiratory epithelial cells.25 Biallelic 
MYO5B mutations have been identified in patients with a spectrum 
of clinical manifestations, ranging from microvillus inclusion di-
sease (MYO5B-MVID), a congenital enteropathy characterized by 
intractable diarrhea and malabsorption and, at the cellular level, 
the mislocalization of apical brush-border proteins, an enterop-
athy associated with cholestatic liver disease (MYO5B-MIXED)26 
or a cholestatic liver disease (MYO5B-PFIC, PFIC10).27 Clinically, 
patients with typical PFIC10 have low GGT, raised bilirubin, and/or 
bile acid similar to other PFICs, such as PFIC1 and PFIC2. Neurologic 
symptoms such as delayed language development and a pyramidal 
syndrome have been reported in 1 case. Histologic features include 
intralobular cholestasis, giant cell transformation of hepatocytes, 
and a variable degree of fibrosis.24,28 Reduced or abnormal bile salt 
export pump expression is seen in a subset of patients.24,27 Our pa-
tient presented with similar characteristics to those previously de-
scribed, with normal GGT, PFIC-like phenotype, and a disease onset 
in the first 2 years of life. It is possible that the clinical presentation 
was triggered or worsened by antibiotics (amoxicillin/clavulanate), 
which has not been described before. Lack of specific features and 
familiarity with rare diseases like this often leads to delayed or mis-
diagnosis, and genetic evaluation remains a key similar to this case.

In summary, we here present 3 cases of PFIC disorders that 
highlight the challenges in clinical diagnosis and emphasize the 
key role of genetic analysis, particularly the utility of WES. Key 
features of each case are summarized in  TABLE 1 . Liver biopsy re-
mains critical for the evaluation of pediatric cholestatic disorders, 
including PFICs, and generates a good differential diagnosis to 
guide appropriate genetic workup. As the PFIC classification con-
tinues to expand, it is equally important to note that several histo-
logic features are common to different molecular subtypes of PFICs 
(eg, giant cell transformation of hepatocytes, hepatocellular and 
canalicular cholestasis, ductular proliferation), and pathologists 
need to be aware of this. Molecular testing has evolved from direct 
sequencing of a single gene to panel-based NGS to WES and has 
become an essential component of the workup.29 The problems en-
countered with genetic analysis using standard or preset panels are 
that new variants or alterations in genes excluded from the panel 
can be missed, as happened with one of the cases presented here, 
while whole-exome/genome analysis tends to frequently detect 
new variants, including variants of unknown significance, making 
the interpretation challenging. However, whole-exome and genome 
sequencing are becoming increasingly available and increasingly 
used in research and clinical practice, and subsequently, expertise in 
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their interpretation is also developing rapidly.30-32 This has clearly 
widened our understanding of the clinical spectrum, as well as 
identified new mutations or genetic variations associated with es-
tablished disorders of bile synthesis and transport, along with dis-
covery of new disorders. Thus, the list of new subtypes of PFICs has 
grown over the past decade and continues to evolve. Hence, cases 
reported like this help guide not only the clinical practice but also 
future research in this area.
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