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Molecular Genetic Diagnosis of Genetic Endocrine Diseases
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Laboratory, Asan Medical Center Children’s Hospital, University of Ulsan College of Medicine, Seoul, Korea

Many endocrine disorders have a genetic component. The genetic component is the major etiologic

factor in monogenic disorders, while multiple genes in conjunction with environmental and lifestyle
factors contribute to the pathogenesis in complex disorders. The development of the molecular basis
of inherited endocrine diseases has undergone a dramatic evolution during the last two decades. The

application of molecular technology allowed us to increase our understanding of endocrine diseases,
and to impact on the practice of pediatric endocrinology related to diagnosis and genetic counseling.
Identification of the mutation in the particular disease by genetic testing leads to precise diagnosis

in the equivocal cases and prenatal diagnosis. However, clinicians should be cautious about determining
therapeutic decisions solely on the basis of molecular studies, especially in the area of prenatal
diagnosis and termination of pregnancy. This review describes an introduction to molecular basis of

various Inherited endocrine diseases and diagnosis by genetic testing.
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Table 1. Alteration of the GHRH—GH—IGF Axis Affecting Growth in Humans® *

1. Secondary insulin—like growth factor deficiency (IGFD)
1) Growth hormone (GH) deficiency due to hypothalamic dysfunction
(1) Congenital malformations involving hypothalamus
(2) Molecular defects of GHRH or GHRHR
(3) Trauma of the brain and/or hypothalamus
(4) Inflammation of the brain and/or hypothalamus
(5) Tumors of the brain and/or hypothalamus
(6) Irradiation of the brain and/or hypothalamus
2) GH deficiency due to pituitary GH deficiency
(1) Genetic abnormalities resulting in combined pituitary hormone deficiency: Transcription factors (SOX2, SOX3, HESX1, LHX3, LHX4,
PROP1, POUTF1)
(2) Genetic abnormalities of GH production and/or secretion resulting in isolated GH deficiency
(3) Congenital absence or hypoplasia of the pituitary
(4) Psychosocial dwarfism
(5) GH secretory dysfunction
(6) Tumors involving pituitary: Craniopharyngioma, Rathke cleft cyst, Arachnoid cyst, Pituitary adenoma
2. Primary IGFD (GH insensitivity): GH target organs
1) Primary GH insensitivity (Hereditary defects)
(1) GH receptor (GHR) defects
— Mutations in the extracellular GH—binding domain: Classical GH insensitivity (Laron syndrome)
— Mutations in the transmembrane doman
— Mutations in the intracellular domain
(2) Post—receptor forms of GH insensitivity: GH signal transduction defects
— Mutations in the gene—encoding signal transducer and activator of transcription 5b (STAT5b)
(3) IGF—1 defects
— Primary defects of IGF synthesis (IGF—1 gene defect)
— Primary defects of IGF transport/clearance (Homozygous mutation/deletion of the ALSgene)
(4) IGF resistance
— IGF—1 receptor defect (type 1)
— Post—receptor defects (JAK2/STAT5b/ERK)
(5) Insulin—like growth factor binding protein (IGFBP) abnormalities
(6) GH—GHR signal transduction defect
(7) Bioactive GH molecule (responds to exogenous GH)
2) Secondary GH insensitivity (Acquired defects)
(1) Malnutrition (e.g., anorexia)
(2) Liver disease (e.g., Byler disease)
(8) Chronic illness: Diabetes, Renal failure
(4) Anti—GH antibodies: GH inhibiting antibodies
(5)

5) Antibodies to the GHR
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Table 2. Genes for GHRH—GH—IGF—1 axis>®

Human Chromosome mapping ~ Genomic DNA structure
GHRHR n14 13 exon, 15 kb
GH1 17924.2 5 exon, 1.6 kb
GHR 5p13—p12 10 exon, 297 kb
STAT5B 17911.2 19 exon, 77 kb
1GF1 120922—q23 4 exon, 84 kb
IGFALS 16p13.3 2 exon, 3 kb
IGF1R 15026.3 21 exon, 308 kb
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Table 3. Genetic Defects Associated with Abnormal Thyroid Development and Hormone Synthesis®

Phenotype Gene Inheritance Chromosome
Thyroid dysgenesis
Thyroid dysfunction, ataxia, respiratory distress TTF1 (NKX2A) Haploinsufficiency 14913
Agenesis with cleft palate, choanal atresia, spiky hair TTF2 (FKLHL15) AR 9g22
Hypoplasia or ectopy PAX8 AD 2q12—-qg14
Euthyroid hyperthyrotropinemia (partial inactivation) TSH receptor AR 14013
Overt hypothyroidism with hypoplasia (complete) Other, unidentified Heterozygous mutation + 20013.2
Pseudohypoparathyroidism la GNAST tissue—specific imprinting
Dyshormonogenesis
Goiter, impaired iodide uptake NIS AR 19p12-13.2
Goiter, organification defect TPO AR 2p25
Goiter, organification defect DUOX2 AD? 15015
Pendred syndrome PDS/SCL26A4 AR 7931
Partial organification defect
Goiter, qualitative or quantitative TG defect G AR, (AD?) 8924
Central hypothyroidism
Combined pituitary hormone deficiency PROP1 AR 50
POU1F1 (PIT1) AR, AD 3p11
LHX3 AR 9934.3
HESX1 AR, AD 3p21.2-21.1
Isolated TRH deficiency TRH AR 3p
Central hypothyroidism TRH receptor AR 8p23
Absent rise of TSH, PRL, in response to TRH
Central hypothyroidism TSHEB subunit AR 1p13
Absent rise of TSH in response to TRH
lodide recycling defect
Goiter, loss of MIT and DIT DEHALT AD 6024—9g25
Defect of thyroid hormone transport
Low T4, high T3, borderline—high TSH, severe neurologic sequelae MCT8 X—linked Xq13.2
Resistance to thyroid hormone with variable features of hypo— and hyperthyroidism TRB AD, (AR) 3p24.3

Abbreviations: AR, Autosomal recessive; AD, Autosomal dominant.
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Table 4. Genes Involved in Congenital Adrenal Diseases'”
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Gene Chromosome location Structure Disease

CYP11A1 15023-24 9 exons, 20 kb Cholesterol side chain cleavage enzyme
HSD3B2 1p13.1 4 exons 3B—hydroxysteroid dehydrogenase deficiency
CYP17A1 10g24.3 8 exons, 6.6 kb 17a—hydroxylase/17,20—lyase deficiency
CYP21A2 6p21.3 10 exons, 3.4 kb 21—hydroxylase deficiency

CYP11B7 8g21-22 9 exons, 6.5 kb 113—hydroxylase

HSD17B3 9g22 11 exons, 60 kb 17B3—hydroxysteroid dehydrogenase deficiency
StAR 8p11.2 7 exons, 8 kb Congenital lipoid adrenal hyperplasia

POR 7q11.2 15 exons, 32 kb Antley—Bixler syndrome

MC2R 18p11.2 2 exons Familial glucocorticoid deficiency

Table 5. Classification of Disorders of Sexual Differentiation'

Sex chromosome DSD 46,XY DSD 46,XX DSD

45,X Disorders of gonadal (testicular) development: complete Disorders of gonadal (ovarian) development:

(Turner syndrome)
regression, ovotesticular DSD

47 XXY

(Klinefelter syndrome)

gonadal dysgenesis, partial gonadal dysgenesis, gonadal

Disorders in androgen synthesis or action: androgen
biosynthesis defect (17—hydroxysteroid dehydrogenase
deficiency, 5aRD2 deficiency, StAR mutations), defect in
androgen action, luteinizing hormone receptor defects

ovotesticular DSD, testicular DSD (SRY+,
duplicate SOX9), gonadal dysgenesis

Androgen excess: fetal (21—hydroxylase
deficiency, 11—hydroxylase deficiency),
fetoplacental aromatase deficiency, POR),
maternal (luteoma, exogenous)

(Leydig cell hypoplasia, aplasia), disorders of anti—Mullerian
hormone and anti—Mullerian hormone receptor

45 X/46,XY
(ovotesticular DSD)

46,XX/46,XY
(chimeric, ovotesticular DSD)

Other (cloacal exstrophy, vaginal atresia,
MURCS [Mullerian, renal, cervicothoracic
somite abnormalities], other syndromes)

Abbreviations: DSD, disorders of sex development.
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Fig. 1. Diagnostic approach to disorders of sexual development: modified from reference 15.
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Table 6. Genes Involved in Disorders of Sexual Differentiation'

Gene Chromosome location Structure Disease
wrt 11p13 10 exons, 50 kb Denys—Drash syndrome, Frasier syndrome, WAGR syndrome
LHX9 1931-32 67 exons, 10 kb No human mutations reported

DAXT Xp21.3 2 exons, 3.4 kb adrenal hypoplasia congenita

SRY Yp11.3 single exon, 14 kb 46,XY female, 46,XY gonadal dysgenesis
SOX9 17924.3-25.1 3 exons, 88 kb Campomelic dysplasia

WNT4 1p31-35 5 exons, 25 kb Absent Mullerian structures

DHCR7 11g12—-13 9 exons, 14 kb Smith—Lemli—0Opitz syndrome

SF1 9q33 7 exons, 30 kb 46,XY female, adrenal insufficiency
CYP17A1 10g24.3 8 exons, 6.6 kb 17a—hydroxylase/17,20—lyase deficiency
LHR 2p16—21 11 exons Leydig cell hypoplasia

SRD5A2 2p23 5 exons, 2.4 kb 5a—reductase deficiency

AR Xgl1-12 8 exons Androgen insensitivity syndrome
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Table 7. Genes causing Persistent Hyperinsulinemic Hypoglycemia in Infancy?®

Genes Gene location Inheritance Clinical features

ABCC8 11p15.1 AD, AR, sporadic AR disease usually unresponsive to diazoxide; focal: limited pancreatectomy,
KCNJT1 11p15.1 AD, AR, sporadic diffuse: 95% pancreatectomy

GLUD7 10g23.3 AD, sporadic Hyperammonemia; responsive to diazoxide

GCK 7p15—p13 AD, sporadic Glucokinase deficiency; responsive to diazoxide

HADHSC 4022—026 AR SCHAD deficiency; responsive to diazoxide

Abbreviations: AR, Autosomal recessive; AD, Autosomal dominant.
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Fig. 2. Genetic testing strategy to Kallman syndrome and idiopathic hypogonadotropic hypogonadism: adapted from reference 22.
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Table 8. Genes Involved in Kallmann Syndrome and Idiopathic Hypogonadotropic Hypogonadism (IHH)

23,24)

Genes Location Structure Inheritance Disease

KALT Xp22.3 14 exons XR Kallmann syndrome

FGFR1 (KAL2) 8pt11.2 18 exons AD Kallmann syndrome, cleft palate, dental agenesis

PROKRZ2 (KAL3) 20p13 2 exons AR, (AD) Kallmann syndrome

PROK2 (KAL4) 3p21.1 4 exons AR, (AD) Kallmann syndrome

CHD7 8q12 38 exons AD<{sporadic CHARGE (Coloboma, Heart defects, choanal Atresia, Retardation of growth,
Genital anomaly, and Ear abnormalities) syndrome

NROB1/DAX1 Xp21.3—p21.2 2 exons XR X—linked adrenal hypoplasia congenita

GnRHR 4g21.2 3 exons AR IHH

GPR54 19013 5exons AR IHH

GnRH1 8p21—p11.2 3 exons AR IHH

Abbreviations: AR, Autosomal recessive; AD, Autosomal dominant; XR, X—linked recessive.
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