
CASE STUDIES, and PATIENTS
WITH REMARKABLE FEATURES

OR RARE DISORDERS

Open camera or QR reader and
scan code to access this article

and other resources online.

Congenital Hypothyroidism in Two Sudanese
Families Harboring a Novel Iodotyrosine Deiodinase

Mutation (IYD R279C)

Reham Shareef,1 Aryel Furman,2 Yui Watanabe,2 Ryan Bruellman,2 Mohammed A. Abdullah,3

Alexandra M. Dumitresu,4 Samuel Refetoff,4–6 Andrea Bertolini,7 Marco Borsò,7 Alessandro Saba,7
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Background: Congenital hypothyroidism due to defects in iodotyrosine deiodinase has variable phenotypes and
can present as hypothyroid or with normal thyroid testing.
Methods: Whole exome sequencing was performed in individuals from two families originating from differ-
ent regions of Sudan. Mass spectrometry of urine and serum iodotyrosines was performed on subjects from both
families.
Results: A novel iodotyrosine deiodinase (IYD) mutation (c.835C>T; R279C) was identified in individuals
from two Sudanese families inherited as autosomal recessive. The mutation was identified by multiple in silica
analyses to likely be detrimental. Serum and urine monoiodotyrosine (MIT) and diiodotyrosine (DIT) were
markedly elevated in the homozygous subjects.
Conclusion: Measurement of serum and urine DIT and MIT was more sensitive than that of urine iodine or
serum thyroid function tests to determine the effect of the IYD mutation.
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Introduction

Congenital hypothyroidism (CH) affects 1:3000
newborns. A delay in diagnosis and treatment may result

in significant growth and developmental retardation as well
as severe intellectual impairment. Thyroid dysgenesis is the
cause of 65% of CH, while dyshormonogenesis and gland
in situ accounts for 35% of CH.1 Iodine is an essential com-
ponent of thyroid hormone (TH) synthesis and when iodine
is limited in supply, TH synthesis is impaired. Assurance
of sufficient supply of iodine for TH synthesis depends on (1)
the environmental supply of iodine, (2) the ability of the
thyroid to transport iodine into the thyroid cells, (3) sufficient

recycling of iodotyrosines so that maximum efficiency of
iodine utilization occurs.

Multiple genes are involved in TH synthesis and specifi-
cally iodine metabolism.2 Release of thyroxine (T4) and
triiodothyronine (T3) from the thyroid gland requires prote-
olysis of thyroglobulin, during which monoiodotyrosine
(MIT) and diiodotyrosine (DIT) are also released. The iodine
of MIT and DIT cannot be used directly and require deiodi-
nation by the enzyme iodotyrosine deiodinase (IYD). IYD
allows iodine to be recycled to synthesize more T3 and T4.3

When environmental iodine is not in abundance, the presence
of functional IYD becomes more important in conservation
and utilization of iodine in the synthesis of TH.
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We report two Sudanese families from different parts of the
country with CH and goiter due to a novel mutation in the IYD
gene. The phenotype as determined by thyroid function tests
and goiter were variable ranging from hypothyroid to euthy-
roid despite the same genetic defect in the two families.
Whereas urine iodine concentration was unable to predict
the degree of iodine deficiency in these patients, liquid chro-
matography coupled to tandem mass spectrometry analysis of
serum and urine confirmed excessive accumulation of MIT and
DIT in the affected patients. These families illustrate the utility
of measurement of MIT and DIT in diagnosing CH in iodine-
sufficient and iodine-borderline areas.

Methods

All patients were referred to a pediatric endocrinologist at
the University of Khartoum, Sudan, presenting with stigmata
of hypothyroidism or due to a sibling having hypothyroid-
ism. Oral consent from patients or their guardians and their
family members was obtained before blood sampling due to
literacy. Studies were approved by the University of Miami
Institutional Review Board. The initial thyroid testing
(thyrotropin [TSH] and free T4) was done in Sudan at the
time of diagnosis. When the patients came for follow-up at
their local clinic in Sudan, blood was then sent to Miami,
Florida.

Testing was performed using the Immulite� 1000 (Sie-
mens, Munich, Germany) platform as previously described.4

Isolation of genomic DNA from whole blood using the
Qiagen QIAamp� DNA Blood Mini Kit (Hilden, Germany)
was carried out at the University of Miami. Blood samples
were obtained from propositus, siblings and parents when
possible. For each of the 2 families, gDNA from the proband
along with 1 parent was submitted to whole exome sequ-
encing (WES) (Novogene, Agilent SureSelect Human All
Exon V6 Kit). A compilation of thyroid genes linked to thy-
roid disorders was evaluated and possible mutations linked to
the phenotype were identified based on predicted functional
scores, allele frequency, and zygosity.4

Then gDNA from all family members available was ana-
lyzed and confirmed by Sanger sequencing (Genewiz, Abi
3730xl DNA Analyzer) to verify the WES results and estab-
lish the genotype of all sampled family members. All iden-
tified variants were further evaluated by in silico prediction
scores.5–9

Measurement of MIT and DIT in serum and urine was
performed by liquid chromatography coupled to tandem
mass spectrometry.10 Iodine was quantified by the Sandell–
Kolthoff method.11

Case Presentations and Results

Family 1

Family 1 (Fig. 1A) from western Sudan was identified
in 2017 when the propositus, from consanguineous parents
(first cousins), presented at age 7 years with impaired cog-
nitive function, goiter, and found to have elevated TSH and
low serum T4. He was started on levothyroxine (LT4)
and prompted evaluation of a younger brother aged 8 years
and a younger sister aged 3 years. Both siblings had what was
considered to be ‘‘low IQ’’ by the clinician with goiter on

examination, and thyroid function tests confirmed tests sim-
ilar to propositus with high serum TSH and low serum T4
with classic hypothyroid facies of periorbital edema and
swollen lips (Fig. 1B).

Serum was obtained 7 days after starting LT4 therapy
and again after 6 months and sent to Miami for further
analysis (Fig. 1C). By 7 days of treatment, thyroid function
tests of the propositus (II-1) and his brother (II-2) normalized,
although those of the younger sister (II3) did not normal-
ize until 6 months (Fig. 1A). WES carried out on the pro-
positus and his mother demonstrated a mutation in exon 5
(c.835C>T; R279C) of the IYD gene. Sanger sequencing
confirmed that all three siblings (II-1, II-2, and II-3) were
homozygous for the mutation, while the parents were het-
erozygous (Fig. 1D).

Due to the discovery of the IYD gene mutation, LT4
supplementation was discontinued and the 3 siblings were
treated with Lugol’s iodine 2 drops twice daily for 4 weeks
and repeated thyroid tests confirmed maintenance of euthy-
roidism (Supplementary Table S1). After four weeks, due
to difficulty in obtaining Lugol’s iodine, the patients were
switched back to LT4 with continued maintenance of normal
thyroid tests. Spot urine iodine was obtained after restarting
LT4 (Fig. 1A).

Family 2

Family 2 from northern Sudan was identified in 2018 when
the propositus (II-1, Fig. 2), born to consanguineous parents
(first cousins), presented at age 7 and was placed on LT4.
Available medical notes were incomplete. At age 13 years, he
self-discontinued LT4, felt well, his thyroid function tests
were normal, and he did not resume LT4 treatment. Siblings
II-2 and II-3 had goiter and were not treated with LT4 but II-4
who did not have a goiter had some lethargy and was briefly
treated with LT4. WES carried out on DNA from the pro-
positus and mother demonstrated the same IYD mutation
as that found in Family 1 (exon 5; c.835C>T; R279C) with
subjects II-1, II-3, and II-4 homozygous, and the mother (I-2)
and a sibling (II-2) heterozygous.

The father was deceased. Spot urine iodine was obtained
(Fig. 2). Blood and urine were obtained on two different
occasions and sent to Miami for analysis that showed similar
normal values for all thyroid function tests and urine iodine.

Due to the identical mutation identified in these 2 fami-
lies from different parts of Sudan, the gene locus was hap-
lotyped demonstrating that the minimally shared genetic
gene interval surrounding the mutation was 2.7 megabases
(Supplementary Fig. 1).

Iodothyronine concentrations in serum and urine

Iodothyronine measurements were performed in serum
from individuals of Family 1 (Fig. 1A) and urine and serum
from individuals from Family 2 (Fig. 2). Serum MIT and DIT
were markedly elevated in the serum of all homozygous
individuals compared with the heterozygous father (I-1), and
T3 and T4 concentrations were slightly higher in the affected
subjects. In Family 2, serum MIT and DIT were markedly
elevated in the affected individuals, whereas T3 and T4 were
not. However, urine MIT and DIT were markedly elevated
in the affected individuals.
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FIG. 1. Pedigree, thyroid function tests, and urine iodine values of Family 1. (A) Photograph of II-1, II-2, and II-3 from
Family 1 at the time of diagnosis (B) with facial features typical of hypothyroidism with periorbital edema and swelling of
the lips, and six months after initiation of LT4 therapy (C) Sanger sequencing chromatograms (D) confirming the iodo-
tyrosine deiodinase mutation in Exon 5 R279C. Values in red are above the limit of normal and values in blue are below the
limit of normal. Treatment a, 7 days after starting LT4; Treatment b, 6 months after starting LT4. LT4, levothyroxine; UIC,
urine iodine concentration.
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FIG. 2. Pedigree, thyroid function tests, and urine iodine values of Family 2. Values in red are above the limit of normal and
values in blue are below the limit of normal. Treatment a, 7 days after starting LT4; Treatment b, 6 months after starting LT4.

FIG. 3. Comparison of phenotype and genotype in other families with IYD gene mutations. Values in red are above the
limit of normal and values in blue are below the limit of normal. +, present; -, not performed or data not available.
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Discussion

A novel mutation (c.835C>T; R279C) in the IYD gene was
identified in two Sudanese families from different regions of
Sudan, manifesting autosomal recessive inheritance. Multi-
ple in silico analyses (SIFT, Polyphen2 HVAR, Polyphen 2
HDIV, Mutation Tester, Mutation Assessor, FATHMM and
CADD) indicated that the mutation likely had a detrimental
consequence.

The first reported patient with a dehalogenase defect,
confirmed by measurement of iodotyrosines, was described
in 1955.12 The patient was born with goiter in an area of
Holland where goiter was endemic. He was treated with
‘‘thyroid powder’’ at nine months of age that showed shrink-
age of the goiter. A younger brother who was not treated
with ‘‘thyroid powder’’ remained goitrous and mentally
delayed. The parents were unrelated and had no goiter.

A series of elegant experiments demonstrated that intra-
venously administered 131I labeled dl-DIT and dl-MIT were
excreted in the urine almost entirely unchanged. The au-
thors concluded that there was a defect in dehalogenase.13

While other cases were reported earlier, this was the first to
directly demonstrate altered metabolism of iodotyrosines.
Subsequently additional cases of presumptive dehalogenase
defects were identified.14

However, it was not until 50 years later when dehalogen-
ase 1, or iodotyrosine dehydrogenase (IYD), was sequenced
and characterized.15 Since then, 4 unique IYD mutations
have been reported in 9 individuals16–18 (Fig. 3). There is
significant phenotypic variability in these patients even in
those with identical mutations in different families as des-
cribed in the present report with a novel fifth unique IYD
mutation. TSH was variably elevated in 3 individuals before
starting LT4 treatment (Patients 1, 4, and 8; Fig. 2), and in 1
individual (Patient 7, Fig. 3) the TSH ultimately became
elevated 5 years after initial diagnosis.

Age at diagnosis and mode of inheritance were also vari-
able (Fig. 2). MIT and DIT were consistently elevated. Loss
of iodotyrosines in urine reduces the iodine available for
recirculation, producing iodine deficiency. When the avail-
ability of environmental iodine is limited, loss of iodotyr-
osines lowers the threshold for hypothyroidism. To this
point, in Family 1, replacement of iodine with Lugol’s iodine
solution was able to substitute for LT4 and maintain normal
thyroid tests. In summary, measurement of serum and urine
DIT and MIT was more sensitive than that of urine iodine or
thyroid function tests to identify a defect in iodotyrosines
deiodination and the presence of an IYD mutation.

Acknowledgments

We thank the patients for participation in the research and
Dr. Gilbert Vassart for assistance in getting the samples from
Sudan to Miami. Moreover, we thank the CISUP–Centre for
Instrumentation Sharing of the University of Pisa for pro-
viding the Sciex QTrap 6500+ mass spectrometer, which was
used for MIT and DIT assays. The authors thank Dr. Ali R.
Mani for providing MIT and DIT standards.

Statement of Ethics

The authors have no ethical conflicts to disclose. The
subjects agreed to participate in the study. The study was

approved by the institutional review board at the University
of Miami Miller School of Medicine protocol number
20140632

Authors’ Contributions

R.S. contributed to identification of family in Sudan and
collection of specimens; A.F. carried out haplotyping and
review of the article; R.B. was involved in genotyping
and identification of the gene in Family 2; Y.W. was in charge
of genotyping and identification of the gene in Family 1;
M.A.A. contributed to supervising collection of samples in
Sudan; A.D. took care of review of article and intellectual
input into the design of the study; S.R. took care of intel-
lectual input into the design of the study and review of the
article; M.B., A.B., and A.S. were in charge of mass spec-
trometry analysis; R.Z. was in charge of mass spectrometry
analysis and intellectual input into the study and review of the
article; R.E.W. conceived the study, gave intellectual input
into design and raised funds for the study, and wrote the
article.

Author Disclosure Statement

R.E.W. is on the advisory board and scientific cofounder
for PriZm Therapeutics and on the advisory board of FBIIO
Acquision Corp XXV. The other authors have no competing
interests.

Funding Information

This study was supported by grants from the National
Institutes of Health, USA, DK 15070 to S.R. and DK110322
to A.M.D., MD010722 to R.E.W. and by funds from the
Esformes Thyroid Research Fund.

Supplementary Material

Supplementary Figure S1
Supplementary Table S1

References

1. van Trotsenburg P, Stoupa A, Leger J, et al. Congenital
Hypothyroidism: A 2020–2021 Consensus Guidelines
Update-An ENDO-European Reference Network Initiative
Endorsed by the European Society for Pediatric Endocri-
nology and the European Society for Endocrinology.
Thyroid 2021;31(3):387–419; doi: 10.1089/thy.2020.0333

2. Targovnik HM, Citterio CE, Rivolta CM. Iodide handling
disorders (NIS, TPO, TG, IYD). Best Pract Res Clin
Endocrinol Metab 2017;31(2):195–212; doi: 10.1016/j
.beem.2017.03.006

3. Moreno JC, Visser TJ. Genetics and phenomics of hypo-
thyroidism and goiter due to iodotyrosine deiodinase
(DEHAL1) gene mutations. Mol Cell Endocrinol 2010;
322(1–2):91–98; doi: 10.1016/j.mce.2010.03.010

4. Bruellman RJ, Watanabe Y, Ebrhim RS, et al. Increased
prevalence of TG and TPO mutations in Sudanese children
with congenital hypothyroidism. J Clin Endocrinol Metab
2020;105(5):1564–1572; doi: 10.1210/clinem/dgz297

5. Adzhubei IA, Schmidt S, Peshkin L, et al. A method
and server for predicting damaging missense mutations.
Nat Methods 2010;7(4):248–249; doi: 10.1038/nmeth0410-
248

NOVEL IYD DEFECT IN TWO SUDANESE FAMILIES 265



6. Desmet FO, Hamroun D, Lalande M, et al. Human Splicing
Finder: An online bioinformatics tool to predict splicing
signals. Nucleic Acids Res 2009;37(9):e67; doi: 10.1093/
nar/gkp215

7. Rentzsch P, Witten D, Cooper GM, et al. CADD: Pre-
dicting the deleteriousness of variants throughout the
human genome. Nucleic Acids Res 2019;47(D1):D886–
D894; doi: 10.1093/nar/gky1016

8. Schwarz JM, Cooper DN, Schuelke M, et al. Mutation-
Taster2: Mutation prediction for the deep-sequencing age.
Nat Methods 2014;11(4):361–362; doi: 10.1038/nmeth
.2890

9. Sim NL, Kumar P, Hu J, et al. SIFT web server: Predicting
effects of amino acid substitutions on proteins. Nucleic
Acids Res 2012;40(Web Server issue):W452–W457; doi:
10.1093/nar/gks539

10. Borso M, Agretti P, Zucchi R, et al. Mass spectrometry in
the diagnosis of thyroid disease and in the study of thyroid
hormone metabolism. Mass Spectrom Rev 2022;41(3):443–
468; doi: 10.1002/mas.21673

11. Benotti J, Benotti N. Protein-bound iodine, total iodine,
and butanol-extractable iodine by partial automation. Clin
Chem 1963;12:408–416.

12. Stanbury JB, Kassenaar AA, Meijer JW, et al. The occur-
rence of mono- and di-iodotyrosine in the blood of a patient
with congenital goiter. J Clin Endocrinol Metab 1955;
15(10):1216–1227; doi: 10.1210/jcem-15-10-1216

13. Stanbury JB, Meijer JW, Kassenaar AA. The metabolism
of iodotyrosines. II. The metabolism of mono- and diio-
dotyrosine in certain patients with familial goiter. J Clin
Endocrinol Metab 1956;16(7):848–868; doi: 10.1210/jcem-
16-7-848

14. Medeiros-Neto GS, Stanbury JB. The Iodotyrosine
Deiodinase Defect. In: Inherited Disorders of the Thyroid
System. (Medeiros-Neto GS, Stanbury JB. eds.) CRC
Press: Boca Raton, FL, USA; 1994; pp. 139–159.

15. Gnidehou S, Caillou B, Talbot M, et al. Iodotyrosine
dehalogenase 1 (DEHAL1) is a transmembrane protein
involved in the recycling of iodide close to the thyroglob-
ulin iodination site. FASEB J 2004;18(13):1574–1576; doi:
10.1096/fj.04-2023fje

16. Afink G, Kulik W, Overmars H, et al. Molecular charac-
terization of iodotyrosine dehalogenase deficiency in pati-
ents with hypothyroidism. J Clin Endocrinol Metab 2008;
93(12):4894–4901; doi: 10.1210/jc.2008-0865

17. Burniat A, Pirson I, Vilain C, et al. Iodotyrosine deiodinase
defect identified via genome-wide approach. J Clin Endo-
crinol Metab 2012;97(7):E1276–E1283; doi: 10.1210/jc
.2011-3314

18. Moreno JC, Klootwijk W, van Toor H, et al. Mutations in
the iodotyrosine deiodinase gene and hypothyroidism.
N Engl J Med 2008;358(17):1811–1818; doi: 10.1056/
NEJMoa0706819

Address correspondence to:
Roy E. Weiss, MD, PhD
Department of Medicine

University of Miami Miller School of Medicine
1120 NW 14th Street, Suite 310

Miami, FL 33136
USA

E-mail: rweiss@med.miami.edu

266 SHAREEF ET AL.


