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Bronchioloalveolar carcinoma (BAC), not yet com-
pletely defined as a biologic entity, has recently been
classified into two different types. Immunohisto-
chemical investigations, aimed at characteriz:ng base-
ment membrane (BM) behavior in the two types of
BAC, revealed different distribution patterns. The first
(Type I BAC) showed a linear staining for laminin and
Type IV collagen similar to normal lung. Fibronectin
was widely present in the septal interstitium and

BRONCHIOLOALVEOLAR carcinoma (BAC) is a
morphologic and clinical dilemma. BAC is usually
considered a variant of peripheral lung adenocarci-
noma (PLA), with a more diffuse and evident alveolar
organization, and light- and electron- microscopic
studies of BAC show many similarities with PLA,
suggesting a common histogenesis.1" The pleomor-
phic clinical aspects and the lack of any well-defined
relationship between histologic features make it hard
to consider BAC a defined biologic entity, easily dis-
tinguishable from conventional lung adenocarci-
noma.2'5

Recently, histologic, clinical, and prognostic find-
ings have suggested that BAC may be further subclas-
sified into two main categories showing different bio-
logic features,6 although transitional aspects are also
possible. These variable characteristics may account
for the discordant opinions on BAC histogenesis and
classification reported in the literature.7-'4
IfBACs are defined as all lung tumors characterized

by an alveolar organization and a linear arrangement
of neoplastic cells along a fibrovascular septum serv-
ing as a support,15 two histotypes can be identified: 1)
one, generally with a multiple nodular arrangement,
mainly composed of mucinous cells on a preexistent
septal alveolar stromal scaffold; 2) a second type orga-
nized as a single nodule, generally with nonmuci-
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patchily distributed along the BM. The second (Type II
BAC) showed a variable reaction for Type IV collagen
and fibronectin, whereas laminin was absent or ap-
peared as short, interrupted tracts around the epithelial
neoplastic population, similar to conventional adeno-
carcinoma of the lung. These results suggest that only
Type I BAC shows structural characteristics different
from those of conventional adenocarcinoma of the
lung. (Am J Pathol 1987, 128:217-224)

parous neoplastic cells covering a thick fibrovascular
septum where numerous lymphoid cells may be
present.

In addition to histologic features, these two patho-
logic entities can also be differentiated on the basis of
their tendency, particularly of the first type, to dis-
seminate aerogenously within the lung, mimicking
the clinical features of pneumonia, with important
prognostic implications.16-20
These different morphologic features could express

distinct biologic characteristics. As a rule, however,
the two biologic entities are not easily separable.
BACs with intermediate clinical and pathological
patterns are also detectable and often difficult to dis-
tinguish from conventional lung adenocarcinoma.

It has been established that the invasive properties
of cancer cells are linked to the morphofunctional
relationship existing between carcinoma cells and the
extracellular matrix microenvironment.2' 22 These
interactions might influence tumoral cell behavior
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mediating stroma-epithelium attachment and could
also modulate morphogenesis and the organization of
neoplastic tissues.23-25

Thus, immunohistochemical investigations, aimed
at evaluating qualitative and quantitative characteris-
tics of the extracellular matrix in BAC, could supply
useful information on the clinical and biologic behav-
ior ofBAC and pinpoint objective characteristics dis-
tinguishing this tumor from conventional peripheral
lung adenocarcinoma.

Materials and Methods

Among all cases of peripheral lung adenocarci-
noma in the files ofthe Institute ofPathology ofBolo-
gna University, 12 cases of BAC and 4 cases of con-
ventional (well to poorly differentiated) lung
adenocarcinoma were selected. We accepted as BAC
those tumors that, in all blocks examined, showed a

neoplastic growth pattern characterized by an alveo-
lar organization, with tumoral cells lying on fibroal-
veolar septa and histologically suggesting a growth of
tumor cells on preexisting septa.
According to Manning's criteria,6 3 cases were clas-

sified as Type I BAC and 9 as Type II BAC. Any
tumors representing the transitional form between
the two were excluded.

After lobectomy and pneumonectomy, 10-20 sam-
ples from neoplastic and adjacent normal lung were

collected and fixed in 10% buffered formalin. All
nearby lymph nodes were drawn and their location
plotted on a map.

After routine staining, conventional adenocarci-
nomas and Type I and Type II BACs were also studied
by immunohistochemical techniques.

Immunohistochemistry
The immunohistochemical method employed was

the avidin-biotin peroxidase complex (ABC)26,27
using antibodies against Type IV collagen, laminin,
and fibronectin, kindly supplied by Dr. L. Liotta, of
the National Institutes of Health, Bethesda, Mary-
land.

Sections were deparaffinized in xylene and rehy-
drated in alcohol, washed in distilled water, and
rinsed in Tris-buffered saline (TBS) for 5 minutes. All
sections were treated with 0.4% Pepsin in HCI 0.1 N
for 2 hours at 37 C to unmask the extracellular anti-
genic sites,28 and with a 0.3% solution of30% H202 in
TBS for half an hour to inhibit endogenous peroxi-
dase activity, then washed in TBS for 20 minutes.

Sections were then incubated with goat serum (di-
luted 1: 60) for 30 minutes and subsequently with
primary antibodies-anti-Type IV collagen (1: 500),

anti-laminin (1: 100), and anti-fibronectin (1: 60)-
overnight. After 20 minute's washing in TBS the sec-
tions were incubated with biotinylated antirabbit im-
munoglobulins for 30 minutes, washed in TBS for 20
minutes, reincubated by the ABC method for an hour
in the dark, and again washed in TBS for 20 minutes.
The developing agent used was 0.05%, 3.3'-diamino-
benzidine-tetrahydrochloride (DAB-Sigma) in TBS,
pH 7.4, with 0.01% H202 30%. Sections were subse-
quently counterstained in Mayer's hematoxylin and
mounted in Permount.

Results

In our series, 3 cases oflung adenocarcinoma were
classified as Type I and 9 as Type II BAC according to
Manning's criteria.

In the Type I BACs, commonly in the form ofmul-
tiple nodules, the neoplastic elements were com-

posed of muciparous, columnar cells lying on a sep-
tal-alveolar matrix and diffusing contiguously onto
the adjacent bronchioli and alveolar ductules (Fig-
ure 1).
The Type II BACs, organized as a single nodule,

ranging from 0.5 to several centimeters in diameter,
showed a pleomorphic cytologic pattern: cuboidal or
polyhedral cells, with large, polymorphous nuclei,
and covered alveolar cavities delimited by thick stro-
mal septa with some papillary projections (Figure 2).
These septa, with many lymphoid and fibroblastic
cells, seemed to fade gradually into the alveolar septa
of the surrounding lung parenchyma.

In 2 cases, which also had scarring areas, BAC fea-
tures were no longer detectable, and the carcinoma-
tous cells were organized in glandular structures as in
typical lung adenocarcinoma.

In the cases classified as conventional adenocarci-
noma, the neoplastic tissue was organized in acinar
and tubular structures, with cuboid-columnar epi-
thelial cells, sometimes with muciparous features sur-
rounded by a desmoplastic reaction. In all three
groups of carcinomas, the immunohistochemical re-
action for laminin, Type IV collagen, and fibronectin
displayed different distribution patterns. Type I BAC
showed a positive linear staining with anti-laminin
and anti-Type IV collagen antibodies around neo-
plastic cells, forming a BM-like structure. These fea-
tures resembled those observed in adjacent histologi-
cally normal lung (Figures 3-5).

Fibronectin was widely distributed in the intersti-
tium, in association with collagen fibers, and fibro-
nectin positivity with a patchy distribution was also
seen at the BM level. Type II BAC and conventional
adenocarcinoma showed a glycoprotein staining reac-
tion that consistently differed from that of Type I
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Figures 1 and 2-Bronchioloalveo-
lar carcinoma. In Type I (Figure 1)
(X75) histologic aspects suggest a
linear arrannement of neoplastic
cells along fibrovascular septa of
the lung. In Type II (Figure 2) tumor
cells cover thick fibrovascular sep-
tum (X50). (H&E)

BAC. Laminin was present as irregular tracts around
the epithelial neoplastic population in all cases (Fig-
ure 6) but one. The antibodies against Type IV colla-
gen and fibronectin revealed a variable staining from
linear to spotty (Figures 7 and 8).In the stroma sur-
rounding neoplastic cells, fibronectin was clearly evi-
dent.

Discussion
BAC is a heterogeneous entity, from a histogenetic,

clinical, and prognostic point of view. Some authors

have suggested that BAC is a variant of typical lung
adenocarcinoma, from which it differs only in its ar-
chitectural organization. The wide range of variants
present in this neoplasm suggests that a heteroge-
neous group oftumors is arbitrarily assembled under
a single nosologic entity.
By criteria suggested by the World Health Organi-

zation (WHO), only tumors originating from the al-
veoli or respiratory bronchioli and spreading contigu-
ously to other alveoli, via preexisting septal alveolar
primers, can be classified as BAC.'5 These character-
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Figure 3-Normal lung. A continu-
ous positivity is present along the
alveolar septa and around blood
vessles with anti-Type IV collagen
antibody. (X50)

Figure 4-Type I BAC. Staining for la-
minin: a linear, continuous positivity is
detectable around neoplastic cells.
(X75)
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Figure 5-Type I BAC. Linear staining
underlying the neoplastic epithelium,
obtained with anti-Type IV collagen anti-
body. (X75)

istics are not always easy to assess objectively in rou-
tine surgical pathology where lobectomies or pneu-
monectomies are frequently performed in advanced
stages of the neoplasia.

Furthermore, peripheral lung adenocarcinoma
with morphologic features supporting a growth on
fibrovascular septa may vary in histologic features
and prognosis.2'16

Recently, some authors6 have suggested that BAC
may be further subclassified into two main categories
showing different clinicopathologic aspects, although
transitional aspects are also possible.
Our investigation also supports the view that pe-

ripheral lung adenocarcinoma, with histologic archi-
tecture suggestive of BAC, can easily be subclassified
into two main types.

Furthermore, conventional lung adenocarcinoma
may likewise display some histologic features ofBAC.
Immunohistochemical analyses on extracellular ma-
trix glycoproteins reveal clear qualitative and quanti-
tative differences with regard to the presence of BM
antigens (Type IV collagen, laminin, and fibronectin)
in the different groups.
Type I BAC shows a positive staining for Type IV

collagen, laminin, and fibronectin with a distribution
similar to that of the normal lung, suggesting that in
all the fields examined neoplastic elements are ar-
ranged so as to cover preexisting alveolar septa.
On the other hand, marked differences from the

normal lung are detected in Type II BAC. In this
neoplasm laminin is often absent or present in an

irregular, spotted fashion, whereas Type IV collagen
shows a variable positivity. In Type II BAC fibronec-
tin is increased, parallel to the increase in septal
stroma.
These structural extracellular matrix modifications

seem to indicate that in Type II BAC the stroma is
synthesized de novo by carcinomatous cells, with
many similarities to the conventional adenocarci-
noma.
Only Type I BAC seems to grow on fibrovascular

septa in which the distribution ofextracellular matrix
glycoproteins is identical to that of the normal lung.
So, in line withWHO criteria, only this type oftumor
should be considered a true bronchioloalveolar carci-
noma.
However, these aspects are not conclusive evidence

that in this tumor the scaffold is "preexisting" and not
synthesized de novo.
As a general rule, the extracellular matrix, particu-

larly the BM, is synthesized by epithelial and endothe-
lial cells in association with microenvironmental
stimuli. Also, neoplastic cells of epithelial origin can
produce BM, depending only on their degree ofcellu-
lar differentiation and not on the staging of the neo-
plasia. Invasive and metastatic carcinomas can, in
fact, produce a BM qualitatively and quantitatively
identical to the BM of the normal epithelium.29'30 In
view of this, well-differentiated cells ofthe peripheral
lung adenocarcinoma may synthesize BM in a way
similar to that ofthe normal lung, making it impossi-
ble to establish whether lung septal stroma existed
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Figure 6 and 7-Type II BAC. Irreg-
ular positivity (arrows) around carci-
nomatous cells for both laminin (Fig-
ure 6) and Type IV collagen (Figure
7). (X50)

beforehand or, on the contrary, was synthesized de
novo. Although this criterion proposed in the classifi-
cation of the bronchioloalveolar carcinoma proves
difficult to assess in routine surgical pathology, the
different features ofthe extracellular matrix ofperiph-
eral lung adenocarcinoma could explain its different
biologic behavior.
The BM represents a natural basal support for the

epithelial cells. The cell support attachment is me-

diated by several macromolecules such as cell recep-
tors, stromal glycoproteins (fibronectin, laminin),
and serum spreading factors.31
These glycoproteins seem to interact with intracel-

lular microfilaments, causing actin binding and stim-
ulation of cell motility.32

Furthermore, specific peptide fragments of fibro-
nectin and laminin can promote the adhesion and
direct migration of epithelial cells.33 Hence, different
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Figure 8-Conventional adenocar-

Type IV collagen can be observed.
(X75)

transmembrane arrangements between the intracel-
lular microfilaments (actin, a-actin, vinculin) and the
extracellular matrix might produce functional
changes in cell adhesion and migration properties.34
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