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Legal Disclaimer

The information in this eBook and any other Rare Genomics Institute (RGI) eBook, is for educational purposes only. It should not be used for
personal diagnostic or treatment purposes. If you have questions regarding a medical condition, always seek the advice of your physician or
other qualified health care professional.
The content in this eBook is not, and should not be used as, as a source of medical advice, or as a means of or resource for making medical, genetic or other decisions. You should contact an appropriate health care professional before making any such decisions. The editors, contributors and
other persons and organizations affiliated with this eBook cannot and will not offer individual medical advice or other advice.
While efforts have been made to include accurate and unbiased information in this eBook, we do not guarantee the accuracy or timeliness of any
such information. We encourage feedback concerning possible errors, but we accept no responsibility for any errors, omissions or inaccuracies,
or for any adverse consequences of any kind arising from the use of the content within this eBook. Unless stated otherwise, any links to third-party websites within this eBook do not amount to an endorsement of that site or its content.
RGI is, within this eBook, providing certain information about rare diseases, genomics, case studies, and other information. The comments are
based on professional suggestions, published experience, experiences of families of children with rare diseases, interviews and other materials,
but do not represent therapeutic recommendations or prescriptions of any type. For any specific information and advice, consult your personal
physician or other medical professionals.
Any reference to a commercial or noncommercial product, process, service or company is not an endorsement or recommendation by the RGI or
any contributor. Neither RGI nor any contributor endorses or recommends products, services or manufacturers. Neither RGI nor any other
contributor assumes any liability whatsoever for the use or contents of any product or service mentioned. Neither RGI nor any other contributors
are responsible for the contents of any “off-site” Internet information referenced by or linked to RGI's Internet website. The RGI website is for informational purposes only and is not a substitute for medical advice, diagnosis or treatment.
We may link to websites, including those of third-party content providers, that have different privacy policies and practices from those of RGI.
Neither RGI nor any contributor assumes any responsibility for the policies or practices of such linked sites, and encourage you to become
acquainted with them prior to use.
© Copyright 2016 - Rare Genomics Institute (RGI) – All Rights Reserved - All copyrighted photos, logos etc., are property of their respective
owners. In addition, under any set of circumstances, no portion of this eBook may be distributed or excerpted without also including this
disclaimer, in its full and unmodified form, at both the front and back of any such materials.
Rare Genomics Institute is a 501(c)(3) non-profit organization focused on diagnosing and treating children with rare diseases and their families.
B5330B-071014
Rare Genomics Institute
5225 Pooks Hill Rd, Suite 1701N
Bethesda, MD 20814
contact@raregenomics.org
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Based primarily on Rare Genomics/RareShare’s Ask the Expert podcast, featuring Dr
Jayanta Roy-Chowdhury (Albert Einstein College of Medicine), and Dr Pitar J.
Bosma (Liver Center, Amsterdam), Dr Hendrik J. Vreman (Stanford University) on
May 25, 2016.
We would like to thank the panelists for their participation in advance.
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Dr. Jayanta
Roy-Chowdhury
MD

Dr. Roy-Chowdhury graduated from Calcutta Medical College in 1965 and has been
in practice for 41 years. He completed a residency and Gastroentrology Fellowship at
Nassau University Medical Center, Stonybook University, New York. Dr. Roy-Chowdhury specializes in Internal Medicine, Gastroenterology and Hepatology. He currently
practices at Albert Einstein College of Medicine, and is affiliated with Jack D Weile
Hospital and Montefiore Medical Center. Dr. Roy-Chowdhury is the Director of the
Genetic Engineering and Gene Therapy shared facility of Albert Einstein College of
Medicine. His research focuses on Hepatocyte transplantation, Stem cells and gene
therapy. His lab is working on three major projects 1) Hepatocyte-based therapies for
genetic liver diseases, 2) Human embryonic and pluripotent stem cells as sources of
hepatocytes for CNS patients, 3) Gene therapy via recombinant viral vectors and
non-viral vehicles and his research has been published in various high tier journals.

Dr Bosma completed his PhD from TNO Dept. Metabolic Health Research Leiden, The
Netherlands under the mentorship of Dr T Kooistra. His Post doctoral work involved
cloning of UGTA1 gene and mutational analysis of Crigler- Najjar Syndrome patients.
He has been working in the CNS field from more than 25 years. Dr Bosma’s main
focus is to develop Adeno Associated liver directed gene therapy to treat inherited
unconjugated hyperbilirubinemia. This research is funded by the Dutch Najjar foundation and by ZonMw. In collaboration with the group of Prof. Dr Labrunne and the
AFM his team plans to start a phase 1 trial by end of 2016 or early 2017. Successful
application of AAV in this patients will also enable the team to use this strategy to
treat other inherited liver diseases such as PFIC.
Dr Bosma has published in numerous highly ranked peer reviewed journals such as
pLOS one, Cancer Gene Therapy, PNAS, Hepatology.
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Dr. Hendrik J. Vreman

Dr Vreman started his career at Stanford University in 1975. In his role as Senior
Research Scientist in the Department of Pediatrics, since 1982, he has achieved a
number of important contributions to the fields of neonatology and pediatrics, such
as the development of the first sensitive and accurate bedside monitor of end-tidal
breath carbon monoxide, as an index of bilirubin production in neonates, characterization of drug candidates for use in the prevention of neonatal jaundice, and the
development of the first phototherapy device utilizing blue-light-emitting diodes.
s a teacher, he has trained and mentored many undergraduate, graduate, and
post-graduate students -- most of whom have achieved successful academic careers.
He has also formed strong friendships and successful collaborations with all of his
colleagues, nationally and internationally, and have published in highly ranked journals.

PhD
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Quick Facts

Crigler-Najjar syndrome (CNS) is an inherited disorder that is characterized by high levels of bilirubin in the blood.
Bilirubin is a waste product that can become toxic
to the body.
There are two types:
Type 1: present at birth, very severe, poor prognosis
without treatment
Type 2: less severe, affected individuals generally
have a very good prognosis
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Prevalence
The prevalence of Crigler-Najjar syndrome is estimated to be less than 1 in 1 million. Only 100 cases of Type 1 have been reported, and a few hundred cases of
Type 2 have been reported.

Diagnosis
A diagnosis of Crigler-Najjar syndrome is made by measuring bilirubin levels. Doctors may test liver function through conjugated and unconjugated bilirubin level
measurements, enzyme assay, and total bilirubin level measurements in the
blood. Additional tests to rule out other conditions may be necessary. Crigler-Najjar type 1 is usually evident at birth because of persistent jaundice in the
newborn.
Treatment with the drug phenobarbital can distinguish Crigler-Najjar syndrome
type 1 from type 2; the drug is effective in lowering bilirubin levels in type 2, but
ineffective in type 1.
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Testing to detect alterations in the UGT1A1 gene can be
done to confirm a diagnosis of Crigler-Najjar syndrome.
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Causes
Crigler-Najjar syndrome occurs when the enzyme responsible for converting
bilirubin into an easily removable substance fails to function fully. This leads
to excessive levels of bilirubin remaining within the bloodstream, referred to
as hyperbilirubinemia. This substance is produced in the when red blood cells
are broken down. The removal of bilirubin may only occur post undergoing a
chemical reaction within the liver from which it converts from unconjugated
bilirubin to conjugated bilirubin. This severe condition is due to the presence
of unconjugated bilirubin, which in high levels is toxic to the body.
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Bilirubin
Bilirubin carries a yellow tint to it, therefore causing jaundice upon build-up,
which can be seen by an evident yellow discoloration of the skin and eyes.
Crigler Najjar type 1 syndrome will show evidence of jaundice in the early
stages of life, whereas Crigler-Najjar type 2 syndrome will begin at a later
stage in life. This particular syndrome is inherited from the bloodline as a
child receive the defective gene from both parents in order to have to the full
effects of this syndrome. In type 1, enzyme activity is virtually undetectable,
while in type 2 there is about ~10% of normal enzyme activity.
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UGT1A1 Gene
Precisely, the autosomal recessive, Crigler-Najjar syndrome is due to mutations in the UGT1A1 gene which instructs the production of the bilirubin uridine diphosphate glucuronosyl transferase enzyme, present in the liver. Specifically the chemical reaction within the liver which occurs is called glucuronidation. Through this process, glucuronic acid is transferred to the unconjugated bilirubin which removes the toxicity of the substance. Moreover the
conjugation of this substance allows for it to be easily dissolvable in water to
ease its removal from the system. While those with unconjugated bilirubin
suffer from various negative impacts of this syndrome, the severity of the disease varies as well. Mutations in UGT1A1 may lead to either no function of this
gene or reduced function. Those who face the full impact are deemed as individuals with Crigler-Najjar type 1 syndrome, while those who have minimal
normal function (less than 20%) are carriers of Crigler-Najjar type 2 syndrome.
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Signs
& Symptoms
Crigler-Najjar syndrome type 1 usually presents itself earlier than type
2. In type 1, affected individuals suffer from jaundice at or soon after
birth. A major risk of Crigler-Najjar syndrome type 1 is kernicterus, or
brain damage due to the build up of unconjugated bilirubin in the
brain and nerve tissues. This serious condition may appear in the form
of weak muscle tone, deafness, involuntary writhing, paralysis of the
oculomotor nerve, or intellectual disability.
In Crigler-Najjar syndrome type 2, jaundice may occur between birth
and childhood, but is less severe than seen in Crigler-Najjar type 1.
Sometimes jaundice is not seen unless triggered by factors that cause
a temporary rise in bilirubin such as infection, stress, or fasting for a
period of time. When bilirubin levels are increased during these times,
infants may be at risk of developing kernicterus. However, affected
individuals are much more likely to survive into adulthood.
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Current Treatment
For Crigler-Najjar syndrome type 1, phototherapy to break down bilirubin,
as well as various medications like calcium phosphate or cholestyramine to
bind to bilirubin, may be used. In emergency situations, plasma exchange
transfusions is an option. Such agents include oral calcium phosphate or
cholestyramine. Infants or children may be treated with liver transplantation, which has been shown to be the most effective therapy thus far.
For Crigler-Najjar syndrome type 2, regular treatment may not be not necessary, although phenobarbital, phototherapy, and plasma exchange transfusions are used during emergency circumstances.
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Gene therapy, phototherapy,
and experimental treatments
are being developed to combat
Crigler-Najjar Syndrome. Gene
therapy involves replacing the
defective gene in a person with
unaffected copies of the gene.
This will restore the activity of
the ineffective or deficient
enzyme produced by that gene.
Gene therapy is still a developing treatment strategy, and has
yet been approved by the U.S.
Food and Drug Administration
as of April 2016.
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Lifestyle
Individuals affected by Crigler Najjar syndrome type 2 should avoid
using drugs that free unconjugated bilirubin from binding sites, such as
salicylates or penicillin. Genetic counseling is recommended for families affected by this disorder.
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Miscellaneous Q/A
Q: What is the prognosis for CNS type 2?
A: Although the effects of CNS type 2 are quite variable, the disease is not commonly
noted to impact life expectancy.

Q: Are there any other things the patient can do to improve living with the disease?
A: The patient should use drugs that are free of unconjugated bilirubin from binding
sites, such as salicylates or penicillin. The patient should also consult a genetic counsellor to seek additional advice.
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