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Atypical adenomatous hyperplasia (AAH) of the lung
has been postulated as a possible precursor lesion of
bronchioloalveolar carcinoma (BAC). The clonality of
AAHs from seven female patients was analyzed to
determine whether AAH is a monoclonal expansion.
All AAHs were identified in lungs surgically resected
for BAC. The clonality of the BAC and bronchiolar
metaplasia in each case was also analyzed. Approxi-
mately 500 cells in each lesion were precisely micro-
dissected from methanol-fixed sections. Adjacent nor-
mal lung tissue was collected as a normal control.
DNA was extracted for clonal analysis based on an
X-chromosome-linked polymorphic marker, the hu-
man androgen receptor gene (HUMARA). HUMARA
was found to be amplified with or without previous
digestion by the methylation-sensitive restriction en-
donuclease HpaII. Five cases were informative. All 10
AAHs and 7 BACs obtained from the informative cases
showed monoclonality, whereas the control cells
showed polyclonality. Three different AAH lesions in
a single case showed both possible patterns of mono-
clonality. BAC and contiguous AAH showed identical
monoclonality in two cases. Two lesions of bronchio-
lar metaplasia, which was considered reactive, were
polyclonal. Our results demonstrated the monoclonal
nature of AAH, and this finding suggests that AAH is a
precursor of BAC or a preneoplastic condition. (Am
J Pathol 1999, 154:249–254)

Pulmonary adenocarcinoma is now one of the most com-
mon types of lung cancer. Unlike squamous cell carci-
noma of the lung, in which precursor lesions have been
identified,1–3 the preneoplastic lesion of adenocarcinoma
remains undefined. Bronchioloalveolar carcinoma (BAC)
is a subset of pulmonary adenocarcinoma and contains
three histological types: mucinous, nonmucinous, and
sclerosing.4 Recently, atypical adenomatous hyperplasia
(AAH) has been postulated as a possible precursor of
BAC, and many studies have been conducted to char-

acterize AAH.5–14 Cytofluorometric analyses have
showed that the DNA histogram patterns of AAH are
intermediate between those of reactive hyperplasia of
type II pneumocytes and small-sized well differentiated
adenocarcinomas and that AAH is a clonal cellular pro-
liferation closely related to well differentiated adenocar-
cinoma.15 An image cytometric analysis also showed that
some cases of AAH displayed aneuploid histogram pat-
terns.16 Several genetic analyses of AAH revealed that
15% to 39% of AAHs had K-ras mutations.17,18 Immuno-
histochemical analyses of p53 and c-erbB-2 have indi-
cated that AAH exhibits certain genetic changes associ-
ated with malignancy.7,19 However, AAH for telomerase
activity has been found to be negative by radioactive in
situ hybridization.20 Although evidence has been accu-
mulated that AAH is a precursor of BAC, its preneoplastic
or neoplastic character has not been definitely proven.

Monoclonality has been thought to be a fundamental
characteristic of neoplasia.21,22 One X chromosome is
randomly and permanently inactivated at an early stage
of embryogenesis in the female. This leads to somatic
mosaicism of normal females with respect to X-linked
alleles, with approximately one-half of the somatic cells
expressing the maternal allele and the other half express-
ing the paternal allele. Tumors arising from a single cell
will therefore express one of the two phenotypes. Re-
cently, a highly polymorphic trinucleotide CAG repeat in
the X-linked human androgen receptor gene (HUMARA)
has been used to distinguish between the two X chromo-
somes23 and detect monoclonality in various neoplastic
diseases,24–29 including BAC.30

Bronchiolar metaplasia (or alveolar bronchiolization)
may be observed after a variety of insults, such as respi-
ratory infection, exposure to chemical irritants, carcino-
gens, and circulatory disturbances involving the lung.31

Bronchiolar metaplasia simulates BAC morphologically
because the metaplastic epithelial cells proliferate along
the alveolar wall32; however, it has been considered re-
active, not neoplastic, because the epithelial cells do not
show atypia.
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The aim of this study was to determine 1) whether AAH
is a monoclonal expansion, 2) whether the clonality of
AAH is consistent with that of BAC when AAH is contig-
uous to BAC, and 3) whether other peripheral pulmonary
lesions such as bronchiolar metaplasia are monoclonal or
polyclonal expansions.

Materials and Methods

Patients

Sixty-nine patients underwent resection of the lung be-
cause of cancer at the National Cancer Center Hospital
East from September 1997 to January 1998. Among
them, 21 patients (30%) had concomitant AAH. Eight
were male and thirteen were female. Seven female cases
in which we found AAHs or bronchiolar metaplasia were
available for the analysis of the clonality. All AAHs were
identified in lungs surgically resected for BAC. The loca-
tions in which samples were taken were assigned by
gross dissection.

Histological Criteria for AAH, Bronchiolar
Metaplasia, and BAC

The histological diagnosis of AAH was made based on
the following criteria, as previously described6,8,9,16,33: 1)
the lesion is localized with well defined boundaries; 2)
atypical cuboidal to low columnar or peg-shaped cells,
resembling either type II pneumocytes or Clara cells,
have proliferated along the slightly thickened alveolar
wall, and mild inflammatory infiltration may be present
without scar formation; and 3) atypical cells in AAH have
variable degrees of nuclear atypia, but it is less promi-
nent than in adenocarcinoma (Figure 1). Bronchiolar
metaplasia is characterized by the presence of ciliated
columnar cells extending from the bronchus to the alveoli
without atypia (Figure 2). BAC is defined as pulmonary
adenocarcinomas in which most of the tumor grows as a
single cell layer along alveolar walls, forming apparent
glands of uniform size.4

Strategy for Clonal Analysis

We conducted clonal analysis according to the method of
Allen et al.23 The strategy is based on random X chro-
mosome inactivation by methylation. This random inacti-
vation occurs early in embryogenesis and remains con-
served throughout cell division, even in tumors. The
HUMARA on the X chromosome has a trinucleotide
(CAG) repeat polymorphism. We used HpaII, which can-
not digest methylated DNA, to cut DNA before polymer-
ase chain reaction (PCR), so that only the methylated
allele was amplified. If the methylation pattern is uniform
because of monoclonality, there is only one PCR product
after HpaII digestion, whereas if the methylation patterns
differ (polyclonal), two PCR products are obtained for the
trinucleotide repeat polymorphism. The HUMARA poly-
morphism results were compared with the normal sample

used in the study. In monoclonal cases, if the longer or
shorter allele is amplified after HpaII digestion, we refer to
it as the l or s pattern of monoclonality, respectively.

DNA Extraction

The resected lungs were fixed with 100% methanol and
embedded in paraffin. The paraffin blocks containing the
BAC, AAH, or bronchiolar metaplasia that was found in
routine pathological studies were cut into 5-mm sections
and stained with hematoxylin and eosin (H&E). Approxi-
mately 500 cells were microdissected under a micro-
scope (BX50W1, Olympus, Tokyo, Japan) by using a
microcapillary tube drawn to a thin tip with a micropipette
puller (PC-10, Narishige, Tokyo, Japan) and a joystick-
operated hydraulic micromanipulator (ONO-125, Olym-
pus-Narishige, Tokyo, Japan) (Figure 3). The microdis-
sected cells were allowed to adhere to Parafilm
(American Can, Greenwich, CT) and placed into 500-ml
microcentrifuge tubes. Adjacent normal lung tissue was
scraped with a 27-gauge needle to provide a normal
control. DNA was extracted with the DNA extractor WB kit
(Wako Pure Chemicals, Osaka, Japan).

Figure 1. Representative histopathological findings of atypical adenomatous
hyperplasia (AAH) of the lung in case 2 (AAH 2-2). The lesion is localized
and has well defined boundaries (A). Atypical cuboidal cells have prolifer-
ated along the slightly thickened alveolar wall. The epithelial cells of AAH
have a round nucleus with a prominent nucleolus (B). H&E; original mag-
nification, 330 (A) and 3256 (B).
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Polymerase Chain Reaction

DNA was digested with RsaI and with or without HpaII,
and the HUMARA was then amplified by PCR as previ-
ously described.34 Amplification of the HUMARA in exon
1 was performed using primers AR1 and AR2, essentially
as described by Mutter et al35 with slight modifications.
Six percent (w/v) of dimethylsulfoxide and dGTP instead
of 7-deaza-29-dGTP were added. AR2 was labeled at the
39 end with fluorescein. The HUMARA PCR products were
analyzed with an automatic sequencer (ALFred, Pharma-
cia, Uppsala, Sweden) and quantified with the Fragment
Manager software package (Pharmacia).

Results

The characteristics of the cases are summarized in Table
1. Patient 1 had 28 AAHs, patient 2 had three, patient 7
had two, patient 3 had one, and patient 4 had one in the
periphery of BAC. Patient 5 had three AAHs, one of which
was located at the borders of the BAC. Patients 4 and 7
also had foci of bronchiolar metaplasia apart from the
BAC. Patient 5 had three BACs in the right upper and
middle lobes (in the S3ai, S3aii, and S4a).

Five of the seven cases were informative, with two PCR
products of HUMARA (s and l) in the normal control. All 10
AAHs analyzed and seven BACs showed a monoclonal
pattern, whereas two foci of bronchial metaplasia and

normal lung showed a polyclonal pattern (Table 1). In
cases 2 and 5, different foci of AAHs from individual
patients showed both possible patterns of monoclonality,
which meant some retained the shorter allele (s pattern of
monoclonality) and others the longer allele (l pattern of
monoclonality) (Figure 4A).

Furthermore, in case 5, two BACs in the upper lobe
showed the s pattern of monoclonality, whereas a BAC in
the middle lobe showed the l pattern of monoclonality.
Monoclonality was also seen in the AAH located at the
periphery of BAC, and its pattern was identical to that of
BAC in cases 4 and 5 (Figure 4B).

Discussion

Several molecular analyses of AAH have been reported,
including analyses for K-ras mutation17,18 and telomerase
activity.20 Although it has not yet been determined
whether AAH is a precursor lesion of BAC, evidence has
been accumulating in support of the hypothesis that AAH
is a preneoplastic lesion of BAC. In the present study, we
clearly demonstrated monoclonal expansion of AAH on
the basis of random X-chromosome inactivation.

Monoclonality of various tumors has been reported,
including myeloproliferative disorders,24 leiomyoma,
Wilms’ tumor,25 Hodgkin’s disease,26 gynecological can-
cer,27 and multiple cancer of bladder28 and breast.36

However, Murry et al37 have recently showed mono-
clonality of smooth muscle cells in human atherosclero-

Figure 2. Representative histopathological findings of bronchiolar metapla-
sia. Ciliated columnar cells have extended from the bronchus to the alveoli
without atypia. H&E; original magnification, 338 (A) and 3206 (B).

Figure 3. Precise microdissection. AAH cells (A) were microdissected out to
prepare DNA extraction (B). H&E; original magnification, 3300.
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sis, which is considered a non-neoplastic lesion. Nomura
et al34 showed monoclonality of each pyloric gland in the
stomach. These findings suggested three possible expla-
nations for the monoclonality of AAH: 1) the size of
patches (groups of cells with the same patterns of X-
chromosome inactivation) in the alveolar epithelium was
larger than the lesions investigated; 2) a single cell in a
heterogeneous lesion responded to a growth stimulation
and proliferated overwhelmingly; or 3) a single cell un-
derwent transformation into a neoplasm. The patch size
of normal alveolar cells has remained undetermined. The
normal control in our study was polyclonal, because it
contained not only alveolar cells but several capillary
cells or interstitial cells. However, dissected metaplastic
epithelium (bronchiolar metaplasia), which has been con-
sidered to be a reactive hyperplastic lesion, was found to
be polyclonal in our study. The size of the area in which
the cells were microdissected was similar for both bron-
chiolar metaplasia and AAH. Therefore, it is reasonable to
conclude that the size of AAH was greater than the patch
size. Clonal expansion of the cells carrying alterations of
oncogenes and/or tumor suppressor genes defines neo-
plasia at a fundamental genetic level.17 Taken together,
our present findings and previous reports of K-ras muta-
tion in AAH17,18 led us to conclude that AAH is neoplastic
and not reactive or hyperplastic.

Multiple AAHs have been found occasionally.19 AAH
has never been thought to disseminate because AAH
cells do not invade the pulmonary mesenchyme his-
topathologically. In our study, AAH 2-3 showed an l pat-
tern of monoclonality, whereas AAH 2-1 and 2-2 showed
an s pattern. These findings indicate that multiple AAHs

are of multicentric origin and that each grows indepen-
dently.

AAH is frequently seen at the borders of BAC as in
cases 4 and 5, whose AAH and BAC showed the identi-
cal pattern of monoclonality. If BAC originates from AAH,
their monoclonality should be identical. The possibility of
the BAC and AAH at its borders in these two cases
occurring by chance is 25%, even if independent lesions;
therefore, clonal analysis of many cases is necessary to
establish the relationship between AAH and BAC.5–12

Case 5 had three BACs in the right upper and middle
lobes, and these BACs showed both possible patterns of
monoclonality. This finding indicated that the middle lobe
tumor was not a metastasis from the upper lobe tumors,
but a multicentric primary tumor. Clonal analysis based
on X-chromosome inactivation is one of the most useful
methods of differentiating between multiple and meta-
static cancers when the histological type of multiple tu-
mors is similar, especially in gynecological or breast
cancer.36,38 The ability to diagnose multiple primary or
metastatic lung cancer by this method is limited, because
1) male cases cannot be analyzed; 2) 10% to 20% of
female cases are not informative for homozygosity in the
HUMARA polymorphic site; and 3) there is a 50% prob-
ability of identical X-chromosome inactivation occurring
in two tumors even if their clonality is different. Noguchi et
al39 showed that the p53 gene mutation pattern is an
effective marker for diagnosis of tumor multiplicity. There-
fore, a combination of clonal analysis and p53 mutation
analysis would have a greater impact on the diagnosis of
multiple cancer than either one of the two methods alone.

Table 1. Clinical Features and Clonal Results

Case Age (years) Size (mm) Location* Lesion HUMARA

2 58 16 3 14 3 12 S6b BAC 2 Monoclonal (l)
2 3 1.5 S10a AAH 2-1 Monoclonal (l)
3 3 2.5 S10a AAH 2-2 Monoclonal (l)
3 3 3 S10c AAH 2-3 Monoclonal (s)

NL Polyclonal
3 72 25 3 25 3 10 S3a BAC 3 Monoclonal (s)

10 3 10 S1a AAH 3 Monoclonal (s)
NL Polyclonal

4 72 15 3 14 3 8 S6c at periphery of BAC 4 BAC 4 Monoclonal (s)
AAH 4 Monoclonal (s)

1.5 3 1 S10 BM Polyclonal
NL Polyclonal

5 60 14 3 8 3 8 S3ai at periphery of BAC 5-1 BAC 5-1 Monoclonal (s)
AAH 5-1 Monoclonal (s)

5 3 3 S4a BAC 5-2 Monoclonal (l)
4 3 3 S3aii BAC 5-3 Monoclonal (s)
2 3 1 S3a AAH 5-2 Monoclonal (l)
5 3 3 S3bi AAH 5-3 Monoclonal (l)

NL Polyclonal
7 51 32 3 31 3 21 S8 BAC 7 Monoclonal (s)

5 3 4 S9b AAH 7-1 Monoclonal (l)
1.5 3 1 S9b AAH 7-2 Monoclonal (l)

2 3 1 S8 BM Polyclonal
NL Polyclonal

Cases 1 and 6 were homozygous for a trinucleotide repeat in the androgen receptor gene on the X chromosome and thus uninformative for the
analysis. BAC, bronchioloalveolar carcinoma; AAH, atypical adenomatous hyperplasia; NL, normal lung; s, shorter-allele-inactivated pattern; l, longer-
allele-inactivated pattern; BM, bronchiolar metaplasia.

*Locations assigned by gross dissection.
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Genetic analysis of AAH used to be difficult, because
AAHs are such small lesions and most of them are found
incidentally during routine pathological examinations. In
addition, whole-lung fixation with formalin makes it diffi-
cult to extract DNA and perform PCR on such small
lesions as AAH. Fixation with methanol, however, can
circumvent this problem because it is an excellent
method for both DNA and morphological analyses.40 Fur-
thermore, our precise microdissection method makes it
possible to genetically analyze small lesions such as AAH.

In conclusion, AAH exhibited a monoclonal expansion
of epithelial cells, whereas reactive lesions such as bron-
chiolar metaplasia showed polyclonality. Considering the
fact that K-ras activation was reported previously in AAH,
our findings strongly support the idea that AAH is a

preneoplastic lesion rather than reactive hyperplasia. Our
findings also supported the possibility of an adenoma-
carcinoma sequence in lung carcinogenesis, based on
the discovery of identical monoclonal patterns in BAC
and AAH peripheral to it. Additional molecular analyses
are necessary to further characterize the biological na-
ture of AAH.
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