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Outline

• Causes and evaluation for neonatal cholestasis
• Role of bile acids in cholestasis and fat/fat soluble 
vitamin absorption

• Pathophysiology of inborn errors of BA metabolism
• Diagnosis of inborn errors of BA metabolismg
• Commonly identified defects
• Treatment 
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Role of Bile AcidsRole of Bile Acids
• Major metabolic pathway for elimination of j p y
cholesterol

• Promote formation/ secretion of bile
• Fat and fat soluble vitamin absorption
• Cathartic action‐induce water and electrolyte y
secretion

• Bacteriostatic properties
• Role in signaling pathways



EHC and BA Metabolism 101



Biochemical Anomalies/  Hepatotoxicity of 
Bile Acid Synthesis Disorders1-3Bile Acid Synthesis Disorders1-3

f f• Lack of, or markedly diminished synthesis of primary bile 
acids, CA and CDCA→ poor bile flow

• Concomitant production and accumulation of precursors in 
the pathway proximal to enzyme defect→metabolites may 
be directly toxicbe directly toxic

1. Bove KE, et al. Pediatr Dev Pathol. 2000;3(1):1-16. 
2. Witzleben CL, et al. Pediatr Pathol. 1992;12(2):269-274. 
3. Setchell KD, Heubi JE. J Pediatr Gastroenterol Nutr. 2006;43(suppl 1):S17-S22.
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Clinical Sequelae of BASD: q
SED vs PD

Sterol-Ring Modifications

HSD3B7 (3β-HSD)

AKR1D1 (5β-reductase)

(CYP7B1) Oxysterol 7α-hydroxylase 

Side Chain Modifications

Rapid onset of liver 
failure, high mortality1

Single-
enzyme 

Side-Chain Modifications

(CYP27A1) Sterol-27 hydroxylase (CTX)
(AMARC)  2-methylacyl-CoA racemase 

(BAAT) Bile acid CoA: amino acid N-acyl-

Multiorgan disease 
of varying severity, 
complicated clinical 

defects2

transferase, (SLC27A5) Bile acid CoA ligase

Secondary BASD (PEX)

Peroxisomal biogenesis defects (Zellweger)

presentation with 
high mortality rate2,3

Peroxisomal 
spectrum 

disorders4

Clinical phenotype is highly variable ― high index of suspicion 
based on physical examination and laboratory evaluation















Diagnosis of Inborn Errors of g
Bile Acid Metabolism

Di i fi d i C i l l b• Diagnosis confirmed in Commercial lab
• www.genetests.org

• CCHMC (formerly jaundice chip)CCHMC (formerly jaundice chip)
• www.cincinnatichildrens.org/service/h/hereditary‐
liver/tests/

E• Emory
• http://geneticslab.emory.edu/tests/MM340

• Supported by RetrophinSuppo ted by et op
• http://testcholestasis.com



3ß-OH steroid dehydrogenase/ y g
isomerase deficiency

• Presents with cholestasis in infancy• Presents with cholestasis in infancy
• Fat soluble vitamin deficiency (rickets, bleeding)
• Older siblings of affected infants/children• Older siblings of affected infants/children
• Low serum gamma GT concentration
• Indolent coursecirrhosisIndolent coursecirrhosis
• May have rapidly progressive course
transplantation

• May present in later childhood/ adulthood













Ursodeoxycholic acid may improveUrsodeoxycholic acid may improve 
ALT/AST but not suppress synthesis and 
prevent liver injury 









Pathology in 3-HSDgy

www.newedu.com





4-3-oxosteroid-5-reductase 
d fi ideficiency

• Initial description of monochorionic twins presentingInitial description of monochorionic twins presenting 
with neonatal cholestasis

• Presented with jaundice and varying severity of liver j y g y
dysfunction

• Rapidly progressive disease leading to cirrhosis in 
infancy: Previously presumed affected sibling died in 
infancy 







Effect of Therapy on Bile Acid 
E tiExcretion



Biochemical Response to 
Therapy









Clinical History Index PatientClinical History-Index Patient 
A i l ( t 1st i ) f ll t• Asian male (parents 1st cousins), full term 
pregnancy, BW 2.6 kg

• At 8 weeks, prolonged jaundice, pale stoolsAt 8 weeks, prolonged jaundice, pale stools
• Serum bilirubin 4.9 mg/dl, albumin 3.9 gm/dl, AST 275 
u/L, ALP 1281 U/L

• Cholic acid startedCholic acid started
• Age 3 months, poor growth, weight 3%ile, 
hepatosplenomegaly

• Serum AST 260 U/L, ALT 212 U/L, GGT 95 U/L, ALP 2555 
U/L



Clinical History Index PatientClinical History Index Patient

• Impression:  Neonatal hepatitis 
• Age 4 months: jaundice↓, pruritusAge 4 months: jaundice ↓, pruritus
• Age 5 months: resolved jaundice, pruritus improved, 
BW at 50th%ile

• Age 8 months: LFT’s normal
• Age 13 months: seizuresg









Disorders of Peroxisomal
Function

Z ll d N t l• Zellweger syndrome, Neonatal 
Adrenoleukodystrophy, Refsum syndrome 

• Profound muscular weakness, liver disease, fatal Profound muscular weakness, liver disease, fatal
early in life

• Characterized by absent peroxisomes or defects of 
i ienzymes in peroxisomes

• BA and defects of FA metabolism:
• Accumulation of VLCFA, Pipecolic Acid, Phytanic, Pristanic Acids, p , y ,
• Di‐ and Trihydroxycholestanoic acid



Effect of peroxisomal disorders on BA p
synthetic pathway



Effect of CA in Peroxismal DisordersEffect of CA in Peroxismal Disorders





Response to Cholic AcidResponse to Cholic Acid

Berendse K, et al. J Inherit Metab Dis DOI 10.1007/s10545-016-9962-9



Safety/Efficacy of Cholic Acid

• Bile acid therapy singled out as curative  for BA defects by 
IOM*IOM*

• No drug‐related adverse events in > 20 year use
• Impressive clinical responsep p

• Normalization of liver chemistries
• Resolution of histologic abnormalities
• Improved growthImproved growth

• Treatment failures only in advanced ESLD
• Exceptions (Cholic acid does not work!)

• Oxysterol 7α‐hydroxylase deficiency
• Conjugation defects (treated with glycocholic acid)

*IOM Report on Rare Diseases and Orphan Products 2010
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