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Purpose: Based on results of diagnostic MEN1 testing, we have attempted to further define the mutational

spectrum of the MEN1 gene and the clinical features most frequently associated with MEN1 mutations. Methods:

Mutation testing was performed on blood samples by PCR amplification and sequencing of exons 2 to 10 of the

MEN1 gene and the corresponding intron-exon junctions. Pedigree phenotypic information was obtained by written

questionnaire. Results: Among 288 presumably unrelated pedigrees, 73 independent mutations were found in 89

families. Five mutations were found in 2 pedigrees, and 4 mutations were seen in more than 2 pedigrees. There

were 17 nonsense mutations (23.3%), 2 in-frame deletions (2.7%), 18 frameshift-deletion mutations (24.7%), 10

frameshift-insertion or -duplication mutations (13.7%), 13 splice-site mutations (17.8%), and 13 presumptive

missense mutations (17.8%). Thirty-nine of 56 pedigrees with parathyroid and pancreatic islet neoplasia tested

positive, compared with 4/24 and 8/32 pedigrees affected with hyperparathyroidism or hyperparathyroidism and

pituitary tumors. MEN1 mutations were found in 6/20 sporadic patients, all of whom had both parathyroid and

pancreatic neoplasms. Of 14 mutation-negative sporadic patients, 10 exhibited hyperparathyroidism and pituitary

tumors without islet cell neoplasia. Somatic mosaicism was detected in 1 sporadic patient. Conclusion: Patients

from pedigrees with hyperparathyroidism and pancreatic islet tumors are most likely to test positive for MEN1

mutations. Mutations are less often detected in patients from pedigrees with hyperparathyroidism alone or in

combination with pituitary tumors without pancreatic islet neoplasia. Sporadic cases are less likely to test positive

than familial cases, in part due to somatic mosaicism. Genet Med 2005:7(2):131–138.
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MEN1 is an autosomal dominant disorder that is character-
ized by parathyroid (95%–100%), benign and malignant pan-
creatic islet (35%–75%), and anterior pituitary neoplasms
(15%–40%). Foregut carcinoid tumors (thymic and bron-
chial), adrenocortical hyperplasia, multiple lipomas, facial an-
giofibromas, and skin collagenomas may also be seen in the
syndrome.1–4 Unusual features of MEN1-related tumors in-
clude their multiplicity, both within and among target organs,
and an earlier age of onset than similar sporadic tumors.5

Symptoms in MEN1 are caused by an overproduction of
specific hormones, neoplasmmass effects, or malignant trans-
formation. Although most tumors in MEN1 patients are be-
nign, pancreatic islet and carcinoid neoplasms have significant
malignant potential and are currently the most important
cause of MEN1-related mortality.3,6 Based on biochemical
data, the prevalence of MEN1 is estimated at 10 to 175 per
1,000,000 individuals, although autopsy findings suggest that

the frequency of occurrence may be as high as 25 per 10,000.7

The clinical expression of MEN1 generally manifests in the
third to fourth decade, with nearly complete penetrance by the
early fifties. Clinical disease is uncommon before 10 years of
age.1,3,8

TheMEN1 gene, located at chromosome 11q13, is approx-
imately 9.8 kb in length and contains 10 exons. The 1830-bp
coding region in exons 2 to 10 generates a 610 amino acid
protein of unknown function called “menin.” Menin appears
to reside primarily in the nucleus and bears no homology to
other known proteins. It is expressed in a wide range of tissues
and is conserved through evolution from Drosophila to hu-
mans. BecauseMEN1-related tumors demonstrate loss of het-
erozygosity (LOH) of the chromosome 11q13 region, menin
has been proposed to function as a tumor suppressor in accor-
dance with the Knudson “two-hit” hypothesis.9–13 However,
several investigations suggest that MEN1 may be involved in
the maintenance of genomic integrity in a manner similar to
that of BRCA1 and BRCA2 or the genes underlying HNPCC,
which also show LOH in tumors.14,15

The discovery of the MEN1 gene by positional cloning in
1997 resulted in the development of genetic tests for responsi-
ble mutations.16,17 Dispersed nonsense, missense, frameshift,
in-frame deletions, and splice-site mutations have been de-
scribed in the syndrome, with themajority of pedigrees having
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unique mutations. More than 300 mutations in the MEN1
gene have been reported, but no definite genotype-phenotype
correlations have been shown.7,18–21

DNA-based testing for MEN1 provides a means for more
accurate diagnosis. Medical monitoring for signs and symp-
toms of MEN1-related neoplasms in at-risk individuals can
lead to early interventions that are predicted to positively in-
fluence the course of the disease. Genetic testing has been rec-
ommended for index cases whomeet clinical criteria for famil-
ial or sporadicMEN1, for thosewho donotmeet formalMEN1
criteria but are suspicious for the syndrome, and for symptom-
atic or asymptomatic relatives of patients with known MEN1
mutations. Positive test results can alert presymptomatic
MEN1mutation-positive individuals to the need for monitor-
ing, whereas negative tests allow members of affected families
to avoid costly, time-consuming, and potentially psychologi-
cally distressing screening. Genetic testing can also assistmem-
bers ofMEN1-affected kindreds in family planning.22

In this study, we report the results of clinicalMEN1 testing
in a DNA diagnostic laboratory, including data that can assist
patient counseling and help direct appropriate test ordering.
Because samples and clinical data from patients were not ob-
tained through a systematic scheme, inaccuracies may have
been introduced into some of our results. This objection not-
withstanding, the data are valuable because they reflect the
nature, extent, and quality of information likely to be encoun-
tered by “real-world” practitioners. Furthermore, the utility of
this study is suggested by the concordance of our results and
conclusions with those of other investigations with more sys-
tematic ascertainment and clinical evaluation of study
subjects.

MATERIALS AND METHODS
Participants

From October 1997 to May 2003, blood samples from 400
individuals representing 288 pedigrees located primarily in the
United States and Canada were received in the Yale DNA Di-
agnostic Laboratory forMEN1mutation testing. A request for
clinical information, including patient and family history, was
included as a part of our laboratory’s sample requisition form.
In addition, a one-page patient and family history question-
naire was mailed to the referring physician or genetic coun-
selor for each patient about whom sufficient clinical informa-
tion did not accompany the sample. Clinical information was
obtained for at least onemember of 144 pedigrees and a total of
200 patients.

Mutation testing

Genomic DNA from peripheral blood leukocytes was ex-
tracted using standardmethods.23,24DNA sequence abnormal-
ities were identified by PCR amplification and sequencing of
the 9 coding exons of the MEN1 gene and the corresponding
intron-exon junctions as previously described.25 All mutations
were confirmed by bidirectional sequencing, or by the use of
restriction enzyme digests formutations that were predicted to

alter restriction sites. Potential splice-site mutations that al-
tered conserved but not invariant bases were confirmed by
RT-PCR analysis of MEN1 mRNA. In-frame deletions and
missense mutations were judged deleterious if they were not
found in 200 unaffected individuals, altered highly conserved
base pairs, and segregated with the disease in those cases for
whichmore than one affected familymember was available for
study. Once the disease causing mutation was identified in a
family, additional family members were tested by direct se-
quencing or restriction enzyme digestion.
In one sporadic patient in whom sequencing suggested mo-

saicism for a nonsense mutation, PCR products from the af-
fected exon were TA cloned (Invitrogen, Carlsbad, CA) and
directly sequenced.

Determining the origin of a recurrent mutation

Haplotyping around a recurrent 249delGTCTmutationwas
performed by PCR amplification of amicrosatellite locus at the
human muscle glycogen phosphorylase gene (PYGM) a poly-
morphic marker that lies approximately 55 kb 3' to theMEN1
gene,16,20,26 and a CA repeat in the region of the MEN1 gene
1680 bp 5' to the start of exon 1 that was developed as part of this
study. The primer sequences used to amplify this latter marker
were as follows: F cgcctaattttgtgtgtatg; R agctgggaatccctgtctctg.

Statistical analysis

The statistical significance of differences in the proportions
of patients testing positive forMEN1mutations among various
phenotypes was assessed using the chi-square test or Fisher
exact test.

RESULTS

Eighty-nine out of the 288 presumably unrelated pedigrees
demonstrated MEN1 mutations. Among the 89 MEN1-posi-
tive pedigrees, 73 independent mutations were identified (Ta-
ble 1). These mutations were scattered throughout the coding
region, with the proportion of mutations found in each exon
roughly correlating with exon size (Fig. 1). Most mutations
detected produce truncated proteins. Seventeen nonsensemu-
tations (23.3%), 2 in-frame deletions (2.7%), 18 frameshift-
deletionmutations (24.7%), 10 frameshift-insertion or -dupli-
cation mutations (13.7%), 13 splice-site mutations (17.8%),
and 13 presumptive missense mutations (17.8%) were
identified.
Fivemutations were found in 2 pedigrees, and 4were seen in

more than 2 pedigrees (Fig. 2). The most common mutation
identified was a previously described 4-bp deletion in codons
83 to 84 (249delGTCT) that was present in 6 (6.7%) of the
affected pedigrees.8Haplotyping around the 249delGTCTmu-
tation in affected representatives of these families demon-
strated a lack of relatedness, predicting multiple independent
origins for the mutation (Table 2).
Among the 144 kindreds for whom clinical data were avail-

able, those most likely to test positive had parathyroid and
pancreatic islet neoplasia, whether or not family members also
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Table 1
Mutations in 89 pedigrees

Exon
Intron Codon Base change

For recurrent mutations, no. of
pedigrees bearing mutation

Nonsense mutations

2 29a CGA3 TGA 2

77 TAC3 TAG

126 TGG3 TGA

3 198a TGG3 TGA

4 258a CAG3 TAG

7 316 GAA3 TAA

339 CAG3 TAG

341a TGG3 TAG 2

349a CAG3 TAG

9 405a CAG3 TAG

415a CGA3 TGA 3

417 TAC3 TAA

450a CAG3 TAG

10 460a CGA3 TGA 3

473a GAG3 TAG

477a GAA3 TAA 3

563 GAG3 TAG

In-frame deletionsb

2 120 Deletion AAG 2

10 557 Deletion AAG

Deletions creating a frameshift

2 70 GAC3 TC (mutation contains both insertion and deletion)

83–84a Deletion GTCT 6

103a CTG3 TG 2

111–112 Deletion GGTG

131 Deletion GCTCCTACTTCAAGGA

134a TTC3 TT

139 CAC3 CA

148 ACA3 CA

3 165 Deletion CCAGGCCCTG

176 GCC3 CC

188 CCC3 C

210a Deletion ACAG

4 241 TGT3 T

5 275 AGG3 AG

10 458a Deletion GAGCCGAG

514a Deletion C

536 CAG3 CA

554 Deletion AG

Insertions/duplications creating frameshifts

2 66–67a Duplication AGCCC

107 CCT3 CCCT

114 AGC3 AAGC

7 318 ATC3 ATCT

331 Duplication CCGCAATG

8 351 TAC to CTAC

10 469 Duplication AGCCGTGG

Continued
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had pituitary or other tumors (39/56 pedigrees) (Table 3).
There was no significant difference between the proportion of
positive tests in families with parathyroid, pancreatic islet, and
pituitary tumors (22/30) and families with parathyroid and
pancreatic islet tumors without pituitary tumors (17/26; P �
0.52). Pedigrees with the combination of hyperparathyroidism
and pituitary tumors but without pancreatic islet neoplasia
were less likely to test positive forMEN1mutations (8/32) than
families with any combination of the key MEN1 neoplasms
including parathyroid and pancreatic islet tumors (P �
0.0001). Likewise, families were less likely to test positive if they

had isolated hyperparathyroidism (4/24, P � 0.001), pancre-
atic islet (2/10, P � 0.005), or pituitary tumors (3/10, P �
0.03). The combination of pituitary and pancreatic islet tu-
mors without hyperparathyroidism was too infrequent for
comparisons to yield statistically significant results.
Among the 144 kindreds, there were 20 that involved only a

single affected patient with no other affected family members.
These sporadic patients had tumors in at least two of the three
major tissues affected inMEN1 (Table 4). Among patients who
had hyperparathyroidism and pancreatic islet tumors, with or
without other tumors, 6/10 tested positive. Among the remain-

Table 1 Continued
Mutations in 89 pedigrees

Exon
Intron Codon Base change

For recurrent mutations, no. of
pedigrees bearing mutation

514a CCC to CCCC

516 CGG to CCGG 2

540 Duplication

GGCTCAGGTGCCAGCAC

Splice-site mutationsc

3 218 CGG3 CGT (last base of exon 3; shown to affect splicing)

IVS3 �1 GT3 CT

�1 AG3 AC

IVS4 �1a GT3 CT

�1 AG3 AA

IVS6 �1a GT3 AT

�1 GT3 CT

�1a AG3 AC

IVS7 �1 AG3 AA

IVS9 �1 Deletion GTGAGGGACAG

�2 GT3 GA

�4 Deletion AGGGACAGCTG

�3 Deletion CAGGTGCGGCAG (splice-site and first 9 bases of exon 10)

Missense mutationsb (non-splice)

2 1a ATG3 GTG (Met3 Val)

144a TTC3 GTC (Phe3 Val)

3 156a GGT3 GAT (Gly3 Asp)

179a GAG3 AAG (Glu3 Lys)

179a GAG3 GAT (Glu3 Asp)

182 CAT3 CGT (His3 Arg)

215a GTG3 ATG (Val3Met)

4 259 CTG3 CGG (Leu3 Arg)

7 320 CCC3 CGC (Pro3 Arg)

8 355 CGG3 TGG (Arg3 Trp)

9 421 TGC3 TAC (Cys3 Tyr)

436 TGG3 TGT (Trp3 Cys)

436a TGG3 CGG (Trp3 Arg)

aMutation listed in Human Gene Mutation Database at http://archive.uwcm.ac.uk/uwcm/mg/hgmd0.html as of October 26, 2004.
bIn-frame deletions and missense mutations were judged deleterious if they were not found in 200 unaffected individuals, altered highly conserved base pairs, and
segregated with the disease in those cases for which more than one affected family member was available for study.
cChanges in invariant bases (AG preceding exons and GT following exons) were assumed to affect splicing. All other changes were predicted to affect splicing by the
splice-site predictor program (http://www.fruitfly.org/seq-tools/splice.html). The mutation in the last base of exon 3 was confirmed to affect splicing by RT-PCR
analysis.
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ing 10 sporadic patients, all of whomhad hyperparathyroidism
in combination with pituitary tumors, none tested positive (P
� 0.01).
One of the sporadic patients, a 27-year-old woman with

hyperparathyroidism, a prolactinoma, and a pancreatic mass,
had a possible CAG3TAG mutation in codon 405 of exon 9

(Q405X) with gene dosage for the abnormal base that was sig-
nificantly� 50% (Fig. 3). Somatic mosaicismwas investigated
in the patient by cloning the exon 9 PCR products, and 2 out of
20 clones were found to contain the Q405X mutation.

DISCUSSION

Clinical disease inMEN1 patients may be the result of hor-
mone hypersecretion, tumor mass effects, malignancy, or any
combination of these. Approximately one-third of deaths in
MEN1 are caused by associated malignancies. Particularly be-
cause of the malignant potential ofMEN1-related neuroendo-
crine tumors of the thorax, pancreas, and duodenum, and
because of the early age of onset and possibly greater aggres-
siveness of pituitary tumors in the setting of MEN1, genetic
testing and annual biochemical screening has been advocated
in individuals known to be at risk forMEN1mutations, begin-
ning in childhood.22,27

Selected imaging studies should be performed every 3 to 5
years in those who exhibit biochemical evidence of neoplasia
or display signs and symptoms of an MEN1-related tumor.
Biochemical markers may include total or ionized calcium,
intact parathyroid hormone, fasting glucose and insulin, pro-
lactin, and IGF-1 in children, with testing for fasting gastrin,
glucagon, proinsulin, pancreatic polypeptide, and chromo-
granin A levels among others incorporated at age 20. Biochem-
ical screening can detect the presence of MEN1-related neo-
plasms at least 5 to 10 years before clinically evident disease is
present.1,3,8,22,27,28

Our laboratory began offering clinical testing for germline
mutations in theMEN1 gene shortly after its discovery in 1997.
Genetic testing of asymptomatic, at-risk patients who do not
possess the mutations found within their families allows
MEN1-negative individuals to be spared regular biochemical
evaluations andprovides reassurance that they are not at risk to
pass on the disease to their progeny. Conversely, the presence
of an MEN1 mutation suggests the need for biochemical and
radiologic monitoring, which is predicted to have beneficial
effects on the disease course.2,3,8,22,28–32

Slightly � 30% of the 288 pedigrees that we tested were
found to haveMEN1 mutations. The mutation detection rate
in clinically diagnosed familialMEN1 patients is believed to be
in the range of 80% to 90% with a somewhat lower detection
rate for sporadic cases. The comparatively low percentage of
MEN1-positive families in our test population is to be expected
because many pedigrees did not meet standard clinical criteria
for familial MEN1: a proband with at least two neoplasms in
major MEN1-related tissues (parathyroids, anterior pituitary,
or pancreatic islets) and at least one additional first degree
relative with anMEN1-related endocrinopathy.7 Among ped-
igrees strictly defined as having familial MEN1, we found mu-
tations in 76.3%, which approaches the rates reported by
others.8,20,22,26,33,34

In pedigrees that do meet the diagnostic criteria for familial
MEN1, a failure to find mutations in the MEN1 gene could
reflect the presence of functionally significant intronic muta-

Fig. 1. Mutation distribution by exon. Mutations were found within exons at frequen-
cies that were roughly proportional to exon size.

Fig. 2. Recurrentmutations.Majority of the 89MEN1-positive pedigrees had indepen-
dent mutations. Five mutations were found in two pedigrees, and 4 mutations were seen
in more than 2 pedigrees (see also Table 2). The most commonmutation identified was a
previously reported 4-bp deletion in codons 83 to 84, 249delGTCT, that was present in 6
(6.7%) of the affected pedigrees.

Table 2
Haplotypes in patients with codon 83-84 GTCT deletion

Family no. PYGM alleles MEN1 CA repeat alleles

1

Patient A 172, 178 134

2

Patient A 178, 190 134, 142

3

Patient A 182, 188 138, 154

4

Patient A 166 142, 136

Patient B 166 142, 136

Patient C 166, 172 142

5

Patient A 164, 174 144, 138

Patient B 164, 174 144, 148

6

Patient A 172, 182 140, 146

Patient B 172, 178 140, 146
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tions that would not be detected with currently used primer
sets, mutations in regulatory or important nonintronic un-
translated regions, disease phenocopies not caused by muta-
tions inMEN1, or large deletions that would bemissed by gene
sequencing.35 Large deletions have been reported in only 4
families although over 300 mutations have been reported in
the medical literature and the Human Gene Mutation Data-
base.36 Nevertheless, such deletions may be more common in
MEN1 than previously believed, and our yield may be in-
creased by the addition of Southern blotting or other gene
dosage techniques to our standard procedures. Finally, we pro-
vide evidence that somatic mosaicism can account for some
sporadic cases ofMEN1.MEN1mutations in such patients are
considerably less likely to be detected by sequencing than mu-
tations in nonmosaics.
Consistent with previous reports, the mutational spectrum

was broad among the MEN1 pedigrees that we test-
ed,8,16,20,21,26,28,37 and the majority of mutations that we de-
tected have not been previously described. Most were pre-

dicted to result in loss of menin function due to premature
truncation of the gene product.
Several recurrent mutations were found in apparently unre-

lated pedigrees, suggesting founder effects or the presence of
mutational hotspots in the gene. Haplotyping around a previ-
ously described 4-bp deletion in codons 83to 84 of theMEN1
gene indicated that this mutation arose independently multi-
ple times. Together with published data, our analysis estab-
lishes codons 83 to 84 as a mutational hotspot. A replication-
slippagemodel has been postulated for the increasedmutation

Table 3
Phenotypes in pedigrees and sporadic patientsa tested forMEN1mutations

Combination of tumors Proportion testing positive Statistical significanceb

Parathyroid & pancreatic islet � pituitary 39/56 (69.6%)

Parathyroid & pancreatic islet & pituitary 22/30 (73.3%) P � 0.52 (parathyroid, pancreatic � pituitary vs.

Parathyroid & pancreatic islet without pituitary 17/26 (65.4%) parathyroid, pancreatic, no pituitary)

Pituitary & pancreatic islet without parathyroid 3/5 (60.0%) P � 0.64 (vs. parathyroid, pancreatic � pituitary)

P � 0.14 (vs. parathyroid, pituitary)

Parathyroid & pituitary without pancreatic islet 8/32 (25.0%) P � 0.0001

Parathyroid 4/24 (15.8%) P � 0.0001

Pancreatic islet 2/10 (25.0%) P � 0.005

Pituitary 3/10 (37.5%) P � 0.03

No parathyroid, pancreatic islet or pituitary neoplasmsc 0/7 (0%) P � 0.001

aAll sporadic patients had at least two tumors characteristic of MEN1 (see Table 4).
bExcept where indicated, P values are for comparison of the proportion testing positive with parathyroid and pancreatic tumors � pituitary (i.e., 39/56) vs. the
proportion testing positive with the combination of tumors on the given line.
cA small number of pedigrees submitted forMEN1 testing had none of the three key neoplasms typical of the syndrome: carcinoid alone, 0/4 positive; carcinoid and
pheochromocytoma, 0/1 positive; carcinoid, facial angiofibromas, and lipomas, 0/1 positive; adrenal cortical hyperplasia alone, 0/1 positive. One of the pedigrees
with carcinoid alone included only a sporadic patient.

Table 4
Phenotype and mutation status among sporadicMEN1 patients

Phenotype
Proportion

testing positive
Statistical

significancea

Pancreatic islet neoplasm and any other tumor 6/10 P� 0.01

Pancreatic islet, parathyroid, pituitary 2/2

Pancreatic islet, parathyroid 4/6

Pancreatic islet, pituitary 0/2

Parathyroid, pituitary 0/10

aProportion testing positive with pancreatic islet neoplasia and any other tu-
mor versus proportion testing positive with hyperparathyroidism plus pitu-
itary tumor (Fischer exact test).

Fig. 3. Somatic mosaicism in a sporadic patient. A, Sequence from peripheral blood
leukocyte DNA showing low level of mosaicism for the Q405X mutation in exon 9. First
base in codon 405 is highlighted. Note reduced peak height for C compared with the
normal sequence and an underlying T peak. B, Exon 9 PCR products were TA cloned and
sequenced. Two of out 20 clones showed the Q405X mutation. C, Normal comparison
sequence.
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rate in these codons based upon the presence of CT dinucle-
otide repeats in the flanking regions of the deletion.8,37

Among the samples submitted to our laboratory, the best
predictor of a positive test was a personal or family history of
parathyroid and pancreatic islet neoplasia with or without
other tumors. The combination of pancreatic islet neoplasia
with pituitary tumors was probably also a good predictor of a
positive test, but this category was too small to draw statisti-
cally significant conclusions. Families with isolated hyperpara-
thyroidism, isolated pancreatic islet tumors, or isolated pitu-
itary tumors were significantly less likely to test positive, but
still in a range that would typically justify testing for a heredi-
tary cancer syndrome. None of those with carcinoid alone, or
adrenal cortical hyperplasia alone, tested positive; but there
were too few cases to make definitive recommendations about
MEN1 testing in these groups.
Although still meriting genetic testing, families with the

combination of pituitary and parathyroid neoplasia were
much less likely to test positive than those with a combination
of neoplasms that included the pancreatic islets. None of 10
sporadic patients with parathyroid and pituitary neoplasia
tested positive (95% confidence intervals on this proportion
range from 0% to 30%). The relative infrequency of MEN1
mutations in sporadic patients who exhibit the combination of
hyperparathyroidism and pituitary tumors is consistent with
previous literature reviewed.38 Given the substantial inci-
dences of parathyroid and pituitary tumors in the U.S. popu-
lation, the presence of these neoplasms in a pedigree may be
explained by random chance. However, the likelihood of an
individualdeveloping both pituitary and parathyroid tumors is
considerably less. Thus, the relatively limited number of
MEN1-positive pedigrees with parathyroid and pituitary tu-
mors but without islet tumors, combined with the large pro-
portion of sporadic cases with this constellation of tumors,
raises the possibility that the phenotype frequently represents a
different disease. The sporadic patients in this setting could be
explained by autosomal recessive inheritance, or by a relatively
high rate of de novo mutations in a putative autosomal domi-
nant gene. Conceivably, specific mutations in MEN1 not de-
tected by sequencing exons 2 to 10 could account for this
phenotype.
This review represents an analysis of the characteristics and

test results of all patients referred to our laboratory forMEN1
testing during the study period. Although themethod of ascer-
tainment should not specifically introduce bias into the results,
one interesting observation is that those families about whom
we obtained clinical data were more likely to test positive for
MEN1 than pedigrees from which no clinical information
available (59/144 vs. 30/144;P� 0.0002). A significant number
of patient samples from kindreds in this latter category were
referred as send-out tests from large reference laboratories or
hospital laboratories. The significance of this observation is
unclear.
Because our results are those of patient samples sent for

clinical testing, as opposed to research subjects, we had little
influence over the amount or quality of clinical information

that we received about each pedigree. The lack of standard-
ized clinical assessment among patients and pedigrees could
have lead to some inaccuracy in the data. For example, a
failure to meticulously evaluate patients who presented with
hyperparathyroidism for occult pituitary or islet tumors
could have lead to an overestimate of the frequency of pos-
itive tests among kindreds with isolated hyperparathyroid-
ism. Comprehensive evaluation might have removed some
of these kindreds from the hyperparathyroidism-only group
and placed them in categories of pedigrees that have two or
all three key MEN1-related neoplasms. However, our data
are not inconsistent with previous reports of the frequency
of MEN1 mutations in systematically evaluated pedigrees
with familial hyperparathyroidism.39,40

The information presented here has value as a reflection of
real-world experience. Although our data in some instances
may have been limited, this is also true for referring physicians,
who often receive incomplete family histories, and rarely have
opportunities to systematically assess multiple family mem-
bers within kindreds for the presence or absence of tumors in
specific organs. The information we have been provided is that
of our referring physicians and counselors.
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