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Essential Clinical Genetics for LEND and UCEDD Programs

Case 3

Yohannis: Autism and Genetic Testing

The second patient that you see in the Genetics Clinic is Yohannis, the two-year-old brother of Antonia in Case 1.  Based on the concerns that your supervisor and you expressed about Yohannis’ speech delay to his parents, he was evaluated by the interprofessional autism team at Starbright Children’s Hospital.  They noted that he had additional features of autism, including repetitive behaviors and impaired social interaction.  Based on the team’s comprehensive evaluation, he was diagnosed with autism.  His hearing was within normal limits.  The genetic counselor asks you the following questions to help reinforce your knowledge of genetics and genetic testing.  

 In your small group, discuss your answers to the following questions. 

1.  Should every child diagnosed with autism be referred to a geneticist?  If not, what are the criteria for referral to a geneticist?

Every child with autism could have genetic testing performed.  For children with nonsyndromic autism (that is, they do NOT have features of a specific genetic condition or dysmorphic features), samples for chromosomal microarray analysis and Fragile X testing can be obtained.  If they have features of a specific genetic condition, then testing for that specific condition should be requested, if it is available.  Routine metabolic testing (plasma amino acids, urine organic acids, acylcarnitine profile, creatine metabolites, purine and pyrimidine metabolites) has a very low diagnostic yield unless the child has a medical history suggestive of an inborn metabolic disease, such as hypoglycemia, episodic alteration of mental status, hyperammonemia, etc.

However, not every child with autism needs to have genetic testing.  Since it is unlikely a treatable genetic condition will be identified, the family should carefully consider the benefits for genetic testing.  For children with autism, the benefits of making a genetic diagnosis include the knowledge of defining the genetic etiology of autism in the child, the recurrence risk for the couple, identification of support groups for the child and family, and potential enrollment in research studies.  If the child’s family is less interested in these benefits, then genetic testing may not be warranted for their child.

If the family of a child with autism desires genetic testing, then the testing should be ordered by a medical professional who can provide pre-test and post-test counseling, interpret the results of the genetic tests, and appropriately respond to the results.  Some medical professionals who are not geneticists can provide this care, including developmental-behavioral pediatricians, neurologists, psychiatrists and others with expertise in the care of children with autism and related neurodevelopmental disabilities.
2.  Chromosomal microarray analysis is the clinical test that has the highest diagnostic yield in individuals with nonsyndromic or syndromic autism.  Suppose that the microarray analysis in Yohannis shows a 500 kb (500,000 base pairs) duplication on chromosome 15 that includes three genes.  This duplication has not been identified in other individuals; therefore, it is a variant of unknown significance.  What is the next step to help determine if this duplication is causing his autism?  Why?  

Typically, the next step is to test Yohannis’ biological parents.  If one of them has the duplication and does not have autism or a neurodevelopmental concern, it is most likely a benign duplication.  This means that the duplication is NOT causing the autism seen in Yohannis.  If the duplication is not identified in his parents, then it is called a de novo mutation.  This means that it may indeed be a pathologic change that is causing or is contributing to the autism seen in Yohannis.  The lab that performed the testing will also take additional steps to help determine if the change identified on the microarray is pathologic, including a quantification of the number of genes in the region that is duplicated or deleted and a search of the medical literature and genetic databases to determine if the genetic change has been reported in others with and without autism.  
3.  Alternatively, suppose that the microarray shows an MECP2 duplication on the X chromosome.  This genetic change (also called a copy number variant) has been reported in the literature to cause autism in boys.  It may also cause autism in girls.  Will this genetic finding change Yohannis’ medical management?  Educational interventions?  If so, how?
In general, it is best to begin by reviewing the literature on the specific genetic condition that was diagnosed in the patient.  In this case, MECP2 duplication syndrome is a well-reported condition.  It is associated with characteristic facial features, autism, intellectual disability, seizures, and other neurodevelopmental concerns.  It can also increase the risk for recurrent pneumonia.  However, identification of this duplication will not directly change his medical management.  For example, if he were to develop epilepsy, it is not currently possible to predict which anticonvulsant would be most effective for controlling the seizures.  Similarly, the knowledge of this genetic condition does not change the specific types of therapies that are offered to Yohannis or the educational interventions that he should receive in school.  In general, it is rare that identification of a specific genetic mutation will practically change the medical, therapeutic or educational management of a child with a genetic condition.
4. An MECP2 duplication, an X-linked condition, always leads to autism in boys but only sometimes leads to autism in girls.  Applying what you know about X-linked conditions, explain the difference in autism prevalence in girls and boys with this duplication.
Girls have two X chromosomes, but in each cell only one of the X chromosomes is active.  In some cells, the X from her mother is active, and in other cells the X from her father is active.  The other X chromosome is inactivated, and genes on that X are NOT expressed.  Therefore, girls can have a mutation on one X that does not cause clinical problems because that X is the one that is inactivated.  The girls would then be carriers of the X-linked condition.  However, boys only have one X chromosome, so any mutation on that one X chromosome will be expressed and lead to clinical problems.  Therefore, boys are much more likely to demonstrate an X linked condition, like an MECP2 duplication, than girls.  Furthermore, when girls demonstrate X-linked conditions, they are frequently less severely affected than boys because not every X in the girl is expressing the mutated gene.  
5. Discuss how the diagnosis of an X-linked condition in a boy could impact his mother and her family.

Boys inherit their X chromosome from their mothers.  Therefore, mothers of boys with X-linked conditions may be prone to blame themselves for their sons’ genetic conditions, especially if carrier testing shows that the mother has the same mutation on one of her X chromosomes.  When counseling a family about an X-linked or autosomal dominant condition in which the same mutation is identified in one of the parents, it is important to address the possibility of guilt and blame and to reassure the parents that they are not to blame for the children’s conditions.
When an X-linked condition is identified in a patient, it is important to offer genetic testing to the patient’s mother and relatives, especially her female relatives because they could be asymptomatic carriers of the condition.
6.  It turns out that the microarray on Yohannis is actually normal.  Does that rule out a genetic cause to autism?  Why or why not?  

This is the most common outcome of genetic testing for individuals like Yohannis with autism.  It does NOT rule out a genetic cause for the autism in Yohannis.  The chromosomal microarray analysis only identifies 1) deletions and duplications in a portion of the individual’s genome or specific point mutations (if a single nucleotide polymorphism array is used).  It does not sequence entire genes.  Therefore, most mutations that lead to autism will not be identified by a microarray.  

7.  When Asher’s parents learn that the microarray is normal, they look perplexed and ask if that means that he does not have autism.  How would you respond to his parents?

This is a common misunderstanding for families.  Normal genetic testing means that a genetic etiology for the patient’s medical concern has not been identified.  The medical condition or diagnosis, in this case autism, remains as valid as it was before testing occurred.  
8.  Several months later Yohannis and his parents return to Genetics Clinic.  Through a contact they met on a Facebook family support group, they have heard about whole exome sequencing (WES).  They would like more information about this testing.  What do they need to know about WES to provide an informed decision about performing this test in their son?

See Dr. Reimschisel’s LEND webinar for a more complete answer to this question.  Briefly, this testing could be performed in Yohannis.  Samples from Yohannis and both his parents are required.  It requires careful pre-test counseling, takes several months to receive the results, is very expensive, must be interpreted with extreme caution, and may still not identify a genetic cause for the autism.  

9.  You have thoroughly enjoyed learning more about genetics during your time in the Genetics Clinic, and you think that other LEND trainees in your program would also benefit from a more rigorous genetics and genomic medicine curriculum in your LEND program.  You mention this to the LEND director, and she agrees that this is an opportunity for improvement.  Based on your interactions with health care professionals in the genetics field, generate a list of online resources that could help the LEND director develop a curriculum in genetics.  
· Genetics Resources page on AUCD website
· Resources discussed in this workshop
