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The critical distinction of bronchioloalveolar carcinoma (BAC), well-differentiated adenocarcinoma (WDAC) of
lung, adenomatous hyperplasia (AH) and atypical adenomatous hyperplasia (AAH), is based on morphological
criteria alone, and is therefore potentially subjective. We examined expression of two markers, X-linked
inhibitor of apoptosis protein (XIAP), the most potent of the inhibitor of apoptosis protein (IAP) family, and p63,
a marker of bronchial reserve cells (BRC) and squamous cells, in these entities. H&E slides of 37 tissue blocks
from 27 patients were reviewed and classified as AH (n¼ 7), AAH (n¼ 8), BAC (n¼ 9) and WDAC (n¼ 13).
Immunostaining was performed on 4 lm sections with monoclonal anti-XIAP and monoclonal anti-p63. Granular
or heterogeneous cytoplasmic staining for XIAP and nuclear staining for p63 were considered positive. Neither
XIAP nor p63 were detected in normal lung alveolar cells. All seven AHs were negative for XIAP and negative or
focally positive for p63. All eight AAHs were positive for XIAP and displayed p63 positivity in scattered cells. All
BACs displayed XIAP positivity, which ranged from focal/weak to diffuse/strong. p63 was negative in seven and
focally positive in two of nine BACs. Twelve of 13 WDACs showed XIAP positivity in a similar pattern to BAC; all
were negative for p63. One aberrant case diagnosed on H & E as WDAC was negative for XIAP but strongly
positive for p63. Significant XIAP expression appears to be useful for distinguishing AAH from AH.
Commonality of XIAP staining in AAH, BAC and WDAC supports the possibility that AAH may be a pre-
malignant lesion. The rarity of p63 expression confirms previous reports and supports a nonbronchial
histogenesis of these entities. In contrast, diffuse p63 staining may facilitate the identification of rare cases that
may have been misclassified as alveolar in origin based on morphology but may be of BRC origin.
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The distinction of bronchioloalveolar carcinoma
(BAC), well-differentiated adenocarcinoma (WDAC)
of lung, atypical adenomatous hyperplasia (AAH)
and adenomatous hyperplasia (AH), is critical for
patient management, but can be difficult based upon
histopathological features alone. AAH in particular
is problematic in several aspects: atypia is a

subjective term—cells that are atypical to some
may be considered by others to be within normal
limits. AAH is defined in the 2001 WHO classifica-
tion1 as a lesion that is less than 5mm, with mildly
to moderately atypical cells lining alveoli and
thickening of alveolar walls in the absence of
underlying interstitial disease; however, these cri-
teria have not been applied uniformly by all
practitioners. Second, no objective markers have
been described that may facilitate the distinction
between reactive atypia and true pre-malignant
atypia, or the distinction of AH from AAH. Whether
the atypia in AAH represents true pre-malignant
change is also unresolved. Another issue is the
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distinction between AAH and BAC. Based on the
WHO 2001 classification, the only distinction
between AAH and BAC is the size of the lesion, ie
less than or greater than 5mm in diameter, respec-
tively. We report herein an examination of two
markers, p63 and X-linked inhibitor of apoptosis
protein (XIAP) in this spectrum of lung lesions.

Eight human inhibitor of apoptosis proteins
(IAPs) have been discovered, of which XIAP is the
most potent.2–4 The first described IAP, encoded
by a baculovirus gene, was shown to protect virally
infected cells and enhance viral replication.2 XIAP
blocks activation of apoptosis-promoting caspases 3,
8 and 9, thereby blocking both the intrinsic and
extrinsic apoptotic pathways.3,5 XIAP is commonly
overexpressed in cancer cell lines; overexpression
confers resistance to apoptosis-inducing chemo-
therapeutic agents and radiation. XIAP-inhibitory
siRNA, antisense constructs or small molecules
restore chemosensitivity in a variety of XIAP-over-
expressing cell lines and in some cases induce
apoptosis of tumor cells.6–11 XIAP expression corre-
lates with clinical aggressiveness in acute myelo-
genous leukemia, diffuse large B-cell lymphoma
and renal cell carcinoma.12–14 XIAP is expressed in
some normal tissues;15 however, XIAP-knockout
mice lack any significant pathology, suggesting
normal cells function properly in its absence. For
all of the above reasons, XIAP is considered an
attractive target for drug discovery. XIAP reagents
have been identified and are in preclinical as well as
clinical trial testing.4,5,16,17

XIAP expression in non-small cell lung carcinoma
has been reported in cell culture and animal
models.18–21 However, immunohistochemical stu-
dies specifically addressing XIAP expression in
human lung adenocarcinoma and alveolar hyper-
plasias are lacking. An immunocytochemical study
of body cavity effusions and washes performed in
our laboratory detected XIAP in eight out of nine
metastatic non-small cell carcinomas of pulmonary
origin,22 raising the possibility that XIAP may play a
role in the pathogenesis or progression of lung
adenocarcinoma.

p63 is a p53-homologous gene implicated in
maintaining stem and basal/undifferentiated cell
populations in squamous and other epithelia. In
normal lung, p63 is strongly expressed in bronchial
reserve cells, squamous metaplasia, squamous cell
carcinoma and adenosquamous carcinoma; in AAH
and lung adenocarcinoma, expression of p63 is less
frequent and present in scattered cells,23–28 with
most studies reporting positivity in fewer than 20%
of adenocarcinomas.

We describe below patterns of immunohistochem-
ical detectability of XIAP and p63 in AH, AAH, BAC
and WDAC that may have implications for patho-
genesis and may facilitate differential diagnosis in
difficult cases, as well as shed some light on new
options for therapy and clinical management of
these lesions.

Materials and methods

Hematoxylin and eosin stained slides of 37 formalin-
fixed paraffin-embedded tissue blocks from 27 lung
wedge excisions and lobectomies were reviewed by
three anatomic pathologists, including an experi-
enced pulmonary pathologist (JG), and were classi-
fied as AH (n¼ 7), AAH (n¼ 8), BAC (n¼ 9) and
WDAC (n¼ 13). Ten patients had multiple lesions
ranging from AH to WDAC. Four of 10 (40%)
patients had both AH and adenocarcinoma and 2
of 10 patients had AAH associated with carcinomas.

In all sections, adjacent normal lung served as
internal control for p63 (strong staining in bronchial
reserve cells27), and a colon adenocarcinoma was a
positive control for XIAP. Immunostaining was per-
formed by standard citrate-based antigen retrieval
followed by incubation with either monoclonal anti-
XIAP (clone 48; BD Biosciences, San Jose, CA, USA)
diluted 1:125 in PBS plus 0.2% bovine serum
albumin plus 5% goat serum, at 41C for 72h or
monoclonal anti-p63 (4A4; Santa Cruz, Santa Cruz,
CA, USA) diluted 1:4000 in PBS with 0.1% bovine
serum albumin and 5% non-fat dry milk overnight
at room temperature, followed by incubation with
EnVision-Plus reagents (Dako, Carpinteria, CA,
USA) and diaminobenzidine as chromagen; granular
or nonhomogeneous cytoplasmic staining for XIAP
and nuclear staining for p63 were considered
positive. The extensiveness of both XIAP and p63
staining was recorded as follows: negative; 1þ :
o10% positivity; 2þ : 10–50% positivity and 3þ :
51–100% positivity. XIAP staining intensity was
graded as negative; weak (1þ ); moderate (2þ ) or
strong (3þ ) positivity. For p63, nuclear staining
was usually strong, therefore was graded as negative
or positive.

Results

In normal lung, XIAP was consistently non-staining
in normal alveolar epithelium (Figure 1a). In some
cases, XIAP positivity was found in the apical
cytoplasm of ciliated bronchial cells (Figure 1b),
consistent with reports by others.15 p63 did not stain
normal alveolar epithelium (Figure 1c), but strongly
stained subsurface reserve cells in bronchi and
bronchioles (Figure 1d).

All seven AHs were XIAP negative (Figure 2c) and
displayed either p63 negativity (Figure 2d) or focal
positivity.

Eight of eight AAHs (100%) were XIAP-positive
with positivity ranging from 1þ to 3þ in extent and
intensity (Figure 3c: 3þ ). Eight of eight AAHs
(100%) displayed nuclear p63 positivity in rare
scattered atypical cells (Figure 3d) and five out of
eight cases also showed weak cytoplasmic staining
with anti-p63, which was considered nonspecific
(see Discussion).

Nine of nine BACs (100%) displayed XIAP
positivity that ranged from focal/weak to diffuse/
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strong (Figure 4c, 3þ ); p63 was negative (Figure 4d)
in seven of nine BACs (78%) and focally positive in
two of nine (22%). All 12 WDACs displayed XIAP
staining in a similar pattern to BAC (Figure 5c, 3þ );
all were negative for p63 (Figure 5d).

In some cases with both AAH and carcinoma
present, expression of XIAP was stronger in AAH
immediately adjacent to the carcinoma compared
with the nonadjacent regions.

One lesion studied did not appear to conform to
the aforementioned staining patterns. It was a 6mm

lesion originally classified as AAH and reclassified
as WDAC in the course of this study using
histopathological criteria. On H&E stain, this lesion
consisted of small gland-like nests of medium-sized
pleomorphic atypical cells in a fibrous background,
and, notably, appeared not to have lepidic pattern of
spread characteristic of AH, AAH, BAC and WDAC.
Unlike other WDACs or AAHs, it was XIAP-negative
(Figure 6c) and was strongly and diffusely positive
for p63 (Figure 6d). The possible significance of case
is discussed below.

Figure 2 (a) Low-power view of AH with H&E staining. (b) High-power view of AH with H&E staining. (c) AH with virtually negative
XIAP staining. (d) AH with virtually negative p63 staining.

Figure 3 (a) Low-power view of AAH with H&E staining. (b) High-power view of AAH with H&E staining. (c) AAH with positive XIAP
staining in the atypical cells. (d) AAH with occasional p63-positive nucleus.

Figure 4 (a) Low-power view of BAC with H&E staining. (b) High-power view of BAC with H&E staining. (c) BAC with positive XIAP
staining. (d) BAC with negative p63 staining.

Figure 1 (a) Normal lung parenchyma with negative XIAP staining. (b) Normal bronchial epithelium with positive XIAP staining in
apical pattern. (c) Normal lung parenchyma with virtually negative p63 staining. (d) Normal bronchial epithelium with positive p63
staining in the basal reserve cells.
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Discussion

Expression of XIAP in AAH, BAC and WDAC but
not in AH and normal lung alveolar tissue raises the
possibility that AAH could represent a premalignant
precursor to pulmonary adenocarcinoma. Although
the number of cases in this study is small, XIAP
expression appears to be of potential clinical use as
a marker for distinguishing AH from AAH. Positive
staining of XIAP in 100% of AAH compared with
negative staining in 100% of AH suggests that the
nature of cells in ‘atypical adenomatous hyperpla-
sia’ may not be simply reactive and hyperplastic.
Although the suggestion has been made that AAH
may be a premalignant lesion based on chromo-
somal abnormalities, loss of LKB1 expression,
overexpression of cyclin D1 and decreased p16
expression,29,30 proof has been lacking. Given the
antiapoptotic function of XIAP, the present study
links AAH, but not AH to defective apoptotic
pathways that are a frequent and well-described
aspect of malignancy.

The present findings also disclose a correlation of
XIAP expression with atypical cytomorphology
among these lesions: in AH, in which the cells are
benign appearing with small and uniform nuclei,
XIAP is negative. In contrast, the cells in AAH are
atypical with nuclear enlargement, pleomorphism
and irregular nuclear contour and are positive for
XIAP. The correlation of atypia with XIAP positivity
may justify alternate proposed terminology for AAH,
namely alveolar cell dysplasia or alveolar intra-
epithelial neoplasia. Indeed, the commonality of
XIAP positivity blurs the distinction of AAH and
BAC; other molecular findings may be required to
determine whether one or both entities are indeed

malignant, but differ only in the size of the lesion. In
other studies, we have found immunohistochemi-
cally detectable XIAP in subsets of preneoplastic
lesions of breast, head and neck, and uterine
cervix.31–33

The reported prevalence of p63 positivity in lung
adenocarcinoma varies considerably among pub-
lished studies, but most suggest less than 20%
prevalence and moreover positivity is found in
scattered cells rather than diffuse. In the present
study, p63-positive cells were found to be scattered
in AH and in AAH but rare in BAC and negative in
WDAC (with the exception of the case discussed
below). Although p63 is a transcription factor,
for which nuclear staining alone was considered to
be specific, we noted p63 cytoplasmic staining of
undetermined relevance or significance in 5 of 8
AAH, 7 of 9 BAC and 3 of 12 WDAC (data not
shown). Of note, one report suggests that cytoplas-
mic p63 staining correlates with worse prognosis in
lung adenocarcinoma.34

As p63 is consistently positive in bronchial
reserve cells and squamous carcinomas,24–28 strong
diffuse positivity of p63 combined with XIAP
negativity in one case interpreted morphologically
to be WDAC was of interest, as this phenotype was
essentially the reverse of that of other WDACs.
Unlike other reported p63-positive lung adenocarci-
nomas, in which p63 positivity is present only in
scattered cells,27,28 the present lesion was p63-
positive in virtually all tumor cells (Figure 6d). Of
interest, a similar-appearing lesion described by
Sheikh et al23 expressed p63 in 80% of cell nuclei,
and was also a case in which AH with atypia was
revised to a diagnosis of adenocarcinoma. That case
and the present case raise the question of whether or

Figure 5 (a) Low-power view of WDAC with H&E staining. (b) High-power view of WDAC with H&E staining. (c) WDAC with positive
XIAP. (d) WDAC with negative p63.

Figure 6 (a) H&E stained low-power view of the controversial case; (b) H&E stained high-power view of the case; (c) negative XIAP
staining; (d) positive p63 staining.
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not the p63-positive malignant-appearing cells are
of bronchial reserve cell rather than alveolar origin.
Whether such lesions constitute a previously un-
recognized entity, and whether these are non-
neoplastic, pre-malignant or malignant cannot be
ascertained at present (Table 1).
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