Endocrine, vol. 28, no. 2, 193-198, November 2005 0969-711X/05/28:193-198/$30.00 © 2005 by Humana Press Inc.

All rights of any nature whatsoever reserved.

A RET Mutation with Decreased Penetrance in the Family
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We present the case of a 38-yr-old man with a spora-
dic, multifocal pheochromocytoma and paragangli-
oma who was discovered to carry a Y791F germline
mutation in exon 13 of the RET proto-oncogene. This
mutation was found in his 65-yr-old mother and his
86-yr-old maternal grandmother. Neither of them had
either biochemical evidence of pheochromocytoma or
medullary thyroid carcinoma. The patient had a pro-
phylactic thyroidectomy, which revealed mild C-cell
hyperplasia. This case brings to discussion several issues:
(1) the benefit of screening patients with apparently
sporadic pheochromocytomas for genetic mutations;
(2) the management of patients and families with “lower-
risk” RET mutations; and (3) the possibility that lower-
penetrance RET mutations may contribute to the list
of causes of familial pheochromocytomas.

Key Words: Pheochromocytoma genetics; MEN2; RET
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Introduction

Pheochromocytomas (pheos) are rare tumors of chro-
maffin cells, typically arising from the adrenal medulla and
usually associated with excessive catecholamine produc-
tion (/). Although there are several familial syndromes
associated with pheos, most often they are sporadic, with
no family history of the tumors. Germline mutations in one
of several genes are often found in families with pheos (2—
4). Although germline mutations are less frequently found
in patients with sporadic pheos, they may still occur in up
to 24% of cases (5). This has lead to some debate regarding
the circumstances in which it would be appropriate to test
patients with sporadic pheos for germline mutations (5-7).
We present a patient with a sporadic pheo in which genetic
testing revealed a mutation with potential effects across
several generations.
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Multiple endocrine neoplasia type 2 (MEN 2) is an auto-
somal-dominant syndrome that includes neoplastic growth
of the adrenal medullary chromaffin cells (pheos) as well
as the calcitonin-producing C-cells of the thyroid (medul-
lary thyroid carcinoma, MTC). Mutations in the RET proto-
oncogene were first associated with the MEN 2 syndromes
in 1993 (8). The RET proto-oncogene encodes a tyrosine
kinase receptor that is involved in the normal development
of neural crest tissue (9). The majority of families with MEN
2A have mutations in exons 10 or 11 in the extracellular
domain of the RET tyrosine kinase receptor (10, 11). Muta-
tions in exons 13 and 14 in the intracellular domain of the
receptor are less frequently found in families with the MEN
2 phenotype (9,11,12). These mutations may have variable
penetrance or a less aggressive course than the more com-
mon extracellular-domain mutations (9,13). As aresult, con-
sensus panels have been unable to reach an agreement re-
garding the management of patients with these exon 13 and
14 mutations (14).

Although RET mutations have been found in some pa-
tients with sporadic pheos (5), there have not been confirmed
cases of RET mutations in families in which pheo is the sole
manifestation (“pheo-only” families). One theory is that
the high penetrance of MTC in families with RET muta-
tions would make it unlikely to have a germline mutation
inherited without evidence of MTC in prior generations—
hence making it unprecedented to find a RET mutation in
a pheo-only family. We believe that the present case, while
not a pheo-only family per se, suggests that 791 RET muta-
tions in exon 13, in addition to a low-penetrance thyroid
phenotype, can confer susceptibility to pheo, which would
mimic a pheo-only syndrome in affected individuals. Thus,
it may still be reasonable to test for less penetrant RET
mutations in pheo-only families.

Results and Discussion

Masses were removed surgically in July, 2002 with reso-
lution of symptoms and normalization of catecholamine
and metanephrine levels. Pathology was consistent with a
pheochromocytoma and a paraganglioma. There were no
pathologic characteristics of malignancy.



194 RET Mutations in “Sporadic” Pheochromocytoma / Arum et al.

Endocrine

Genetic Testing of the Index Patient

His family history was notable for several maternal
family members with HTN, some fairly severe. Should the
patient be tested for genetic mutations? While some recom-
mend that anyone with a sporadic pheo should undergo gene-
tic screening (5) and others suggest that anyone under the
age of 50 yr should be screened (6), there are some who feel
that unilateral, adrenal pheos should only be screened for
mutations in patients who present under the age of 21 yr (7).
Because this patient had multifocal, extraadrenal pheos, he
is more likely to harbor a germline mutation and was tested.
However, a mutation in the RET proto-oncogene would be
unlikely because it is unusual for RET mutations to present
with extraadrenal disease (5). Nevertheless, a Y791F RET
mutation was identified, resulting from a T to A substitution
in exon 13. This region corresponds to the proximal intra-
cellular domain of the receptor.

In the mid 1990s, several reports found mutations in
exons 13 and 14 in the intracellular domain of the receptor
in families with the clinical MEN 2A phenotype (12). It
was not until 1998 when the first reports of families with
the Y791F mutation in exon 13 were described by Berndt
et al. (9). Although this mutation could cause lethal MTC,
there also seemed to be variable penetrance, or at least a
less aggressive course with this RET mutation (9, 13). Most
carriers of mutations in exons 10 and 11 develop C-cell
hyperplasia (CCH), a benign precursor of MTC, by the age
of 5, which has lead to recommendations for prophylactic
thyroidectomy for all carriers of these mutations at this
young age (/4). However, there is no agreement regarding
the benefit of a prophylactic thyroidectomy in patients carry-
ing the Y791F mutation. Therefore, more information was
needed regarding the patient’s thyroid C-cells.

Clinical Evaluation

Serum calcium concentration was 9.6 mg/dL. Intact (1-
84) PTH concentration was 33 pg/mL. Baseline serum cal-
citonin level was 5 pg/mL (normal <8). Neither physical
exam nor an ultrasound of the neck revealed any evidence
of a thyroid nodule. However, it was unclear whether C-
cell hyperplasia could be present. A normal basal serum
calcitonin concentration does not eliminate the possibility
of either CCH or MTC. However, a positive stimulation
test would have affected his management. An IV calcium
infusion test was carried out. Serum calcium level rose
from 9.6 to 10.4 mg/dL. Serum calcitonin concentrations
peaked 3 min after the infusion to 135 pg/mL, a normal
response (<200 pg/mL) (/5). Unfortunately, false-nega-
tive results are not uncommon. A recent report described
the use of various stimulation tests in predicting the pres-
ence of MTC in asymptomatic RET mutation carriers (16).
Of 27 carriers with negative stimulated serum calcitonin
levels, six patients (22%) had node-negative MTC and one
(4%) had node-positive MTC. Thus, a normal calcium in-
fusion test does not rule out the presence of MTC or CCH.

Decision Regarding Prophylactic Thyroidectomy

As seen in Table 1, there have been 67 cases reported
with the Y791F mutation. Of specific interest are the 53
patients with this mutation in whom the definitive pathol-
ogy of their thyroids was clear, either by clinical course or
surgical pathology. There were six Y791F carriers reported
who had no C-cell disease after thyroidectomy (11%), the
oldest being 39 yr of age (17,18). On the other hand, there
have been 13 patients with fully developed MTC (25%),
the youngest being 21 yr of age (9). There have also been
two premature deaths, at ages 45 and 52, from metastatic
MTC in families with the Y791F mutation (9,719). The vast
majority (34 of 53 or 64%) of carriers of the Y791F muta-
tion who have had prophylactic thyroidectomies had CCH,
the youngest being 6 yr of age (/9). Thus, given the preva-
lence of C-cell disease (89% including CCH and MTC) as
well as the potential for life-threatening cancer, we believe
itis reasonable to suggest that these patients have a prophy-
lactic thyroidectomy by an experienced surgeon.

Age at time of thyroidectomy is a more difficult ques-
tion. Although CCH has been found in a child as young as
6 yr old with the Y791F mutation, there have been no cases
of MTC found in anyone under the age of 21. For this rea-
son, we feel it is appropriate to evaluate patients through
their teenage years with serum calcitonin levels and calcium
infusions if necessary.

Pathology

The patient chose to have a thyroidectomy. There were no
complications. Histology and immunohistochemical stain-
ing for calcitonin and synaptophysin revealed focal mild
CCH (Fig. 1). There was also an incidental finding of an
occult 4 mm micropapillary carcinoma.

His findings were consistent with the previous literature
in that the majority of these carriers do have some degree
of CCH. Of interest, papillary thyroid carcinomas (PTC)
have been previously reported in patients with RET 791
mutations (/8). A direct role of this mutation in the patho-
genesis of PTC has not been established.

Genetic Testing of the Family (Fig. 2)

His parents were first tested, although it was possible that
they were both negative and that this was a de novo muta-
tion. This would have eliminated the need to test the rest
of the family.

e His mother (III-3) was found to be positive for the Y791F
mutation and was referred to a local endocrinologist for fur-
ther evaluation of an adrenal mass as well as to rule out MTC.
She has had repeated plasma free metanephrines and 24-h
urine collections that did not reveal any catecholamine ex-
cess. Her baseline serum calcitonin level was 2 pg/mL (nor-
mal level <4) and her serum calcium was normal. She has not
had a calcitonin stimulation or a thyroidectomy to date.

* His maternal grandmother (I1I-4) was also found to be posi-
tive for the Y791F mutation. Her baseline serum calcitonin
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Table 1
Literature Review of Y791F RET Mutations®
Reference #Affected/Families Path Results Comment
Berndt "98 (9) 3 Families 3 had MTC * 21 yr old with MTC
8 Affected 1 had presumed CCH * Father died at age 45 from MTC
(high calcitonin/no MTC)
4 did not have surgery
Neuman *02 (5) 1 Affected No path results * No clinical data given
No family data
Brauckhoff *02 (18) 1 Family 1 had 5 mm PTC but no CCH * Normal C-cells at age 39
3 Affected 2 had CCH * PTC
Colombo-Benkmann 1 Family 1 had MTC * 6-yr-old with CCH
02 (19) 5 Affected 3 had CCH e 71-yr-old carrier with calcitonin of
1 did not have surgery 40 pg/mL—surgery was declined
e Paternal uncle died at age 52 from MTC
¢ 1st Case with pheo
Fitze °02 (13) 1 Family 1 with MTC (recurrent) * Normal path at age 29
2 Affected 1 with normal thyroid ¢ Index had a somatic M918T mutation
Gimm 02 (17) 6 Families 4 with MTC * Normal path at age 39
17 Affected 9 with CCH * Two cases with pheo
4 with normal thyroids
Machens 03 (20) 6 Families 1 with MTC * No normal thyroids
15 Affected 14 with CCH
EUROMEN °03 (11) 3 Families All 5 with CCH  All subjects <20 yr old with prohylactic
5 Affected thyroidectomy
Vierhapper '04 (21) 4 Affected No path results * Two had mildly abnormal pentagastrin stims
No family data * Two with normal basal calcitonin
Jindrichova *04 (22) 3 Families All 7 with MTC * MTC was an inclusion criteria
7 Affected * One Family (three subjects) had 791 and 918
Totals 67 Cases Reported 13/53(25%) had MTC * NO hyperparathyroidism

63 excluding 918 duals
53 had definitive path
(clinical course or path)

6/53(11%) no C-cell disease

34/53 (64%) had CCH

* Only three cases with Pheo

Machens A, personal communication— detailed path results are not in the reference.
bReview of the previous reports of subjects with a Y791F mutation in the RET proto-onco gene. Note: There is a high prevalence of

C-cell disease (25% had MTC and 64% had CCH).

was found to be <1 pg/mL. Her plasma metanephrines and
serum calcium levels were both normal. Prophylactic thyroid-

ectomy has not been recommended.

 His brother’s child (V-2) was tested and is negative for this

mutation.

 Hissister (IV-4) was negative for this mutation and, therefore,

her son (V-4) was not tested.

* His maternal uncle (III-6) has refused testing to this point,

Conclusions

did in our patient with the pheos. There may be some unex-
pected findings in distant relatives.

We have presented a case of a man with a sporadic, multi-

focal pheochromocytoma in whom a Y791F RET mutation

but his two adult sons will be informed about the importance

of being tested.

His grandmother’s siblings and/or their children will be

was discovered.

1. There have been arguments for several years about when
to offer genetic testing to patients with “sporadic” pheos

(23). We agree with Bryant et al. (6) that it would be appro-

contacted to find other affected family members. It is clear
that this mutation may be passed on for several generations
with seemingly low penetrance, as is evident by his 86-yr-
old grandmother with no clinical or biochemical evidence
of endocrine tumors. However, it may eventually declare
itself with a potentially life-threatening manifestation as it

priate to carry out genetic testing on all patients under the
age of 50 with apparently sporadic pheos—patients pre-
senting over the age of 50 rarely have germline mutations
(5). If a mutation is found, it could have a tremendous
impact on the health and longevity of other members of
the family.
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Fig. 1. Histologic slides of the index case’s thyroidectomy showing mild, focal C-cell hyperplasia. (A) H&E staining at x100 magni-

fication. (B) Immunohistochemical stain for calcitonin at x400 magnification.
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Fig. 2. Results of the family’s genetic screening. Pertinent family history is marked.

The 2001 consensus statement on the management of
MEN 1 and MEN 2 syndromes was unable to come to an
agreement regarding the “least high risk” 790/791 carriers
(14). In reviewing the literature, it seems clear that these
mutations do predispose to less aggressive tumors with
older age of onset. However, it is also evident that a sig-
nificant percentage of carriers do develop clinically sig-
nificant MTC with potential premature mortality. Because
the vast majority of carriers do have C-cell abnormalities
on pathologic evaluation, it seems appropriate to recom-
mend prophylactic thyroidectomies for any carrier of this
unusual RET mutation. However, unlike the more com-
mon, high-risk mutations found in exons 10 and 11, it is
reasonable to postpone a thyroidectomy until the late teen
years or older—assuming no biochemical evidence of C-
cell disease.

3. For decades, there have been families in which several
generations were affected by pheos without other mani-
festations of the various syndromes. Mutations in the VHL,
SDHB, and SDHD genes have been discovered in some
of these families, but there have not been confirmed cases
of RET mutations in pheo-only families after long-term
surveillance (2-4). However, the earlier studies did not
sequence all exons, which, as is now known, may contain
mutations causing the MEN 2 phenotype. The absence of
biochemical evidence of a pheo in other family members
and the detection of focal C-cell hyperplasia in the index
patient does not substantiate the diagnosis of a “pheo-
only” family in our case. However, at a minimum, the dis-
ease presentation in this family suggests that, in addition
to a low-penetrance thyroid phenotype, 791 RET muta-
tions can confer susceptibility to pheo, which would mimic



Vol. 28, No. 2

RET Mutations in “Sporadic” Pheochromocytoma / Arum et al. 197

Table 2

Results of the Original 24-h Urine Collection®

Norepinephrine 1825 pg/d (<100)¢
Epinephrine 113 ug/d (<24)
Dopamine 411 pg/d (<480)

Normetanephrines 4290 ug/d (<540)
Metanephrines 685 pg/d (<230)
VMA 28.5 mg/d (<10)

“Numbers in parentheses are the upper limit of normal.
bResults of the initial 24-h urine collection for catecholamines and metanephrines.
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Fig. 3. Family pedigree. The index case (IV-A) is represented by the arrow. A diagonal line indicates deceased. Pertinent medical history
is noted in the boxes along side the family member and the question marks indicate lack of clinical information. Current age is noted and
the age at the time of death is noted alongside the pertinent medical history. Note: The index patient’s mother (III-E) had HTN and an
adrenal mass, and HTN was also found in several generations on the mother’s side of the family.

a pheo-only syndrome in affected individuals. Screening
large cohorts of pheo patients, which includes a comprehen-
sive analysis of the RET gene (exons 10,11,13,14,15, and
16), will be required to determine whether families with
exclusive pheo presentation are part of the clinical spec-
trum of RET mutations.

Patients and Methods

Case History

A 38-yr-old Caucasian man presented in June, 2002 with
recent onset of palpitations, sweats, headaches, insomnia,
and hypertension (HTN). A 24-h urine collection revealed
a predominantly noradrenergic elevation in his catechola-
mines and metanephrines (Table 2). Serum calcitonin, cal-
cium, and intact (1-84) PTH levels were normal, and there
were no clinical features suggestive of von Hippel-Lindau
syndrome or neurofibromatosis. An abdominal MRI revealed
a 5.5 cm left adrenal mass in addition to a 2.8 cm left para-

aortic mass. Both masses had bright signal intensity on T2
consistent with chromaffin tissue.

The patient’s medical history was significant for a 10-yr
history of mild secondary hypogonadism of undetermined
etiology and subclinical hypothyroidism for which he took
10 g topical testosterone gel and 150 pg levothyroxine daily.

Family history (Fig. 3) was significant for a 65-yr old
mother (III-5) with HTN, type 2 diabetes mellitus, atrial
fibrillation, and an “adrenal mass.” This had apparently been
evaluated with a urine collection, which “ruled out” a pheo-
chromocytoma. His father (III-2) has prostate cancer and
elevated cholesterol, but normal blood pressure. The patient
had a younger brother (IV-3) who died at age 29 from a
drug overdose. That brother had a child (V-3). His younger
sister (IV-7) is a homeless person. She had one son (V-7)
who lived with his grandmother, the patient’s mother (I1I-
5). The patient’s maternal grandmother (II-6) had HTN
and her father (I-7) was hypertensive and died from a CVA.
There was no history of other endocrine tumors.
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Biochemical Assays

Serum calcium levels were measured using standard tech-
niques on a Bayer Advia 2400 analyzer (Bayer Diagnostics,
Tarrytown, NY). Serum calcitonin was determined with
an immunochemiluminometric assay (Nichols Institute, San
Juan Capistrano, CA). Serum intact (1-84) PTH levels were
measured using a two-site immunochemiluminometric assay
[Advantage Bio-Intact PTH (1-84) assay; Nichols Institute,
San Clemente, CA]. Urine catecholamines and metaneph-
rines were measured using HPLC with electrochemical detec-
tion (Nichols Institute, San Juan Capistrano, CA).

Genetic Testing

Genetic testing was carried out through an IRB-approved
research protocol, after signed informed consent was ob-
tained. Germline DNA was used to sequence known pheo-
chromocytoma susceptibility genes [RET, von Hippel-Lindau
(VHL), Succinate dehydrogenase—subunits B and D (SDHB,
SDHD)] using standard procedures (3,24). Results were
confirmed by an independent screen at a CLIA certified
laboratory (Quest Diagnostics, San Juan Capistrano, CA).
The index patient’s family was then tested through the same
commercial laboratory.

Calcium Infusion Protocol

An intravenous bolus of 10% calcium gluconate, 2 mL/
kg, was infused over 1 min. Serum calcium and calcitonin
levels were measured at baseline and at 1, 3, 5, and 10 min
after the infusion.
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