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Summary

Clinical characteristics
The phenotypic spectrum of ATP8B1 deficiency ranges from severe through moderate to mild. Severe ATP8B1 
deficiency is characterized by infantile-onset cholestasis that progresses to cirrhosis, hepatic failure, and early 
death. Although mild-to-moderate ATP8B1 deficiency initially was thought to involve intermittent symptomatic 
cholestasis with a lack of hepatic fibrosis, it is now known that hepatic fibrosis may be present early in the disease 
course. Furthermore, in some persons with ATP8B1 deficiency the clinical findings can span the phenotypic 
spectrum, shifting over time from the mild end of the spectrum (episodic cholestasis) to the severe end of the 
spectrum (persistent cholestasis). Sensorineural hearing loss (SNHL) is common across the phenotypic 
spectrum.

Diagnosis/testing
The diagnosis of ATP8B1 deficiency is established in a proband with suggestive clinical and laboratory findings 
and biallelic pathogenic variants in ATP8B1 identified by molecular genetic testing.

Management
Treatment of manifestations: Cholestasis: pharmacotherapy is ineffective regardless of disease severity. In severe 
disease: the primary surgical therapy is interruption of the enterohepatic circulation which can reduce pruritus 
and slow or reverse the progression to hepatic fibrosis; when cirrhosis is present, liver transplantation may be the 
definitive therapy. Notably for some, secretory diarrhea can continue or worsen following liver transplantation. 
In mild-to-moderate disease, nasobiliary drainage and extracorporeal liver support may hasten the end of an 
episode of cholestasis. Pruritus: in severe disease pharmacotherapy has historically been ineffective; however, 
recent US Food and Drug Administration approval of ileal bile acid transporter inhibitors to treat pruritus 
introduces a novel therapeutic approach that holds great promise. Other options include UVB light therapy and 
plasmapheresis. In mild-to-moderate disease, pharmacotherapy may be efficacious. Secretory diarrhea can 
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require IV fluids or more palliative interventions. Poor growth may require medium-chain triglyceride-based 
formulas; fat-soluble vitamin deficiencies are treated symptomatically. SNHL is managed per standard protocols.

Surveillance: Routine monitoring of cholestasis, liver disease, pruritus, growth, and nutrition per treating 
hepatologist; routine audiograms for all individuals with ATP8B1 deficiency whether known to be symptomatic 
or not.

Agents/circumstances to avoid: Potentially ototoxic agents; oral contraceptive agent therapies can induce and/or 
exacerbate episodes of cholestasis.

Evaluation of relatives at risk: It is appropriate to clarify the genetic status of apparently asymptomatic older and 
younger at-risk relatives of an affected individual in order to identify as early as possible those who would 
benefit from prompt initiation of treatment, surveillance, and awareness of agents and circumstances to avoid.

Genetic counseling
ATP8B1 deficiency is inherited in an autosomal recessive manner. If both parents are known to be heterozygous 
for an ATP8B1 pathogenic variant, each sib of an affected individual has at conception a 25% chance of 
inheriting biallelic pathogenic variants and being affected, a 50% chance of inheriting one pathogenic variant 
and being a heterozygote (carrier), and a 25% chance of inheriting both normal alleles. Once the ATP8B1 
pathogenic variants have been identified in an affected family member, carrier testing for at-risk relatives and 
prenatal and preimplantation genetic testing are possible.

GeneReview Scope
ATP8B1 Deficiency: Phenotypic Continuum

• Severe ATP8B1 deficiency (progressive familial intrahepatic cholestasis type 1 [PFIC1])
• Mild-to-moderate ATP8B1 deficiency (benign recurrent intrahepatic cholestasis 1 [BRIC1])

For synonyms and outdated names see Nomenclature.

Diagnosis
No consensus clinical diagnostic criteria for ATP8B1 deficiency have been published.

Suggestive Findings
ATP8B1 deficiency should be suspected in individuals with the following clinical findings, laboratory findings, 
histologic findings on liver biopsy, and family history.

While mild-to-moderate and severe phenotype classifications have been proposed, ATP8B1 deficiency occurs 
along a continuous spectrum of severity.

Clinical Findings
Severe ATP8B1 deficiency. Unremitting cholestasis (typically beginning within the first few months of life) 
manifesting as [Davit-Spraul et al 2010, Pawlikowska et al 2010]:

• Jaundice
• Clinically significant diarrhea
• Failure to thrive
• Hemorrhage (due to the coagulopathy of vitamin K deficiency)
• Hepatosplenomegaly
• Pruritus
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• Discolored and/or pale stools

The first episode of cholestasis in infancy may herald disease anywhere along the phenotypic continuum, 
including subsequent cirrhosis and end-stage liver disease or liver disease that appears likely to evolve to end 
stage if untreated.

Mild-to-moderate ATP8B1 deficiency (also sometimes termed benign recurrent intrahepatic cholestasis 
[BRIC])

• Episodes of cholestasis typically involve jaundice and pruritus; however, milder episodes may include 
pruritus only.

• Age at onset of the first episode of cholestasis, the length of episodes, and the duration of disease-free 
intervals between episodes vary greatly.

• "Benign" generally refers to lack of progressive liver disease; however, this may be a misnomer as quality of 
life and other health-related manifestations may be affected. Also, some individuals who initially 
experience episodic manifestations may eventually develop progressive liver disease.

Preliminary Laboratory Findings
Findings on standardized serum-based clinical-biochemistry tests used to evaluate cholestasis are 
summarized in Table 1.

Cholestasis as manifest by conjugated or direct hyperbilirubinemia and/or hypercholanemia in the setting of 
normal to low gamma-glutamyltranspeptidase (γ-GT) for age suggests ATP8B1 deficiency.

Note: Conjugated bilirubin levels may not be an accurate marker of cholestasis.

Findings consistent with severe ATP8B1 deficiency

• Serum γ-GT activity is low to normal despite conjugated hyperbilirubinemia and/or severe pruritus.
Note: Because γ-GT activity is elevated in most types of cholestasis, forms of cholestasis in which γ-GT is 
not elevated are called "low-γ-GT cholestasis."

• Serum concentration of cholesterol is usually not elevated (an unusual finding in cholestasis).

• Serum concentration of total bile acids is elevated, often markedly so [Davit-Spraul et al 2010, 
Pawlikowska et al 2010].

Findings consistent with mild-to-moderate ATP8B1 deficiency. Serum γ-GT activity is low to normal despite 
conjugated hyperbilirubinemia (see Table 1).

Table 1. Serum Studies Consistent with ATP8B1 Deficiency

Phenotype Serum γ-GT 
Activity

Serum Concentration of 
Cholesterol

Serum Concentration of 
Total Bile Acids

Serum Concentration of 
Conjugated Bilirubin

Severe Low to nl 1
Low to nl 1 (HDL low, 
oxidized LDL high, 
triglycerides high) 2

Markedly ↑
High early w/resolution; 
subsequent ↑ w/end-stage 
liver disease
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Table 1. continued from previous page.

Phenotype Serum γ-GT 
Activity

Serum Concentration of 
Cholesterol

Serum Concentration of 
Total Bile Acids

Serum Concentration of 
Conjugated Bilirubin

Mild to moderate Low to nl 3 Usually low to nl during 
symptomatic periods 4

Markedly ↑ during 
symptomatic periods; nl 
between episodes

Nl between episodes; variable 
increases during 
symptomatic periods

HDL = high density lipoprotein; LDL = low density lipoprotein; γ-GT = gamma-glutamyltranspeptidase; nl = normal
1. Usually elevated in cholestatic liver disease.
2. Nagasaka et al [2005], Nagasaka et al [2009], Pawlikowska et al [2010]
3. May be elevated at onset or at resolution of an episode of cholestasis.
4. Detailed study of one individual with mild ATP8B1 deficiency demonstrated low HDL and other lipid abnormalities during a bout of 
cholestasis [Nagasaka et al 2007].

Sweat chloride. Concentration of electrolytes in sweat may be elevated.

Liver imaging. Findings are generally variable and reflect disease severity. In progressive disease, findings 
consistent with liver cirrhosis including hepatomegaly, echotexture abnormalities, and secondary splenomegaly 
can be seen.

Liver Biopsy
Liver biopsy in the acute diagnosis and management of an infant with cholestasis helps to distinguish between 
biliary obstruction (including biliary atresia) and other possible diagnoses such as genetic disorders resulting in 
cholestasis.

• ATP8B1 deficiency vs biliary atresia. The characteristic histopathologic features that associate with 
severe ATP8B1 deficiency in infants include bland intracanalicular cholestasis in the setting of relatively 
preserved lobular architecture with "tidy"-appearing and sometimes small hepatocytes. While bile ducts 
are sometimes small and inconspicuous and may appear hypoplastic, paucity of interlobular bile ducts is 
not seen, nor is the significant ductular reaction that is associated with biliary obstruction (including 
biliary atresia).

• Genetic disorders resulting in cholestasis. Although molecular genetic testing is typically replacing more 
traditional histopathologic investigations to establish a monogenic cause of cholestasis, the option of liver 
biopsy remains when such genetic testing is not available. See Histologic Findings (pdf) for more 
information.

Family History
Family history is consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental 
consanguinity). Absence of a known family history does not preclude the diagnosis.

Establishing the Diagnosis
The diagnosis of ATP8B1 deficiency is established in a proband with suggestive findings and biallelic pathogenic 
variants in ATP8B1 identified by molecular genetic testing (see Table 2). If molecular genetic testing is not 
available, see the histologic findings associated with ATP8B1 deficiency in Histologic Findings (pdf).

Note: Identification of biallelic ATP8B1 variants of uncertain significance (or identification of one known 
ATP8B1 pathogenic variant and one ATP8B1 variant of uncertain significance) does not establish or rule out a 
diagnosis of this disorder.

Molecular genetic testing approaches can include gene-targeted testing (multigene panel) and comprehensive 
genomic testing (exome sequencing, exome array, genome sequencing) depending on the phenotype.
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Gene-targeted testing requires that the clinician determine which gene(s) are likely involved, whereas genomic 
testing does not. Individuals with the distinctive findings described in Suggestive Findings are likely to be 
diagnosed using gene-targeted testing (see Option 1), whereas those in whom the diagnosis of ATP8B1 
deficiency has not been considered may be more likely to be diagnosed using genomic testing (see Option 2).

Option 1
A cholestatic liver disease multigene panel that includes ATP8B1 and other genes of interest (see Differential 
Diagnosis) is most likely to identify the genetic cause of the condition while limiting identification of variants of 
uncertain significance and pathogenic variants in genes that do not explain the underlying phenotype. Note: (1) 
The genes included in the panel and the diagnostic sensitivity of the testing used for each gene vary by 
laboratory and are likely to change over time. (2) Some multigene panels may include genes not associated with 
the condition discussed in this GeneReview. (3) In some laboratories, panel options may include a custom 
laboratory-designed panel and/or custom phenotype-focused exome analysis that includes genes specified by the 
clinician. (4) Methods used in a panel may include sequence analysis, deletion/duplication analysis, and/or other 
non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.

Option 2
Comprehensive genomic testing does not require the clinician to determine which gene(s) are likely involved. 
Exome sequencing is most commonly used; genome sequencing is also possible.

If exome sequencing is not diagnostic, exome array (when clinically available) may be considered to detect 
(multi)exon deletions or duplications that cannot be detected by sequence analysis.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

Table 2. Molecular Genetic Testing Used in ATP8B1 Deficiency

Gene 1 Method Proportion of Pathogenic Variants 2 

Detectable by Method

ATP8B1
Sequence analysis 3 >95% 4

Gene-targeted deletion/duplication 
analysis 5 <5% 4

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on allelic variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Klomp et al [2004], Wang et al [2016], Dröge et al [2017], and data derived from the subscription-based professional view of Human 
Gene Mutation Database [Stenson et al 2020]
5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
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Clinical Characteristics

Clinical Description
ATP8B1 deficiency encompasses a phenotypic spectrum ranging from severe through moderate to mild. Severe 
ATP8B1 deficiency is characterized by infantile-onset cholestasis that progresses to cirrhosis, hepatic failure, and 
death. Mild-to-moderate ATP8B1 deficiency was initially thought to involve intermittent symptomatic 
cholestasis with a lack of hepatic fibrosis; however, some persons with clinically diagnosed mild disease have 
hepatic fibrosis on biopsy. Furthermore, in some persons with ATP8B1 deficiency the clinical findings can span 
the phenotypic spectrum, shifting over time from the mild end (episodic cholestasis) to the severe end of the 
spectrum (persistent cholestasis) [van Ooteghem et al 2002].

Family members with the same ATP8B1 pathogenic variants do not always have disease of the same clinical 
severity. In addition, clinical severity can change over time: mild disease diagnosed in childhood may progress in 
adulthood to severe disease [Morris et al 2015, Squires et al 2017].

Severe ATP8B1 deficiency. The age and onset of manifestations of severe ATP8B1 deficiency vary among 
affected individuals. Affected children typically present in the first year of life, often with severe pruritus and 
jaundice [Pawlikowska et al 2010, Morris et al 2015]. The onset of pruritus is often difficult to pinpoint because 
detection depends on an infant's ability to scratch in a coordinated manner; thus, in some infants irritability may 
be an initial manifestation of pruritus. Some individuals have been treated for long periods for chronic 
dermatologic conditions because of longstanding pruritus without typical findings of liver disease.

Secondary manifestations such as coagulopathy (due to vitamin K deficiency), malabsorption, and poor weight 
gain may present earlier than age three months.

While onset in the first year of life with progression to cirrhosis by the end of the first decade of life is typical in 
severe ATP8B1 deficiency, both interfamilial and intrafamilial variability have been noted among affected 
individuals with the same pathogenic variants [Bourke et al 1996, Bull et al 1999, Klomp et al 2004, Morris et al 
2015, Squires et al 2017, van Wessel et al 2021].

Mild-to-moderate ATP8B1 deficiency is characterized by intermittent episodes of cholestasis, severe pruritus, 
and jaundice in the absence of extrahepatic bile duct obstruction. Episodes may last from weeks to months. 
Symptom-free intervals may last from months to years. Individuals may have variable or unknown triggers for 
some or all bouts of cholestasis.

In truly mild disease, chronic liver damage does not develop; however, in some individuals in whom ATP8B1 
deficiency initially appears mild, clinical monitoring over time or detection of fibrosis on liver biopsy may 
indicate disease of moderate severity [van Ooteghem et al 2002, van Mil et al 2004a]. More recently, ATP8B1 
pathogenic variants have been reported in some adults with cryptogenic cirrhosis, suggesting further broadening 
of the phenotypic spectrum of ATP8B1 deficiency to include development of liver disease beyond the first 
decades of life [Vitale et al 2018].

See Table 3 for an overview of the distinguishing features of the severe and mild-to-moderate phenotypes.
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Table 3. ATP8B1 Deficiency: Comparison of Phenotypes by Select Features

Feature Severe Mild to Moderate

Hepatic

Cholestasis Near universal Common/intermittent

Pruritus Near universal Common/intermittent

Nutritional deficiencies
(incl vitamins A, D, E, K) Common Rare

Poor growth Common Rare

Diarrhea Common Rare

Chronic liver disease Common Some

Extrahepatic
Sensorineural hearing loss Common Common

Pancreatitis or pancreatic
exocrine insufficiency Some Some

Cholestasis. Although children with the severe phenotype may initially experience episodes of severe cholestasis 
followed by disease-free intervals, cholestasis eventually becomes constant. Triggers that increase the risk of 
cholestasis may include intercurrent illness, drug exposure, shifts in hormonal milieu (including those resulting 
from ingestion of contraceptive drugs and/or pregnancy), and coexistent malignancy.

Pruritus is typically severe and persistent; jaundice is often intermittent. While pruritus is disproportionately 
severe for the degree of hyperbilirubinemia, it is proportional to the elevation in serum bile acids. Significant 
skin excoriations, caused by constant scratching, are frequent.

Nutritional deficiencies. Complications of nutritional deficiencies can result in significant morbidity and 
mortality in individuals with the severe phenotype. Prolonged malabsorption of fat-soluble vitamins may lead to 
easy bruising or bleeding (caused by vitamin K deficiency), rickets (caused by vitamin D deficiency), and 
neurologic abnormalities (caused by vitamin E deficiency). In contrast, vitamin A levels – when measured – are 
often normal or elevated; supplementation is rarely required [Morris et al 2015, Squires et al 2017].

Poor growth becomes evident in early childhood. While this may be secondary to nutritional complications of 
cholestasis (which typically result in weight loss out of proportion to the decreased rate of linear growth), 
children with severe ATP8B1 deficiency typically manifest failure to thrive and poor growth beyond that 
expected in persons with cholestasis alone [Pawlikowska et al 2010].

Diarrhea. The profound diarrhea that can accompany ATP8B1 deficiency may also contribute to poor growth. 
Mechanisms are complex and may involve both pancreatic insufficiency and the extrahepatic (dys)function of 
ATP8B1 in the terminal ileum. Importantly, the diarrhea may persist or even worsen following liver 
transplantation [Davit-Spraul et al 2010, Pawlikowska et al 2010, Verhulst et al 2010, Folvik et al 2012, Bull et al 
2018, Henkel et al 2021].

Chronic liver disease including (but not limited to) those resulting from complications of portal hypertension 
may develop. Cirrhosis and its attendant complications, including hepatic failure and death, typically ensue in 
the absence of surgical intervention such as partial biliary diversion or liver transplantation (see Management).

Post-transplantation steatohepatitis may also occur, and may evolve into cirrhosis [Lykavieris et al 2003, 
Miyagawa-Hayashino et al 2009, Davit-Spraul et al 2010, Hori et al 2011, Henkel et al 2021].

Extrahepatic disease manifestations are attributed to the widespread tissue distribution of ATP8B1. Some 
individuals with ATP8B1 deficiency have:
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• Sensorineural hearing loss, most pronounced at higher frequencies and often detected in late adolescence 
and early adulthood, which can progress with time. Hearing loss is attributed to defects in the 
composition of membranes of inner ear cilia [Stapelbroek et al 2009, Pawlikowska et al 2010].

• Pancreatitis or pancreatic exocrine insufficiency [Tygstrup et al 1999, Davit-Spraul et al 2010, 
Pawlikowska et al 2010, Folvik et al 2012, Bull et al 2018]

Rare extrahepatic findings can include the following:

• Resistance to parathyroid hormone [Nagasaka et al 2004]
• Kidney stones or acute renal failure [Tygstrup et al 1999, Folvik et al 2012]
• Delayed puberty [Bull et al 2018]
• Epistaxis in the absence of a coagulopathy or thrombocytopenia
• Nail dystrophy [Bourke et al 1996, Klomp et al 2004]

Manifesting Heterozygotes
Intrahepatic cholestasis of pregnancy (ICP) manifests during pregnancy with pruritus, hepatic impairment, 
and cholestasis which usually resolves completely after delivery. While usually benign for the mother, adverse 
perinatal outcomes, such as fetal distress, premature birth, and stillbirth, can occur. ICP affects about 0.5%-4% of 
pregnancies, depending on the population.

Obligate heterozygotes for an ATP8B1 pathogenic variant associated with ATP8B1 deficiency have developed 
ICP [Clayton et al 1969, de Pagter et al 1976, Bull et al 1998, Dixon et al 2017].

Transient neonatal cholestasis. A case report suggests that ATP8B1 heterozygotes may be at increased risk for 
transient neonatal cholestasis [Jacquemin et al 2010].

Genotype-Phenotype Correlations
Disease severity generally correlates with variant type:

• Pathogenic variants likely to severely impair ATP8B1 structure and/or function (e.g., nonsense and 
frameshift variants and large deletions) are more often found in individuals with severe disease.

• Missense variants, which may have a lesser effect on ATP8B1 structure/function, are found more 
commonly in individuals with mild disease [Klomp et al 2004]. Of note, in individuals with a severe 
phenotype, the number of predicted protein-truncating variants (i.e., 0, 1, or 2) does not predict survival 
with native (i.e., non-transplanted) liver [van Wessel et al 2021].

• The p.Gly308Val pathogenic variant (frequently associated with the Old Amish kindred in which the 
disease was initially described) and the p.Asp554Asn variant (seen with Greenland familial cholestasis, 
typically present in early childhood) are associated with disease progression often necessitating surgical 
intervention (see Management) [Klomp et al 2000, Morris et al 2015, Squires et al 2017].

• The p.Ile661Thr pathogenic variant, which is frequently detected in persons of European descent with 
mild disease, appears occasionally to be non-penetrant, but is also occasionally found in compound 
heterozygous form in persons with severe disease [Klomp et al 2004].

Nomenclature
In this review, the term "ATP8B1 deficiency" is used to encompass the full phenotypic spectrum ranging from 
severe ATP8B1 deficiency to intermediate to mild ATP8B1 deficiency.

Other terms used to refer to severe ATP8B1 deficiency

• Phenotype-based nomenclature: progressive familial intrahepatic cholestasis (PFIC)
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• Phenotype and locus-based nomenclature: progressive familial intrahepatic cholestasis type 1 (PFIC1) or 
severe familial intrahepatic cholestasis 1 (FIC1) deficiency

• Ethnicity-based nomenclature: Byler disease (refers to severe ATP8B1 deficiency in individuals of Amish 
ancestry [Clayton et al 1969]) and Greenland childhood cholestasis or Greenland familial cholestasis 
(refers to severe ATP8B1 deficiency in individuals of Inuit ancestry [Nielsen et al 1986, Ornvold et al 1989, 
Eiberg & Nielsen 1993])

Other terms used to refer to mild ATP8B1 deficiency. Phenotype and locus-based nomenclature: benign 
recurrent intrahepatic cholestasis type 1 (BRIC1) or mild FIC1 deficiency

Prevalence
Collectively, the estimated prevalence for all progressive familial intrahepatic cholestasis (PFIC) disorders 
accompanied by high serum gamma-glutamyltranspeptidase (γ-GT) levels and, in individuals with biallelic 
ABCB4 pathogenic variants (PFIC3) is estimated at 1:50,000 to 1:100,000 births [Srivastava 2014]. The exact 
prevalence of ATP8B1 deficiency remains unknown. Although it has been considered rare, misdiagnosis or 
imprecise diagnosis may have contributed to underestimation of prevalence.

First described as Byler disease in children of Amish descent [Clayton et al 1969], it has now been reported in 
individuals of all races and many ethnicities. Except for certain populations (e.g., the Amish and Inuit) with 
increased consanguinity and founder variants (see Table 8), no other populations are known to be at a higher 
risk for ATP8B1 deficiency.

Carrier frequencies for ATP8B1 deficiency are unknown, except in the Greenland Inuit in whom the carrier 
frequency of the pathogenic variant p.Asp554Asn varies regionally. In East Greenland, the high carrier 
frequencies – which reach 0.16 in Ittoqqortoormiit and 0.23 in Kuummiut – warrant routine screening [Eiberg & 
Nielsen 1993, Eiberg et al 2004, Nielsen & Eiberg 2004, Andersen et al 2006].

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in ATP8B1.

Differential Diagnosis
Table 4 summarizes other inherited disorders with cholestatic liver disease typically characterized by low or 
normal serum gamma-glutamyltranspeptidase (γ-GT) levels that need to be distinguished from the much more 
common cholestatic disorders characterized by elevated serum γ-GT level (including childhood-onset 
progressive familial intrahepatic cholestasis caused by biallelic ABCB4 pathogenic variants [PFIC3; OMIM 
602347]).

Table 4. Autosomal Recessive Pediatric Cholestatic Liver Disorders with Low or Normal Serum γ-GT Levels in the Differential 
Diagnosis of ATP8B1 Deficiency

Gene Disorder Typical Clinical Characteristics at 
Diagnosis

Characteristic Histology at 
Diagnosis

Other Serum Studies at 
Diagnosis

ATP8B1 

ATP8B1 
deficiency (topic 
of this 
GeneReview; incl 
for reference)

Multisystem disease

• Bland canalicular 
cholestasis

• Coarsely granular 
canalicular bile

• Cholesterol 
concentrations 
usually not ↑

• Often marked ↑ of 
total bile acids 1, 2

• Modest ↑ of 
transaminases

ATP8B1 Deficiency 9
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Table 4. continued from previous page.

Gene Disorder Typical Clinical Characteristics at 
Diagnosis

Characteristic Histology at 
Diagnosis

Other Serum Studies at 
Diagnosis

ABCB11

ABCB11 
deficiency (severe 
PFIC2; OMIM 
601847)

• Primary manifestations are 
limited to the liver. 3

• Hepatobiliary malignancy 
(HCC & 
cholangiocarcinoma) in 
childhood 4, 5

• High incidence of 
gallstones

• Giant cell 
transformation & 
necrosis of 
hepatocytes

• Bile pigment 
accumulation in 
hepatocytes & in 
lumina of bile 
canaliculi

• Ultrastructural study 
of canalicular bile 
does not identify 
coarse granularity. 6

• Expression of 
ectoenzymes (e.g., γ-
GT) along canalicular 
walls

• ABCB11 expression is 
often deficient. 7

• Transaminase activity 
values are higher in 
ABCB11 deficiency 
(than in ATP8B1 
deficiency). 1, 2

• Albumin, bile acid, & 
AFP concentrations 
tend to be higher in 
severe ABCB11 
deficiency. 1, 2

MYO5B MYO5B 
deficiency

Variable degree of intestinal 
involvement

• Giant cell change
• Hepatocellular & 

canalicular cholestasis
• Poor expression of γ-

GT along bile 
canaliculi 8

NR1H4 PFIC5 (OMIM 
617049) Early-onset coagulopathy

• Intralobular 
cholestasis

• Ductular reaction
• Giant cell 

transformation

Markedly ↑ AFP

TJP2 PFIC4 (OMIM 
615878) Some extrahepatic features Bland cholestasis
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Table 4. continued from previous page.

Gene Disorder Typical Clinical Characteristics at 
Diagnosis

Characteristic Histology at 
Diagnosis

Other Serum Studies at 
Diagnosis

USP53 9 USP53 Some extrahepatic features incl 
deafness

• Intralobular 
cholestasis

• Giant cell 
transformation

• Fibrotic changes
• Ductular reaction
• Ultrastructural 

changes may incl 
elongated hepatocyte-
hepatocyte tight 
junctions

Adapted from Table 1 in Bull & Thompson [2018]
AFP = alphafetoprotein; HCC = hepatocellular carcinoma; PFIC = progressive familial intrahepatic cholestasis; γ-GT = gamma-
glutamyltranspeptidase
1. Davit-Spraul et al [2010]
2. Pawlikowska et al [2010]
3. Extrahepatic disease manifestations are less common in ABCB11 deficiency than in ATP8B1 deficiency. For example, while gallstone 
disease is more common in children with severe ABCB11 deficiency than in those with severe ATP8B1 deficiency, children with 
ATP8B1 deficiency appear more likely to manifest hearing loss, pancreatic disease, diarrhea, rickets, and poor growth [Davit-Spraul et 
al 2010, Pawlikowska et al 2010]. In contrast to ATP8B1 deficiency, after liver transplantation in ABCB11 deficiency, diarrhea, 
pancreatitis, and steatosis of the allograft are not described.
4. Knisely et al [2006], Scheimann et al [2007], Strautnieks et al [2008]
5. Malignancy is not a reported feature of ATP8B1 deficiency.
6. Bull et al [1997]
7. ABCB11 is usually well expressed along bile canaliculi in ATP8B1 deficiency.
8. Peters et al [2001], Gonzales et al [2017], Qiu et al [2017]
9. Maddirevula et al [2019], Zhang et al [2020], Alhebbi et al [2021], Bull et al [2021]

Locus heterogeneity for low γ-GT PFIC and benign recurrent intrahepatic cholestasis (BRIC). Evidence 
indicates the existence of an additional disease locus (or loci) for low γ-GT PFIC and BRIC beyond those 
presented in Table 4. Some individuals diagnosed on clinical and histopathologic evidence as having PFIC or 
BRIC in the past have not had variants in currently known genes; novel cholestasis genes continue to be 
identified.

Inborn errors of bile acid biosynthesis. Synthesis of cholic and chenodeoxycholic acids (the principal human 
bile acids) from cholesterol comprises several steps, involving cytoplasmic, mitochondrial, and peroxisomal sites 
[Bove et al 2000]. Variants in single genes that encode individual pathway enzymes thus may cause disease 
[Setchell et al 1998, Honda et al 1999, Bove et al 2000, Clayton et al 2002, Grange et al 2002, Setchell et al 2003]. 
Precursor bile acids are likely poor substrates for ABCB11 and thus accumulate in hepatocyte cytoplasm where 
they cause damage; cholestasis ensues. Although lack of primary bile salts in bile (see Table 4, ABCB11 
deficiency) precludes elevations in serum γ-GT activity, γ-GT is well expressed along canalicular walls in the 
livers of such individuals. For disorders of bile-acid conjugation, see Familial hypercholanemia (following).

Familial hypercholanemia (FHC) is characterized by fluctuating but often extremely elevated serum 
concentrations of bile acids. Affected individuals often manifest pruritus, malabsorption of fat-soluble vitamins, 
and failure to thrive. Most do not become jaundiced. Causative pathogenic variants in four genes – BAAT, 
EPHX1, SLC27A5, and TJP2 – have been identified [Carlton et al 2003, Zhu et al 2003, Chong et al 2012, Setchell 
et al 2013]. BAAT and SLC27A5 encode enzymes involved in bile acid conjugation. Nonconjugated bile acids are 
poor substrates for ABCB11; they also can traverse cell membranes more readily than can conjugated bile acids. 
Thus, failure of serum γ-GT to rise in BAAT deficiency and SLC27A5 deficiency likely results from lack of 
detergent activity in canalicular bile. TJP2 is a scaffold protein in tight junctions, and the reported pathogenic 

ATP8B1 Deficiency 11



variant is proposed to increase the permeability of tight junctions with regard to bile acids; biallelic pathogenic 
variants in TJP2 that have more severe effects can result in severe cholestasis (see Table 4). EPHX1 is implicated 
in hepatocyte uptake of bile acids from plasma.

Smith-Lemli-Opitz syndrome (SLOS) can secondarily lead to low γ-GT cholestasis [Grange et al 2002] via 
decreased synthesis of bile acid precursors.

Arthrogryposis-renal dysfunction-cholestasis (ARC) syndrome is characterized by Fanconi-type 
aminoaciduria, degeneration of anterior horn cells (i.e., lower motor neurons), conjugated hyperbilirubinemia 
without elevated serum γ-GT, and ichthyosis [Eastham et al 2001]. Inheritance is autosomal recessive; biallelic 
pathogenic variants in either VPS33B (OMIM 208085) or VIPAS39 (OMIM 613404) are causative [Gissen et al 
2004, Cullinane et al 2010]. In general, the extrahepatic findings strongly suggest the diagnosis [Bull et al 2006].

Management
Clinical practice guidelines for ATP8B1 deficiency have not been published.

Evaluations at Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with ATP8B1 deficiency, all possible 
manifestations of this disorder (if not addressed as part of the evaluation that led to the diagnosis) should be 
included in the initial evaluation. See Table 5.

Table 5. Recommended Evaluations Following Initial Diagnosis in Individuals with ATP8B1 Deficiency

System/Concern Evaluation Comment

Constitutional Comprehensive medical 
history & physical exam

Cholestasis

Assessment by hepatologist

• Standard biochemical assays of hepatocellular function & 
hepatobiliary injury

• Liver imaging
• Liver biopsy if indicated by imaging studies &/or biochemical 

assays
• Assess for portal hypertension.

Chronic liver disease Same as cholestasis; also assess for other complications of end-stage liver 
disease

Pruritus • Consider use of clinical tools to quantify itch. 1
• Consider serum bile acid quantification.

Poor growth
• Specific focus on diarrhea
• Review of growth parameters
• Consider measurements of mid-arm circumference.

Nutritional deficiencies 
(incl vitamins A, D, E, K) Assessment for evidence of vitamin deficiencies

Sensorineural hearing 
loss By audiologist In all persons whether symptomatic or not

Resistance to 
parathyroid hormone By endocrinologist When serum levels of calcium are low & phosphorus levels are ↑

Pancreatitis or pancreatic 
exocrineinsufficiency By hepatologist If serum amylase & lipase levels are high, & fecal fat content is excessive, 

consider dedicated pancreatic imaging.

Genetic counseling By genetics professionals 2 To inform patients & families re nature, MOI, & implications of ATP8B1 
deficiency to facilitate medical & personal decision making
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Table 5. continued from previous page.

System/Concern Evaluation Comment

Family support 
& resources

Assess:

• Use of community resources & support/advocacy organizations 
(e.g., Parent to Parent);

• Need for social work involvement for parental support.

MOI = mode of inheritance
1. Kamath et al [2018]
2. Medical geneticist, certified genetic counselor, or certified advanced genetic nurse

Treatment of Manifestations
Table 6. Treatment of Manifestations in Individuals with ATP8B1 Deficiency

Manifestation/Concern Treatment Considerations/Other

Cholestasis

Severe ATP8B1 
deficiency

Pharmacotherapy Ineffective

Surgical interruption of enterohepatic 
circulation 1, 2

• Can incl partial/total external diversion, 
partial/total internal diversion, or ileal 
exclusion

• Primary surgical therapy; can ↓ pruritus & 
slow or reverse progression to hepatic 
fibrosis

• Consider LTX if cirrhosis is present.

LTX considered when liver disease 
progresses to decompensated cirrhosis

• In some LTX constitutes definitive therapy; 
in others secretory diarrhea in absence of 
steatorrhea continues or worsens after LTX

• Consideration of diversion at time of 
transplantation to mitigate post-transplant 
diarrhea & steatohepatitis 3

Mild-to-moderate 
ATP8B1 deficiency

Nasobiliary drainage 4 & 
extracorporeal liver support 5 May hasten end of episode of cholestasis

Surgical interruption of enterohepatic 
circulation Benefit is unknown

LTX Difficult to justify

Pruritus

Severe ATP8B1 
deficiency

Choleretic agents (e.g., phenobarbital 
& UDCA, cholestyramine, rifampin, 
antihistamines, carbamazepine, 
sertraline, naltrexone, UVB light 
therapy, plasmapheresis)

• Relatively ineffective & do not alter 
progression to end-stage liver disease.

• Future efforts focusing on real-world 
experience w/recently FDA-approved IBAT 
inhibitors are needed. 6

Mild-to-moderate 
ATP8B1 deficiency

Rifampicin, UDCA, sertraline, 7 

naltrexone, 8 & bile acid binding resin May be efficacious 9

Secretory diarrhea May require IV fluids

• Bile acid chelators 10 may ameliorate 
diarrhea after LTX, as they may divert bile 
produced by allograft away from the native 
gut. 11

• Clonidine has palliated diarrhea after LTX 
in some persons. 12

• Consider diversion at time of 
transplantation to mitigate post-transplant 
diarrhea & steatohepatitis. 3
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Table 6. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Poor growth Medium-chain triglyceride-based 
formulas

• May prevent &/or treat growth failure
• Nasogastric tube feeding has been helpful 

in some.
• May not be responsive to LTX

Nutritional deficiencies (incl vitamins 
A, D, E, K)

Fat-soluble vitamin supplementation 
to alleviate malabsorption of fat-
soluble vitamins

• Preparations of vitamin E (e.g., tocopheryl 
polyethylene glycol-1000 succinate) are 
useful in severe cholestasis.

• Vitamin K administration in newborn 
period (1st 28 days of life) is essential.

Sensorineural hearing loss Habituation per treating audiologist

Pancreatitis or pancreatic exocrine 
insufficiency

• Supportive care for acute 
pancreatitis episodes

• Replacement therapy for 
insufficiency if documented

IBAT = ileal bile acid transporter; LTX = liver transplantation; UDCA = ursodeoxycholic acid
1. In partial external biliary diversion the gallbladder apex is anastomosed to one end of a segment of bowel while the other end is used 
to create a cutaneous stoma from which bile is then drained and discarded, thus, interrupting the enterohepatic circulation of bile acids 
and reducing pruritus.
2. Squires et al [2017], Wang et al [2017], Bull et al [2018], Lemoine & Superina [2020], Verkade et al [2020], van Wessel et al [2021]
3. Mali et al [2016], Alrabadi et al [2018]
4. Stapelbroek et al [2006], Toros et al [2012]
5. Huster et al [2001], Saich et al [2005], Walensi et al [2012]
6. Kamath et al [2020]
7. Thébaut et al [2017]
8. Zellos et al [2010]
9. Uegaki et al [2008], Folvik et al [2012], Mizuochi et al [2012]
10. Egawa et al [2002]
11. Usui et al [2009], Nicastro et al [2012]
12. Kocoshis et al [2005]

Surveillance
Table 7. Recommended Surveillance for Individuals with ATP8B1 Deficiency

System/Concern Evaluation Frequency

Constitutional Comprehensive medical history & physical exam

At least annually; frequency may depend 
on severity of disease.

Cholestasis

• Standard biochemical assays of hepatocellular 
function & of hepatobiliary injury

• Liver imaging
• Liver biopsy if indicated by imaging studies &/or 

biochemical assays
• Assess for portal hypertension.

Development of 
chronic liver disease

Same as cholestasis; also assess for other complications of 
end-stage liver disease.

Pruritus • Consider use of clinical tools to quantify itching. 1
• Consider serum bile acid quantification.

Poor growth
• Specific focus on diarrhea
• Review of growth parameters
• Consider measurements of mid-arm circumference.

Nutritional deficiencies 
(incl vitamins A, D, E, K) Assessment for evidence of deficiency of these vitamins
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Table 7. continued from previous page.

System/Concern Evaluation Frequency

Pancreatitis or 
pancreatic exocrine 
insufficiency

• Standard biochemical assays
• Consider dedicated pancreatic imaging if concern.

SNHL

For those 
w/known HL Per treating audiologist

For those w/o 
known HL Screening audiogram Every 5 yrs

SNHL = sensorineural hearing loss
1. Kamath et al [2018]

Note: Monitoring for hepatobiliary malignancy has not been shown to be necessary in ATP8B1 deficiency.

Agents/Circumstances to Avoid
Susceptibility to sensorineural hearing loss in ATP8B1 deficiency may argue against use of aminoglycoside 
antibiotics or other potentially ototoxic agents.

Oral contraceptive therapy can induce and/or exacerbate episodes of cholestasis.

Evaluation of Relatives at Risk
It is appropriate to clarify the genetic status of apparently asymptomatic older and younger at-risk relatives of an 
affected individual in order to identify as early as possible those who would benefit from prompt initiation of 
treatment, surveillance, and awareness of agents and circumstances to avoid.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Cystic fibrosis transmembrane conductance regulator corrector compounds improved trafficking of mutated 
ATP8B1 protein in cell culture studies [van der Woerd et al 2016], providing support for the concept that these 
compounds may be suitable to be included in future therapeutic regimens for ATP8B1 deficiency.

Ileal bile acid transporter inhibitors have shown reduction in bile acid levels and reduced pruritus in children; 
various clinical trials are underway [Kamath et al 2020]. Recent FDA approval should prompt future real-world 
experience reports that are needed to better appreciate the true effectiveness of this therapy.

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
ATP8B1 deficiency is inherited in an autosomal recessive manner.
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Risk to Family Members
Parents of a proband

• The parents of an affected child are obligate heterozygotes (i.e., presumed to be carriers of one ATP8B1 
pathogenic variant based on family history).

• Molecular genetic testing is recommended for the parents of a proband to confirm that both parents are 
heterozygous for an ATP8B1 pathogenic variant and to allow reliable recurrence risk assessment. If a 
pathogenic variant is detected in only one parent, the following possibilities should be considered:
⚬ One of the pathogenic variants identified in the proband occurred as a de novo event in the proband 

or as a postzygotic de novo event in a mosaic parent [Jónsson et al 2017].
⚬ Uniparental isodisomy for the parental chromosome with the pathogenic variant resulted in 

homozygosity for the pathogenic variant in the proband.
• Intrahepatic cholestasis of pregnancy has been reported occasionally in mothers of individuals with 

ATP8B1 deficiency [Clayton et al 1969, de Pagter et al 1976, Bull et al 1998] (see Clinical Description).

Sibs of a proband

• If both parents are known to be heterozygous for an ATP8B1 pathogenic variant, each sib of an affected 
individual has at conception a 25% chance of inheriting biallelic pathogenic variants and being affected, a 
50% chance of inheriting one pathogenic variant and being a heterozygote (carrier), and a 25% chance of 
inheriting both normal alleles.

• Although disease severity generally correlates with variant type, sibs with the same biallelic ATP8B1 
pathogenic variants do not always have disease of the same clinical severity (see Clinical Description). In 
addition, clinical severity can change over time.

• ATP8B1 heterozygotes may be at increased risk for transient neonatal cholestasis and intrahepatic 
cholestasis of pregnancy (see Clinical Description, Manifesting Heterozygotes).

Offspring of a proband

• Unless the reproductive partner of an affected individual also has ATP8B1 deficiency or is a carrier, 
offspring will be obligate heterozygotes (carriers) for a pathogenic variant in ATP8B1.

• The carrier frequencies of ATP8B1 pathogenic variants are unknown; however, given that ATP8B1 
deficiency is uncommon, the likelihood that an individual with ATP8B1 deficiency would have children 
with a carrier is low. Exceptions include populations in which a founder variant is present, such as the 
Amish or Greenland Inuit populations.* Offspring of an affected individual and a carrier have a 50% 
chance of being affected and a 50% chance of being carriers.
* See Table 8 for information on founder variants in these populations.

• ATP8B1 heterozygotes (carriers) may be at increased risk for transient neonatal cholestasis and 
intrahepatic cholestasis of pregnancy (see Clinical Description, Manifesting Heterozygotes).

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of an ATP8B1 
pathogenic variant.

Carrier Detection
Carrier testing for at-risk relatives requires prior identification of the ATP8B1 pathogenic variants in the family.
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Related Genetic Counseling Issues
See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose 
of early diagnosis and treatment

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and of 
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

Prenatal Testing and Preimplantation Genetic Testing
Once the ATP8B1 pathogenic variants have been identified in an affected family member, prenatal and 
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• American Liver Foundation
Phone: 800-465-4837 (HelpLine)
www.liverfoundation.org

• Canadian Liver Foundation
Canada
Phone: 800-563-5483
Email: clf@liver.ca
www.liver.ca

• Childhood Liver Disease Research Network (ChiLDReN)
Phone: 720-777-2598
Email: joan.hines@childrenscolorado.org
www.childrennetwork.org

• Children's Liver Disease Foundation
United Kingdom
Phone: +44 (0) 121 212 3839
Email: info@childliverdisease.org
www.childliverdisease.org

• PFIC Advocacy and Resource Network, Inc.
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Email: emily@pfic.org
www.pfic.org

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. ATP8B1 Deficiency: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

ATP8B1 18q21.31 Phospholipid-
transporting ATPase IC

CCHMC - Human 
Genetics Mutation 
Database (ATP8B1)

ATP8B1 ATP8B1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for ATP8B1 Deficiency (View All in OMIM)

211600 CHOLESTASIS, PROGRESSIVE FAMILIAL INTRAHEPATIC, 1; PFIC1

243300 CHOLESTASIS, BENIGN RECURRENT INTRAHEPATIC, 1; BRIC1

602397 ATPase, CLASS I, TYPE 8B, MEMBER 1; ATP8B1

Molecular Pathogenesis
ATP8B1 encodes ATP8B1, a member of the P4 subfamily of P-type ATPases; these proteins function as 
phospholipid "flippases," translocating phospholipids from the outer to the inner leaflet of plasma membranes 
[Andersen et al 2016], helping to maintain the normal asymmetric distribution of lipids between the two 
membrane leaflets. Although early studies suggested that ATP8B1 translocates phosphatidylserine, more recent 
work suggests phosphatidylcholine is the preferred substrate of ATP8B1 [Paulusma et al 2006, Paulusma et al 
2008, Takatsu et al 2014]. Lack of ATP8B1 function may result in abnormal lipid composition of the membrane 
bilayer, increasing membrane vulnerability to damage by canalicular bile acids, impairing function of membrane 
proteins (including the bile salt export pump), and potentially impairing vesicular transport and membrane 
trafficking [Paulusma et al 2009, Andersen et al 2016]. ATP8B1 may also play a role in FXR signaling; however, 
findings differ between studies. ATP8B1 may be involved in the innate immune response [van der Mark et al 
2017].

ATP8B1 is widely expressed, including in the liver, small intestine, colon, pancreas, stomach, bladder, heart, 
lung, kidney, and gallbladder. ATP8B1 is present in the canalicular membrane of hepatocytes and in the apical 
membrane of cholangiocytes within the liver, as well as at the apices of enteric epithelia [Bull et al 1998, Eppens 
et al 2001, Ujhazy et al 2001, van Mil et al 2004b, Demeilliers et al 2006]. The broad expression pattern of 
ATP8B1 may explain the finding of some extrahepatic disease features in ATP8B1 deficiency.

For a broader review of this discussion, see Bull & Thompson [2018].

Mechanism of disease causation. Loss of function

18 GeneReviews®

https://www.pfic.org/
https://www.ncbi.nlm.nih.gov/gene/5205
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=5205
http://www.uniprot.org/uniprot/O43520
http://www.uniprot.org/uniprot/O43520
https://research.cchmc.org/LOVD2/home.php?select_db=ATP8B1
https://research.cchmc.org/LOVD2/home.php?select_db=ATP8B1
https://research.cchmc.org/LOVD2/home.php?select_db=ATP8B1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=ATP8B1
https://www.ncbi.nlm.nih.gov/clinvar/?term=ATP8B1[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/211600,243300,602397
https://www.ncbi.nlm.nih.gov/omim/211600
https://www.ncbi.nlm.nih.gov/omim/243300
https://www.ncbi.nlm.nih.gov/omim/602397


Table 8. Notable ATP8B1 Pathogenic Variants

Reference
Sequences

DNA Nucleotide
Change (Alias 1)

Predicted
Protein Change Comment [Reference]

NM_005603.5 
NP_005594.1 c.625C>A p.Pro209Thr

2 variants commonly found in cis in eastern China; which of the 2 causes disease 
is unknown [Liu et al 2010].

NM_005603.5 c.627+5G>T
(IVS6+5G>T)

NM_005603.5 
NP_005594.1

c.923G>T p.Gly308Val Founder variant in Amish population [Bull et al 1998]

c.1660G>A p.Asp554Asn
Variant common in persons of Inuit ancestry from eastern Nunavut (Canadian 
Arctic), in both western & eastern Greenland, & in 1 kindred w/Athabascan & 
Norwegian ancestry [Klomp et al 2000, Klomp et al 2004]

c.1982T>C p.Ile661Thr At least 1 copy of this variant is found in most persons of European descent [Bull 
et al 1998, Tygstrup et al 1999, Klomp et al 2004].

c.1993G>T p.Glu665Ter Variant found in Dominican population [Klomp et al 2004]

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.
1. Variant designation that does not conform to current naming conventions
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