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Pulmonary tumorlets are minute neuroendocrine cell
proliferations believed to be precursor lesions to pul-
monary carcinoids. Little is known of their molecular
pathogenesis because of their small size. Using tissue
microdissection, we evaluated 11q13 region allelic im-
balance in the pathogenesis of pulmonary tumorlet/
carcinoid lesions. The int-2 gene was selected because of
its chromosomal location at 11q13 in close proximity to
MEN1, a tumor suppressor gene frequently mutated in
familial forms of neuroendocrine cancer. Three cohorts
of patients were studied: subjects with typical carcinoid
tumors and coexisting tumorlets (n 5 5), typical carci-
noids without tumorlets (n 5 6), and tumorlets alone
without carcinoid lesions (n 5 5). A total of 11 carci-
noids and 11 tumorlets were microdissected from 4-mm-
thick histological sections. Genotyping was designed to
detect allelic imbalance of the int-2 gene and involved
DNA sequencing of two closely spaced deoxynucleotide
polymorphisms. Subjects shown to be informative were
evaluated for allelic imbalance in tumorlet/carcinoid
tissue. Eight of 11 (73%) carcinoids manifested allelic,
in contrast to only one of 11 (9%) of tumorlets. Int-2
allelic imbalance was significantly associated with car-
cinoid tumor formation (P < 0.01). In patients having
both carcinoid tumors and tumorlets, the latter showed
allelic balance and were thus discordant in genotype
with coexisting carcinoid excluding pathogenesis of tu-
morlets from intramucosal spread from carcinoid tu-
mors. Int-2 allelic imbalance was shown to be an early
event in carcinoid tumor formation by virtue of the
absence of allelic imbalance for other common cancer-
related gene disturbances involving 11p13 (Wilms’ tu-
mor), 3p25 (von-Hippel-Lindau), and 17p13 (p53).
Demonstration of 11q13 allelic imbalance by microdis-
section/genotyping may be a useful discriminatory
marker for pulmonary neuroendocrine neoplasia.
(Am J Pathol 1999, 155:633–640)

Neoplastic entities sharing similar histogenesis can be
difficult to distinguish on morphological grounds, espe-
cially when specimen size is small or otherwise limited.
Differential diagnosis based on objective genetic criteria
would be a valuable addition in this context, serving as an
independent parameter for tissue diagnosis. An example
in this regard is the distinction between pulmonary tumor-
let and typical carcinoid tumor. They share virtually iden-
tical histopathological features, differing primarily in size.
From a biological perspective, however, the tumorlet is
usually benign and silent, whereas the carcinoid tumor
has the potential to grow and metastasize and can be
associated with paraneoplastic sequelae.

The relationship between carcinoid tumor and tumorlet
has not been definitively established, although it is held
that the former evolves from the latter as part of a process
of neoplastic progression.1 This evolution is likely based
on the acquisition of critical cancer-related genetic alter-
ations which, if understood, would serve as the basis for
distinguishing the two entities. Tumorlets are significantly
more frequent than carcinoid tumors and often are mul-
tifocal and bilateral,2 suggesting the presence of a “field
effect” for their formation. The vast majority remain as
incidental lesions and do not progress beyond the tumor-
let lesion.1,2 Alternatively, the finding of one or more
pulmonary tumorlets in a case of carcinoid tumor raises
the possibility that the former may in fact represent in-
tramucosal metastatic dissemination from the latter. In
this situation, the tumorlet deposit would be expected to
possess the genotypic alterations already present in the
carcinoid tumor. The pathogenetic relationship between
tumorlet and carcinoid may be critically evaluated by an
approach involving comparative genetic analysis of care-
fully selected tissue representative of each entity in an
individual case.

Molecular markers used in the context of differential
diagnosis in surgical pathology must first take into ac-
count the need for accurate sample selection as a basis
for correlative genetic analysis. This requires histologi-
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cally guided sample selection performed after thorough
microscopic evaluation. In addition, the genotyping
methodology must be effective on relatively small sample
sizes, independent of fixation character and age of ar-
chival storage. It must also be reliable and simple in
technical performance to be of general application.
Given the close relationship between tumor suppressor
gene loss and oncogene amplification with neoplastic
development and progression,3 characterization of rep-
resentative microdissected tumor samples for cancer-
related gene loss or gain may constitute a useful differ-
ential genotyping approach. This concept formed the
basis for the experimental design in this study evaluating
two closely related forms of pulmonary neuroendocrine
neoplasia.

Several recently characterized cancer gene alterations
have been implicated in the development and progres-
sion of neuroendocrine cell neoplasia.4–15 In many cases
candidate genes have been discovered through the
study of inherited forms of endocrine cancer.4–7,16–18

Most notably, the MEN1 gene, situated at 11q13, has
been closely linked to familial forms of multiple endocrine
neoplasia.4,16,17 MEN1 is believed to have tumor sup-
pressor gene properties and has been shown to undergo
deactivating point mutations in both familial and sporadic
endocrine tumors.17,19 Further research on the role of this
gene in endocrine neoplasia is likely to yield important
insights into the mechanism of tumor development with
the potential for clinical translation into diagnostic testing.
The evidence to date provides strong support for this
gene in the evaluation of neuroendocrine neoplasia.

Tumor suppressor genes such as MEN1 are believed
to operate through a two-stage process of gene damage
as described by Knudsen.20 Inactivating point mutations
of one allele may be followed in time by deletion of the
remaining normal gene copy to create a significant loss
of tumor suppressor gene activity within the affected cell.
Whereas the former is difficult to assess because of the
need for extensive analysis of gene sequences, the latter
can be more readily accomplished by searching for loss
of heterozygosity, using one or more intragenic polymor-
phic DNA sequences and/or microsatellite markers for a
particular gene of interest. This approach, searching for
allelic imbalance (loss of heterozygosity) with respect to a
specific tumor suppressor gene, has been successfully
applied to a wide range of growth regulatory genes and
tumor types.21 Allelic imbalance analysis requires, how-
ever, the knowledge of an informative polymorphic
marker for a particular gene of interest. Given the avail-
ability of such an informative DNA polymorphism, the
assessment can then be easily extended to microdis-
sected tissue samples, based on the use of polymerase
chain reaction (PCR) to generate adequate amounts of
DNA for allele content determination.22

Unfortunately, detailed knowledge of polymorphic
sites within the MEN1 gene is not readily available at this
time, precluding direct determination of gene loss. A
reasonable alternative is to evaluate a gene situated
close to the MEN1 gene at chromosome 11q13. The int-2
gene would appear to be an appropriate candidate in this
regard.24,25 Several DNA sequence polymorphisms have

been described in the literature.25,26 In this study, there-
fore, we undertook allelic imbalance analysis of int-2 as a
measure of 11q13 gene loss in evaluating the pathogen-
esis and potential clinical utility for discriminating be-
tween pulmonary tumorlets and typical carcinoid tumors.

Materials and Methods

Sporadic typical pulmonary carcinoid and/or tumorlet
specimens were obtained from formalin-fixed, paraffin-
embedded tissue archives of 26 subjects from the Uni-
versity of Pittsburgh Medical Center and the Mayo Clinic
(Scottsdale, AZ). Subjects were assigned to one of three
groups: sporadic typical carcinoid tumor only (n 5 10),
sporadic typical carcinoid tumor with one or more asso-
ciated tumorlets (n 5 8), and tumorlet only (n 5 8).
Atypical carcinoid tumors as well as high-grade small or
large cell neuroendocrine cancers were excluded from
the study. Criteria for atypical carcinoid tumor were mi-
totic rate over two per 10 high-power fields and presence
of necrosis. Tissue targets for genotyping consisted of
normal lung, carcinoid tumor, and tumorlet, selected on
the basis of histopathological review of hematoxylin-eo-
sin-stained slides. Tissue microdissection was performed
as previously described,27,28 using the aggregate mate-
rial from one to three 4-mm-thick unstained histological
sections (Figure 1). No familial cases were included in
this study.

Pulmonary tumorlets are microscopic lesions, usually
manifesting as a spindle cell proliferation arising in a

Figure 1. Microdissection of pulmonary tumorlet. Top: Premicrodissection.
Bottom: Postmicrodissection. Microdissected areas range in size from 1 to 3
mm in greatest dimension. Normal pulmonary parenchyma was removed to
serve as a internal negative control (open arrow). Note that the normal tissue
sample for genotyping (open arrow) is similar in size to that of the tumorlet
(solid arrow). Aggregate tissue was collected from up to four blank histo-
logical sections. Hematoxylin-eosin, magnification 310.
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bronchiole in association with the bronchovascular bun-
dle. They measured no more than 3 mm along their
greatest dimension. Typical carcinoid tumors were all
greater than 10 mm in diameter and displayed a spec-
trum of epithelial and spindle cell growth patterns typical
of this type of neoplasm. With representative tissue
blocks selected for genotyping, one to three 4-mm-thick
histological sections were prepared for microdissection.
In seven instances, once in a patient with coexisting
carcinoid tumor and tumorlet and the remainder in pa-
tients with tumorlets only, recut microscopic section no
longer contained tumorlet tissue. This was attributed to
the small size of tumorlets and tissue loss related to
preparation of recut histological sections.

Allelic imbalance in the region of 11q13 was based on
using a pair of closely spaced DNA sequence polymor-
phisms in the second intron of the int-2 gene.26 For each
subject, the normal lung tissue sample was amplified
across the polymorphic region and sequenced in the
manner previously described.29,30 Oligonucleotide prim-
ers for amplification and sequencing of intron 2 of the
int-2 gene were 59-gtctggcctgcacatcaag-39 (sense) and
59-cagcctctaacagacacag939 (antisense). Subjects found
to be noninformative for sequence polymorphisms could
not be evaluated for int-2 allelic imbalance. In informative
subjects, the intensity ratio of the polymorphic DNA se-
quencing bands, as assessed by visual observation, was
required to be half intensity and equal to qualifying the
case for tumorlet/carcinoid allelic imbalance determina-
tion (Figure 2). Allelic imbalance was determined to be
not present when neoplastic samples demonstrated
isointense polymorphic DNA sequencing bands, as in the
case of normal lung tissue. Allelic imbalance was deter-
mined to be present when polymorphic bands of neo-
plastic samples where not isointense (Figure 2). In a
similar fashion, allelic imbalance was assessed at 3p25,
11p13, and 17p13.1 in selected cases by evaluating
DNA sequence or microsatellite polymorphisms within

the von Hippel–Lindau,31 Wilms’ tumor,32 and p5333 tu-
mor suppressor genes.

Results

Pulmonary tumorlets were small lesions (usually less than
0.3 cm in diameter) that arose in or adjacent to broncho-
vascular bundles. The proliferating cells tended to have a
spindle shape and formed intraepithelial aggregates be-
neath an intact ciliated bronchiolar mucosa. Extension
into the underlying submucosa was characteristic, with
the spindle cells forming nests and short fascicles within
an expanded submucosa. Cytologically, the cells had
elongated nuclei with “salt and pepper” chromatin and
bipolar, lightly eosinophilic cytoplasm. Mitoses were ab-
sent.

Typical carcinoids ranged in size from 1.5 to 8.0 cm
(mean 2.2 cm). Sixteen tumors comprised polygonal cells
with round to oval nuclei, “salt and pepper” chromatin,
and abundant granular eosinophilic cytoplasm. Most
showed a mixture of Zelballen, trabecular, or insular
growth, although a spindle growth pattern was seen in
three cases. Two tumors had predominantly spindle
growth corresponding to so-called peripheral carcinoid
tumors. In all cases a delicate branching network of
congested and compressed capillaries separated the
epithelial nests. Mitotic rates were less than one mitosis
per 20 high-power fields.

Because of the small size of tumorlets, in was not
infrequent (n 5 7) to fail to identify them in recut histo-
logical sections for microdissection-based genotyping
(Table 1). Despite the small size of tumorlets, no difficul-
ties were encountered in accurately sampling such le-
sions by hand under stereomicroscopic observation (Fig-
ure 1). It should be noted, however, that absolute
exclusion of normal cells could not be achieved by
means of manual microdissection, as inevitably small
numbers of mesenchymal support cells were gathered
together with the neoplastic tissue. Nevertheless, the en-
richment with target cells was such as to render the
contamination a minor component (Figure 1).

The relatively small size of tumorlets posed a concern
for allelic dropout (ADO) during PCR amplification, which
may occur when nucleic acid amplification preferentially
favors one allelic DNA template over the other because of
limiting quantities of starting DNA.34,35 The phenomenon
was originally described in the context of single-cell PCR,
but has been described in situations where genotyping is
performed on biopsy samples of fixed tissue speci-
mens.22 The negative effect of tissue fixation on DNA
integrity may not be apparent to the worker assuming that
the volume of selected fixed tissue yields an equivalent
amount of functional DNA templates to initiate nucleic
acid amplification. To control for ADO, microdissected
samples of normal tissue and carcinoid where carefully
taken to be no larger in size than corresponding tumorlet
targets (Figure 1). Furthermore, the normal tissue sample
was required, in informative subjects, to display polymor-
phic DNA sequencing bands of equivalent intensity fol-
lowing DNA sequencing consistent with an equal number

Figure 2. int-2 allelic imbalance genotyping. Autoradiograms of DNA se-
quencing gels are analyzed at point of DNA sequence polymorphisms in
intron 2 of the int-2 gene. The photograph contains the sequencing results
from six samples. In the sample to the far right representing normal pulmo-
nary parenchyma, the subject demonstrates both DNA sequence polymor-
phisms (curved arrows) (see text and Ref. 26 for details). The four DNA
sequencing ladders to the left represent carcinoid tumor (T) and normal
pulmonary parenchyma (N) from two different subjects. Allelic imbalance is
demonstrated by uneven intensity of polymorphic bands (straight arrows) in
comparison to that evident in respective normal parenchyma (see Materials
and Methods for details).
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of DNA templates undergoing sequencing (Figure 2). As
a final check, in subjects informative for both int-2 DNA
sequence polymorphisms, the presence and degree of
allelic imbalance had to be consistent at both polymor-
phic sites.

Patients were designated as informative when the nor-
mal lung sample manifested differing alleles at one or
both sites of DNA sequence polymorphism (Figure 2). To
guard against allelic dropout due to small sample size
and/or limiting amounts of amplifiable fixed DNA, the
polymorphic bands of normal samples were required to
be of approximately equal intensity, corresponding to
equivalent representation and amplification of gene cop-
ies (Figure 2). While the analysis for band intensity could
have been quantified by automated densitometry, naked
eye examination was found to be sufficient in all cases.
Optimization of fixed specimen preparation and nucleic
acid amplification was important in avoiding ADO of
genotyping samples.

Ten of 26 subjects (38%) with carcinoids and/or tumor-
lets in this study were found to be noninformative for DNA
sequence polymorphisms in intron 2 of the int-2 gene
(Table 1). The remaining 16 subjects yielded 11 carci-
noids and 11 tumorlets for allelic imbalance analysis.
Eight of 11 (73%) carcinoids in informative subjects dem-
onstrated allelic imbalance (loss of heterozygosity) of the
int-2 gene at 11q13. In contrast, only one of 11 tumorlets
(9%) manifested allelic imbalance. The finding of int-2

allelic imbalance in informative subjects was significantly
associated with carcinoid tumor formation when present
(P , 0.01) and significantly associated with tumorlet
formation when absent ((P , 0.01). No significant differ-
ence was present between groups with tumorlets only,
carcinoid only, and carcinoid with associated tumorlets
(Table 1).

In four cases where carcinoid tumors showed loss of
heterozygosity involving the int-2 gene, one or more co-
existent tumorlets were seen. In no instance did the tu-
morlets show the same loss of heterozygosity. This find-
ing is consistent with the concept that tumorlets in these
instances did not represent intramucosal spread of car-
cinoid cells, but instead represented de novo indepen-
dent cell proliferations. Of 11 tumorlets in informative
subjects, only one showed loss of heterozygosity for the
int-2 gene. This finding implied that in the spectrum of
neuroendocrine proliferation, tumorlets are hyperplasias
that may undergo mutational events resulting in enlarge-
ment and evolution toward bona fide carcinoid tumors.
Genetic alterations in the region of 11q13 involving the
int-2 gene or other closely situated genes may play an
important role in this evolution.

To explore the possibility that int-2 gene allelic imbal-
ance was uniquely associated with neuroendocrine neo-
plasia progression or that it was a nonspecific genetic
aberration related to tumor progression, selected tumors
in this series were evaluated for allelic imbalance of

Table 1. Microdissection-Based Genotyping for Allelic Imbalance: Pulmonary Tumorlet-Carcinoid Series

Patient
Tumor
type

Int-2
11q13.1

p53
17p13.1

VHL
3p25

WT-1
11p13

Carcinoid with tumorlets (3 patients
noninformative for int-2)

1 Carcinoid 1 2 2 2
Tumorlet 2 2 2 2

2 Carcinoid 1 2 NI NI
Tumorlet 2 2 NI NI

3 Carcinoid 1 2 NI
Tumorlet 2 2 NI

4 Carcinoid 1 NI 2
Tumorlet 2 NI 2

5 Carcinoid 2
(Tumorlet)*

Carcinoid only (4 patients
noninformative for int-2)

1 Carcinoid 1 2 NI 2
2 Carcinoid 1 2 NI 2
3 Carcinoid 1 2 2 NI
4 Carcinoid 1 NI
5 Carcinoid 2 NI
6 Carcinoid 2

Tumorlet only (3 patients
noninformative for int-2)

1 Tumorlet 2 2 NI 2
2 Tumorlet 2 NI NI
3 Tumorlet 1 2 NI
4 Tumorlet 2 2 2 NI

Tumorlet 2 2 2 NI
5 Tumorlet 2 NI 2

Tumorlet 2 NI 2

*Seven tumorlets (one from the carcinoid and tumorlet group, six from the tumorlet-only group) identified on hematoxylin-eosin staining could not be
found on recut unstained histological sections for microdissection genotyping. NI, Noninformative status for both gene polymorphisms.
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genes situated at 3p25 (von Hippel–Lindau), 11p13
(Wilms’ tumor), and 17p13.1 (p53). As shown in Table 2,
representative tumors with int-2 allelic imbalance did not
demonstrate evidence of tumor suppressor gene loss at
any of the loci studied. The findings support a causal role
of 11q13 gene alteration in the pathogenesis of neuroen-
docrine tumor progression.

Conclusions

Pulmonary carcinoid and tumorlet share a similar histo-
genesis as well as many histopathological features. The
two entities are, however, distinct in that the tumorlet is a
benign, asymptomatic lesion not associated with neo-
plastic progression. Typical carcinoid tumors, while bio-
logically benign in most instances, do possess the ability
to undergo malignant progression with metastatic poten-
tial.2 The two processes are likely related, with carcinoid
tumor evolving from precursor tumorlet lesions.1 The
mechanism for this progression is not fully understood
but likely involves critical genetic alterations causing pro-
gressive growth deregulation.3

It is frequently observed that patients with carcinoid
tumors may harbor one or more tumorlets, which may
occur in proximity or at a distance from the carcinoid
tumor. In these situations, the issue arises whether the
tumorlets represent intramucosal spread of carcinoid tu-
mor cells or independent cell proliferation. If the latter is
true, a secondary issue arises: whether such subjects are
experiencing a field effect for neuroendocrine cell neo-
plasia development.

The MEN1 gene, located at 11q13.1, is one of several
candidate genes that may play a role in neuroendocrine
tumor development and progression.4,5 Point mutational
change has been demonstrated in patients with familial
forms of neuroendocrine neoplasia.16–19 The gene prod-
uct is believed to function as a tumor suppressor gene
analogous to other well-characterized genes such as
retinoblastoma (RB-1), Wilms’ tumor (WT-1), and p53. It is
reasonable, therefore, to determine whether genetic
damage to MEN1 may play a casual role in neoplastic
progression in neuroendocrine neoplasia, with pulmo-
nary tumorlet-carcinoid spectrum as a specific example.
To accomplish this mission, two conditions must be met.
First, a system of genetic analysis must be formulated to
determine the presence of MEN1 gene damage. Second,
the analytical approach must be adapted for use with
fixative-treated tissue specimens typical of that encoun-
tered in routine surgical pathology practice.

Inasmuch as the MEN1 gene has only recently been
described, and detailed sequence information including
the presence and frequency of intragenic polymorphisms
is not readily available, the int-2 gene, situated in prox-
imity to MEN1 at 11q13, was chosen as a marker for
allelic imbalance analysis. The int-2 gene has been stud-
ied in a variety of human cancers where it contributes to
the malignant phenotype.24,36–38 For example, in breast
cancer, amplification of int-2 has been correlated with
metastatic spread, local and distant tumor recurrence,
and poorer overall patient survival.38 Disturbances in
int-2 have also been described in neuroendocrine tu-
mors; however, its effects have not been dissociated from
other potential genetic alterations occurring at
11q13.39,40 This raises the possibility that other poten-
tially important tumor suppressor genes may exist in
proximity to the MEN1 gene. Mutational damage involving
these genes may lead to allelic deletion detectable by
loss of heterozygosity analysis of included genes such as
int-2. Thus allelic imbalance analysis based on sequence
polymorphisms such as that used here for the int-2 gene
does not necessary implicate this gene as a critical event
into tumor progression. Rather, the changes present may
be used as a marker for 11q13 gene damage. The
genomic sequence of int-2 has been reported and is
available in molecular biology databases in the public
domain.26 Several DNA sequence polymorphisms have
been described, including two in the second intron, with
common frequency in the general population.26

Tumor suppressor gene loss results in imbalance in
the relative level of each allele, which may be determined
by molecular approaches that define the relative content
of each allele.21 The strategies involve demonstration of
loss of heterozygosity in subjects first shown to be infor-
mative for a particular marker for the gene of interest.
Single base sequence polymorphisms are the most com-
mon type of polymorphism present in the human ge-
nome.41 The method used in this study was based on
such polymorphisms to characterize the relative content
of each int-2 allele. Highly representative tissue was sam-
pled by microdissection to ensure optimal exclusion of
normal tissue from tumor samples (Figure 1). Nucleic
acid amplification encompassed sites of polymorphic
bases that were sequenced by dideoxy chain termina-
tion. The single base difference between the two alleles
did not result in any detectable changes in the efficiency
of amplification or sequencing (Figure 2). Thus a strategy
of competitive PCR and sequencing could be relied on to
provide accurate and reliable allelic content information.

Table 2. Int-2 (11q13.1) Allelic Imbalance in Pulmonary Carcinoid and Tumorlets

Negative allelic
imbalance

Positive allelic
imbalance Noninformative

Pulmonary carcinoids with associated tumorlet(s)
Carcinoid 1 4 3
Tumorlet 4 0 10

Pulmonary carcinoid only 2 4 4
Pulmonary tumorlet only 6 1 3
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It was fortuitous that two single nucleotide polymor-
phisms were present sufficiently close to each other to
appear in the same DNA sequencing run (Figure 2).
These two sequence polymorphisms were not linked, and
so the yield of informative cases was increased because
of the greater likelihood of a subject showing heterozy-
gosity at one of the polymorphic sites.

During preliminary studies, allelic dropout (ADO)34,35

was felt to be an important interfering factor. Unbalanced
amplification of alleles can occur when limiting quantities
of DNA templates form the basis for the initiation of PCR.
This was first described in the context of single-cell PCR
but is applicable to fixed tissue amplification of small
specimens such as biopsies.22 The actual content of
amplifiable DNA templates may be far less than expected
because of the negative effects of tissue fixation and
processing. For this reason we optimized tissue prepa-
ration and nucleic acid amplification, using microdissec-
tion samples no larger in size than that obtained for the
specific lesion in this series that yielded the smallest
samples. In this series, tumorlets samples ranged in size
from 1 to 3 mm, and thus all normal and carcinoid sam-
ples taken were of similar size (Table 3). All normal tissue
specimens in informative subjects required equivalent
intensity of polymorphic bands on DNA sequencing to
exclude the ADO effect and qualify the tumor samples for
allelic imbalance genotyping.

In this study we demonstrated a striking difference in
incidence in int-2 allelic imbalance between pulmonary
tumorlets and carcinoids. In subjects informative for the
intragenic int-2 DNA sequence polymorphisms used in
this series, eight of 11 carcinoid tumors (73%) manifested
allelic imbalance. In contrast, only one of 11 tumorlets
exhibited allelic imbalance (9%). Notwithstanding the
small size of this series, the difference in incidence was
found to be significant (P , 0.01). The data are not
sufficient to causally implicate int-2 gene alterations as
being directly responsible for neuroendocrine tumor pro-
gression, inasmuch as other tumor suppressor genes
and/or oncogenes situated in the vicinity of int-2 at 11q13
may be primarily accountable for the allelic imbalance
findings in this report. For example, there is good exper-
imental and clinical evidence that MEN1 gene alterations

may be more critical with regard to neuroendocrine cell
carcinogenesis. Given the close positioning of int-2 to
MEN1, it is reasonable that MEN1 gene loss may overlap
the int-2 region, leading to allelic imbalance as demon-
strated here. The availability of multiple DNA sequence
polymorphisms, not in linkage dysequilibrium, with a high
rate of heterozygosity in the general population, supports
its use as a marker for 11q13 genetic alterations.

In this study we found no instance of allelic imbalance
of a tumorlet occurring in association with the carcinoid
tumor. This finding provides strong support against the
thesis that tumorlets represent intramucosal spread of
neoplastic neuroendocrine cells from carcinoid tumors.
Rather, it supports the concept of independent de novo
neuroendocrine cell proliferation. This conclusion is
based on the fact that allelic imbalance at 11q13 is likely
to confer a proliferative advantage for clonal expansion
and thus would not likely give rise to invasive tumor cells
lacking this property once acquired. In a similar fashion,
the findings reported herein raise the possibility that mul-
tifocal carcinoid tumors, an event which while infrequent
has been noted to occur, may represent development
and progression of independent primary tumors. No case
of multifocal carcinoid tumors was present in this study.

Acquisition of int-2 allelic imbalance would appear to
be an important early marker for neoplastic progression
in neuroendocrine cell neoplasia. As such intermediate
and high grades of neuroendocrine malignancy, includ-
ing atypical carcinoid and small and large cell neuroen-
docrine carcinoma, may be expected to manifest a sim-
ilar high frequency of allelic imbalance. A search of the
current literature provides support in this regard.42,43

Unfortunately, this tumor is well known for extensive ge-
netic alterations, of which 11q damage may represent a
later epiphenomenon. 11q13 need not be an obligate
event, because progression to high-grade malignancy
may involve a unique set of genetic alterations indepen-
dent of those causally related to biologically less aggres-
sive forms of tumor development.

Finally, we wish to bring attention to the methodologi-
cal approach used in this study to determine allelic im-
balance on minute, microdissected tissue samples. Tu-
mor suppressor gene loss can be accomplished in a

Table 3. Allelic Imbalance Outside 11q13 in Pulmonary Carcinoid and Tumorlets

Negative allelic
imbalance

Positive allelic
imbalance NI

Pulmonary carcinoids with associated tumorlet(s)
Carcinoid 11p13 2 11p13 0 2

3p25 1 3p25 0 1
17p13.1 3 17p13.1 0 1

Tumorlet 11p13 2 11p13 0 2
3p25 1 3p25 0 1

17p13.1 3 17p13.1 0 1
Pulmonary carcinoid only 11p13 2 11p13 0 1

3p25 1 3p25 0 2
17p13.1 3 17p13.1 0 2

Pulmonary tumorlet only 11p13 3 11p13 0 4
3p25 2 3p25 0 1

17p13.1 4 17p13.1 0 3

NI, Noninformative status for gene polymorphism.
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variety of ways, including competitive PCR and restriction
endonuclease (RE) digestion. The former is not practical,
because it is difficult to ensure equivalence in nucleic
acid amplification of separate genes, each with its own
unique oligonucleotide primer sets. RE digestion is
based on principles similar to those used here, being
formatted on the presence in informative subjects of DNA
sequence difference between two alleles. Our approach,
which uses comparative DNA sequencing band intensity,
is not limited by the availability of RE sites at points of
DNA polymorphisms. Potential differences in PCR ampli-
fication are controlled in that the template sequence for
amplification is identical, save for the point(s) of se-
quence polymorphism, and comparison is made with a
control taken at approximately the same size from tissue
subject to identical fixation conditions. Given the rapidly
expanding database of human DNA sequence informa-
tion, we recommend our approach as a means of evalu-
ating the role of gene content alterations in all types and
sizes of clinical specimens.
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