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What Is Known about This Topic?

The pathogenic effect of the p.Val804Met missense mutation of the RET proto-oncogene is well described in
familial medullary thyroid cancer. In contrast, the clinical significance of the novel missense variant
p-Tyr826Ser in exon 14 is unclear and no scientific publications on this genotype have been published so far.

What Does This Case Report Add?

In the absence of functional studies, the plausibility of pathologic significance of a detected endocrine ge-
netic variant can be estimated by in silico methods such as computational analysis of protein structure and
biophysical differences or a comparative database search for evolutionary conservation. This family report
supports a functional role of p.Tyr826Ser as predisposing RET variant. Patients with a compound hetero-
zygosity of an established pathogenic RET mutation in combination with this novel variant seem to be at
a higher risk of developing FMTC. The malignant risk of patients carrying only the heterozygous novel
variant p.Tyr826Ser seems to be low with careful clinical surveillance. For individualized and patient-re-
lated decision making, our data emphasize the importance of combined clinical and genetic assessment

of novel RET variants in patients with familial medullary thyroid cancer and their relatives.
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Abstract

Introduction and Background: Familial medullary thyroid
cancer (FMTCQ) is caused by gain of function mutations in the
proto-oncogene RET (rearranged during transfection). Mis-
sense mutations within exon 14 including p.Val804Met are

known to cause FMTC and multiple endocrine neoplasia
type 2a/b. The clinical significance of other novel missense
variants within this hotspot region of exon 14 is not delin-
eated. Case Description: A three-generation pedigree of
FMTC is presented with the co-occurrence of two missense
variants within exon 14 of the RET gene, the known variant
p.Val804Met and the novel variant p.Val826Met. The female
index patient developed medullary thyroid cancer at the age
of 42 years and was heterozygous for both missense variants.
Her younger sister was also tested to be compound hetero-
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zygous for both mutations, and five further relatives were
heterozygous for only one of both sequence variants. Pro-
phylactic thyroidectomy was recommended for the two
carriers of the RET mutation p.Val804Met, revealing a C-cell
hyperplasia for one of them at the age of 19 years. Medical
surveillance of 6 heterozygous carriers including repeated
neck ultrasound examination as well as basal and calcium
(pentagastrin)-stimulated calcitonin levels were recom-
mended. Conclusion: Our data emphasize the importance of
an interdisciplinary approach to assess the functional and
clinical significance of novel RET variants. In the absence of
functional studies, the plausibility of the pathologic signifi-
cance of a detected endocrine genetic variant can be esti-
mated by in silico methods such as computational analysis
of protein structure and biophysical differences or compara-
tive database search for evolutionary conservation.
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Introduction and Background

Familial medullary thyroid cancer (FMTC) is caused
by well-characterized gain of function mutations in
the proto-oncogene RET (rearranged during transfec-
tion). Missense mutations within exon 14 including
p.Val804Met are known to cause FMTC and multiple en-
docrine neoplasia type 2a/b (MEN2a/b). However, the
clinical significance of novel missense variants within this
hotspot region of exon 14 is not delineated, and for gen-
eral practitioners as well as for endocrine specialists it re-
mains an unsolved and controversially discussed ques-
tion concerning how to proceed with affected patients
and their relatives. In the absence of functional studies,
there are several strategies providing potential informa-
tion and help for individualized and patient-related deci-
sion making as it has been discussed for other endocrine
diseases caused by gene mutations such as the von Hip-
pel-Lindau disease gene [1]. As discussed by Russell et al.
[1] in this context, the following strategies might be help-
ful: database search to look for evolutionary conservation
of amino acids, computational analysis of biophysical dif-
ferences and protein structure, and in silico analysis in
order to judge the functional significance of a particular
genetic variant. The presented three-generation pedigree
of FMTC with the co-occurrence of two missense variants
(the well-known variant p.Val804Met and the novel vari-
ant p.Val826Met) gives a practice-based example of how
to handle these patients and their relatives when func-
tional studies are lacking.
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Case Description

Report of the Index Case

A 44-year-old female patient underwent thyroid surgery for
treatment of subclinical hyperthyroidism due to uninodular tox-
ic goiter. Histological evaluation revealed a multicentric (bifocal;
pTla <1 cm) medullary thyroid cancer and she was resubmitted
for total thyroidectomy and lymph node dissection of compart-
ments I and I Since 2 of 9 initially prepared lymph nodes were
positive, a subsequent and extensive central and lateral lymphad-
enectomy was performed and showed no positive lymph nodes
from a total of 18 prepared lymph nodes. The final tumor stag-
ing was pT1, N1, M0, G2, R0. Conventional Sanger sequencing
(peripheral blood-derived genomic DNA) of the RET (rear-
ranged during transfection) gene identified the well-character-
ized heterozygous pathogenic missense mutation p.Val804Met
(c.2410G>A). Moreover, an additional missense variant of un-
known clinical significance p.Tyr826Ser (c.2477A>C) was identi-
fied. The novel missense variant p.Tyr826Ser is listed as
rs34617196 in the NCBI database (National Center for Biotech-
nology Information http://www.ncbi.nlm.nih.gov) without allele
frequency data. However, the clinical significance of this variant
has not yet been determined and scientific clinical literature on
this missense variant is completely lacking. The missense variant
affects a highly conserved amino acid within the functional rel-
evant catalytic domain of the RET proto-oncogene. In silico anal-
ysis with various bioinformatics programs [2-4] predicts this
novel variant to be ‘possibly pathogenic’ (Polyphen2, score 0.654;
range: 0-1 with 0 = benign and 1 = probably damaging) [4], ‘dis-
ease causing’ (MutationTaster; probability value = 1; range: 0-1
with 0 = polymorphism and 1 = disease causing) [2] and ‘toler-
ated’ (SIFT; score 0.87; range: 0-1 with 0 = damaging and 1 =
tolerated) [3]. These bioinformatics programs analyze on the ba-
sis of DNA and protein sequence homology, affected protein do-
mains and altered biochemical protein structure. Due to the rar-
ity of this missense variant and the diverging results in the in
silico prediction, the variant was classified as ‘variant of unknown
clinical significance’ in 2009.

Report of the Family Members and Pedigree Construction

The patient had no other signs or symptoms indicating multi-
ple endocrine neoplasia type 2a or type 2b and she was defined as
the female index case of a pedigree of FMTC in the presence of a
positive family history in both parents. Thyroid adenomas had
previously been surgically removed in her mother. Moreover, the
extended family pedigree revealed that one maternal aunt (I/2) was
diagnosed with thyroid cancer at the age of 30 years (unknown
histology) and subsequently her daughter and grandson under-
went thyroidectomy. Furthermore, follicular thyroid cancer had
been reported for the daughter of one paternal uncle (II/8). The
father of the index patient died at the age of 49 years due to colorec-
tal cancer. The pedigree is presented in figure 1.

After genetic counselling, predictive genetic testing for both
RET mutations was offered to all first-degree relatives of the index
patient. The younger sister (II/6) of the index patient was also
found to be compound heterozygous for both RET sequence vari-
ants. The common RET missense mutation p.Val804Met was also
observed in the 18-year-old son (III/2) of the index patient. Both
subsequently underwent prophylactic thyroidectomy, which re-
vealed C-cell hyperplasia for the son. Four additional relatives
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Fig. 1. Nonconsanguineous family pedigree of the female index case presenting with medullary thyroid cancer

(parents were not related).

were found to be heterozygous for the RET variant p.Tyr826Ser at
the age of 12 years (I11/4), 15 years (I1I/3), 38 years (II/7) and 72
years (I/5), respectively. They were strongly recommended to un-
dergo strict clinical surveillance including repeated neck ultra-
sound examination as well as basal and calcium (pentagastrin)-
stimulated calcitonin levels [5-7]. Two of these were previously
confirmed to have thyroid nodules (I/5 and II/7). Histological
evaluation had confirmed multiple microfollicular thyroid adeno-
mata for the mother at the age of 69 years (I/5). The younger broth-
er of the index patient (II/7) presented with a singular 8-mm thy-
roid nodule at the age of 38 years, which up to this point had been
sonographically followed up. The two remaining heterozygous
carriers of the variant p.Tyr826Ser (ages: 12 and 15 years) cur-
rently do not present with any clinical, sonographic or biochemical
signs of any FMTC or MEN2 manifestation.

Assessing Clinical Relevance of Novel
RET Missense Variants

Discussion of the Available Literature in the Absence
of Functional Data

Reduced penetrance and clinical variability are well-
established features for many monogenic disorders in-
cluding RET-associated phenotypes. They require indi-
vidual assessment of the pathogenic effects and the clini-
cal significance of any identified RET novel sequence
variant as a prerequisite for individual genetic counsel-
ling and planning of the medical surveillance and treat-
ment [7, 8].

A specific genotype-phenotype relationship has been
described for RET mutations [5, 9] resulting in either
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FMTC or MEN2a/b differing by incidences of primary
hyperparathyroidism and pheochromocytoma, age of on-
set, and extent of aggressive behavior.

Therefore, genotype-based surgery [6, 10] of FMTC
regarding the extent of lymph node dissection and the
recommended age of prophylactic thyroid surgery is
based on the American Thyroid Association (ATA) risk
levels [A (low) to D (high)] [6]. The p.Val804Met muta-
tion [11, 12] has been described in multiple independent
patients, is located within exon 14, and is known to be
pathogenic [13] and classified as risk level A according to
the ATA classification. Of note, a very wide clinical vari-
ability has been described for heterozygous carriers of
p-Val804Met with a clinical manifestation of highly ag-
gressive medullary thyroid cancer at the age of 5 years on
one hand up to asymptomatic carriers at the age of 86
years on the other [12, 14]. This wide clinical variability
and reduced penetrance may well be determined by oth-
er nongenetic or genetic cofactors within or outside the
RET coding sequence.

Furthermore, compound heterozygosity of p.Val804Met
and other RET missense mutations in exon 14, such as
p-Glu805Lys or p.Tyr806Cys, have previously been asso-
ciated with an increased risk classified as ATA risk level
D [15].

In the family presented here, thyroid nodules or car-
cinoma has been recorded in the paternal as well as four
maternal relatives of the female index patient, sug-
gesting a predisposing functional effect of both var-
iants p.Val804Met as well as the maternally inherited
p-Tyr826Ser.

Investigations to Judge the Functional Significance
of Genetic Variants

A functional significance of the p.Tyr826Ser sequence
variant is further supported by bioinformatic assess-
ment. First, it affects a highly conserved protein domain
within a previously recognized pathogenic hotspot re-
gion. In close vicinity, additional missense mutations
have previously been associated with FMTC as well as
MEN2a/b or Hirschsprung’s disease. In silico analysis
predicts this variant to be possibly pathogenic. Secondly,
this missense variant is very rare and currently (Septem-
ber 2015) listed in the ExAC Browser with a low allele
frequency of only 8 in 115,152 alleles (0.00006947; www.
exac.broadinstitute.org), which is even rarer than the
p-Val804Met mutation (allele frequency: 13 in 63,744).
However, one has to be aware of the fact that gain of
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function mutations often cannot be correctly identified
through in silico analysis.

In the family presented here, the previous observa-
tion of thyroid nodules in the mother with heterozygous
p.Tyr826Ser as well as three of her relatives without
known genotype information supports a predisposing
effect of this sequence variant p.Tyr826Ser, at least for
thyroid disease. However, the clinical data presented
here argue against a highly penetrant pathogenic effect
of the p.Tyr826Ser variant. The 12-year-old nephew, the
15-year-old daughter, the 38-year-old brother, and the
72-year-old mother of the index case were heterozygous
for the p.Tyr826Ser variant and had no evidence of thy-
roid cancer or other entities of MEN2a/b. The 72-year-
old-mother of the index patient underwent subtotal thy-
roidectomy for goiter several years before genotyping,
and the lack of evidence of cancer at the age of 72 years
strongly supports a milder predisposing functional ef-
fect of the p.Tyr826Ser variant. However, the 42-year-
old sister of the index patient being compound hetero-
zygous for the RET mutation (p.Val804Met as well as
p-Tyr826Ser) also had no histological evidence for med-
ullary thyroid cancer or C-cell hyperplasia, which is in
good agreement with the previously postulated wide
clinical variability and reduced penetrance associated
with p.Val804Met [12, 14]. The 18-year-old son, het-
erozygous for p.Val804Met, underwent prophylactic
thyroid surgery and showed marked C-cell hyperplasia.
In summary, our data further support the importance
of prophylactic thyroid surgery for carriers of the
p.Val804Met mutation [8]. However, uncertainty re-
mains regarding risk designation for individuals carry-
ing the p.Tyr826Ser variant in the absence of clinical
data from theliterature. The large three-generation fam-
ily presented here will support a future classification of
the p.Tyr826Ser variant according to the established
ATA risk levels. In the meantime, heterozygous carriers
of this variant should at least obtain conservative clinical
surveillance including repetitive neck ultrasound exam-
ination as well as basal and calcium (pentagastrin)-sim-
ulated calcitonin levels.
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