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Genetic Changes in Tumors
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Abstract. Since 1968, a total of 23 patients with multiple endocrine neoplasia type 2B (MEN 2B) have
been identified in Japan. The mean age at diagnosis was 20.3 years (range, 6 to 39 years). All patients
had neuromas and bumpy lips. All patients underwent thyroidectomy for medullary thyroid carcinoma
(MTC). Ten of 23 patients had pheochromocytomas. One patient died of cerebral bleeding at the age of
43, 2 patients died of MTC at the age of 35 and 12. Five-, 10-, and 15-year survival rates were 100%,
92%, and 88%, respectively. The clinical course of MTC in MEN 2B in Japanese is not so aggressive
when compared with about a 50% 10-year survival reported for Caucasians. Genetic analysis of 4 MTC
and 1 pheochromocytoma from 4 patients with MEN 2B revealed no common changes in regard to loss

of heterozygosity on 21 chromosomes or point mutations of the ras, Gsa, or p53 genes.

Key words: MEN 2B, Prognosis, Loss of heterozygosity.

(Endocrine Journal 40: 649-657, 1993)

MULTIPLE ENDOCRINE NEOPLASIA (MEN)
2B is characterized by the combined occurrence of
medullary thyroid carcinoma (MTC), pheochro-
mocytoma, Marfanoid habitus, and mucosal
neuroma. MTC in MEN 2A or that of sporadic
type is characterized by a relatively benign clinical
course. A more aggressive behavior of MTC in
patients with MEN 2B was suggested by Norton et
al. in 1979 [1]. On the other hand, Vasen et al.
recently reported that the clinical course of MTC
in MEN 2B in Europe was not always as aggressive
as was generally thought [2].

Few studies have addressed the natural clinical
history of MEN 2B in Japan. In 1984, Takai et al.
reported that six patients with MEN 2B in Japan
had a better prognosis than those in Caucasians
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[3]. The present study was undertaken to characte-
rize the natural clinical course including age at
onset, clinical manifestations, the length of the
survival of patients and the pathognomonic fea-
tures of MEN 2B in Japan to facilitate their
prompt detection at an early age.

The responsible gene for MEN 2B has been
shown to map near the centromere of chromo-
some 10 as MEN 2A [4-6]. However, it is not
known whether the gene predisposing to MEN 2B
is the same as that for MEN 2A. Deletion or loss of
heterozygosity (LOH) in the region of the predis-
posing locus on chromosome 10 was not found in
2 MTCs associated with MEN 2B [7]. We previous-
ly reported LOH of MYCL (1p32) out of 33
examined loci in one MTC associated with familial
MEN 2B [8]. In this study, which extends our
previous study, we report the results of analyses of
3 other tumors associated with MEN 2B in regard
to LOH or mutation of ras, p53, or Gsa gene.
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Materials and Methods

Tissue samples

Four MTCs and 1 pheochromocytoma from 4
MEN 2B patients were examined. They are MTC
and pheochromocytoma in Case 5 and MTC in
Cases 21, 22, and 23. Primary tumors together
with the adjacent noncancerous tissue, or
peripheral blood leukocytes were obtained at the
time of surgery.

DNA extraction

High molecular weight DNA was prepared from
the tissues by proteinase K digestion and phenol/
chloroform extraction as previously described [9].

Southern blot analysis

DNAs (5 ug) were digested with appropriate
restriction endonucleases, and the resulting frag-
ments were separated by electrophoresis in 0.7%
agarose gel and transferred to nylon membrane
(Hybond-N, Amersham). Radiolabelling of DNA
probes, hybridization and washing conditions were
described previously [9].

PCR-SSCP analysis and PCR-PIRA analysis

The method for polymerase chain reaction-
single strand conformation polymorphism (PCR-
SSCP) for screening mutations of ras or p53 genes
was described previously [10, 11]. To screen
mutations of codon 201 or 227 in the Gsa gene, we
developed the method of PCR-primer-introduced
restriction analysis (PIRA) [12]. Briefly, we am-
plified exons 8 and 9 of the Gsa gene, i.e., the
region encompassing codon 201 and 227, by PCR
with specifically designed primers. Cleavage of
PCR products with specific restriction endonu-
cleases was detected by polyacrylamide gel elec-
trophoresis following restriction enzyme digestion.

Japanese MEN 2B patients reported in literature

Information regarding the patients’ tumors,
original clinical status, and subsequent clinical
course were obtained partly from the case reports
in the literature and partly by correspondence
with the patients’ doctors. Survival time was

calculated from the date of diagnosis to the date of
the last follow-up or death.

Results

Clinical features

1. Incidence and clinical features

The confirmed number of reported patients
with MEN 2B in Japan is at least 23. It is difficult to
assess the precise number because of inadequate
information in some cases and multiple reporting
in others. Table 1 is a list of 23 patients and their
general clinical features. There were 8 males and
15 females with a male/female ratio of 0.53. The
age of patients at diagnosis of MEN 2B ranged
from 6 to 39 years. The mean ages were 24.4 for
male and 18.1 for female patients with an overall
mean of 20.3 years. The peak incidence was seen
in the second and third decade for female and
male patients, respectively. There were three
familial cases (cases 11, 21, and 22) in one
pedigree. Evidence for the familial type based on
clinical history and/or biochemical data with associ-
ated tumors was a prerequisite for classifying a
patient as a familial type. In Case 13, his elder
brother had the same facial features and neuro-
mas in the tongue, but no information about
development of MTC or pheochromocytoma was
obtained. He was therefore classified as a sporadic
type. Table 2 summarizes the incidence of clinical
features in 23 patients with MEN 2B. An enlarged
thyroid gland or mass(es) was noted in all patients.
Episodes of paroxysmal hypertension, palpitation,
headache, and sweating occurred in all patients
with pheochromocytoma. Table 3 shows the inci-
dence of combinations of various tumors in 23
patients. Forty-three percent of patients had the
complete syndrome consisting of neuroma, MTC,
and pheochromocytoma. The remaining 57% of
patients had a combination of neuroma and MTC,
and no patient had a combination of neuroma and
pheochromocytoma.
2. Age at diagnosis and surgery for MTC and
pheochromocytoma

The clinical onset of MTC was marked by the
observation of a nodule in the neck, while the
onset of pheochromocytoma was characterized by
palpitation, hypertensive attacks, or recurrent
headache. MTC was diagnosed and resected at a
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Table 2. Summarized incidence of clinical features of 23 patients with MEN 2B

Clinical features

Number of patients with findings

Number of patients

with inadequate information

Positive Negative

Family history 3 19 1
Neuromas 23
MTC 23
Pheochromocytomas 10

Bilateral 8

Unilateral 2
Marfanoid habitus 14 8 1
Parathyroid tumor 0 15

Table 3. Incidence of combinations of tumors in 23 patients
with MEN 2B

Combination Number of patients (%)

Neuroma, MTC, Pheochromocytoma 10 (43%)
Neuroma, MTC 13 (57%)
Neuroma, Pheochromocytoma 0 (0%)

mean age of 20.3 years, and pheochromocytoma at
a mean age of 29.1 years. Age at diagnoses and
surgery for MTC, was 24.4 years for male patients
and 18.1 years for female patients. As for
pheochromocytoma, the age was 33.3 years for
male patients and 27.2 years for female patients.
The age at surgery for MTC was 9 years earlier
than that of pheochromocytoma overall. The age
at diagnosis and surgery for both of MTC and
pheochromocytoma was lower in female than in
male patients. The length of time during which
clinical symptoms and signs were evident prior to
the diagnosis of tumor(s) varied from less than a
month to 14 years, with a mean of 2.1 years for
MTC and 4.1 years for pheochromocytomas.
3. Order of diagnosis and surgery for MTC and
pheochromocytoma

In 7 cases (70%), MTC and pheochromocytomas
were simultaneously diagnosed and resected at a
mean age of 29.1 years. In one of them (Case 9),
right pheochromocytoma and MTC were simul-
taneously resected, and 3 years later another
contralateral pheochromocytoma was resected. In
3 other cases, MTC was diagnosed first and
resected at a mean age of 18.3 years, and
pheochromocytoma was resected later, after a
mean interval of 9.7 years.
4. Tumor position and characteristics
a) MTC: All 23 cases had histologically proven

MTCs. In cases 21 and 22, MTC was diagnosed by
screening, because the disease had developed in
their father (Case 11). The earliest age at which a
thyroid tumor was palpated was 6 years (Case 8).
In Cases 5 and 8, resected tumors were first
histologically diagnosed as an anaplastic carcinoma
and a carcinoid tumor, respectively. All informa-
tive cases except Cases 21 and 22 had bilateral and
multiple MTCs. There were 3 exceptional cases
including Cases 5, 8 and 18; One patient (Case 5)
had left hemithyroidectomy followed by
radiotherapy and chemotherapy at the age of 18
years. At the age of 24 years, enlarged cervical
lymph nodes appeared. MTC was diagnosed and
right hemithyroidectomy was performed at the
age of 25 years. One patient (Case 8) had initial
resection of a left thyroid tumor followed by left
hemithyroidectomy 15 months later. Because total
thyroidectomy was impossible, he was treated with
irradiation to both the neck and anterior mediasti-
num resulting in transient clinical remission.
Another patient (Case 18) had both locally adv-
anced inoperable carcinoma and multiple liver
metastases.

At primary surgery for MTC, 17 of 21 (81%)
informative patients had cervical lymph node
metastases, whereas distant metastasis was present
in 5% (1/21). Metastatic MTC occurred as early as
6 years of age (Case 8). Three patients (Cases 3, 5,
and 10) underwent surgical re-exploration for
clinically or radiologically suggested recurrence.
Five patients developed distant metastases post-
operatively in multiple sites, including the anterior
mediastinum, lung, liver, pancreas and bone in
Case 1, lung in Case 3, liver in Case 4, bone in Case
5 and mediastinum and lung in Case 8.

b) Pheochromocytoma: Bilateral pheochromocyto-
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mas were found in 8 (80%) of 10 cases. In Case 9,
right adrenalectomy was initially performed for
pheochromocytoma. After an additional 3 years,
pheochromocytoma was found on the left side,
and she underwent left adrenalectomy. There
were 2 (20%) cases of unilateral adrenalectomy
(Cases 11 and 12). These patients did not develop
contralateral pheochromocytomas even after 11
(Case 11) and 7 (Case 12) years, respectively. The
recurrence of pheochromocytomas was seen in
cases 1 and 3. In Case 1, recurrence of pheochro-
mocytoma with symptoms in the upper portion of
the right kidney was observed. In Case 3, recur-
rent asymptomatic pheochromocytoma, which was
accidentally found at resection of myoma uteri,
was resected 12 years after the primary surgery for
pheochromocytomas.
¢) Mucosal neuromas, Marfanoid habitus: All pa-
tients had neuromas and bumpy lips, and 15 of 22
informative patients had a Marfanoid habitus.
Neuromas and gastrointestinal abnormalities were
found as the first sign in 18 and 2 patients,
respectively. Six patients (Cases 9, 10, 12, 13, 14
and 19) visited dentists, plastic surgeons, or der-
matologists complaining of malocclusion of the
mouth, nodules on the tongue, or thick lips, and
then were diagnosed histologically as having
neuromas before developing MTC and/or
pheochromocytomas. Constipation was noted in 2
patients (Cases 4 and 5) with megacolon.
d) Parathyroid lesions: Neither symptoms of hyp-
erparathyroidism nor the presence of parathyroid
tumors have been reported as shown in Table 2.
5. Outcome

The outcome of 23 cases with MEN 2B has been
reported. Although follow-up information on
Case 16 is not complete, recent inquiry of doctors
at Cancer Research Institute Hospital, Tokyo
confirmed that he was alive at least in 1990, 15
years after resection of MTC. Mean overall follow-
up was 10.5 years (range, 3 to 20 years). The oldest
survivor with MEN 2B is Case 11 at the age of 50
years. Three patients (13%) died of the syndrome
at the age of between 12 and 43 years (mean 30 *
13.1 years). The causes of death were MTC (2
death) and cerebral bleeding (1 death). They died
at the age of 43 (Case 1), 35 (Case 5) and 12 (Case
8), respectively, 16, 17 and 6 years after the first
surgery for MTC. One died of cerebral bleeding
probably due to recurrence of pheochromocyto-
ma, and obstruction of the airway by MTC was the

cause of death in 2 other patients.

At the conclusion of the study, 9 (56%) of 16
informative patients were living with no apparent
metastatic MTC or pheochromocytoma. Four pa-
tients had high levels of plasma CT and two
patients have metastases to the liver. Overall 5-,
10- and 15-years survival rates were 100, 92 and
88%, respectively.

Genetic changes in tumors associated MEN 2B

1. Loss of heterozygosity

The following 53 loci were examined. DIS57
(1p35-p32), DIZ2 (1p36.3), DIS80 (1p36-p35),
DI1S7 (1p35-p33), GLUTI (1p35-p31.3), MYCL
(1p32), DIS60 (1p), DIS73 (1p2l-cen), D1S64
(1p22.1-p13), AMY (1p21), AT3 (1923-q25.1),
DIS8 (1q42-q43), MYCN (2p24.1), TGFA (2pl3),
THRB (3p24.1-p22), D3S3 (3p14.2), D554 (5pter-
pl5.1), D552 (5q34-qter), MYB (6q22-q23), EGFR
(7p13-p12), MET (7q31), MOS (8qll), ASSP3
(9q11-q22), DI10S24 (10p13-pl12.2), RBP3
(10q11.2), D10S5 (10q21.1), D10S1 (10q22-q23),
D10S4 (10q22-q23), PLAU (10q24-qter), DI11S12
(11pl15.5), WT1 (11pl3), INT2 (11ql3), INT2
(11q13), APOAI (11q23-q24), KRAS2 (12p12.1),
DI1254 (12cen-ql4), RB1 (13ql4.2), DI3S2
(13922), DI14S16 (14q32.32-q32.33), DI15S518
(15q11-q12), D16S79 (16p13.13-p13.11), D17S31
(17p13.1-p11.2), TP53 (17p13.1), D17S4 (17q23-
q25.3), TTR (18qll.2-ql2.1), DCC (18q), C3
(19p13.3-p13.2), D19S7 (19q12), D20S5 (20p12),
D20S6 (20p12), D20S4 (20q13.2), D21S11 (21q21),
D22S1 (22q11.2-q12), D22§9 (22q11.1-q11.2). As
for two MTGCs from Cases 21 and 22, 20 new loci
examined in this study showed no LOH. LOH was
not detected in 2MTCs or 1 pheochromocytoma in
any of the informative loci.
2. Point mutations in the ras, Gsa, and p53 genes

No point mutations of exons 1 and 2 of the H-,
K-, N-ras genes and exons 5-10 of the p53 gene
were detected by PCR-SSCP. PCR-PIRA of 4
MTCs and 1 pheochromocytoma showed no muta-
tions at codon 201 or 227 of the Gsa gene.

Discussion

MEN 2B is characterized by a triad of MTC,
pheochromocytoma, and mucosal neuroma. The
frequency of appearance of each tumor in Japan,
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summarized in Tables 2 and 3, was in accordance
with the reported frequency [13]. Familial cases
were reported at a frequency of 31 to 50% in the
United States [13, 14]. In this study, a positive
family history of MEN 2B was obtained only in
13% of all cases. Inspection of Table 1 shows no
obvious differences between the familial and the
non-familial group in any characteristics. The
small number of familial cases might be due to
excluding some patients of the familial type as
those of the sporadic group.

In contrast to MEN 2A and sporadic MTC, most
patients with MEN 2B were regarded as associated
with a more malignant MTC with a tendency to
early metastasis to the lung, liver or bone [1].
Although a high incidence (81%) of local metasta-
sis was observed in our study, a low incidence (5%)
of distant metastasis at primary surgery for MTC
is different from their results. Carney et al.
reported that the survival rates in 89 patients with
MEN 2B were 80% at 5 years and 50% at 10 years,
respectively [15]. They also reported a 5-year
disease-free survival rate of less than 35% in
patients with MEN 2B. According to Raue and
Zink, the survival time for MEN 2B was similar to
that for sporadic MTC (5 years: 78%, 10 years:
59%), while MEN 2A had a much better prognosis
with 5-year and 10-year survival rates of 86 and
72%, respectively [16].

In contrast, Samaan et al. reported that the
survival rates for patients in the MEN 2A and 2B
groups did not differ, and patients with MEN 2A
and 2B had a significantly higher survival rate
than patients with sporadic MTC [17]. Takai et al.
reported that all six Japanese patients with MEN
2B were alive at the time of survey in 1984.
Recently, Vasen et al. reported that the natural
clinical course of MTC in MEN 2B was compara-
ble to that seen in MEN 2A, by investigating 18
patients with MEN 2B in Germany and the
Netherlands [2]. The important factors that in-
fluence prognosis are the age and sex of the
patients, size and stage of the disease, and the type
of treatment. Although the reason for the differ-
ence between prognosis of 50 to 59% in Cauca-
sians vs. 92% in Japanese in our study in regard to
10-year survival rates remains unclear, these re-
sults suggest that the difference between the
genetic background of Caucasians and that of
Japanese contributes to the outcome of the dis-
ease.

The diagnosis of MEN 2B is often missed or
delayed because of the various manifestations of
the condition, particularly when the cases are
sporadic. These patients are often seen by numer-
ous health care practitioners, including pediatri-
cians, dentists, and plastic surgeons, for the associ-
ated signs and symptoms. The connection between
the obvious facial signs (bumpy tongue and thick
lips) and the more serious life-threatening prob-
lems (MTC and pheochromocytomas) must be
made, because early diagnosis is the key to curing
MEN 2B patients.

No LOH on chromosome 10 has been detected
in tumors associated with MEN 2B in this study
and others [7, 8]. Thus it is unlikely that the
predisposing gene in the centromeric region on
chromosome 10 belongs to the category of tumor
suppressor genes which are causative for retino-
blastoma, Wilms tumor or MEN 1. A more likely,
but unproven, mechanism is a mutation of the
MEN 2B gene which causes C cell hyperplasia and
adrenomedullary hyperplasia. If this model is
correct, one would expect to find other genetic
alterations in MTCs and pheochromocytomas that
may contribute to tumor formation and/or prog-
ression. As for other possible genetic changes,
other groups have noted LOH on Ip in MEN 2B
tumors. Mathew et al. noted LOH with a single 1p
probe, DI1S7 (1p35-p33) in one MTC [18]. Khosla
et al. also detected LOH on chromosome 1p in
33% of hereditary pheochromocytomas, but no
information on LOH of pheochromocytomas
associated with MEN 2B was mentioned [19].
Moley et al. reported LOH on chromosome 1p in
0% (0/5) of MTC and 100% (2/2) of pheochro-
mocytomas [20]. However, we did not detect LOH
on 1p32 in one pheochromocytoma.

In familial polyposis coli, colon cancer arises as
an accumulation of inherited (APC gene) and/or
somatic mutations such as the ras, p53 genes [21].
In addition, recent studies have shown that a
mutation in the subunit of the stimulating GTP
binding protein (Gs) is involved in the develop-
ment of endocrine tumors [22]. However, we
detected no mutations in the ras, p53, or Gsa genes
in 5 tumors from 4 patients with MEN 2B.
Therefore, genes other than the ras, p53, or Gsa
genes are assumed to be associated with tumor-
igenesis in MEN 2B. Genetic studies are now
under way to ultimately characterize and clone the
MEN 2B gene and identify the molecular basis of
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this disease.

In this study, we reported the characteristics and
especially the relatively good prognosis of MEN
2B in Japan and the absence of common genetic
abnormalities in MEN 2B-associated tumors in
regard to LOH and oncogenes or a suppressor
gene.

Comment in Proof: Germ-line mutations of the RET
proto-oncogene were found in 20 of 23 MEN 2A
families, but not in MEN 2B patients [56].
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