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Novel homozygous leptin receptor mutation in an infant with monogenic obesity
Nowa homozygotyczna mutacja receptora leptyny u niemowlęcia z monogenową otyłością
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Abstract
Monogenic obesity can be caused by a mutation in one of the single genes involved in hunger and satiety. The most common muta-
tions affect melanocortin 4 (MC4) followed by the leptin gene and its receptor. Leptin receptor (LEPR) gene mutation is an extremely 
rare endocrine disease characterized by early-onset obesity, hyperphagia in addition to pituitary hormone deficiency, and metabolic 
abnormalities. We report the case of a 12-month-old male infant born of a non-consanguineous marriage. He presented to us with 
rapid weight gain from 2 months of age along with hyperphagia. Biochemistry revealed a deranged lipid profile, elevated transami-
nases, and markedly raised serum leptin levels. On genetic analysis, a novel mutation was detected, which was a homozygous varia-
tion In exon 12 of the LEPR gene (chr1:g.65608901G>A) that resulted in the synonymous amino acid change of lysine at codon 
584 proximal to donor splice site (p.Lys584). The in silico prediction of the variant was ‘damaging’ by MutationTaster2. The mutation 
was classified as a ‘variant of uncertain significance’ due to a lack of published literature and had to be correlated carefully with the 
clinical symptoms. It was recommended to do Sanger sequencing of the parents and other family members. However, due to finan-
cial constraints, the family could not afford the same. At the time of writing, funds were being arranged for procuring setmelanotide, 
which is a novel and effective therapy for monogenic obesity due to LepR mutation.
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Introduction 

Monogenic obesity is caused by a mutation in one of the 
single genes involved in the metabolic pathways controlling 
hunger and satiety [1]. The leptin-melanocortin pathway sig-
nalling to and from the hypothalamus is primarily involved in 
the regulation of hunger, satiety, and energy expenditure [2]. 
Leptin is a  hormone secreted from the white adipose tissue 
and is a marker of energy reserves of the body. Leptin acts on 
its receptor (leptin receptor [LepR]), which is mainly expressed 
in the neurons in the hypothalamus. The binding of leptin to 
its receptor activates various intracellular pathways including 
Janus kinase 2 (JAK2) and signal transducer and activator of 
transcription (STAT) 3 and 5 [3]. This in turn causes activation 
of neurons expressing pro-opiomelanocortin (POMC)/cocaine- 
and amphetamine-regulated transcript (CART) causing upreg-

ulation of α-melanocyte-stimulating hormone (α-MSH) [3]. The 
latter activates the melanocortin 4 (MC4) receptor located in the 
paraventricular nucleus of the hypothalamus and lateral hypo-
thalamic area, leading to suppression of appetite and weight 
loss [3]. Leptin signalling causes suppression of orexigenic 
peptides, i.e. agouti-related peptide (AgRP) and neuropeptide 
Y (NPY) [3]. 

LepR deficiency is quite rare, first described in db/db mice 
[4, 5]. It is inherited in an autosomal recessive (AR) manner. 
Most of the cases are reported in families with a high degree of 
consanguinity. Individuals affected by LepR deficiency exhibit 
normal birth weight with rapid weight gain in infancy leading 
to early-onset obesity, hyperphagia, and impaired satiety. They 
develop a number of metabolic and hormonal abnormalities. 
Hyperinsulinaemia, early-onset diabetes, non-alcoholic ste-
atohepatitis (NASH), and premature coronary artery disease 
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(CAD) are some of the metabolic consequences of early-onset 
obesity. Adequate leptin signalling is permissive for the onset 
of normal puberty and pubertal growth spurt [6]. Leptin also 
influences the secretion of growth hormone-releasing hormone 
(GHRH), thyroid-releasing hormone (TRH), and gonadotro-
phin-releasing hormone (GnRH) [6]. Patients develop growth 
hormone deficiency with stunted height, secondary hypothy-
roidism, and hypogonadotropic hypogonadism [6]. In addition, 
these patients are found to have lower CD4 T+ cell count and 
are predisposed to various infections, indicating the role of 
leptin in the modulation of the immune system [7]. 

In this case report, we have described a novel homozygous 
mutation in the LepR of an infant presenting with monogenic 
obesity. 

Case report

A 12-month-old male infant from Northwestern India was 
referred to our endocrine clinic because of excessive weight 
gain and hyperphagia. His birth weight was 3 kg (–0.75 stan-
dard deviations score [SDS]). He was born of normal vaginal 
delivery. There was no history of gestational diabetes, hyper-
tension, hypothyroidism, or more than recommended weight 
gain in the mother during pregnancy. There was no history of 
consanguinity between the parents or any of the family mem-
bers until the third generation. There was a  history of early-
onset obesity in one of the maternal grand-aunts and in 3 ma-
ternal uncles. 

From 2 months of age, the child exhibited intense hyper-
phagia and impaired satiety, demanding feeding every half 
an hour. He started gaining weight rapidly reaching 10.5 kg at 
3 months (+9.4 SDS), 15.0 kg at 6 months (+12.6 SDS), and 
21.3 kg at one year of age (+13.1 SDS). He was able to hold 
his neck at 2 months of age, sit without support at 4 months, 
and crawl at 9 months. Currently, he could stand with support 
but found it difficult without support due to his excess weight. 
There was no history of lethargy, constipation, dryness of skin, 
excessive hair growth, phallic enlargement, appearance of 
striae, or seizures.

Physical examination revealed a  generalized distribution 
of fat along with deep skin folds, predominant in the neck, 
abdomen, back, and upper and lower limbs (Figs. 1 and 2). 
Weight at one year of age was 21.3 kg (+13.1 SDS) and length 
was 73 cm (–0.68 SDS) (Fig. 3). Body mass index (BMI) was 
40.2 kg/m2 (> 97th centile). The waist circumference measured 
midway between the lower ribs and the iliac crest was 50.5 cm 
(> 97th centile). His stretched penile length (SPL) was 2.8 cm, 
and pubic hair staging was P1. Central nervous system exami-
nation was normal, and there was no hypotonia of the muscles 
(unlike in Prader-Willi syndrome). There were no stigmata to 
suggest any syndromic disease, like any skin rash, short 4th 
metacarpal, or polydactyly. Eye examination was normal. 

Laboratory investigations revealed normal complete blood 
count, kidney function tests, normal fasting blood glucose, gly-
cated haemoglobin, and fasting insulin level. However, liver en-
zymes were elevated, and the fasting lipid profile was deranged 

with elevated total cholesterol (TC), elevated triglyceride (TG), 
and low high-density lipoprotein (HDL). The hormone profile re-
vealed normal thyroid function tests (thyroxine [T4] – 7.8 µg/dl  
[N 5.1–14.1 µg/dl], TSH – 1.73 uIU/ml, [N 0.7–6.4 normal  
uIU/ml]), ruling out primary hypothyroidism; normal serum cor-
tisol (12.03 µg/dl [N 4.3–22.4 µg/dl]), and dehydroepiandros-
terone sulphate (DHEAS) (30.8 µg/dl, N < 30 µg/dl), ruling out 
Cushing’s syndrome. The child also had normal serum cal-
cium levels (9.3 mg/dl, N 8.5–10.5 mg/dl), ruling out the pos-
sibility of pseudohypoparathyroidism. However, serum leptin 
levels were markedly raised (71.92 ng/ml, N 2.05–5.63 ng/ml). 
The laboratory parameters are summarized in Table I.

Figure 1. Clinical image of the patient showing early-onset 
obesity with a generalized fat distribution

Figure 2. Deep skin folds noted in the lower limbs and buried 
penis
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Suspecting monogenic obesity, genetic analysis was or-
dered after genetic counselling and obtaining informed con-
sent from the parents. Genomic deoxyribonucleic acid (DNA) 
was extracted from the blood of the patient and target gene 
capture was performed using a custom capture kit. The con-
structed DNA libraries were sequenced to a  mean depth of 
> 80–100X on the Illumina sequencing platform. Germline vari-
ants were identified using Genome Analysis Tool Kit (GATK) 
best practices framework. Gene annotation of the variants was 
performed using Variant Effect Predictor (VEP) programme 
[8] against the Ensembl release 99 human gene model [9]. 
Clinically relevant mutations in both coding and non-coding re-
gions were annotated using published variants in the literature 
and a set of disease databases: ClinVar, OMIM (Online Men-
delian Inheritance in Man), HGMD (Human Gene Mutation Da-
tabase), LOVD (Leiden Open Variation Database), DECIPHER 
(Database for the Interpretation of Phenotype-linked Plausibly 
Pathogenic Sequence and Copy-number variation; population 
CNV), and SwissVar [10–15]. Common variants were filtered 
based on allele frequency in 1000Genome Phase 3, gnomAD 
(v3.1 & 2.1.1), dbSNP (GCF_000001405.38), 1000 Japanese 
Genome, TOPMed (Freeze_8), Genome Asia, and Medge-
nome’s internal Indian population database (MedVarDb v2.1) 
[16–21]. 

Targeted re-sequencing of relevant genes previously im-
plicated in monogenic obesity revealed a novel homozygous 
mutation in exon 12 of the LEPR gene (chr1:g.65608901G>A) 
(Fig. 4). There was a change of a single nucleotide base from 
guanine to adenine that resulted in the synonymous amino acid 
change of Lysine at codon 584 proximal to the donor splice site 
(p.Lys584). This variant has not been reported in the 1000 ge-
nomes and genome aggregation database (genomAD). It was 
found to have a minor allele frequency of 0.002% in the internal 
database of MedGenome. The in silico prediction of the vari-
ant was “damaging” by MutationTaster 2. The reference codon 
was conserved across species. Due to a  lack of evidence in 
the literature, the LEPR variation was classified as a ‘variant of 
uncertain significance’ and had to be correlated carefully with 
the clinical symptoms. It was recommended to perform Sanger 
sequencing validation of the specific variant identified from the 
next-generation sequencing (NGS) effort in parents and other 
family members to understand the segregation pattern of al-
leles. However, due to financial constraints the family could not 
afford the same at the time of writing this report. 

The child was started on a supervised regimen of a  low-
calorie, low-carbohydrate, low-fat diet. Meanwhile, funds were 
being arranged to procure setmelanotide, an MC4 receptor 
agonist, found to be effective in LepR mutation.

Figure 3. Growth chart of the patient showing disproportionately 
increased weight for age

Table I. Biochemical parameters of the patients

Parameter Patient’s 
values

Normal 
range

Fasting insulin (µU/ml) 3.90 2.00–25.0

Serum leptin (ng/ml) 71.92 2.05–5.63

Serum ALT (U/l) 68.0 < 50

Serum AST (U/l) 64.0 < 50

Fasting blood glucose (mg/dl) 90 < 100

Serum Calcium (mg/dl) 9.3 8.5–10.5

Serum cortisol (µg/dl) 12.03 4.3–22.4 

Serum DHEAS (µg/dl) 30.8 < 34

Plasma ACTH (pg/ml) 33.3 < 46

Serum T4 (µg/dl) 7.8 5.1–14.1

Serum TSH (uIU/ml) 1.73 0.7–6.4

Total cholesterol (mg/dl) 165 150–200

Serum LDL (mg/dl) 99 0–100

Serum HDL (mg/dl) 30.1 35–55

Serum TG (mg/dl) 178 100–150
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Discussion

LepR deficiency is a rare endocrine disease. Kleinendorst 
et al. performed a comprehensive epidemiological analysis and 
systemic literature review to estimate the prevalence of LepR 
deficiency in Europe [22]. They found that, worldwide, 86 cases 
had been described in the literature, and they added 2 new 
patients, bringing the number of published cases to 88. This 
corresponded to a prevalence of 1.34 per million population. 
All patients had early-onset obesity, 96% had hyperphagia, and 
34% had one or more pituitary hormone deficiencies [22]. 

Because the disease is autosomal recessive (AR) in the in-
heritance pattern, most of the cases are reported from families 
with a high degree of consanguinity. Most of the cases in the 
published literature are from the Punjab province of Pakistan 
[22]. Interestingly, our patient also hails from a  geographical 
area along the border of the Indian Punjab province. Although 
there was no history of consanguinity between the parents or 
other family members, the geographical location points to-
wards the process of natural selection or random genetic drift 
for the LEPR gene in this population [23].

To the best of our knowledge, there is only one previously 
reported case of LepR mutation from India. It was from a con-
sanguineous family of 4 siblings, with one unaffected and 3 af-
fected members. The family is from Western India [24]. Whole 
exome sequencing revealed frameshift mutation in the LEPR 
gene resulting in truncated LepR.

Early-onset obesity warrants genetic evaluation for mono-
genic obesity and syndromic causes. Monogenic obesity can 
be caused by mutations in the genes coding for leptin, LepR, 
MC4, prohormone convertase/subtilisin kexin 1 (PCSK1), and 
POMC, which are involved in the regulation of appetite and sati-

ety [1]. Others include inactivating mutations of FTO, TUB, and 
FAT genes or overexpression of genes encoding for AgRP or 
NPY. Rare syndromic forms include Prader-Willi, Bardet Biedl, 
Alström, Carpenter, Cohen, and Beckwith-Wiedemann syn-
dromes [1]. 

Serum leptin levels have been found to correlate positively 
with the amount of body fat and BMI in non-genetic/sporadic 
obesity [25]. Previous studies have shown that the serum leptin 
concentration cannot definitively distinguish between sporadic 
and monogenic obesity [26]. Also, because the prevalence of 
LepR mutation is quite low (which prevents the study of larger 
case series), there has been difficulty in establishing cut-offs of 
serum leptin for defining leptin resistance [26]. Thus, it is mostly 
the ‘clinical suspicion’ that should drive a physician to decide 
on the screening for LepR mutation.

The genetic mutation described in our patient (chr1:g. 
65608901G>A) has not been reported previously. The nucleo-
tide base change from guanine to adenine occurred at codon 
584 proximal to the donor splice site, resulting in a synonymous 
amino acid change of lysine (p.Lys584) at exon 12 of chromo-
some 1 containing the LEPR gene. A splice site mutation refers 
to an alteration in the DNA sequence occurring at the boundary 
of an exon (coding) and an intron (non-coding) [27]. Consider-
ing its proximity to the donor splice site and conservation of 
the reference codon across the species, it might affect the cor-
rect splicing and expression of the LEPR gene. One splice site 
mutation (G>A) resulting in skipping of exon 16, and truncated 
protein of LEPR, has been previously reported in a consanguin-
eous family from Kabylian (Berber of Northern Algeria) in which 
3 of 9 siblings had morbid obesity [28].

The functionality of the mutation was tested by in silico pre-
diction tools using MutationTaster 2. It is known that these tools 

Figure 4. Sequence chromatogram showing mutation in the exon 12 of LEPR gene (chr1:g.65608901G>A) resulting in the syn-
onymous amino acid change of lysine at codon 584 proximal to donor splice site (p.Lys584)
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are poor in specificity, leading to a high false positive rate [29]. 
However, the in silico prediction correlates with the clinical and 
biochemical profile of the patient. For further confirmation, it is 
prudent to offer genetic counselling to all family members and 
do a genetic analysis of parents and others affected by obesity. 

Recombinant leptin therapy would not be helpful in LepR 
mutation. The European Medicines Agency (EMA) has now 
recommended the use of a  novel agent, setmelanotide (Im-
civree, Rhythm Pharmaceuticals), for the treatment of POMC, 
PCSK1, LepR mutations, and Bardet Biedl syndrome [30]. 
In the USA, setmelanotide has received approval for chronic 
weight management in patients 6 years of age and above with 
obesity caused by POMC, PCSK1, and LEPR deficiency [30]. 
Setmelanotide binds to and activates MC4 receptors, thereby 
suppressing appetite and causing weight loss. The common 
side effects are injection site reactions, skin hyperpigmenta-
tion, and gastrointestinal side effects like nausea, abdominal 
bloating, and pain [31]. At the time of writing this report, we 
were trying to arrange funds to procure setmelanotide for our 
patient. It would be interesting to observe how the patient’s 
weight and hunger respond to the treatment. Meanwhile, the 
child was started on a supervised calorie-restricted diet. The 

family was also counselled to engage the child in physical ac-
tivity for at least 20 minutes daily when he would be able to 
walk. Drugs like GLP-1 analogues (liraglutide in a dose of 3 mg) 
have been tried in monogenic obesity due to MC4 mutations, 
but without effective results [32]. Also, data regarding bariatric 
surgery in monogenic obesity have not been encouraging. In 
a small survey of 6 patients with LepR deficiency, who under-
went bariatric surgery, 3 were not able to maintain the weight 
loss induced by surgery [33]. 

Conclusion

To conclude, we have described the case of a 12-month-
old male infant who presented to us with severe obesity and 
hyperphagia and was found to have homozygous LepR muta-
tion. The mutation described was a  novel one and involved 
the synonymous amino acid change of lysine at codon 
584 proximal to the donor splice site (p.Lys584). To the best 
of our knowledge, this is the second case report of LepR mu-
tation from India. Identification of LepR mutation is important 
because setmelanotide can offer substantial benefits in these 
patients.

References

1. Farooqi IS. Monogenic human obesity syndromes. Handb Clin Neu-
rol 2021; 181: 301–310. doi: 10.1016/B978-0-12-820683-6.00022-1. 

2. Baldini G, Phelan KD. The melanocortin pathway and control of 
appetite-progress and therapeutic implications. J Endocrinol 2019; 
241: R1–R33. doi: 10.1530/JOE-18-0596. 

3. Münzberg H, Morrison CD. Structure, production and signaling of 
leptin. Metabolism 2015; 64: 13–23. doi: 10.1016/j.metabol.2014. 
09.010. 

4. Coleman, D.L. Effects of parabiosis of obese with diabetes and nor-
mal mice. Diabetologia 1973; 9: 294–298. http://doi.org/10.1007/
BF01221857

5. Coleman DL. Obese and diabetes: Two mutant genes causing dia-
betes-obesity syndromes in mice. Diabetologia 1978; 14: 141–148. 
https://doi.org/10.1007/BF00429772

6. Gueorguiev M, Góth ML, Korbonits M. Leptin and puberty: a  re-
view. Pituitary 2001; 4: 79–86. doi: 10.1023/a:1012943029127. 

7. Procaccini C, La Rocca C, Carbone F, et al. Leptin as immune me-
diator: Interaction between neuroendocrine and immune system. 
Dev Comp Immunol 2017; 66: 120–129. doi: 10.1016/j.dci.2016. 
06.006. 

8. McLaren W, Pritchard B, Rios D, et al. Deriving the consequences 
of genomic variants with the Ensembl API and SNP Effect Predictor. 
Bioinformatics 2010; 26: 2069–2070. doi: 10.1093/bioinformatics/
btq330. 

9. Zerbino DR, Achuthan P, Akanni W, et al. Ensembl 2018. Nucleic 
Acids Res 2018; 46: D754–D761. doi: 10.1093/nar/gkx1098. 

10. Landrum MJ, Lee JM, Benson M, et al. ClinVar: public archive of in-
terpretations of clinically relevant variants. Nucleic Acids Res 2016; 
44: D862–868. doi: 10.1093/nar/gkv1222. 

11. Amberger J, Bocchini CA, Scott AF, et al. McKusick’s Online Men-
delian Inheritance in Man (OMIM). Nucleic Acids Res 2009; 37: 
D793–796. doi: 10.1093/nar/gkn665. 

12. Stenson PD, Mort M, Ball EV, et al. The Human Gene Mutation Da-
tabase: towards a comprehensive repository of inherited mutation 
data for medical research, genetic diagnosis and next-generation 
sequencing studies. Hum Genet 2017; 136: 665–677. doi: 10.1007/
s00439-017-1779-6. 

13. Fokkema IF, Taschner PE, Schaafsma GC, et al. LOVD v.2.0: the 
next generation in gene variant databases. Hum Mutat 2011; 32: 
557–563. doi: 10.1002/humu.21438. 

14. Firth HV, Richards SM, Bevan AP, et al. DECIPHER: Database of 
Chromosomal Imbalance and Phenotype in Humans Using En-
sembl Resources. Am J Hum Genet 2009; 84: 524–533. doi: 
10.1016/j.ajhg.2009.03.010. 

15. Mottaz A, David FP, Veuthey AL, et al. Easy retrieval of single ami-
no-acid polymorphisms and phenotype information using Swiss-
Var. Bioinformatics 2010; 26: 851–852. doi: 10.1093/bioinformatics/
btq028. 

16. 1000 Genomes Project Consortium, Auton A, Brooks LD, et  al. 
A global reference for human genetic variation. Nature 2015; 526: 
68–74. doi: 10.1038/nature15393. 

17. Wang Q, Pierce-Hoffman E, Cummings BB, et al. Landscape of mul-
ti-nucleotide variants in 125,748 human exomes and 15,708 genom-
es. Nat Commun 2020; 11: 2539. doi: 10.1038/s41467-019-12438-5. 

18. Sherry ST, Ward MH, Kholodov M, et al. dbSNP: the NCBI data-
base of genetic variation. Nucleic Acids Res 2001; 29: 308–311. 
doi: 10.1093/nar/29.1.308. 

19. Nagasaki M, Yasuda J, Katsuoka F, et al. Rare variant discovery by 
deep whole-genome sequencing of 1,070 Japanese individuals. 
Nat Commun 2015; 6: 8018. doi: 10.1038/ncomms9018. 



Novel homozygous leptin receptor mutation
Nowa homozygotyczna mutacja receptora leptyny

Pediatr Endocrinol Diabetes Metab 2023

123© Copyright by PTEiDD 2023

20. Taliun D, Harris DN, Kessler MD, et al. Sequencing of 53,831 di-
verse genomes from the NHLBI TOPMed Program. Nature 2021; 
590: 290–299. doi: 10.1038/s41586-021-03205-y. 

21. GenomeAsia100K Consortium. The GenomeAsia 100K Project en-
ables genetic discoveries across Asia. Nature 2019; 576: 106–111. 
doi: 10.1038/s41586-019-1793-z. 

22. Kleinendorst L, Abawi O, van der Kamp HJ, et al. Leptin receptor 
deficiency: a systematic literature review and prevalence estima-
tion based on population genetics. Eur J Endocrinol 2020; 182: 
47–56. doi: 10.1530/EJE-19-0678. 

23. Dayal D, Seetharaman K, Panigrahi I, et  al. Severe Early Onset 
Obesity due to a Novel Missense Mutation in Exon 3 of the Leptin 
Gene in an Infant from Northwest India. J Clin Res Pediatr Endocri-
nol 2018; 10: 274–278. doi: 10.4274/jcrpe.5501. 

24. Bhatt A, Purani C, Bhargava P, et al. Whole exome sequencing re-
veals novel LEPR frameshift mutation in severely obese children 
from Western India. Mol Genet Genomic Med 2019; 7: e00692. doi: 
10.1002/mgg3.692. 

25. Zhou Y, Rui L. Leptin signaling and leptin resistance. Front Med 
2013; 7: 207– 22. doi: 10.1007/s11684-013-0263-5. 

26. Chaves C, Kay T, Anselmo J. Early onset obesity due to a muta-
tion in the human leptin receptor gene. Endocrinol Diabetes Metab 
Case Rep 2022; 2022: 21-0124. doi: 10.1530/EDM-21-0124. 

27. Baralle D, Baralle M. Splicing in action: assessing disease causing 
sequence changes. J Med Genet 2005; 42: 737–748. doi: 10.1136/
jmg.2004.029538. 

28. Clément K, Vaisse C, Lahlou N, et  al. A mutation in the human 
leptin receptor gene causes obesity and pituitary dysfunction. Na-
ture 1998; 392: 398– 401. doi: 10.1038/32911. 

29. Flanagan SE, Patch AM, Ellard S. Using SIFT and PolyPhen to 
predict loss-of-function and gain-of-function mutations. Genet Test 
Mol Biomarkers. 2010; 14: 533–537. doi: 10.1089/gtmb.2010.0036. 

30. Markham A. Setmelanotide: First Approval. Drugs 2021; 81: 397–
403. doi: 10.1007/s40265-021-01470-9. 

31. Clément K, van den Akker E, Argente J, et al. Setmelanotide POMC 
and LEPR Phase 3 Trial Investigators. Efficacy and safety of setmel-
anotide, an MC4R agonist, in individuals with severe obesity due 
to LEPR or POMC deficiency: single-arm, open-label, multicentre, 
phase 3 trials. Lancet Diabetes Endocrinol 2020; 8: 960– 970. doi: 
10.1016/S2213-8587(20)30364-8.

32. Iepsen EW, Zhang J, Thomsen HS, et  al. Patients with Obesity 
Caused by Melanocortin-4 Receptor Mutations Can Be Treated 
with a Glucagon-like Peptide-1 Receptor Agonist. Cell Metab 2018; 
28: 23– 32.e3. doi: 10.1016/j.cmet.2018.05.008. 

33. Nunziata A, Funcke JB, Borck G, et al. Functional and Phenotypic 
Characteristics of Human Leptin Receptor Mutations. J Endocr Soc 
2018; 3: 27– 41. doi: 10.1210/js.2018-00123. 


