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Ring Chromosome 22: History and Characteristics

 History of Phelan-McDermid Syndrome
 History of Ring 22

* The formation of Ring 22

* Ring 22 and Phelan-McDermid Syndrome

« Additional Risks Associated with Ring 22
 Surveillance, Genetic Counselling, Conclusions

@ Dr. Katy Phelan - November 2024
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History of Phelan-McDermid syndrome

e 1988 -newborn with
deletion 22g13 seen at
Greenwood Genetic Center
in South Carolina

* 1992 - case report in
American Journal of
Medical Genetics

* Heather McDermid
performed molecular
analysis

 Parents read the
report and wanted to
meet other families

@ DrKatyPhelon=November 2024
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History of Phelan-McDermid Syndrome

* 1998 - first Family Support Group Meeting in South
Carolina

» Decided to meet every 2 years

« 2003 - non-profit status; named the syndrome

* Previously called Deletion 22913 Syndrome, now called
Phelan-McDermid Syndrome

« 2012 - International Registry and Repository
« 2023 - ICD-10 code Q93.52

@ Dr. Katy Phelan - November 2024
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1998 - First Meeting

@ Dr. Katy Phelan - November 2024
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Deletion 22913
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Chromosome analysis

@ Dr. Katy Phelan - November 2024
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The History of Ring
272

« QOver 250 cases since
the first report in 1968

« Early cases of ring 22
could not be
distinguished from ring
21, so the condition was
called RING G
SYNDROME

@ Dr. Katy Phelan - November 2024
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Ring Syndrome

* In 1981, investigators proposed the term ‘ring syndrome’
» Describes the shared features associated with ring chromosomes

» Severe growth failure - due to continuous loss of cells from
dynamic mosaicism

* Intellectual impairment
* Pleasant personality

« With newer staining methods, ring 21 and ring 22 could be distinguished

@ Dr. Katy Phelan - November 2024
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Mechanisms of formation
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a. double-strand breaks b. telomere dysfunction

Loss of the distal long arm No loss of genetic material
» deletion of 22913.3 * End to end joining of
« PMS chromosome arms

@ Dr. Katy Phelan - November 2024
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What is Ring 227

& Research Institute
» Deletion of each end of chromosome 22 and rejoining of the newly formed end to
form a circular chromosome

» Loss of the distal long arm leads to Phelan-McDermid syndrome

* Not everyone with ring 22 has PMS -
» DiGeorge syndrome (deletion 22g11.2), Cat-eye syndrome (tetrasomy 22qg11.2), typical phenotype
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Simple Deletion vs Ring 22

v = 8
g [
del(22q13) r(22)

@ Dr. Katy Phelan - November 2024
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Ring 22

* About 99% of rings are sporadic, not inherited

* |f neither parent has the ring chromosome, it is unlikely that a second
child will have a ring

» Because rings are unstable during cell division, people with a ring often
have mosaicism - different cell populations - dynamic mosaicism

§ & 8§

22 n22) idic r(22)

@ Dr. Katy Phelan - November 2024
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Dynamic mosaicism

w@ gzar ; s 63

Examples of ring chromosome instability using G-banding: A) partial metaphase with two ring chromosomes
B) a dicentric ring chromosome 10; C) three dicentric ring chromosomes 10, two of them interlocked; D) an ¢
dicentric ring chromosome 15; and by FISH: E) one ring chromosome; F) two ring chromosomes; G and H)

dicentric ring.

@ Dr. Katy Phelan - November 2024
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Characteristics of RING 22/PMS

CHARACTERISTIC RING 22 PMS/del 22
S n=170 n=545
75 304

Gender: Female

78 239
17 2
Unknown
Prenatal - 52 years Prenatal - 64 years
Deletion size <64kb - >10Mb 12kb - 10.3Mb
Parent of origin 61% paternal 71% paternal

y.

@ Dr. Katy Phelan - November 2024
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Neurobehavioral Features

| awen | Az
ASD 43% 30-87%

@ Dr. Katy Phelan - November 2024
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Physical Features
 mmem lmm

Growth: Short stature (<3%ile) B 13%
Tall stature (>97%) 2% 28%
Microcephaly 33% 14%
Macrocephaly 7% 20%
Abnormal skull shape 25% 24%
Hypertelorism 16% 9%
Ptosis 14% 27%
Periorbital fullness 60% 48%
Long eyelashes 44% 64%
Full eyebrows 37% 30%
Bulbous nose 80% 43%

@ Dr. Katy Phelan - November 2024
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Physical Features

RING 22 Del 22

Dental malocclusion 30% 32%

High palate 30% 42%
Large or puffy hands 57% 50%
2/3 toe syndactyly 39% 29%
Hypoplastic toenails 38% 41%
Lymphedema 16% 16%
Cardiac abnormalities 22% 12%
Renal abnormalities 16% 24%

Gl abnormalities 13% 20%

Abnormal brain imaging 29% 36%

@ Dr. Katy Phelan - November 2024
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Ring 22

10 yo 2.96 Mb 1 yo 1.62 16 yo23Mb 17 yo 197 Mbdel 33 yoring 22 49 yo 2.25 Mb
deletion Mb deletion deletion and 0.57Mb dup  (no array) deletion
MOosaic 2201331

@ Dr. Katy Phelan - November 2024
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Other risks associated with Ring 22

Ring 22 is associated with development of tumors in the
nervous system:

» Atypical teratoid rhabdoid tumors -
 ATRT
* Rapidly growing tumor of the brain and spinal cord

* Neurofibromatosis type 2
* NF2
* Benign tumors develop along the nerves

@ Dr. Katy Phelan - November 2024
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ATR]

e Very rare
» Usually occurs in children below the age of 3

- First described in 1997 in a 4-year-old with lethargy and
neck pain

« About 4 reports in the literature of ATRT and ring 22

@ Dr. Katy Phelan - November 2024
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ATRT Symptoms

* Nausea and vomiting

 Headache, often worse in the morning
» Feeling tired or sleepy

Lower activity level

Loss of balance or problems walking
Unusual eye or face movements
Changes in personality or behavior
Irritability

* Signs and symptoms vary with the child’s age and tumor location.
Tumors grow quickly and symptoms may worsen rapidly

@ Dr. Katy Phelan - November 2024
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ATRT Treatment

» Usually involves a combination of therapies
e Surgery
* Chemotherapy
* Radiation therapy

 Even with current treatments, ATRT is hard to cure

» Children with ATRT may need seizure meds, and
therapy for learning, development and coping with
cancer

@ Dr. Katy Phelan - November 2024
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Gene Rearrangement in ATR]

« Pathogenic variant in the SMARCB1 gene
* 95% of cases

* Tumor suppressor gene at 22q11.2
» also called INI1, SNF5, and BAF47

* The INI1 protein is expressed in the nucleus of normal cells
* About 1-2% are caused by a change in the SMARCA4 gene
* In most cases the variant occurs only in tumor cells

@ Dr. Katy Phelan - November 2024
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Neurofibromatosis Type 2 (NF2)

* A genetic condition that causes non-cancerous tumors to grow on
nerves, particularly in the skull and spine

 Tumors can occur on nerves carrying information from the inner ear
to the brain leading to hearing loss, ringing in the ears, and loss of
balance

* Symptoms which often occur in the late teens or early 20s, although
some people don’t develop symptoms until age 40 or later

* Treatment is designed to address symptoms

@ Dr. Katy Phelan - November 2024
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NF2 Tumor
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* NF2 is caused by a
NF?2 Gene ) pathogenic variant in the
neurofibromin-2 or merlin
gene located at 22qg12.2

ql1.22

* 50% of cases are inherited -
this means that one of the
=d parents has passed the gene
to their child
N * 50% are new mutations with
no family history of NF2

L) * gene gives rise to a product

@ Dr. Katy Phelan - November 2024
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Inheritance of
NF?2

e Autosomal dominant
form, not ring 22

* Inring 22, we don't
see NF2 in multiple
generations because
the ring is not in
multiple generations
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Why is NF2 risk increase in Ring 22

TWO HITS are required to develop NF2:

* FIRST HIT

* Cells can lose one copy of chromosome 22 because the ring is
unstable in cell division

* monosomy 22 =1 copy of chromosome 22

* SECOND HIT

* A pathogenic variant (mutation) can occurs in the NF2 gene on the
remaining copy of chromosome 22

@ Dr. Katy Phelan - November 2024



s - i , : s
@ Phelan-McDermid Symposium Phelan-McDermid Syndrome KFLOR'DACANCER

SPECIALISTS
& Research Institute

The FIRST HIT
Normal C Jes L OC The ring divides to form 2 daughter cells

cell
division

e Q) — 8—0 () .

. 1 daughter cell got both
copies of the ring and the
other daughter cells has
monosomy 22 - no copy of
chromosome 22

@ Dr. Katy Phelan - November 2024
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The SECOND HIT

Pathogenic variant in NF2
gene

NF2 Locus . m NF2 Locus

q12.3

ql3.1 ql3.1
. e . q13.2
ql3.31 Q13,31
ql3.32
D Q13.33 ql3.n
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CMA in blood and tumor
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Tumors in atypical case of NF2 and Ring

large abdominal
tumor

MRI of his torso
5lb tumor mass

Benign schwannoma
of the neck

Benign schwannoma
of the forearm

Benign schwannoma

of the lower leg and
ankle

@ Dr. Katy Phelan - November 2024
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Surveillance for NF2

Around age 10, if asymptomatic (earlier if symptoms are
present)

 Cranial MRI annually until at least the 4t decade
» Consider spinal MRl every 3 - 5 years

* Hearing evaluation annually

« Complete Eye examine annually

« Cutaneous examination

 If NF2 is diagnosed, consider evaluation and treatment at an
NF2 center or a center experience in treating NF2

« Consultation with neurosurgery and/or oncology may be warranted

@ Dr. Katy Phelan - November 2024
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The Risk of NF2

The risk of NF2 in ring 22 is NOT due to

* Deletion of the NF2 locus on chromosome 22
* |t is due to instability of the ring - monosomy 22 — 15t hit
* And a pathogenic variant in the NF2 gene — 29 hit

* Inherited mutation of NF2
* Your child is not born with the pathogenic variant of NF2

e Parental NF2
* Neither parent has NF2
e This is not the inherited form of NF2

@ Dr. Katy Phelan - November 2024
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Intervention and Surveillance for Ring 22

« A multidisciplinary team of specialists including
neonatologists, pediatricians, psychiatrists, endocrinologists,
dermatologists, immunologists, gastroenterologists,
nephrologists, dentists, ophthalmologists, audiologists, and
others

o |f possible, coordinated by a geneticist or neuropsychiatrist

* Therapies should address communication skills, behavior,
balance, coordination, and other specific needs of the
individual

@ Dr. Katy Phelan - November 2024
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Genetic Counseling

« An asymptomatic parent is at risk of gonadal mosaicism

« An individual has 2 populations of cells in the gonads (testes and
ovaries)
» 1 cell type is normal while the other has the ring 22
» Studying blood on this individual will not detect gonadal mosaicism
« A study of fathers of children with ID due to pathogenic variants in
various genes found gonadal mosaicism in 3% of fathers

» Because of reduced fertility in males with ring 22, the risk may be
closer to 1%

@ Dr. Katy Phelan - November 2024
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Genetic Counseling

* |t a parent has mosaicism for the ring, they are at risk of
passing the ring to their child

* The risk of passing it to their child is difficult to determine
because the % of ring in the blood or skin may not reflect the
% in the gonads

e |t is difficult to predict how the ring will affect the child
* Dynamic mosaicism

@ Dr. Katy Phelan - November 2024
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Conclusions and Recommendations

* Ring 22 is typically associated with deletion of the distal long
arm of chromosome 22

* Chromosomal microarray (CMA) is the most common
method to detect deletions but does not examine
chromosome structure

* |If a deletion is detected by CMA, additional testing must be
operformed to determine if a ring is present

* If a ring is found, surveillance for NF2 should begin around
age 10 until at least age 40

@ Dr. Katy Phelan - November 2024
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