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FACT SHEETS

ACTAz FLNC MYL3 SMAD3
ACTC1 GAA NF2 SMAD4
ACVRL1 GLA 0TC STK11
APC HFE PALB2 TGFBR1
APOB HNFIA PCSK9 TGEFBR2
ATP7B KCNHZ2 PKP2 TMEM127
BAG3 KCNQ1 PMS2 TMEM43
BMPRI1A LDLR PRKAGZ2 TNNC1
BRCA1 LMNA PTEN TNNI3
BRCAZ MAX RB1 TNNT2
BTD MENI1 RBM20 TP53
CACNA1S MLH1 RET TPM1
CASQ2 MSH2 RPE65 TRDN
COL3A1 MSH6 RYR1 Is5C1
DES MUTYH RYRZ2 TSC2
DSC2 MYBPC3 SCN5A ITN
DSG2 MYH11 SDHAF2 ITR
DSP MYH7 SDHB VHL
ENG MYLz SDHC WT1
FBN1 SDHD

Resources: GeneReviews
Online Mendelian Inheritance in Man (OMIM)
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ACTA2

ACTAZ2 encodes an actin isoform specific to the smooth muscle of the aorta.

Gene Fact Sheet

Pathogenic variation in ACTAZ2 is thought to be responsible for up to 21% of
heritable thoracic aortic disease (HTAD), which includes thoracic aortic

aneurysm and aortic dissections (TAAD).

e Aneurysms involving the aortic root, ascending aorta, and aortic arch are more common than
those in the descending or abdominal regions.

e Some individuals with ACTAZ2 variation can be predisposed to early-onset stroke or coronary
artery disease, or moyamoya-like cerebrovascular disease.

e A particular subset of ACTAZ2 variation can cause a more systemic condition that includes vascular
disease, pulmonary hypertension, and smooth muscle dysfunction in additional organs.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Echocardiography, CT, and/or MRI can be used to detect the presence of aortic root
dilation. The frequency of this imaging is dependent upon the size and stability of the
aortic root diameter.

o Avoidance of isometric exercises and contact sports is recommended for individuals with a

pathogenic variant in ACTA2.

o ACTAZ2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same ACTAZ2 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Heritable Thoracic Aortic Disease Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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ACTC1

ACTC1 encodes an alpha-actin protein observed in cardiac muscle. ACTC1

Gene Fact Sheet

pathogenic variation may increase risk for serious heart conditions, such as

hypertrophic cardiomyopathy.

e Not all people with an ACTC1 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with ACTC1 variation is highly variable, even within the same family.

e Other clinical conditions associated with variation in ACTC1 may include dilated cardiomyopathy,
though this is much less likely than hypertrophic cardiomyopathy.

e Noninvasive cardiac imaging is indicated to determine whether a patient is exhibiting evidence of

hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e ACTC1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same ACTC1 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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ACVRL 1 Gene Fact Sheet

Approximately 52% of cases of hereditary hemorrhagic telangiectasia

(HHT) can be attributed to pathogenic variation in ACVRL1.
An earlier name for the ACVRL1 gene is ALK1; this is no longer used but

may be present in older literature.

o Upto 95% of individuals with pathogenic variation in ACVRL1 will develop signs and symptoms of
HHT by late adulthood.

e Pulmonary arterial hypertension has also been linked to variation in ACVRL1.

e Hepatic arteriovenous malformations (AVMs) are more common than pulmonary or cerebral AVMs
for individuals with AVMs related to variation in ACVRL1.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Annual evaluations for anemia, supine and sitting pulse-oximetry every one to two years
during childhood, evaluation for pulmonary AVMs every five years with contrast
echocardiography by age ten years, head MRI in infancy and then rescreening for cerebral

AVMs by brain MRI after puberty

.

o ACVRL1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same ACVRL1 variation.

For more information: GeneReviews: Hereditary Hemorrhagic Telangiectasia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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P C Gene Fact Sheet

APC is a tumor suppressor gene. APC pathogenic variation is associated

with familial adenomatous polyposis (FAP), a condition that is virtually
100% penetrant by age 40.

e Notall people with an APC variant will develop cancer, especially if they receive appropriate
screening and treatment. However, most people with FAP will develop hundreds or thousands of
colon polyps by age 35, with the average age of onset in the teens. If these polyps are not treated,
they can become cancerous.

e (Colon cancer is associated with variation in APC. Other manifestations are variable and include
polyps of the gastric fundus and duodenum, osteomas, dental anomalies, congenital hypertrophy of
the retinal pigment epithelium (CHRPE), soft tissue tumors, desmoid tumors, and associated
cancers.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Colorectal screening beginning at age ten to 12 years. Esophagogastroduodenoscopy by
age 20-30 years or prior to colon surgery. Regular physical examinations including thyroid
palpation, neurologic examination, and abdominal examination.

o For the most up-to-date guidelines for managing individuals with familial adenomatous

polyposis: National Comprehensive Cancer Network

o APCvariation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same APC variation and an increased risk of APC-

related cancers.

For more information: GeneReviews: APC-Associated Polyposis Conditions

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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P O B Gene Fact Sheet

APOB (apolipoprotein B) plays a role in cholesterol maintenance. APOB

pathogenic variation is associated with familial hypercholesterolemia,

which increases the risk of coronary artery disease.

e Notall people with an APOB variant will develop hypercholesterolemia. However, the risk for
hypercholesterolemia is much higher than the risk in the general population, all individuals with
this variation should be closely monitored.

e People with changes in APOB often have hypercholesterolemia beginning at or prior to
adolescence or young adulthood, regardless of other risk factors. Diet, exercise, and lifestyle
changes alone may not control APOB-related hypercholesterolemia.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o For adults with APOB-related hypercholesterolemia: encourage a healthy diet, smoking
cessation, weight control, and regular exercise; manage hypertension; consider statin
therapy and/or low-dose aspirin regimen when indicated

o For children with APOB-related hypercholesterolemia: encourage a healthy diet and
regular exercise; consider referral to a lipid specialist; consider statin therapy as needed
after age 8 years j

e APOB variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have a 50% risk to have the same APOB variation and an increased risk of

hypercholesterolemia.

For more information: GeneReviews: Familial Hypercholesterolemia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient

considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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AT P 7 B Gene Fact Sheet

ATP7B encodes a copper ATPase that assist in exporting copper from cells,

especially in the liver. Homozygous or compound heterozygous pathogenic
variation in ATP7B is associated with Wilson disease, a disorder of copper
metabolism that increases risk for liver, neurologic, and psychiatric

complications.

e Most individuals with homozygous or compound heterozygous variation in ATP7B will exhibit
signs or symptoms of the disorder if left untreated; however, the specific symptoms may vary from
patient to patient, and the age of onset is known to vary between 3 and 50 years.

e Liver disease, neurologic conditions such as movement disorders or dystonia, and unexplained
psychiatric disturbance can be symptoms of untreated Wilson disease. Additionally, Kayser-
Fleischer rings can be indicative of high levels of copper storage.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Treatment with copper chelating agents or zinc is typically initiated to prevent
complications. Twice-annual surveillance of serum copper and ceruloplasmin as well as

liver biochemistries is indicated, along with annual 24-hour urinary copper excretion.

Avoidance of high-copper foods may be considered.

o ATP7B variation is inherited in an autosomal recessive manner. Parents of an affected individual
are likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also have Wilson disease depends on the carrier status of their other parent.

Approximately 1 in 90 individuals is a carrier for Wilson disease.

For more information: GeneReviews: Wilson Disease

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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BAG3

BAG3 encodes one of a family of proteins that regulates certain molecular

Gene Fact Sheet

chaperones. Up to three percent of dilated cardiomyopathy cases are

thought to be caused by variation in BAG3.

e Penetrance of clinical symptoms associated with BAG3 variation is highly variable, even within the
same family.

o Variation in BAG3 has also been associated with myofibrillar myopathy.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

e BAG3 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same BAG3 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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B M P R 1 A Gene Fact Sheet

BMPR1A is one of several related genes that have been linked to polyposis,

with or without additional phenotypes. BMPR1A pathogenic variation is

associated with juvenile polyposis syndrome (JPS).

e Most people with a change in BMPR1A will experience gastric or colon polyps, typically by
adolescence, but if found early and removed, cancer development can be prevented.

e The most common cancers associated with BMPR1A variation are colon cancer and cancers of the
stomach, upper Gl tract, and pancreas.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Patients should be monitored for rectal bleeding and/or anemia, abdominal pain,
constipation, and diarrhea; screening by complete blood count (CBC), colonoscopy, and
upper endoscopy starting in the mid-teens (age 15 years) or earlier if symptoms occur.

o For the most up-to-date guidelines for managing individuals with juvenile polyposis

syndrome: National Comprehensive Cancer Network /

o BMPR1A variation is inherited in an autosomal dominant manner. Parents, siblings, and children
of affected individuals have a 50% risk to have the same BMPR1A variation and an increased risk

of BMPR1A-related cancers.

For more information: GeneReviews: Juvenile Polyposis Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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B RCA 1 Gene Fact Sheet

BRCA1 is a tumor suppressor gene. BRCA1 pathogenic variation is

associated with hereditary breast and ovarian cancer syndrome.

e Not all people with a BRCA1 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with BRCA1 variation are breast (both male and female),
ovarian (including fallopian tube and peritoneal cancers), and second breast cancers. The risks of
pancreatic and prostate cancers also increase but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Women: biannual breast imaging (both MRl and mammogram) prior to age 30 in addition
to regular clinical breast exams, prophylactic salpingoophorectomy upon the completion
of childbearing, and consideration of prophylactic bilateral mastectomy

o Men: regular clinical breast exams, prostate cancer screening beginning at age 45

o For the most up-to-date guidelines for managing individuals with hereditary breast and

ovarian cancer syndrome: National Comprehensive Cancer Network J

o BRCAL1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same BRCA1 variation and an increased risk of

related cancers.

For more information: GeneReviews: Hereditary Breast and Ovarian Cancer

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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B RCA 2 Gene Fact Sheet

BRCAZ2 is a tumor suppressor gene. BRCA2 pathogenic variation is

associated with hereditary breast and ovarian cancer syndrome.

e Not all people with a BRCA2 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with BRCA2 variation are breast (both male and female),
ovarian (including fallopian tube and peritoneal cancers), and second breast cancers. The risks of
pancreatic and prostate cancers also increase but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Women: biannual breast imaging (both MRl and mammogram) prior to age 30 in addition
to regular clinical breast exams, prophylactic salpingoophorectomy upon the completion
of childbearing, and consideration of prophylactic bilateral mastectomy

o Men: regular clinical breast exams, prostate cancer screening beginning at age 45

o For the most up-to-date guidelines for managing individuals with hereditary breast and

ovarian cancer syndrome: National Comprehensive Cancer Network J

o BRCAZ2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same BRCAZ2 variation and an increased risk of

related cancers.

For more information: GeneReviews: Hereditary Breast and Ovarian Cancer

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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B T Gene Fact Sheet

BTD codes for the enzyme biotinidase, which breaks down biocytin into

biotin and lysine.
Individuals with pathogenic variants in each of their two copies of BTD are

at risk for biotinidase deficiency.

e (lassic (profound) biotinidase deficiency symptoms have onset in early childhood or adolescence,
most commonly consisting of some combination of seizures, hypotonia, ataxia, developmental
delay, spastic paraparesis, and progressive optic neuropathy.

e Symptoms of partial biotinidase deficiency may only manifest during times of stress or infection
and may be more nonspecific, including features such as hypotonia, skin rash, and hair loss.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Supplementation with oral biotin (free form) is indicated to prevent and/or improve

symptoms.

e BTD variation is inherited in an autosomal recessive manner. Parents of an affected individual are
likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also be at risk for biotinidase deficiency depends on the carrier status of the other
parent.

o Individuals homozygous for p.Asp444His typically have an adequate level of biotinidase activity in
serum and do not require supplementation with biotin. However, depending on the BTD status of

their partner, they could still be at risk to have a child with at least partial biotinidase deficiency.

For more information: GeneReviews: Biotinidase Deficiency

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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CAC NA 1 S Gene Fact Sheet

CACNA1S encodes a protein used as a subunit in skeletal muscle calcium

channels. CACNA1S pathogenic variation is associated with malignant

hyperthermia susceptibility.

e CACNA1S pathogenic variation indicates an increased risk to develop malignant hyperthermia
when exposed to specific triggering anesthesia medications.

e Hypokalemic periodic paralysis has also been linked to variation in the CACNA1S gene.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Clearly documenting malignant hyperthermia susceptibility in the medical record and
encouraging the patient to carry identification indicating this susceptibility is appropriate
to ensure providers of both planned and emergent procedures are aware of this risk. Avoid
use of triggering inhalant anesthetic agents as well as succinylcholine. Certain other

medications should be used with caution, and patients may be counseled to avoid extreme
heat. J

o CACNA1S-related malignant hyperthermia susceptibility is inherited in an autosomal dominant

manner. Parents, siblings, and children of affected individuals have up to a 50% risk to have the

same CACNA1S variation and be at risk for malignant hyperthermia.

For more information: GeneReviews: Malignant Hyperthermia Susceptibility

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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CAS Q 2 Gene Fact Sheet

CASQ?2 encodes a calcium ion reservoir present in the sarcoplasmic

reticulum of cardiac muscle. Homozygous or compound heterozygous
pathogenic variation in CASQ?2 is associated with catecholaminergic
polymorphic ventricular tachycardia (CPVT) and is responsible for between
two and five percent of CPVT cases.

e [tis currently unknown what proportion of individuals with homozygous or compound
heterozygous pathogenic variation in CASQZ2 exhibit symptoms of CPVT.

e C(Cardiac events in individuals with homozygous or compound heterozygous pathogenic CASQ2
variation are most commonly triggered by exercise or emotional stress.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular cardiac monitoring is indicated. Beta blockers, flecainide, ICD implantation, left
cardiac sympathetic denervation, and/or lifestyle modifications may all be discussed as

possible methods of managing a patient's specific risk based on their genetic testing result,

family history, and clinical symptoms. /

o CASQ2 variation is inherited in an autosomal recessive manner. Parents of an affected individual
are likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also be at risk for catecholaminergic polymorphic ventricular tachycardia depends

on the carrier status of their other parent.

For more information: GeneReviews: Catecholaminergic Polymorphic Ventricular
Tachycardia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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C O L 3 A 1 Gene Fact Sheet

COL3A1 encodes type 11 collagen, which is present in the extracellular

matrix throughout the body. COL3A1 pathogenic variation is associated
with Ehlers-Danlos syndrome (EDS), vascular type. This condition is
characterized by symptoms such as atrial aneurysmes, dissections, and/or
rupture, intestinal rupture, uterine rupture as a complication of pregnancy,

joint hypermobility, and characteristic appearance of the skin.

e (Certain COL3A1 variants are associated with nearly a 100% chance of manifesting symptoms of
vascular EDS. However, specific other variants in this gene may have a markedly reduced
penetrance of clinical complications. Learning more about your patient'’s specific COL3A1 variant
may provide a more precise risk.

e Vascular rupture/dissection or organ rupture are the most common presenting symptoms of
vascular EDS. Symptoms of the tissue rupture depend on the specific site; monitoring for sudden,
acute pain is warranted. Pneumothoraces, dental complications, and vision changes may also
indicate vascular EDS complications.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Imaging of the arterial tree may help monitor for aneurysms. Consider discussion of
lifestyle risk factors and counseling avoidance of activities that could induce tissue damage
such as collision sports and elective surgical procedures. Regular blood pressure

monitoring is also indicated.

o COL3A1l variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same COL3A1 variation.

For more information: GeneReviews: Vascular Ehlers-Danlos Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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DES

DES encodes desmin, a critical muscle protein. Up to one percent of dilated

Gene Fact Sheet

cardiomyopathy cases are thought to be caused by variation in DES. DES

variation has also been linked to arrhythmia.

e Penetrance of clinical symptoms associated with DES variation is highly variable, even within the
same family.

e Variation in DES has also been associated with myofibrillar myopathy and a particular type of
neurogenic scapuloperoneal syndrome.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

o DES variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same DES variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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D S C 2 Gene Fact Sheet

DSC2 encodes desmocollin-2, a cadherin present in cardiac desmosomes.

DSC2 pathogenic variation may increase your patient’s risk for

arrhythmogenic right ventricular cardiomyopathy.

e Not all people with a DSC2 pathogenic variant will develop cardiomyopathy. It is possible for it to
be passed down through a family where no one or only a few people have cardiomyopathy.

e Penetrance of clinical symptoms associated with DSC2 variation is highly variable, even within the
same family.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging and EKG are indicated to determine whether your patient is
exhibiting evidence of arrhythmogenic right ventricular cardiomyopathy. Because age of

onset is highly variable, long-term follow-up should be considered even if baseline

evaluation is noninformative. /

e DSC2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same DSC2 variation and an increased risk of

arrhythmogenic right ventricular cardiomyopathy.

For more information: GeneReviews: Arrhythmogenic Right Ventricular Cardiomyopathy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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D S G 2 Gene Fact Sheet

DSG2 encodes desmoglein-2, a cadherin present in cardiac desmosomes.

DSG2 pathogenic variation may increase your patient’s risk for

arrhythmogenic right ventricular cardiomyopathy.

e Not all people with a DSG2 pathogenic variant will develop cardiomyopathy. It is possible for it to
be passed down through a family where no one or only a few people have cardiomyopathy.

e Penetrance of clinical symptoms associated with DSG2 variation is highly variable, even within the
same family.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging and EKG are indicated to determine whether your patient is
exhibiting evidence of arrhythmogenic right ventricular cardiomyopathy. Because age of

onset is highly variable, long-term follow-up should be considered even if baseline

evaluation is noninformative. /

e DSG2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same DSG2 variation and an increased risk of

arrhythmogenic right ventricular cardiomyopathy.

For more information: GeneReviews:Arrhythmogenic Right Ventricular Cardiomyopathy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S P Gene Fact Sheet

DSP encodes a component of cardiac desmosomes. DSP pathogenic

variation may increase your patient’s risk for arrhythmogenic right

ventricular cardiomyopathy.

e Not all people with a DSP pathogenic variant will develop cardiomyopathy. It is possible for it to be
passed down through a family where no one or only a few people have cardiomyopathy.

e Penetrance of clinical symptoms associated with DSP variation is highly variable, even within the
same family. Some individuals with pathogenic variation in DSP experience dilated
cardiomyopathy rather than arrhythmogenic right ventricular cardiomyopathy, and others may
have no evident findings of either condition.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging and EKG are indicated to determine whether your patient is
exhibiting evidence of arrhythmogenic right ventricular cardiomyopathy. Because age of

onset is highly variable, long-term follow-up should be considered even if baseline

evaluation is noninformative. )

o DSPvariation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same DSP variation and an increased risk of

arrhythmogenic right ventricular cardiomyopathy.

For more information: GeneReviews: Arrhythmogenic Right Ventricular Cardiomyopathy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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E G Gene Fact Sheet

ENG codes for endoglin, a protein associated with human vascular

endothelium.
Approximately 44% of cases of hereditary hemorrhagic telangiectasia

(HHT) can be attributed to pathogenic variation in ENG.

o Upto 95% of individuals with pathogenic variation in ENG will develop signs and symptoms of

HHT by late adulthood.
e Pulmonary and cerebral arteriovenous malformations (AVMs) are more common than hepatic
AVMs for individuals with AVMs related to variation in ENG.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Annual evaluations for anemia, supine and sitting pulse-oximetry every one to two years
during childhood, evaluation for pulmonary AVMs every five years with contrast

echocardiography by age ten years, head MRI in infancy and then rescreening for cerebral

AVMs by brain MRI after puberty

e ENG variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same ENG variation.

For more information: GeneReviews: Hereditary Hemorrhagic Telangiectasia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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F B N 1 Gene Fact Sheet

FBN1 encodes fibrillin, a major component of connective tissue throughout

the body. FBN1 pathogenic variation has been associated with Marfan
syndrome, a connective tissue disorder that affects the ocular, skeletal, and

cardiovascular systems.

e Marfan syndrome can be highly variable, even within the same family, with some individuals with
pathogenic FBN1 variation displaying very few features of Marfan syndrome and others displaying
nearly all of the associated symptoms.

e (Contact sports, activities with a high risk of joint injury, certain medications, and LASIK surgery are
examples of circumstances individuals with Marfan syndrome should avoid.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Annual ophthalmologic and dental exams, annual echocardiography, and regular
monitoring of bone growth including screening for chest wall deformities and scoliosis are
all indicated. Visualizing the aorta regularly via CT or MRA, especially in those with a

history of aortic root dissection, can also be considered.

o FBN1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same FBN1 variation.

For more information: GeneReviews: FBN1-Related Marfan Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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FLNC

FLNC encodes filamin C, an actin-binding protein. Between two and four

Gene Fact Sheet

percent of dilated cardiomyopathy cases are thought to be caused by FLNC

pathogenic variation.

e Penetrance of clinical symptoms associated with FLNC variation is highly variable, even within the
same family.

e Hypertrophic cardiomyopathy, restrictive cardiomyopathy, and certain myopathies have been
linked to variation in FLNC.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

e FLNC variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same FLNC variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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G Gene Fact Sheet

GAA encodes the lysosomal enzyme alpha-glucosidase.

Pathogenic variants in each of a person’s two copies of GAA is associated

with glycogen storage disease 1, or Pompe disease.

o Infantile-onset describes Pompe disease that begins in utero or in infancy and includes symptoms
such as hypotonia, muscle weakness, respiratory problems, feeding difficulties/failure to thrive, and
hypertrophic cardiomyopathy and, if left untreated, commonly results in death by age two years.

e Late-onset Pompe disease occurs when onset is after 12 months of age OR onset is prior to 12
months of age but does not include hypertrophic cardiomyopathy.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Published management guidelines are available both for infantile-onset and late-onset

forms of Pompe disease.

o Outcomes are improved for individuals started on enzyme replacement therapy as soon as

the diagnosis is known.

o GAAvariation is inherited in an autosomal recessive manner. Parents of an affected individual are
likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also be at risk for Pompe disease depends on the carrier status of the other parent.

e (Certain GAA variants are associated with specific phenotypes within Pompe disease.

For more information: GeneReviews: Pompe Disease

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.

DEPARTMENT OF GENETICS LB MEDICINE

The University of Alabama at Birmingham
Kaul 251 « 720 20th Street South
Phone: 205.934-9525 ¢ Email: aghi@uab.edu

HUDSONALPHA

Knowledge that will change your world INSTITUTE FOR BIOTECHNOLOGY



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110959/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3534745/
https://www.ncbi.nlm.nih.gov/books/NBK1261/

= Alabama Genomic

o —

= HEALTH INITIATIVE )

G L Gene Fact Sheet

GLA encodes alpha galactosidase, a lysosomal enzyme.

Pathogenic variation in GLA causes Fabry disease, the most common

lysosomal storage disorder.

e Fabry disease can cause symptoms such as severe pain crises, angiokeratomas, end stage renal
disease, and cardiomyopathy, with age of onset varying widely from childhood (classic form) to
mid- to late adulthood (late-onset form).

e Because males only have one X chromosome, they are more likely to experience more severe
symptoms of Fabry disease than females. However, females can have clinical signs and symptoms of
Fabry disease and should be managed very similarly to male patients.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Both men and women: annual renal function studies, annual assessments for skin findings,
gastrointestinal issues, and pulmonary and vascular complications, annual psychological
evaluations, and brain MRI/MA at least every 2-3 years beginning at age 18

o Men: annual cardiac and hearing evaluations

o Women: biennial cardiac evaluations and biannual hearing evaluations

o Enzyme replacement therapy should be considered in both men and women to prevent or

delay manifestations of the condition. /

o  GLA variation is inherited in an X-linked manner. Women have a 50% risk to pass a GLA variant to

each of their children. Men pass GLA variation on to each of their daughters and none of their sons.

For more information: GeneReviews: Fabry Disease

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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F E Gene Fact Sheet

Individuals with pathogenic variants in each of their two copies of HFE are

at risk for hemochromatosis, or iron overload.
Approximately one-third of white individuals of European ancestry are
heterozygous for one of the two HFE variants implicated in

hemochromatosis.

o The penetrance of biochemically-evident iron overload is high, but not 100%. The penetrance of
clinically-evident iron overload is low.

e (Certain variants in HFE that are not typically associated with clinical evidence of iron overload
may be reported on some genetic tests results. Pay close attention to the specific variants reported,
as risk overload and guidelines for management may differ depending on the result.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Evaluations for symptoms of clinical iron overload and biochemical testing (measuring
serum ferritin concentration, liver function testing, etc.) are indicated.
o For those with clinically- or biochemically-evident iron overload, regular phlebotomy is a

common treatment.

J

o HFE variation is inherited in an autosomal recessive manner. Parents of an affected individual are
likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also be at risk for hemochromatosis depends on the carrier status of the other

parent.

For more information: GeneReviews: HFE Hemochromatosis

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.

DEPARTMENT OF GENETICS L MEDICINE HUDSONALPHA
The University of Alabama at Birmingham Kivowtodge that willchenge your workd ISTITLITE FOR BISTEEN N oLty
Kaul 251 « 720 20th Street South

Phone: 205.934-9525 ¢ Email: aghi@uab.edu



https://www.ncbi.nlm.nih.gov/books/NBK1440/

= Alabama Genomic

o —

= HEALTH INITIATIVE .

H N F 1A Gene Fact Sheet

Variation in HNF1A is thought to be responsible for 30-65% of cases of

maturity-onset diabetes of the young (MODY).
MODY is thought to account for between two and five percent of type 11

diabetes mellitus.

e QOver 95% of individuals with a pathogenic variant in this gene will develop diabetes by age 55
years.

o Well over half of individuals will develop diabetes before the age of 25 years.

o Up to seven percent of cases of HNF1A-associated MODY may be due to a de novo, or new, variant
in the patient, so a lack of family history of diabetes does not rule out variation in this gene as a
possibility.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Oral antidiabetic agents such as sulfonylureas or meglitinides may be indicated.
o Some individuals may also require insulin therapy.

o It may also be useful to initiate statin therapy due to an increased risk for cardiovascular

disease.

J

o HNF1A variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same HNF1A variation.

For more information: GeneReviews: Maturity-Onset Diabetes of the Young Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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KCNH?2

KCNH2 encodes a potassium channel. KCNH2 pathogenic variation is

Gene Fact Sheet

associated with long QT syndrome type 2 and is responsible for up to 30% of

long QT syndrome cases.

o About one fifth of individuals with pathogenic variation in KCNH2 are thought to have normal QTc
intervals.

e Cardiac events in individuals with KCNH2 variation are most commonly triggered by auditory
stimuli or emotional stress. They can also be triggered by exercise or occur during sleep.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Monitoring of QTc intervals is indicated. Beta blockers, ICD implantation, and/or lifestyle
modifications may all be discussed as methods of managing a patient's specific risk based

on their genetic testing result, family history, and clinical symptoms.

o KCNH2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same KCNH2 variation and an increased risk of

long QT syndrome.

For more information: GeneReviews: Long QT Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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KCNQ1

KCNQ1 encodes a potassium channel. KCNQ1 pathogenic variation is

Gene Fact Sheet

associated with long QT syndrome type 1 and is responsible for up to 35% of

long QT syndrome cases.

e About one third of individuals with pathogenic variation in KCNQ1 are thought to have normal
QTc intervals.

e Cardiac events in individuals with KCNQ1 variation are most commonly triggered by exercise or
emotional stress.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Monitoring of QTc intervals is indicated. Beta blockers, ICD implantation, and/or lifestyle
modifications may all be discussed as methods of managing a patient's specific risk based

on their genetic testing result, family history, and clinical symptoms.

o KCNQ1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same KCNQ1 variation and an increased risk of

long QT syndrome.

For more information: GeneReviews: Long QT Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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L D L Gene Fact Sheet

LDLR (low-density lipoprotein receptor) plays a role in cholesterol

maintenance. LDLR pathogenic variation is associated with familial

hypercholesterolemia, which increases the risk for coronary artery disease.

e Not all people with a LDLR variant will develop high cholesterol. About 25% of people with
changes in LDLR do not have high cholesterol. Because it is unknown why this occurs, all
individuals with this variation should be closely monitored.

e People with changes in LDLR often have hypercholesterolemia beginning at or prior to adolescence
or young adulthood, regardless of other risk factors. Diet, exercise, and lifestyle changes alone may
not control LDLR-related hypercholesterolemia.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o For adults with LDLR-related hypercholesterolemia: encourage a healthy diet, smoking
cessation, weight control, and regular exercise; manage hypertension; consider statin
therapy and/or low-dose aspirin regimen when indicated

o For children with LDLR-related hypercholesterolemia: encourage a healthy diet and

regular exercise; consider referral to a lipid specialist; consider statin therapy as needed

after age 8 years /

o LDLR variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same LDLR variation and an increased risk of

hypercholesterolemia.

For more information: GeneReviews: Familial Hypercholesterolemia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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LMNA

LMNA encodes lamins A and C, part of the lamina of the inner nucleic

Gene Fact Sheet

membrane. LMNA pathogenic variation is responsible for approximately 6%

of dilated cardiomyopathy cases.

e Penetrance of clinical symptoms associated with LMNA variation is highly variable, even within the
same family.

o Several clinically distinct disorders have been linked to variation in LMNA, including but not
limited to certain muscular dystrophies, lipodystrophies, and premature aging disorders.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

o LMNA variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same LMNA variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

MAX encodes one component of a network of transcription factors that are

involved in cell growth, differentiation, and apoptosis. MAX pathogenic
variation is associated with hereditary paragangliomas and

pheochromocytomas.

e Because of a documented parent-of-origin effect, if the MAX variant is known to be maternally
inherited, the risk to develop paragangliomas and/or pheochromocytomas is very low. The primary
risk associated with variation in this gene occurs when the variation is paternally inherited, but the
precise penetrance is unknown.

e Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with MAX variation.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

o MAXvariation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same MAX variation. However, the chance
that a person sharing this variation is at a significantly increased risk of developing
paragangliomas and/or pheochromocytomas is dependent upon the parent of origin. Paternally
inherited MAX variants confer a much higher risk than those that are maternally inherited.
Therefore, clarifying the inheritance of the variant, when possible, can assist in estimating the risk
to your patients and their relatives.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma
Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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E N 1 Gene Fact Sheet

MEN1 encodes menin, a tumor suppressor. MEN1 pathogenic variation is

associated with multiple endocrine neoplasia, type 1 (MEN1).

o Ninety-five percent of individuals with pathogenic variation in MEN1 will display some aspect of
multiple endocrine neoplasia type 1 by age 40. Almost every patient with MEN1 will develop
tumors of the parathyroid with associated hypercalcemia by age 50. Between 30 and 40 percent of
individuals will develop anterior pituitary tumors, most commonly prolactinomas. Patients are also
at a significantly increased risk to develop endocrine tumors of the GEP tract as well as
adrenocortical tumors. Over 20 types of endocrine and nonendocrine tumors are seen in MEN1.

e Monitor patients carefully for signs and symptoms of associated tumors. These symptoms can
include but are not limited to lethargy, gastrointestinal issues, oligomenorrhea/amenorrhea
(females), hypertension, anorexia, depression, and confusion.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Annual screening for parathyroid tumors and pituitary adenomas beginning at 5 years,
head MRI every 3-5 years beginning at age 5 years, annual biochemical screening for
endocrine tumors of the GEP tract beginning at 8 years, and annual fasting gastrin
concentration beginning at age 20 years are appropriate. Regular skin exams and chest
and abdominal imaging may be considered starting in adolescence/early adulthood. For
more information on the screening and treatment guidelines for MEN1-associated tumors,

review the publication found at PMID: 22723327 /
e MEN1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same MEN1 variation.

For more information: GeneReviews: Multiple Endocrine Neoplasia Type 1

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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L 1 Gene Fact Sheet

MLH1 is a mismatch repair gene. MLH1 pathogenic variation is associated

with Hereditary Non-Polyposis Colorectal Cancer (HNPCC), also known as

Lynch Syndrome.

e Not all people with a MLH1 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with MLH1 variation are colorectal, endometrial, ovarian,
stomach, and small bowel. The risk of developing other cancers such as urinary tract, biliary tract,
and brain (glioblastoma) may also be increased but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Men and women should begin regular colonoscopy screening, with removal of
precancerous polyps, in early adulthood.

o Women with MLH1 variants may consider prophylactic hysterectomy and bilateral
salpingoophorectomy upon the completion of childbearing.

o For the most up-to-date guidelines for managing individuals with Lynch syndrome:

National Comprehensive Cancer Network J

e  MLH1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MLH1 variation and an increased risk of

MLH1-related cancers.

For more information: GeneReviews: Hereditary Breast and Ovarian Cancer

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S 2 Gene Fact Sheet

MSH?2 is a mismatch repair gene. MSH2 pathogenic variation is associated

with Hereditary Non-Polyposis Colorectal Cancer (HNPCC), also known as

Lynch Syndrome.

e Not all people with a MSH2 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with MSH2 variation are colorectal, endometrial, ovarian,
stomach, and small bowel. The risk of developing other cancers such as urinary tract, biliary tract,
and brain (glioblastoma) may also be increased but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Men and women: regular colonoscopy screening, with removal of precancerous polyps, in
early adulthood.

o Women: consideration of prophylactic hysterectomy and bilateral salpingo-oophorectomy
upon the completion of childbearing.

o For the most up-to-date guidelines for managing individuals with Lynch Syndrome:

National Comprehensive Cancer Network /

e  MSH2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MSH2 variation and an increased risk of

MSH2-related cancers. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Lynch Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S 6 Gene Fact Sheet

MSH6 is a mismatch repair gene. MSH6 pathogenic variation is associated

with Hereditary Non-Polyposis Colorectal Cancer (HNPCC), also known as

Lynch Syndrome.

e Not all people with a MSH6 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with MSH6 variation are colorectal, endometrial, ovarian,
stomach, and small bowel. The risk of developing other cancers such as urinary tract, biliary tract,
and brain (glioblastoma) may also be increased but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Men and women: regular colonoscopy screening, with removal of precancerous polyps, in
early adulthood.

o Women: consideration of prophylactic hysterectomy and bilateral salpingo-oophorectomy
upon the completion of childbearing.

o For the most up-to-date guidelines for managing individuals with Lynch Syndrome:

National Comprehensive Cancer Network /

e  MSHG6 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MSHG6 variation and an increased risk of

MSH6-related cancers. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Lynch Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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M U TYH Gene Fact Sheet

MUTYH encodes a protein involved in base excision repair, which helps

prevent DNA damage from reactive oxygen species. Pathogenic variation in
both copies of the MUTYH gene is associated with MUTYH-associated
polyposis (MAP).

e Not all people with MUTYH gene changes will develop cancer. However, without careful
surveillance and treatment of colon polyps, the lifetime risk for colon cancer can approach 90%.

e The most common cancers associated with MUTYH variations are colorectal cancer and duodenal
cancer. There is also an increased risk for malignancies of the ovary and bladder, and some
evidence of an increased risk for breast and endometrial cancer.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Colonoscopy with polypectomy every one to two years beginning at age 25-30 years; upper
endoscopy and side viewing duodenoscope every three months to four years beginning at
age 30-35 years with subsequent follow up based on initial findings.

o For the most up-to-date guidelines for managing individuals with MUTYH-associated

polyposis: National Comprehensive Cancer Network /

o  MUTYH variation is inherited in an autosomal recessive manner. An individual with a change in
both copies of their MUTYH genes has an increased risk to develop polyps and cancer. The risk for
colorectal cancer in individuals heterozygous for a MUTYH pathogenic variant is slightly

increased.

For more information: GeneReviews: MUTYH Polyposis

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.

DEPARTMENT OF GENETICS L MEDICINE HUDSONALPHA
The University of Alabama at Birmingham Kivowtodge that willchenge your workd ISTITLITE FOR BISTEEN N oLty
Kaul 251 « 720 20th Street South

Phone: 205.934-9525 ¢ Email: aghi@uab.edu



https://www.nccn.org/
https://www.ncbi.nlm.nih.gov/books/NBK107219/

= Alabama Genomic

o —

= HEALTH INITIATIVE

MYBPC3

MYBPC3 encodes a myosin-binding cardiac protein. MYBPC3 pathogenic

Gene Fact Sheet

variation is responsible for approximately one-half of genetic hypertrophic

cardiomyopathy cases.

e Not all people with a MYBPC3 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with MYBPC3 variation is highly variable, even within the same
family.

e Other clinical conditions associated with variation in MYBPC3 may include dilated
cardiomyopathy, though this is much less likely than hypertrophic cardiomyopathy.

e Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting evidence

of hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e MYBPC3 variation is inherited in an autosomal dominant manner. Parents, siblings, and children
of affected individuals have a 50% risk to have the same MYBPC3 variation and an increased risk

of hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.

DEPARTMENT OF GENETICS L MEDICINE HUDSONALPHA

The University of Alabama at Birmingham Kivowtodge that willchenge your workd INSTITUTE FOR BIOTEEI LAY
Kaul 251 « 720 20th Street South
Phone: 205.934-9525 ¢ Email: aghi@uab.edu



https://www.ncbi.nlm.nih.gov/books/NBK1768/

= Alabama Genomic

o —

= HEALTH INITIATIVE .

MYH 1 1 Gene Fact Sheet

MYH11 encodes a smooth muscle myosin heavy chain.

Pathogenic variation in MYH11 is thought to be responsible for up to 1% of
heritable thoracic aortic disease (HTAD), which includes thoracic aortic

aneurysm and aortic dissections (TAAD).

o Some individuals with MYH11 variation may also have patent ductus arteriosus.
e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Echocardiography, CT, and/or MRI can be used to detect the presence of aortic root
dilation. The frequency of this imaging is dependent upon the size and stability of the
aortic root diameter.

o Avoidance of isometric exercises and contact sports is recommended for individuals with a

pathogenic variant in MYH11. J

e MYH11 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have a 50% risk to have the same MYH11 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Heritable Thoracic Aortic Disease Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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MYH7

MYH?7 encodes the beta-myosin heavy chain protein. MYH7 pathogenic

Gene Fact Sheet

variation is responsible for approximately one-third hypertrophic

cardiomyopathy cases.

e Notall people with a MYH7 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with MYH7 variation is highly variable, even within the same family.

e Other clinical conditions associated with variation in MYH7 may include dilated cardiomyopathy
and/or evidence of particular skeletal myopathies, though this is much less likely than
hypertrophic cardiomyopathy.

e Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting evidence

of hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e  MYH7 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MYH7 variation and an increased risk of

hypertrophic cardiomyopathy.

For more information: GeneReview: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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MYL2

MYL2 encodes one of the light chains in cardiac myosin. MYL2 pathogenic

Gene Fact Sheet

variation has been linked to hypertrophic cardiomyopathy.

e Not all people with a MYL2 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with MYL2 variation is highly variable, even within the same family.

e Other clinical conditions associated with variation in MYL2 may include dilated cardiomyopathy,
though this is much less likely than hypertrophic cardiomyopathy.

e Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting evidence

of hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e  MYL2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MYL2 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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MYL3

MYL3 encodes one of the light chains in cardiac myosin. MYL3 pathogenic

Gene Fact Sheet

variation has been linked to hypertrophic cardiomyopathy.

e Not all people with a MYL3 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with MYL3 variation is highly variable, even within the same family.

o At this time, the primary phenotype associated with variation in MYL3 is hypertrophic
cardiomyopathy.

e Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting evidence

of hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e  MYL3 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same MYL3 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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NF2

NF2 encodes neurofibromin 2, which helps to regulate contact-dependent

Gene Fact Sheet

inhibition of cell proliferation. NF2 pathogenic germline variation is
associated with neurofibromatosis type 2 (NF2), a multiple neoplasia
syndrome that can include lesions such as cranial nerve tumors as well as

meningiomas and spinal schwannomas. Neurofibromatosis type 2 is

clinically and genetically distinct from neurofibromatosis type 1.

o Almost all individuals with NF2 develop bilateral vestibular schwannomas by age 30.
Approximately two-thirds of patients develop spinal tumors (most commonly schwannomas), and
about half of patients develop meningiomas (most commonly cranial).

o Symptoms such as hearing loss, focal weakness, tinnitus, and balance dysfunction have been
commonly reported as initial symptoms of NF2.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Annual cranial MRI beginning between 10-12 years of age, annual ophthalmologic exam,

and regular hearing evaluations are appropriate to monitor for features of the condition.

o NF2variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same NF2 variation.

For more information: GeneReviews: Neurofibromatosis 2

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TC Gene Fact Sheet

Pathogenic variation in the OTC gene causes ornithine transcarbamylase

(OTC) deficiency, the most common urea cycle disorder.
OTC deficiency can present in the neonatal period with a severe clinical
course (typically only in males) or later in infancy, childhood, adolescence,

or adulthood with varying severity (in both males and females).

e Hyperammonemia can present as acute illness including lethargy, vomiting, and irritability, and
over time lead to failure to thrive, developmental delay, cognitive impairment, and behavioral
problems. Left untreated, coma or other life-threatening complications may result.

o The episodic nature of hyperammonemia especially in individuals with later onset disease can be
exacerbated by periods of illness, surgery, prolonged fasting, and other triggers.

o Individuals with OTC deficiency may self-restrict/avoid protein.

e Because males only have one X chromosome, they are more likely to experience more severe
symptoms of OTC deficiency than females. However, females can have clinical signs and symptoms
of OTC deficiency and should be managed very similarly to male patients.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Management of acute manifestations of illness
o Prevention of complications via interventions such as protein-restricted diet, use of

nitrogen-scavenging drugs, and consideration of liver transplant when indicated

o OTC variation is inherited in an X-linked manner. Women have a 50% risk to pass an OTC variant
to each of their children. Men pass GLA variation on to each of their daughters and none of their

sons.

For more information: GeneReviews: Ornithine Transcarbamylase Deficiency

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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PALB2

PALBZ2 encodes a protein that co-localizes with BRCAZ, a well-characterized

Gene Fact Sheet

tumor suppressor gene. PALB2 pathogenic variation is associated with

breast cancer susceptibility.

e Not all people with a PALB2 variant will develop breast cancer. However, the risks are significantly
elevated above those for the general population.

e Though PALB2 variation primarily impacts breast cancer risk, some evidence demonstrates that
the risk to develop ovarian and pancreatic cancers may also be increased.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Women should begin annual mammograms at age 30 and may also consider annual breast
MRI. Bilateral prophylactic mastectomy may also be considered. Risk-reducing salpingo-

oophorectomy may be considered if a family history of ovarian cancer is present.

o PALB2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same PALB2 variation and an increased risk of

PALB2-related cancers.

For more information: National Comprehensive Cancer Network: Evidence-Based Cancer

Guidelines

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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P C S K9 Gene Fact Sheet

PCSK9 (proprotein convertase subtilisin/kexin-type, 9) plays a role in

cholesterol maintenance. PCSK9 pathogenic variation is associated with
familial hypercholesterolemia, which increases the risk of coronary artery

disease.

e Not all people with a PCSKO variant will develop hypercholesterolemia. However, the risk for
hypercholesterolemia is much higher than the risk in the general population, all individuals with
this variation should be closely monitored.

e People with changes in PCSK9 often have hypercholesterolemia beginning at or prior to
adolescence or young adulthood, regardless of other risk factors. Diet, exercise, and lifestyle
changes alone may not control PCSK9-related hypercholesterolemia.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o For adults with PCSK9-related hypercholesterolemia: encourage a healthy diet, smoking
cessation, weight control, and regular exercise; manage hypertension; consider statin
therapy and/or low-dose aspirin regimen when indicated

o For children with PCSK9-related hypercholesterolemia: encourage a healthy diet and
regular exercise; consider referral to a lipid specialist; consider statin therapy as needed
after age 8 years j

e PCSK9 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have a 50% risk to have the same PCSKO variation and an increased risk of

hypercholesterolemia.

For more information: GeneReviews: Familial Hypercholesterolemia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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PKP2

PKP2 encodes for a protein in the cardiac desmosome. PKP2 pathogenic

Gene Fact Sheet

variation may increase a patient’s risk for arrhythmogenic right ventricular

cardiomyopathy.

e Not all people with a PKP2 variant will develop cardiomyopathy. It is possible for it to be passed
down through a family where no one or only a few people have cardiomyopathy.

e Penetrance of clinical symptoms associated with PKP2 variation is highly variable, even within the
same family.

e Noninvasive cardiac imaging is indicated to determine whether a patient is exhibiting evidence of

arrhythmogenic right ventricular cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

e PKP2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same PKP2 variation and an increased risk of

arrhythmogenic right ventricular cardiomyopathy.

For more information: GeneReviews: Arrhythmogenic Right Ventricular Cardiomyopathy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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P S 2 Gene Fact Sheet

PMS?2 is a mismatch repair gene. PMS2 pathogenic variation is associated

with Hereditary Non-Polyposis Colorectal Cancer (HNPCC), also known as

Lynch Syndrome.

e Not all people with a PMS2 variant will develop cancer. However, the risks are significantly
elevated above those for the general population.

e The most common cancers associated with PMS2 variation are colorectal, endometrial, ovarian,
stomach, and small bowel. The risk of developing other cancers such as urinary tract, biliary tract,
and brain (glioblastoma) may also be increased but to a lesser extent.

e Medical management changes for both men and women are indicated, subject to personalization

based on personal and family histories. Examples may include:

o Men and women: regular colonoscopy screening, with removal of precancerous polyps, in
early adulthood.

o Women: consideration of prophylactic hysterectomy and bilateral salpingo-oophorectomy
upon the completion of childbearing.

o For the most up-to-date guidelines for managing individuals with Lynch Syndrome:

National Comprehensive Cancer Network /

o PMS2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same PMS2 variation and an increased risk of

PMS2-related cancers. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Lynch Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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PRKAG2

PRKAG?2 encodes a subunit of AMP-activated protein kinase. PRKAG2

Gene Fact Sheet

pathogenic variation has been linked to several cardiac phenotypes,

including hypertrophic cardiomyopathy.

e Not all people with a PRKAG2 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with PRKAG2 variation is highly variable, even within the same
family.

e Other clinical conditions associated with variation in PRKAG2 may include Wolff-Parkinson-White
syndrome as well as a congenital glycogen storage disease affecting cardiac tissue.

e Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting evidence

of hypertrophic cardiomyopathy.

o Because age of onset is highly variable, long-term follow-up should be considered even if

baseline evaluation is noninformative.

o PRKAG?2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same PRKAG2 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

PTEN

PTEN pathogenic variation is associated with a group of clinical conditions
collectively called PTEN hamartoma tumor syndrome (PHTS). PHTS is
sometimes known as Cowden Syndrome, especially when specifically

referring to PHTS in the context of an increased risk for tumor development.

e Notall people with a PTEN variant will develop cancer.

e Symptoms that are commonly seen among the conditions that make up PHTS include larger-than-
average head size, intestinal polyps, very specific skin findings, and increased risks for certain types
of cancer including uterine, thyroid, and breast cancers.

e Medical management changes for both children and adults are indicated, subject to

personalization based on personal and family histories. Examples may include:

o Children: yearly thyroid ultrasound from the time of diagnosis and skin check with
physical examination

o Adults: yearly thyroid ultrasound and dermatologic evaluation; colonoscopy beginning at
age 35, with frequency dependent on degree of polyposis identified or family history of
early-onset colon cancer; biennial renal imaging beginning at age 40; women beginning at
age 30 years should do a monthly breast self-examination and annual breast screening,
and starting by age 35 years consider transvaginal ultrasound or endometrial biopsy

o For the most up-to-date guidelines for managing individuals with PTEN hamartoma tumor

syndrome: National Comprehensive Cancer Network /

e PTEN variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same PTEN variation and an increased risk of

PTEN-related conditions.

For more information: GeneReviews: PTEN Hamartoma Tumor Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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B 1 Gene Fact Sheet

RB1 encodes a tumor suppressor protein that assists in requlating the G1/S

transition of the cell cycle. RB1 pathogenic variation is associated with

inherited retinoblastoma.

e Nearly all individuals with an RB1 gene change develop retinoblastoma during early childhood,
most commonly in both eyes. RB1 gene changes also increase the risk of developing bone, soft
tissue, and/or skin (specifically melanoma) cancers later in life.

e Some of the first signs of retinoblastoma include a white pupil, crossed eyes, problems with vision,
and changes in the appearance of the eye(s). These changes typically occur by the age of 5.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Children should receive an eye examination under anesthesia every three to four weeks
until age six months, then less frequently until age three years, to identify retinoblastoma
tumors as early and small as possible. Clinical examinations should be performed every
three to six months until age seven years, then annually and eventually biennially for life.
Individuals with retinomas are followed with retinal examinations and imaging every one
to two years. To detect second non-ocular tumors, promptly evaluate complaints of bone

pain or lumps because of the high risk for sarcomas and other cancers. /

o RB1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same RB1 variation and an increased risk to

develop retinoblastoma and other cancers.

For more information: GeneReviews: Retinoblastoma

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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RBM20

RBMZ20 encodes a spliceosomal protein expressed in the human heart. Up to

Gene Fact Sheet

two percent of dilated cardiomyopathy cases are thought to be caused by

variation in a specific exon of RBM20.

e Penetrance of clinical symptoms associated with RBM20 variation is highly variable, even within
the same family.

o RBM20-associated dilated cardiomyopathy is typically caused by pathogenic variants in exon 9 of
the gene. This type of cardiomyopathy is often characterized by arrhythmia.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

e RBMZ20 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same RBM20 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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E T Gene Fact Sheet

RET is a protooncogene. RET pathogenic variation is associated with

multiple endocrine neoplasia type 2 (MENZ2), a condition that includes an
increased risk for medullary thyroid carcinoma, pheochromocytoma, and

parathyroid disease.

e Notall people with a RET variant will develop cancer. However, the risk for patients with
pathogenic variation in RET to develop medullary thyroid cancer is extremely high, approaching
100%.

e  Most cases of MENZ are subtype A (MEN2A). However, approximately 5% are categorized as
MENZB and can include especially aggressive medullary thyroid cancer, mucosal neuromas,
ganglioneuromatosis of the Gl tract, and a marfanoid habitus. Some individuals or families with
RET variation may only exhibit medullary thyroid cancer and be categorized as having familial
medullary thyroid cancer. Additionally, RET variation has also been linked to Hirschsprung disease.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Prophylactic thyroidectomy should be considered in childhood to prevent the development
of medullary thyroid cancer, with the recommended age of this procedure dependent upon
the patient's specific RET variant, followed by continued monitoring for residual evidence
of disease. Patients should also undergo regular biochemical screening for evidence of

pheochromocytoma, with screening usually beginning at age 8 years. Screening for

parathyroid disease is also indicated, usually beginning in adulthood. /

o RET variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same RET variation and an increased risk to

develop signs and symptoms of MEN2.

For more information: GeneReviews: Multiple Endocrine Neoplasia Type 2

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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RP E 6 5 Gene Fact Sheet

Biallelic pathogenic variants in RPE65 can cause a particular form of

retinopathy called Leber congenital amaurosis/early-onset severe retinal
dystrophy (LCA/EOSRD).
RPE65 variation is thought to be responsible for approximately five to six

percent of LCA/EOSRD.

o Variation in RPE65 has also been associated with retinitis pigmentosa.
o Individuals with RPE65-related LCA/EOSRD typically have poor vision from the first year of life

onward, but vision begins declining further in adolescence and more rapidly in early adulthood,

resulting in legal blindness no later than the fourth decade of life.
e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Detailed ophthalmologic exams to assess the extent of disease, as well as referrals for
supportive therapies and resources are indicated.

o For some qualifying patients, subretinal gene supplementation therapy may improve

vision.

J

o RPE65 variation is inherited in an autosomal recessive manner. Parents of an affected individual
are likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected

individuals to also be at risk for retinopathy depends on the carrier status of the other parent.

For more information: GeneReviews: RPE65-Related Leber Congenital Amaurosis/Early-

Onset Severe Retinal Dystrophy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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Y 1 Gene Fact Sheet

RYR1 encodes a calcium release channel present in the sarcoplasmic

reticulum of skeletal muscle. RYR1 pathogenic variation is associated with

malignant hyperthermia susceptibility.

e RYR1 pathogenic variation indicates an increased risk to develop malignant hyperthermia when
exposed to specific triggering anesthesia medications.

e (Central core disease and other myopathies (some with or without additional clinical features) have
also been linked to variation in RYR1. These individuals are also considered to be susceptible to
malignant hyperthermia.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Clearly documenting malignant hyperthermia susceptibility in the medical record and
encouraging the patient to carry identification indicating this susceptibility is appropriate
to ensure providers of both planned and emergent procedures are aware of this risk. Avoid
use of triggering inhalant anesthetic agents as well as succinylcholine. Certain other

medications should be used with caution, and patients may be counseled to avoid extreme
heat. j

o RYRI1-related malignant hyperthermia susceptibility is inherited in an autosomal dominant

manner. Parents, siblings, and children of affected individuals have up to a 50% risk to have the

same RYR1 variation and be at risk for malignant hyperthermia.

For more information: GeneReviews: Malignant Hyperthermia Susceptibility

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Y 2 Gene Fact Sheet

RYR2 encodes a calcium release channel present in the sarcoplasmic

reticulum of cardiac muscle. RYR2 pathogenic variation is associated with
catecholaminergic polymorphic ventricular tachycardia (CPVT) and is

responsible for about half of CPVT cases.

e Upto 17% of those with pathogenic variation in RYR2 may not show signs or symptoms of
catecholaminergic polymorphic ventricular tachycardia.

e RYR2 variation has also been linked to arrhythmogenic right ventricular cardiomyopathy with
exercise-induced arrhythmias.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular cardiac monitoring is indicated. Beta blockers, flecainide, ICD implantation, left
cardiac sympathetic denervation, and/or lifestyle modifications may all be discussed as

possible methods of managing a patient's specific risk based on their genetic testing result,

family history, and clinical symptoms. J

o RYR2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same RYR2 variation and an increased risk of

catecholaminergic polymorphic ventricular tachycardia.

For more information: GeneReviews: Catecholaminergic Polymorphic Ventricular
Tachycardia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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SCNS5A

SCN5A encodes a cardiac sodium channel. Pathogenic gain-of-function

Gene Fact Sheet

variation in SCN5A is associated with long QT syndrome type 3 and is

responsible for up to 10% of long QT syndrome cases.

e About 10% of individuals with pathogenic variation in SCN5A are thought to have normal QTc
intervals.

o While gain-of-function SCN5A variants cause long QT syndrome type 3, loss-of-function variation
within this gene causes Brugada syndrome.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Monitoring of QTc intervals is indicated. Beta blockers, ICD implantation, and/or lifestyle
modifications may all be discussed as methods of managing a patient's specific risk based

on their genetic testing result, family history, and clinical symptoms.

o SCNS5A variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same SCN5A variation and an increased risk of

long QT syndrome.

For more information: GeneReviews: Long QT Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S D HAF 2 Gene Fact Sheet

SDHAF2 encodes a protein necessary for appropriate functioning of the

succinate dehydrogenase enzyme. SDHAF2 pathogenic variation is

associated with hereditary paragangliomas and pheochromocytomas.

e Because of a documented parent-of-origin effect, if the SDHAF2 variant is known to be maternally
inherited, the risk to develop paragangliomas and/or pheochromocytomas is very low. The primary
risk associated with variation in this gene occurs when the variation is paternally inherited, but the
precise penetrance is unknown.

e Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with SDHAF2 variation.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

o SDHAF2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same SDHAF?2 variation. However, the
chance that a person sharing this variation is at a significantly increased risk of developing
paragangliomas and/or pheochromocytomas is dependent upon the parent of origin. Paternally
inherited SDHAF 2 variants confer a much higher risk than those that are maternally inherited.
Therefore, clarifying the inheritance of the variant, when possible, can assist in estimating the risk
to your patients and their relatives.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma
Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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SDHB

SDHB encodes one of the subunits of succinate dehydrogenase. SDHB

Gene Fact Sheet

pathogenic variation is associated with hereditary paragangliomas and

pheochromocytomas.

o The penetrance of SDHB variation is estimated to be upwards of 50%.

o Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with SDHB variation.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

e SDHB variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same SDHB variation.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma

Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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SDHC

SDHC encodes one of the subunits of succinate dehydrogenase. SDHC

Gene Fact Sheet

pathogenic variation is associated with hereditary paragangliomas and

pheochromocytomas.

e The penetrance of SDHC variation is estimated to be around 25%.

o Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with SDHC variation.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

e SDHC variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same SDHC variation.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma

Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S D D Gene Fact Sheet

SDHD encodes one of the subunits of succinate dehydrogenase. SDHD

pathogenic variation is associated with hereditary paragangliomas and

pheochromocytomas.

e Because of a documented parent-of-origin effect, if the SDHD variant is known to be maternally-
inherited, the risk to develop paragangliomas and/or pheochromocytomas is very low. If
paternally-inherited, the penetrance of this variation may be upwards of 40% by age 60.

o Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with SDHD variation.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

o SDHD variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same SDHD variation. However, the chance
that a person sharing this variation is at a significantly increased risk of developing
paragangliomas and/or pheochromocytomas is dependent upon the parent of origin. Paternally
inherited SDHD variants confer a much higher risk than those that are maternally inherited.
Therefore, clarifying the inheritance of the variant, when possible, can assist in estimating the risk

to your patients and their relatives.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma
Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S MAD 3 Gene Fact Sheet

SMAD3 encodes a protein involved in the transforming growth factor-beta

pathway. SMAD3 pathogenic variation is associated with Loeys-Dietz
syndrome, a connective tissue disorder that affects the vascular and skeletal
systems and can include characteristics cutaneous and craniofacial

symptoms.

e Aortic root aneurysm, arterial tortuosity, and arterial dissection are some of the most serious
common manifestations of SMAD3-associated Loeys-Dietz syndrome. Other common features
include osteoarthritis and pectus deformity.

e (Contact sports, activities with a high risk of joint injury, and certain medications are examples of
circumstances individuals with Loeys-Dietz syndrome should avoid.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Echocardiography, MRA or CT scans from head to pelvis, radiographs, and
ophthalmological exams may all be considered to monitor for the manifestations of Loeys-

Dietz syndrome.

e SMAD3 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same SMAD3 variation.

For more information: GeneReviews: Loeys-Dietz Syndrome and “Loeys-Dietz syndrome: a

primer for diagnosis and management”

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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S MAD 4 Gene Fact Sheet

SMAD4 is a tumor suppressor. SMAD4 pathogenic germline variation is

associated with both juvenile polyposis syndrome (JPS) and hereditary
hemorrhagic telangiectasia (HHT).

e Most people with a change in SMAD4 will experience gastric or colon polyps, typically by adolescence,
but if found early and removed, cancer development can be prevented. About 25% of people with a
SMAD4 gene change do not experience signs and symptoms of HHT.

e  People with polyps may experience bleeding from the intestines, abdominal pain, diarrhea, and/or
anemia. People with HHT may experience nosebleeds and anemia from intestinal bleeding. AVMs
located elsewhere in the body typically do not cause symptoms unless they rupture.

e  Medical management changes for both JPS and HHT are indicated, subject to personalization based on
personal and family histories. Examples may include:

o JPS: Monitoring for rectal bleeding and/or anemia, abdominal pain, constipation, and diarrhea;
screening by complete blood count (CBC), colonoscopy, and upper endoscopy starting in the
mid-teens (age 15 years) or earlier if symptoms occur.

o HHT: Annual evaluations for anemia; supine and sitting pulse-oximetry every one to two years
during childhood; evaluation for pulmonary AVMs every five years with contrast
echocardiography by age ten years; head MRI in infancy and then rescreening for cerebral

AVMs by brain MRI after puberty.

o Forthe most up-to-date guidelines for managing individuals with JPS: National Comprehensive

Cancer Network

o SMAD4 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same SMAD4 variation and an increased risk of

SMAD4-related cancers.

For more information: GeneReviews: Juvenile Polyposis Syndrome and GeneReviews:
Hereditary Hemorrhagic Telangiectasia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

STK11 encodes a serine/ threonine kinase. STK11 pathogenic germline

variation is associated with Peutz-Jeghers syndrome.

Not all people with a STK11 variant will develop cancer. However, the risks are significantly

elevated above those for the general population.

The most common cancers associated with STK11 variation are colon, stomach, breast, pancreatic,

and other cancers. Some non-cancerous symptoms associated with a change in the STK11 gene

include intestinal polyps and hyperpigmentation around areas such as the eyes, mouth, and

nostrils.

Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

O

Children should have a colonoscopy and upper endoscopy at age eight years; if negative,
follow up at age 18 years. If polyps are detected repeat every one to three years based on
size, number, and histopathology of polyps. They also should receive a small-bowel
surveillance by MRE or VCE every one to three years beginning at age eight years. Females
should be examined for precocious puberty annually beginning at age eight years. Males
should receive testicular examination and examination for feminizing changes annually
beginning at age ten years.

Adults should receive a colonoscopy, upper endoscopy, and small-bowel examination by
MRE or VCE every two to three years beginning at age 18 years; clinical breast
examination in women every six months beginning at age 30 years; mammogram and
breast MRI in women annually beginning at age 30 years; pelvic examination and pap
smear in women annually beginning at age 18 to 20 years. They should receive pancreatic
imaging with endoscopic ultrasound or MRI/MRCP annually beginning at age 30 to 35

years.
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e For the most up-to-date guidelines for managing individuals with Peutz-Jeghers syndrome:

National Comprehensive Cancer Network

e STK11 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same STK11 variation and an increased risk of

STK11-related cancers.

For more information: GeneReviews: Peutz-]Jeghers Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TG F B R 1 Gene Fact Sheet

TGFBR1 encodes a growth factor receptor. TGFBR1 pathogenic variation is

associated with Loeys-Dietz syndrome, a connective tissue disorder that
affects the vascular and skeletal systems and can include characteristics

cutaneous and craniofacial symptoms.

e Arterial aneurysm, tortuosity, and dissection are some of the most serious common manifestations
of TGFBR1-associated Loeys-Dietz syndrome. Other common features include pectus deformity,
arachnodactyly, and characteristic craniofacial features.

e (Contact sports, activities with a high risk of joint injury, and certain medications are examples of
circumstances individuals with Loeys-Dietz syndrome should avoid.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Echocardiography, MRA or CT scans from head to pelvis, radiographs, and
ophthalmological exams may all be considered to monitor for the manifestations of Loeys-

Dietz syndrome.

o TGFBR1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same TGFBR1 variation.

For more information: GeneReviews: Loeys-Dietz Syndrome and “Loeys-Dietz syndrome: a

primer for diagnosis and management”

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TG F B RZ Gene Fact Sheet

TGFBR2 encodes a growth factor receptor. TGFBR2 pathogenic variation is

associated with Loeys-Dietz syndrome, a connective tissue disorder that
affects the vascular and skeletal systems and can include characteristics

cutaneous and craniofacial symptoms.

e Arterial aneurysm, tortuosity, and dissection are some of the most serious common manifestations
of TGFBR2-associated Loeys-Dietz syndrome. Other common features include pectus deformity,
arachnodactyly, and characteristic craniofacial features.

e (Contact sports, activities with a high risk of joint injury, and certain medications are examples of
circumstances individuals with Loeys-Dietz syndrome should avoid.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Echocardiography, MRA or CT scans from head to pelvis, radiographs, and
ophthalmological exams may all be considered to monitor for the manifestations of Loeys-

Dietz syndrome.

o TGFBR2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of

affected individuals have up to a 50% risk to have the same TGFBR2 variation.

For more information: GeneReviews: Loeys-Dietz Syndrome and “Loeys-Dietz syndrome: a

primer for diagnosis and management”

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TMEM127

TMEM127 encodes a tumor suppressor protein. TMEM127 pathogenic

Gene Fact Sheet

variation is associated with hereditary paragangliomas and

pheochromocytomas.

o [tisunlikely that every patient with TMEM127 pathogenic variation will develop tumors, but the
penetrance for this gene is currently unknown.

o Symptoms related to catecholamine excess, such as hypertension, headache, increased sweating,
and anxiety as well as otherwise unexplained gastrointestinal symptoms can be indicative of
tumors associated with TMEM127 variation.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular biochemical and clinical screening is indicated. For example, beginning in
childhood, annual measurements of plasma-free metanephrines and biennial imaging from

skull base to pelvis may be considered.

e TMEM127 variation is inherited in an autosomal dominant manner. Parents, siblings, and children

of affected individuals have up to a 50% risk to have the same TMEM127 variation.

For more information: GeneReviews: Hereditary Paraganglioma-Pheochromocytoma

Syndromes

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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T M E M 4 3 Gene Fact Sheet

TMEM43 is responsible for a small proportion of inherited arrhythmogenic

right ventricular cardiomyopathy. TMEM43 pathogenic variation may
increase your patient’s risk for arrhythmogenic right ventricular

cardiomyopathy.

e Not all people with a TMEM43 pathogenic variant will develop cardiomyopathy. It is possible for it
to be passed down through a family where no one or only a few people have cardiomyopathy.

e Penetrance of clinical symptoms associated with TMEM43 variation is highly variable, even within
the same family.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging and EKG are indicated to determine whether your patient is
exhibiting evidence of arrhythmogenic right ventricular cardiomyopathy. Because age of

onset is highly variable, long-term follow-up should be considered even if baseline

evaluation is noninformative. /

o TMEMA43 variation is inherited in an autosomal dominant manner. Parents, siblings, and children
of affected individuals have a 50% risk to have the same TMEM43 variation and an increased risk

of arrhythmogenic right ventricular cardiomyopathy.

For more information: GeneReviews: Arrhythmogenic Right Ventricular Cardiomyopathy

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TNNC1

TNNC1 encodes troponin C, which is part of a multiprotein complex

Gene Fact Sheet

regulating contraction in striated muscle. Up to one percent of dilated

cardiomyopathy cases are thought to be caused by variation in TNNC1.

e Penetrance of clinical symptoms associated with TNNC1 variation is highly variable, even within
the same family.

e Variation in TNNC1 has also been associated with hypertrophic cardiomyopathy.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

e TNNC1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TNNC1 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 28, 2022.
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T N N I 3 Gene Fact Sheet

TNNI3 encodes one of the subunits of a troponin complex found in cardiac

muscle. TNNI3 pathogenic variation is responsible for approximately 5% of

genetic hypertrophic cardiomyopathy cases.

e Not all people with a TNNI3 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with TNNI3 variation is highly variable, even within the same family.

e Other clinical conditions associated with variation in TNNI3 may include dilated cardiomyopathy
or restrictive cardiomyopathy.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of hypertrophic cardiomyopathy. Because age of onset is highly variable, long-

term follow-up should be considered even if baseline evaluation is noninformative.

e TNNI3 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TNNI3 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TNNT2

TNNT2 encodes one of the subunits of a troponin complex found in cardiac

Gene Fact Sheet

muscle. TNNT2 pathogenic variation is responsible for approximately 3% of

dilated cardiomyopathy cases.

e Penetrance of clinical symptoms associated with TNNT2 variation is highly variable, even within
the same family.

e Some individuals with variation in TNNT2 will exhibit hypertrophic cardiomyopathy. Evidence also
supports a possible association with restrictive cardiomyopathy.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

o TNNT2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TNNT2 variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

TP53

TP53 encodes a transcription factor critical to tumor suppression. The role
of TP53 in regulating the expression of other genes that prevent tumor
genesis and growth has earned it the nickname “the guardian of the
genome.” TP53 pathogenic germline variation is associated with Li-

Fraumeni Syndrome (LES).

e Changes in the TP53 gene cause an especially high risk for cancer to develop. Nine out of 10
individuals with LFS will develop cancer at least once in their lifetime, with half of those cancer
diagnoses occurring before age 30.

o The majority of LFS tumors include adrenocortical carcinomas, breast cancer, central nervous
system tumors, osteosarcomas, and soft-tissue sarcomas. LFS is associated with an increased risk of
several additional cancers including leukemia, ymphoma, gastrointestinal cancers, cancers of
head and neck, kidney, larynx, lung, skin, ovary, pancreas, prostate, testis, and thyroid.

e Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o A comprehensive physical exam and ultrasound of the abdomen and pelvis every 3-4
months from birth to age 18 years, annual neurologic exam, and whole-body MRI including
brain MRI from the time of diagnosis.

o Inindividuals 18 years or older a physical exam every 6 months, ultrasound of abdomen
and pelvis and dermatologic exam annually.

o Women should have a clinical breast examination every 6-12 months beginning at age 20-
25 years, annual breast MRI beginning at age 20-30 years, annual mammogram, and
breast MRI from age 30 to age 75 years.

o Upper endoscopy and colonoscopy are recommended every 2-5 years in individuals from

age 25 years.
o For the most up-to-date guidelines for managing individuals with Li-Fraumeni syndrome:
National Comprehensive Cancer Network /
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o TP53 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TP53 variation and an increased risk of

TP53-related cancers.

For more information: GeneReviews: Li-Fraumeni Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11. 2021.
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T P 1 Gene Fact Sheet

TPM1 is one of four human tropomyosin genes. TPM1 pathogenic variation

is responsible for up to 3% of genetic hypertrophic cardiomyopathy cases.

e Notall people with a TPM1 variant will develop hypertrophic cardiomyopathy. Penetrance of
clinical symptoms associated with TPM1 variation is highly variable, even within the same family.
e Other clinical conditions associated with variation in TPM1 may include dilated cardiomyopathy,
though this is less likely than hypertrophic cardiomyopathy.
e Medical management changes are indicated, subject to personalization based on personal and family

histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of hypertrophic cardiomyopathy. Because age of onset is highly variable, long-

term follow-up should be considered even if baseline evaluation is noninformative.

o TPM1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TPM1 variation and an increased risk of

hypertrophic cardiomyopathy. Genetic testing is available to identify at-risk family members.

For more information: GeneReviews: Hypertrophic Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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T D N Gene Fact Sheet

TRDN encodes a protein in both skeletal and cardiac muscle that is thought

to have a role in excitation-contraction coupling. Homozygous or compound
heterozygous pathogenic variation in TRDN is associated with
catecholaminergic polymorphic ventricular tachycardia (CPVT) and is

responsible for between one and two percent of CPVT cases.

e [tis currently unknown what proportion of individuals with homozygous or compound
heterozygous pathogenic variation in TRDN exhibit symptoms of CPVT.

e  Homozygous or compound heterozygous pathogenic variation in TRDN has also been observed in
individuals with long QT syndrome.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Regular cardiac monitoring is indicated. Beta blockers, flecainide, ICD implantation, left
cardiac sympathetic denervation, and/or lifestyle modifications may all be discussed as

possible methods of managing a patient's specific risk based on their genetic testing result,

family history, and clinical symptoms. /

o TRDN variation is inherited in an autosomal recessive manner. Parents of an affected individual
are likely unaffected carriers, and siblings of affected individuals have up to a 25% risk to share the
same homozygous or compound heterozygous variation. The risk for children of affected
individuals to also be at risk for catecholaminergic polymorphic ventricular tachycardia depends

on the carrier status of their other parent.

For more information: GeneReviews: Catecholaminergic Polymorphic Ventricular
Tachycardia

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

TSC1

TSC1 encodes the hamartin protein, which acts as a tumor suppressor. TSC1

pathogenic variation is associated with tuberous sclerosis complex (TSC).

Not all people with a TSC1 variant will develop cancer. However, noncancerous tumors of the brain
and kidney are common in TSC and can lead to significant health problems.

People with TSC are at increased risk for tumors of the nervous system, kidneys, and heart muscle.
They can also have other symptoms such as seizures, learning problems, and specific skin
differences.

Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Brain MRI every one to three years in asymptomatic individuals younger than age 25 years

to monitor for new occurrence of SEGAS; screening for TSC-associated neuropsychiatric
disorder (TAND) at least annually with comprehensive formal evaluation for TAND at key
developmental time points; EEG in individuals with known or suspected seizure activity;
MRI of the abdomen to assess for progression of angiomyolipoma and renal cystic disease
every one to three years; assess renal function at least annually; echocardiogram every one
to three years in asymptomatic infants and children with cardiac rhabdomyomas until
regression is documented; clinical screening for LAM symptoms at each clinic visit in
women older than age 18 years or those who report respiratory symptoms; high-resolution
computed tomography (HRCT) every five to ten years in asymptomatic individuals at risk
for LAM (adult females age >18 years) even when there are no signs of LAM on baseline
examination; annual pulmonary function testing and HRCT every two to three years for
individuals with lung cysts detected by HRCT; annual dermatologic examination; dental
examination every six months; annual ophthalmology evaluation in those with previously

identified ophthalmologic lesions or vision symptoms.
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e TSC1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TSC1 variation and an increased risk to

develop signs and symptoms of TSC.

For more information: GeneReviews: Tuberous Sclerosis Complex

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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Gene Fact Sheet

TSC2

TSC2 encodes the tuberin protein, which acts as a tumor suppressor. TSC2

pathogenic variation is associated with tuberous sclerosis complex (TSC).

Not all people with a TSC2 variant will develop cancer. However, noncancerous tumors of the brain
and kidney are common in TSC and can lead to significant health problems.

People with TSC are at increased risk for tumors of the nervous system, kidneys, and heart muscle.
They can also have other symptoms such as seizures, learning problems, and specific skin
differences.

Medical management changes are indicated, subject to personalization based on personal and
family histories. Examples may include:

o Brain MRI every one to three years in asymptomatic individuals younger than age 25 years

to monitor for new occurrence of SEGAS; screening for TSC-associated neuropsychiatric
disorder (TAND) at least annually with comprehensive formal evaluation for TAND at key
developmental time points; EEG in individuals with known or suspected seizure activity;
MRI of the abdomen to assess for progression of angiomyolipoma and renal cystic disease
every one to three years; assess renal function at least annually; echocardiogram every one
to three years in asymptomatic infants and children with cardiac rhabdomyomas until
regression is documented; clinical screening for LAM symptoms at each clinic visit in
women older than age 18 years or those who report respiratory symptoms; high-resolution
computed tomography (HRCT) every five to ten years in asymptomatic individuals at risk
for LAM (adult females age >18 years) even when there are no signs of LAM on baseline
examination; annual pulmonary function testing and HRCT every two to three years for
individuals with lung cysts detected by HRCT; annual dermatologic examination; dental
examination every six months; annual ophthalmology evaluation in those with previously

identified ophthalmologic lesions or vision symptoms.
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e TSC2 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TSC2 variation and an increased risk to

develop signs and symptoms of TSC.

For more information: GeneReviews: Tuberous Sclerosis Complex

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TTN

TTN encodes titin, the largest protein in the human body and an important

Gene Fact Sheet

component of both skeletal and cardiac sarcomeres. TTN pathogenic

variation is responsible for up to 20% of dilated cardiomyopathy cases.

e Penetrance of clinical symptoms associated with TTN variation is highly variable, even within the
same family.

e Variation in TTN has also been associated with hypertrophic cardiomyopathy as well as certain
myopathies and muscular dystrophies.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Noninvasive cardiac imaging is indicated to determine whether your patient is exhibiting
evidence of dilated cardiomyopathy. Because age of onset is highly variable, long-term

follow-up should be considered even if baseline evaluation is noninformative.

e TTN variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have a 50% risk to have the same TTN variation and an increased risk of

dilated cardiomyopathy.

For more information: GeneReviews: Dilated Cardiomyopathy Overview

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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TTR

TTR encodes a protein present in serum and cerebrospinal fluid responsible

Gene Fact Sheet

for transporting retinol-binding protein and thyroxine. Pathogenic variation

in TTR causes hereditary transthyretin amyloidosis.

o Therisk to develop signs and symptoms of hereditary transthyretin amyloidosis may depend on the
specific TTR variant and the individual’s age and ethnic background. Furthermore, some affected
individuals only develop a few manifestations of the disease, which can include features such as
neuropathy, cardiomyopathy, vitreous opacities, renal disease, and CNS dysfunction.

e The most common TTR variant worldwide is p.Val142lle, with a frequency exceeding five percent
in parts of West Africa. Between three and four percent of African Americans are thought to have
this variant, which primarily results in a cardiac amyloidosis presenting as symptoms such as
cardiomyopathy, arrhythmia, and congestive heart failure.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Management based on an individual’s specific manifestations of the condition
o Recommended initial evaluations following diagnosis including but not limited to

neurologic, cardiac, ophthalmologic, and nephrologic

e TTRvariation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same TTR variation.

For more information: GeneReviews: Hereditary Transthyretin Amyloidosis

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update July 29, 2022.
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VHL pathogenic variation is associated with Von-Hippel-Lindau syndrome

(also abbreviated as VHL), a condition that increases the risk for certain

benign and malignant tumors.

e VHL is nearly 100% penetrant by age 65, though the specific features may vary from patient to
patient. Specifically, the leading cause of mortality, renal cell carcinoma, affects approximately
70% of individuals with VHL.

o The specific types of tumors found in VHL can include hemangioblastomas, endolymphatic sac
tumors, renal cell carcinomas, and pheochromocytomas. Renal, pancreatic, epididymal, and broad
ligament cysts may also occur.

e (linical symptoms associated with VHL and its related tumors can include headaches, difficulty
with balance, dizziness, weakness, vision or hearing changes, and hypertension.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Referrals to specialists to establish baseline evaluations and plans for long-term
surveillance of the implicated organs is appropriate. This includes but is not limited to

neurology, ophthalmology, audiology, and endocrinology.

e VHL variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same VHL variation and an increased risk of
VHL-related symptoms, though 20% of pathogenic VHL variants occur de novo in an individual and

would not be inherited from either parent.

For more information: GeneReviews: Von Hippel-Lindau Syndrome

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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WT1 pathogenic germline variation is associated with predisposition to

Wilms tumor. Variation in WT1 is thought to be responsible for

approximately 1-5% of all Wilms tumors.

e  For people with a variant in WT1, the risk to develop Wilms tumor depends on factors including
the specific gene variant and the presence or absence of additional medical problems linked to
changes in WT1. Most people that go on to develop Wilms tumor do so in childhood.

e [n addition to the increased risk of Wilms tumor, some changes in WT1 may also cause differences
in eye development, genital abnormalities, or kidney failure.

e Medical management changes are indicated, subject to personalization based on personal and

family histories. Examples may include:

o Patients should be monitored for first appearance of the following: (1) proteinuria every
six months until age ten years, yearly thereafter; (2) Wilms tumor every three months until

age seven years.

o  WT1 variation is inherited in an autosomal dominant manner. Parents, siblings, and children of
affected individuals have up to a 50% risk to have the same WT1 variation and an increased risk to

develop Wilms tumor.

For more information: GeneReviews: WT1 Disorder

This summary information is provided as an educational resource for physicians and other practitioners with the understanding that it is not
a substitute for the treating practitioner’s independent clinical judgment. The treating practitioner must clinically evaluate each patient
considering many relevant factors to determine the final diagnosis and plan of care. Last update January 11, 2021.
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