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Multiple endocrine neoplasia type 1 (MEN1) is an
autosomal dominant hereditary disorder character-
ized by multiple parathyroid, pancreatic, duodenal,
and pituitary neuroendocrine tumors. Nonendocrine
mesenchymal tumors, such as lipomas, collageno-
mas, and angiofibromas have also been reported.
MEN1-associated neuroendocrine and some mesen-
chymal tumors have documented MEN1 gene alter-
ations on chromosome 11q13. To test whether the
MENI1 gene is involved in the pathogenesis of multi-
ple smooth muscle tumors, we examined the 11q13
loss of heterozygosity (LOH) and clonality patterns in
15 leiomyomata of the esophagus, lung, and uterus
from five patients with MEN1. Forty sporadic uterine
leiomyomata were also studied for 11q13 LOH. LOH
analysis was performed using four polymorphic DNA
markers at the MEN1 gene locus; D115480, PYGM ,
D115449, and INT-2. 11q13 LOH was detected in 10 of
12 (83%) MEN1-associated esophageal and uterine
smooth muscle tumors. In contrast, LOH at the MEN1
gene locus was demonstrated only in 2 of 40 (5%)
sporadic uterine tumors. LOH at 11q13 was not doc-
umented in three lung smooth muscle tumors from a
single patient with MEN1. Ten tumors from two fe-
male patients were additionally assessed for clonality
by X-chromosome inactivation analysis. The results
demonstrated different clonality patterns in multiple
tumors in the same organ in each individual patient.
The data indicate that leiomyomata of the esophagus
and uterus in MEN1 patients arise as independent
clones, develop through MENI1 gene alterations, and
are an integral part of MEN1. However, the MENI1
gene is not a significant contributor to the tumorigen-

esis of sporadic uterine leiomyomata. (Am J Pathol
2001, 159:1121-1127)

The gene for multiple endocrine neoplasia type 1
(MEN1), an autosomal dominant tumor syndrome, has
been mapped to chromosome 11913 and recently iden-
tified.? The MENT gene is thought to act as a tumor
suppressor based on the presence of inherited inactivat-
ing mutations in the constitutional DNA of affected family
members accompanied by the loss of the wild-type allele
in associated tumors.®>* Somatic inactivation of the
MENT gene has been also documented in a subset of
sporadic counterpart parathyroid, enteropancreatic, and
pulmonary endocrine tumors, and mesenchymal tu-
mors.®

MEN1 patients typically present first with primary hy-
perparathyroidism resulting from multiple parathyroid tu-
mors caused by MENT gene alterations.® Neuroendo-
crine tumors of the pancreas, duodenum, anterior
pituitary gland, stomach, and lung are other tumors that
are an integral part of MEN1.”® Nonendocrine mesen-
chymal tumors, such as lipomas, angiofibromas, and
collagenomas, have also been shown to be associated
with MEN1 and MENT gene alterations.? ' Leiomyomata
have been occasionally documented in MEN1 pa-
tients,® "' and loss of heterozygosity (LOH) at the
MENT locus was recently shown in two esophageal
leiomyomata from one MEN1 patient.’® MENT gene inac-
tivation in lung or uterine leiomyomata, however, has not
been studied. To test whether MENT gene alterations are
involved in the development of multiple smooth muscle
tumors in MEN1 patients, we analyzed 15 leiomyomata
from five patients with documented MENT germline mu-
tations for LOH at the MENT gene locus. To assess
whether MENT gene alterations are present in sporadic
smooth muscle tumors, we analyzed 40 sporadic uterine
leiomyomata for MENT gene deletion for comparison.
Furthermore, to evaluate whether MEN1-associated
leiomyomata arise as independent clonal events at dif-
ferent anatomical sites within an organ, the patterns of
11913 LOH in different tumors from individual patients

Accepted for publication May 25, 2001.
J. L. M. and X. L. equally contributed to this work.

Address reprint requests to Irina A. Lubensky, M.D., Surgical Neurology
Branch, National Institute of Neurological Disorders and Stroke, NIH,
Building 10, Room 5D37, 10 Center Dr., Bethesda, MD 20892-1414.
E-mail: lubenskyi@ninds.nih.gov.

1121



1122  McKeeby et al
AJP September 2001, Vol. 159, No. 3

Table 1. Clinical and Germline Mutation Data in Five MEN1 Patients with 15 Smooth Muscle Tumors

Patient Age MEN1*/age Leiomyoma site

no. leiomyoma’ Sex  (no. of tumors*)  germline mutation MEN1-associated tumors
1 36/57 F  Esophagus (1) kdel119 Parathyroid tumors
Gastrinomas
Lipoma
2 29/51 F  Esophagus (2) 512delC Parathyroid tumors
Gastrinomas
Pancreatic neuroendocrine tumors (nonfunctioning)
Lung carcinoid
3 35/56 F  Uterus (3) 1650insC Parathyroid tumors
Gastrinomas
Pancreatic neuroendocrine tumors (nonfunctioning)
4 34/40 F Lung (3) 735del4 Parathyroid tumors
Esophagus (1)
Uterus (3)
5 36/35 F  Esophagus (2) 11202del2 Parathyroid tumors

Gastrinomas

Metastatic gastrinoma

Pancreatic neuroendocrine tumors (nonfunctioning)
Lipoma

Angiofibromas

*Patient’'s age at time of clinical diagnosis of MENT.
TPatient’s age at time of leiomyoma diagnosis.
*Number of smooth muscle tumors available for LOH analysis.

were compared, and X-chromosome inactivation analysis
was performed.

Materials and Methods

Patients and Tumors

Five MEN1 patients who had leiomyomata were enrolled
in a protocol approved by the Institutional Review Board
of the National Institute of Diabetes, Digestive, and Kid-
ney Diseases and gave informed consent. Each patient
met clinical criteria for MEN1 and had a MENT germline
mutation'® (Table 1). Endocrine and mesenchymal MEN1
tumor manifestations included multiple parathyroid tu-
mors, gastrinomas and metastases, pancreatic neuroen-
docrine tumors, lung carcinoids, lipomas, and angiofibro-
mas. The tumor expressions in the five patients were
classical of MEN1, as were the expressions in the other
affected members of their families (data not shown). Each
patient had a different germline MEN7 mutation. Like
typical MENT mutations, they were distributed across the
open reading frame and four predicted a menin trunca-
tion whereas one (kdel119) predicted a missense change
(Table 1). There was neither a specific phenotype nor a
specific genotype associated with leiomyomata in the five
cases. Fifteen formalin-fixed, paraffin-embedded leiomy-
omata that were available and yielded DNA suitable for
analysis were included in the study.

Forty sporadic uterine leiomyomata were obtained
from archival tissue blocks. Tumors were selected only
when the patient's medical history was available and
revealed no evidence of clinical signs or family history of
MEN?1 including parathyroid tumors, pituitary tumors, and
enteropancreatic tumors.

11913 LOH Analysis

Briefly, 6-um serial sections of each tumor were stained
with hematoxylin and eosin, and evaluated for verification
of leiomyoma diagnosis. An adjacent tissue section was
used for DNA procurement. Tumor tissue was selectively
microdissected from normal tissue as previously de-
scribed.” Two to five leiomyomatous areas were micro-
dissected from each section under light microscopic
guidance and placed in proteinase K buffer for DNA
extraction. Patient-matched DNA from blood or normal
tissue, and neuroendocrine tumors were used for com-
parison where appropriate with normal and neuroendo-
crine tumor tissue. DNA was amplified by polymerase
chain reaction with microsatellite markers; D7115480,
PYGM (CAGA or AT), D115449, and INT-2 (Table 2).18-20
The markers are listed from centromeric (left) to telomeric
(right), with the MEN7 gene bounded by PYGM and
D115449.2 The amplification products were visualized by
polyacrylamide gel electrophoresis and autoradiogra-
phy. The case was considered to be informative for a
polymorphic marker on 11g13 if normal tissue DNA
showed two different alleles (heterozygosity). A reduction
of the intensity of one allele in tumor DNA of 70% or
greater, verified by phosphoimage intensity analysis as
indicated, was interpreted as LOH (Figure 1). All patients
were informative for at least two tested markers at 11g13.

X-Chromosome Inactivation Analysis

Clonality of smooth muscle tumors in two female patients
who had three or more different tumors was studied by
the X-chromosome inactivation analysis with human an-
drogen receptor (HUMARA), as previously described.?
The technique is based on the random inactivation of one
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Table 2. Results of 11q13 LOH and X-Chromosome Inactivation Analysis in 15 Leiomyomata from Five Patients with MEN1

Patient no. Tumor site Tumor no. D115480* PYGMT D115449 INT-2 HUMARA*
1 Esophagus T1 [ J NI NI [ J —
2 Esophagus T2 [ J [ J [ J [ J —
Esophagus T3 [ J [ J [ J [ J —
3 Uterus T4 [} NI [ J NI Monoclonal(U)
Uterus T5 [} NI [ J NI Monoclonal(L)
Uterus T6 O NI O NI Monoclonal(L)
4 Lung T7 NI ] O NI Monoclonal(U)
Lung T8 NI O O NI Monoclonal(U)
Lung T9 NI ] O NI Monoclonal(U)
Esophagus T10 Ni O 0 NI Polyclonal (U, L)
Uterus T11 NI [} [ J NI Monoclonal(U)
Uterus T12 NI [ J O NI Monoclonal(L)
Uterus T13 NI [} [ J NI Monoclonal(L)
58 Esophagus T14 NI ® () NI —
Esophagus T15 NI [ J [ J NI —

@, LOH; O, retention of heterozygosity; NI, noninformative; —, not done.

*Chromosome 11q13 polymorphic markers at the MENT locus are listed in order from centromeric (left) to telomeric (right), MENT is between PYGM

and D115449.

Marker PYGM(CAGA) in Patients 1 and 3, and marker PYGM(AT) in patients 4 and 5.

*Monoclonal(U), only upper allele methylation in tumor as compared to normal tissue; monoclonal(L), only lower allele methylation in tumor as
compared to normal tissue; polyclonal(U,L), both upper and lower alleles methylated in tumor.

SLOH data in two esophageal leiomyomata in patient 5 were previously reported,' and reanalyzed and confirmed in this study.

X-chromosome by methylation during female embryo-
genesis. Tumors derived from a single clone are ex-
pected to contain cells with identical allelic methylation.
Tumor DNA was extracted and cleaved with the meth-
ylation-sensitive restriction endonuclease Hpall (Life
Technologies, Gaithersburg, MD). After digestion, the
HUMARA locus on the X-chromosome was polymerase
chain reaction-amplified using a polymorphic marker.
The amplification products were visualized by polyacryl-
amide gel electrophoresis and autoradiography. The
leiomyomatous region was considered to be monoclonal
if polymerase chain reaction amplification from Hpall-
digested tumor DNA generated a single fragment (upper
or lower band) as compared to two fragments of equal
intensity in normal polyclonal tissue (Table 2 and Figure 2).

Results

All MEN1-associated and sporadic tumors studied were
histologically examined and confirmed as benign leiomy-
omata.

Fifteen smooth muscle tumors in five female patients
with MEN1 included six esophageal, three pulmonary,
and six uterine leiomyomata (Table 1). Four patients had
esophageal leiomyomata, two patients had uterine
leiomyomata, and one patient had lung leiomyomata. All
but one patient had multiple leiomyomata. Patient 4 had
tumors in all three sites, whereas all others had tumors
limited to a single organ. The age at the diagnosis of
MEN1 preceded that of smooth muscle tumor in four
patients.

Combined results of LOH on 11913 and X-chromo-
some inactivation analysis in the tumors are summarized
in Table 2. Ten out of 15 leiomyomata in five patients
revealed LOH at the MENT gene locus (Table 2, Figure
1). Multiple tumors from individual patients showed loss
of the same allele (upper or lower).

The incidence of 11g13 LOH in MEN1-associated tu-
mors varied by location (Table 2). Esophageal leiomyo-
mata showed 11913 LOH in five of six tumors from four
patients studied. Similarly, five of six uterine leiomyomata
in two patients exhibited 11g13 LOH. All three lung tu-
mors from patient 4 failed to demonstrate 1113 LOH.

The LOH pattern varied between multiple tumors within
an individual patient and suggested that each separate
tumor arises from a different clone. In patient 4, the
pattern of LOH on 11913 was different between uterine
tumors T12 versus T11 and T13 (Table 2 and Figure 1).
Although all three uterine tumors showed LOH with
marker PYGM, leiomyomata T11 and T13 showed LOH
with D715449, whereas tumor T12 retained heterozygos-
ity with marker D7715449. Further confirmation of the fact
that the multiple uterine leiomyomata in patient 4 devel-
oped as separate clones comes from the X-chromosome
inactivation analysis. Uterine tumor T11 revealed a single
but different clone as compared to tumors T12 and T13
(Table 2 and Figure 2). In patient 3, uterine tumors T4 and
T5 had identical 11913 LOH patterns but demonstrated
independent clonal origin by X-chromosome inactivation
analysis (Table 2). Uterine tumor T6 in patient 3 failed to
demonstrate 11913 LOH.

Esophageal leiomyoma T10 in patient 4 showed reten-
tion of heterozygosity with both informative markers. An
X-chromosome inactivation study showed that the same
leiomyoma contained at least two clones (Table 2). The
likely explanation for these results in T10 esophageal
tumor is a cross-contamination, ie, two separate clones
from the esophageal tumor microdissected and analyzed
together, or contamination with normal stromal tissue dur-
ing microdissection. This effect has been well docu-
mented in our previous study® and has been observed in
the previous analysis of the esophageal leiomyoma from
patient 1.2 When the same tumor T1 was carefully micro-
dissected and analyzed in the present study, 11g13 LOH
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Figure 1. Representative results of 11q13 LOH in multiple leiomyomata in four MENT patients. Polymorphic markers (D118480, PYGM, D115449, INT-2) at the
MENT gene locus. Tumor number corresponds to the tumor number in Table 2: T1, esophageal tumor in patient 1; T2 and T3, esophageal tumors in patient 2;
T4 to T6, uterine tumors in patient 3; T7 to T9, lung tumors in patient 4; T10, esophageal tumor in patient 4; T11 to T13, uterine tumors in patient 4. Arrowhead
indicates the position of the two alleles. Deletion of the lower allele with marker D715480 was detected in tumor T1 in patient 1 and in tumors T2 and T3 in patient
2. Deletion of the upper allele with marker D775480 was detected in tumors T4 and T5 in patient 3. For marker PYGM, deletion of the lower allele was seen in
tumors T2 and T3 in patient 2 (PYGM(CAGA)) and T11 to T13 in patient 4 (PYGM(AT)). Tumors T7, T8, T10 in patient 4 showed retention of heterozygosity with
PYGM. For marker D115449, the lower allele was deleted in T2 and T3 in patient 2. In patient 4, tumors T11 and T13 demonstrated loss of the lower allele, whereas
tumors T7 to T10, and T12 retained heterozygosity with D1775449. Loss of the lower allele in T2 and T3 in patient 2 is seen with marker Z/N7-2. N, matched normal

tissue from each patient.

with markers D7715480 and INT-2 was documented (Ta-
ble 2). In all other cases, X-chromosome inactivation
revealed a single clone.

Thirty-nine out of 40 sporadic uterine leiomyomata
were informative with at least two markers D7171S5480,
PYGM, or D115449 at the MENT gene locus (Table 3).
One tumor, T32, was not informative with all three mark-
ers. 11913 LOH was evident in only 2 out of 39 (5%)
informative sporadic uterine leiomyomata studied. Each
of the two tumors exhibited loss with a single microsatel-
lite marker (T23, D115449, T36, D115480).

Discussion

This study provides insight into the pathogenesis of
leiomyomas in MEN1 patients. The two-hit theory of
Knudson* predicts that in a familial tumor syndrome such
as MEN1 the genotype of each neoplasm is determined
by the presence of the inherited allele with a germline
mutation and by the wild-type allele loss through allelic
deletion. Molecular genetic studies of MEN1-associated
parathyroid, enteropancreatic, and pituitary neoplasms,

and mesenchymal tumors, such as lipomas and angiofi-
bromas, have demonstrated LOH at the MENT gene re-
gion. Here, we report that multiple mesenchymal smooth
muscle tumors of the esophagus and uterus in MEN1
patients also develop through the inactivation of the
MENT gene. Therefore, both esophageal and uterine
leiomyomata should be considered an integral part of
MEN1. In addition, different LOH patterns on 11g13, in
combination with different X-chromosome inactivation
patterns, observed in multiple smooth muscle tumors
within a single organ and between different organs from
the individual MEN1 patient indicate that multiple
leiomyomas of the esophagus or uterus arise indepen-
dently as separate clones. The understanding of these
findings should prove useful in the diagnosis and man-
agement of MEN1 and in clinical follow-up of MEN1 pa-
tients.

The presence of pulmonary leiomyomata has been
reported in one MENT patient.’ In this study the lung
leiomyomata from a single MEN1 patient failed to dem-
onstrate 1113 LOH with the four markers studied. This
may be because of cross-contamination of two tumor
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Figure 2. Representative results of the X-chromosome inactivation analysis
of 10 tumors in two female patients. The X-chromosome inactivation method
(HUMARA) was used to evaluate clonality of separate tumors. In patient 3,
uterine tumor T4 shows methylation of the upper allele and methylation of
the lower alleles in uterine tumors T5 and T6. In patient 4, uterine tumor T11
shows methylation of the upper allele, and uterine tumors T12 and T13 show
lower allele methylation. At least two of the uterine tumors in each patient
arise independently as a different clone. Tumor number corresponds to the
tumor number in Table 2. N, normal control, undigested (—) or digested (+),
with restriction endonuclease Hpall.

clones or undetected small deletions in the MENT gene.
Alternatively, other mechanisms of allelic inactivation,
such as methylation, may play a role in MEN7-associated
tumorigenesis. Further studies with larger sample size
are necessary to elucidate the role of MEN7 gene in
pulmonary smooth muscle tumors.

This is the first report of MENT gene involvement in the
etiology of uterine leiomyomata in MEN1 patients. All
uterine leiomyomata were diagnosed after the diagnosis
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Table 3. Results of 11q13 LOH in 40 Sporadic Uterine
Leiomyomata

Patient no. D115480* PYGM* D115449*
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®, LOH; O, retention of heterozygosity; NI, noninformative; X, did
not work.

*Chromosome 11g13 markers are listed in order from centromeric
(left) to telomeric (right). MENT is between PYGM (CAGA) and D115449.

of MEN1 was established (Table 1). The late identification
of uterine leiomyomata may indicate an altered patho-
genesis and growth promotion in MEN1-associated
smooth muscle tumors from that found in sporadic tu-
mors, or merely the result of a data collection bias.

Somatic MENT gene alterations have been shown to
be involved in the pathogenesis of many sporadic coun-
terpart tumors of MEN1.® The frequency of allelic loss
varies with tumor type, which may reflect tissue-specific
requirements of the tumor suppressor gene or the pres-
ence of more common causative genetic aberrations.
Compiled rates of allelic loss are 10 to 18% in sporadic
pituitary adenomas, 39% in parathyroid tumors, 51 to
92% in endocrine enteropancreatic tumors, and 60% in
carcinoid tumors of the lung and gastrointestinal
tract.®202223 The incidence of 11913 LOH in sporadic
mesenchymal counterpart tumors, however, is uncertain
because of small sample size.?*2°
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Sporadic uterine leiomyomata are the most common
neoplasms of the female genital tract affecting 20 to 30%
of reproductive age women and accounting for more than
one-quarter of all hysterectomies performed in the United
States.?®2” Several studies suggested a genetic basis in
the tumorigenesis of leiomyomata.?® Approximately 40%
of leiomyomata show nonrandom and tumor-specific
karyotypic abnormalities that most commonly include:
t(12;14)(q15;023-24), del(7)(g22932), rearrangements
involving 6p21, 10q, trisomy 12, and deletions of 3q.?%#°
Structural alterations by cytogenetic analysis have been
reported on other chromosomes, including chromosome
11.3° However, no specific gene alterations in the MEN1
gene region have been reported. In our study of 40
sporadic uterine leiomyomata, only two tumors (5%) ex-
hibited 11913 LOH.

The data suggest that the MENT gene contributes to
the development of multiple esophageal and uterine
leiomyomata in MEN1 patients. In contrast, the gene
does not play a significant role in the tumorigenesis of
sporadic uterine leiomyomata. Uterine leiomyomata in
MEN1 and sporadic patients most likely develop through
different pathogenetic mechanisms.
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