
Abstract. – OBJECTIVES: The accurate iden-
tification of bronchioloalveolar carcinoma (BAC)
from adenocarcinoma (AC) and other types of
lung cancer is important from clinical perspec-
tives; especially, when BAC is histologically-
mixed with AC.

We hypothesized that the elastic fibers (EF)
pattern could be used as a differential marker to
identify BAC from other lung cancers. The aim of
this study was to characterize the EF pattern in
different types of lung cancer and evaluate its
significance for differential diagnosis of BAC.

PATIENTS AND METHODS: Clinical samples
of different types of lung cancers were collected.
The samples were stained by hematoxylin-eosin
(H&E) staining for histopathological comparison.
Then, modified Weigert’s staining of the EF was
performed to characterize its patterns. The EFs
were semi-quantified and compared among dif-
ferent types of lung cancer. Further, transmis-
sion electronic microscopy (TEM) was per-
formed and ultrastructural features of the EFs
were compared between BAC and adenocarcino-
ma (AC).

RESULTS: H&E staining histopathology could
differentiate the most types of lung cancer ex-
cept certain types, such as histologically-mixed
BAC and AC. The EF pattern in BAC was unique-
ly different from other types of lung cancer as >
95% of BAC was + or ++ for EF staining while >
95% of other types of lung cancer were - or ±
type.TEM study further confirmed the EF pattern
difference between BAC and AC.

CONCLUSIONS: As the data show, as > 95%
BAC specimens can be identified from other
lung cancers based on EF (Weigert’s) staining.
The EF pattern in BAC is uniquely different
from other types of lung cancer and, therefore,
can be used as a differential clinical marker of
BAC.
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Introduction

Lung cancers are usually the malignant tu-
mors with high incidence and mortality rates,
severely threatening the human health. Differ-
ent types of lung cancers include large-cell car-
cinoma (LC), small-cell carcinoma (SC),
adenosquamous carcinoma (AdC), adenocarci-
noma (AC), etc. In clinics, hematoxylin-eosin
(H&E) stained histopathology is considered the
gold standard for diagnosing different types of
lung cancer1. However, it may become difficult
sometimes to differentiate between certain
types, such as in case of mixed features of AC
with bronchioloalveolar carcinoma (BAC)2,3.
Though BAC was traditionally thought to be a
subtype of AC, the treatment options and prog-
nosis of BAC differ greatly from those of AC4.
Therefore, the accurate differentiation of BAC
from AC and other types of lung cancer be-
comes important in clinical practice; especially,
when BAC is histologically-mixed with AC.
The presence or changed pattern of elastic
fibers (EF) was observed in different types of
cancers as a remarkable feature of the disease.
The EF pattern was suggested as a diagnostic
feature for certain types of cancers, such as
ependymoma or as a measure for identification
of cancer progression, such as regression in
melanoma5,6.
Over the past decades, as though several clin-

ical features and methods have been evaluated
for the differential diagnosis of BAC from AC
or other lung cancers2,4; little attention has been
paid to the EF as a characteristic feature for
clinical diagnosis. Herein, we characterized the
EF patterns in different types of lung cancers
(BAC and AC) using histological and ultrastruc-
tural analyses and evaluated its potential as a
marker for clinical diagnosis of BAC.
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Patients and Methods

In this study, 239 tissue samples of lung can-
cer were analyzed. These samples were collected
from the patients that were admitted to the Gen-
eral Hospital of People’s Liberation Army (PLA)
from February, 1998 to January 2010 and were
subjected to the surgical ablation of lung tumors.
These included 66 BAC, 90 AC, 27 squamous
carcinoma (SqCa), 18 adenosquamous carcinoma
(AdC), 14 large cell carcinoma (LC), 12 small
cell carcinoma and 12 carcinoid samples, where-
as 50 normal lung tissue samples were included
as control.

Histopathology
Tissue samples were fixed in 4%

paraformaldehyde and paraffin embedding was
performed using standard technique7. Hema-
toxylin and eosin (H&E) stained tissue sections
(4 µm thick) were microscopically examined to
determine the types of lung cancer. Later, modi-
fied Weigert’s staining of the EF was performed.
Briefly, paraffin-embedded sections were de-
paraffinized and processed in 0.5% potassium
permanganate solution for 5min and then
bleached in 1% oxalic acid. After washing in dis-
tilled water and 70% alcohol, the sections were
stained by Weigert’s staining solution as instruct-
ed8. A positive staining was indicated by royal
blue color. The abundance of EFs was graded se-
mi-quantitatively from non-existent (-) to present
(+) or abundant (++).

Transmission Electron Microscopy
Transmission electron microscopy (TEM) was

performed for parallel analysis of the selected tis-
sue samples as described in detail elsewhere9.
Briefly, tissue samples were first fixed in glu-
taraldehyde, followed by post-fixation treatment
with osmium tetroxide. Later, tissues were dehy-
drated in graded series of alcohol and embedded
in epoxy resin. About 80nm thick sections were
prepared and stained by uranyl acetate and lead
citrate prior to examination at 60kV using a
transmission electron microscope. Specific ex-
amination of the EF patterns was carried out.

Results

H&E Staining Characteristics of the EFs
H&E staining demonstrated that the histolog-

ical characteristics varied among different types

of lung cancers (Figure 1). Since it was difficult
to clearly differentiate between histologically-
mixed AC and BAC types, we resorted to modi-
fied Weigert’s staining of the EFs and found that
AC and other lung cancers were similar with re-
spect to EF patterns. As shown in Figure 1, rare
positive stained interstitium in the AC and other
lung cancer samples could be observed by
Weigert’s staining. Further, quantification of the
EF content showed that most of the samples
were - or ± (~98% in analyzed samples; Table I
and Figure 2). The apparent presence of EFs in
AC samples was very rare (only one AC sample
was graded as +). On the other hand, Weigert’s
staining of BAC specimens demonstrated the
frequent presence of EFs as > 95% were stained
as + or ++ (Table I and Figure 2). In this regard,
26/66 (~39.4%) samples were stained +, 39/66
(~59.0%) stained ++, and 1/66 (~1.5%) stained
as ±. These EFs were mainly present in the
alveolar wall and showed a tendency of hyper-
plasia. Morphologically, they were well-
arranged and distributed continuously. The EFs
in BAC specimens showed similarity with those
present in the normal alveolar wall; however,
the EF patterns in BAC specimens were typical-
ly different from those of other lung cancer
types which was differentially revealed by
Weigert’s staining.

TEM Characteristics of the EFs
The TEM studies further revealed that the EFs

in normal alveolar walls were mainly represented
by two components i.e. a formless and homoge-
neous core and a surrounding layer of short mi-
crofibers. Compared with the collagenous fibers
(CFs), EFs were of deeper color; and CFs were
found to be abundant in the interstitium which
appeared as intermittent light and dark bands.
The EFs in BAC specimens demonstrated a cer-
tain degree of similarity with those from the nor-
mal alveolar wall. They were found scattered in
the interstitium and intermixed with the CFs; and
the EFs were more conspicuous in BAC than in
normal specimens. Notably, the EF pattern in AC
specimens was clearly different than that in BAC
or normal specimens (Figure 3) wherein the EFs
were rarely observed and most of the interstitium
contained CFs. These findings were consistent
with those of Weigert’s staining and overall sug-
gest that the histological features of BAC tissue
specimens are different from those of other lung
cancers and can be used as a marker for differen-
tial diagnosis of BAC.
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Figure 1. H&E and Weigert’s staining (staining of the elastic fibers) of different types of lung cancer. H&E staining (A) and
Weigert’s staining (a) of the normal alveolar wall; H&E staining (B) and Weigert’s staining (b) of papillary adenocarcinoma
(AC); H&E staining (C) and Weigert’s staining (c) of large-cell lung carcinoma (LC); and H&E staining (D) and Weigert’s
staining (d) of bronchioloalveolar carcinoma (BAC).

Bronchioloalveolar carcinoma identified by elastic fibers
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Discussion

In this study, we found that the EF pattern in
BAC specimens was typically different from that
in other types of lung cancer. This histopatholog-
ical feature enables an easy identification of the
BAC among other types of lung cancer by simply
performing EF staining (Weigert’s staining). This
finding is significant from the perspective of an
accurate clinical diagnosis of BAC in order to al-
low sufficient time for therapy and prognosis.
The typical features of EFs in BAC may be
closely correlated with the growth pattern of the
tumor5,6. As further revealed by TEM studies,

cancer cells in BAC grew along the alveolar
walls without destroying the core structure. Per-
haps, this is why the interstitium in BAC speci-
mens and the alveolar septum in normal tissue
share some morphological similarity. The EF
staining of BAC samples shows their similarity
with the control specimens. However, we also
observed that certain BAC specimens were more
deeply stained by Weigert’s staining as opposed
to normal tissue samples which may be due to
the following reasons: (1) the alveolar walls in
BAC tissue were found to be shrunken slightly;
and (2) significant hyperplasia of the EFs oc-
curred in BAC.
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EF staining

Cancer types – ± + ++ Total

BAC† 0 1 39 26 66
AC‡ 76 13 1 0 90
SqCa¥ 26 1 0 0 27
Adenosquamous carcinoma 18 0 0 0 18
Large cell carcinoma 14 0 0 0 14
Small cell carcinoma 12 0 0 12
Carcinoid 12 0 0 0 12

Table I.Weigert’s staining and quantification of EFs in different types of lung cancer.

Figure 2. EF pattern distribution in different types of lung cancer. As shown, > 95% BAC samples demonstrate significant EF
staining (+ or ++) while most of other types of lung cancer demonstrate a negative EF staining (-). BAC, AC, SqCa, AdC, LC,
and SC represent bronchioloalveolar carcinoma, adenocarcinoma, squamous carcinoma, adenosquamous carcinoma, large cell
carcinoma, and small cell carcinoma, respectively.
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Bronchioloalveolar carcinoma identified by elastic fibers

Figure 3. Ultrastructural (TEM) features of BAC and AC. Transmission electron microscopy revealed characteristic differ-
ences between BAC and AC. Mesenchymal elastic fibers are shown (arrows) in the normal lung at magnifications of 15K (A)
and 30K (a); Mesenchymal elastic fibers are shown (arrows) in BAC specimen at magnifications of 15K (B) and 30K (b);
Mesenchymal collagen fibers are visible in AC specimen at magnifications of 15K (C) and 30K (c).
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As though BAC is conventionally thought to be a
subtype of AC, the accurate diagnosis of BAC from
AC is important in the clinical setting as the surgi-
cal and post-surgical treatments are different in
each case. Herein, we performed both histopatho-
logical and ultrastructural (TEM) studies to distin-
guish the BAC from the AC. Of note, the character-
istic EF pattern found in BAC samples was a useful
feature for the differential diagnosis as > 95% BAC
cases could be identified from other lung cancers
based solely on EF staining (Table I and Figure 2).
A previous study by Honda et al10 also studied

elastic fibers and myofibroblasts in BAC and re-
ported that myofibroblasts lay transversely and
longitudinally in the interstitium, intertwined with
the elastic fibers. The study concluded that myofi-
broblast proliferation was important in the alveolar
wall folding and shrinkage observed in BAC. Simi-
larly, Llanos et al11 have also discussed the signifi-
cance of anatomical and histopathological features,
including fibroelastosis, in the cardiac manifesta-
tions of neonatal lupus. Of note, fibroelastosis was
reported as the most significant diagnostic feature
of endocardial disease12,13.
However, Weigert’s modified staining solution

used in this study needs to be prepared fresh each
time due to its relative instability and limited
shelf life and, therefore, other staining methods
such as immunohistochemical and molecular
pathology techniques should also be included in
the future studies to identify BAC fromAC.

Conclusions

Elastic fiber pattern in BAC are typically dif-
ferent from that of other types of lung cancers.
Hence, the characteristic EF pattern in BAC can
be used as a potential feature for the accurate dif-
ferential diagnosis of BAC in the clinical setting.

––––––––––––––––––––
Acknowledgements
We thank all our colleagues from Pathology Department for
critical comments and useful suggestions regarding this study.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) CHEN G, WANG L, LU J, ZHU W, ZHANG H, CHEN J,
ZHUO S, YAN J. Diagnosis for Lung Cancer Using
Multiphoton Imaging. Scanning 2013; doi:
10.1002/sca.21076.

2) RAZ DJ, KIM JY, JABLONS DM. Diagnosis and treat-
ment of bronchioloalveolar carcinoma. Curr Opin
Pulm Med 2007; 13: 290-296.

3) CADRANEL J, LAVOLE A, GOUNANT V, WISLEZ M. Other
thoracic cancers. Bronchioloalveolar carcinoma
and adenocarcinoma with bronchioloalveolar car-
cinoma feature: a clinico-pathological spectrum.
Rev Mal Respir 2008; 25: 196-202.

4) GOUDARZI B, JACENE HA, WAHL RL. Diagnosis and
differentiation of bronchioloalveolar carcinoma
from adenocarcinoma with bronchioloalveolar
components with metabolic and anatomic charac-
teristics using PET/CT. J Nucl Med 2008; 49:
1585-1592.

5) KAMINO H, TAM S, ROSES D, TOUSSAINT S. Elastic fiber
pattern in regressing melanoma: a histochemical
and immunohistochemical study. J Cutan Pathol
2010; 37: 723-729.

6) MIERAU GW, GOIN L. Perivascular elastic fibers: a
diagnostic feature of ependymoma. Ultrastruct
Pathol 2007; 31: 251-255.

7) DRURY RAB, WALLINGTON EA, Carleton S. Histologi-
cal Techniques. 5th ed., Oxford: Oxford University
Press, 1980; 194.

8) BING L, TONGSHEN L, YUN M. Introduction to a long-
term Weigert’s elastic fiber dyeing solution. Liquid.
J Binzhou Med School 2001; 24: 543.

9) MORRIS SM, STONE PJ, SNIDER GL. Electron micro-
scopic study of human lung tissue after in vitro
exposure to elastase. J Histochem Cytochem
1993; 41: 851-866.

10) HONDA T, OTA H, SANO K, YOSHIZAWA A, FUJIMOTO K,
YAMAZAKI Y, YAMANDA T, HANIUDA M, SONE S. Alveolar
shrinkage in bronchioloalveolar carcinoma with-
out central fibrosis. Lung Cancer 2002; 36: 283-
288.

11) LLANOS C, FRIEDMAN DM, SAXENA A, IZMIRLY PM,
TSENG CE, DISCHE R, ABELLAR RG, HALUSHKA M, CLAN-
CY RM, BUYON JP. Anatomical and pathological
findings in hearts from fetuses and infants with
cardiac manifestations of neonatal lupus.
Rheumatology 2012; 51: 1086-1092.

12) STEGER CM, ANTREFFER H, MOSER PL. Endocardial fi-
broelastosis of the heart. Lancet 2012; 10: 929-
932.

13) LURIE PR. Changing concepts of endocardial fibro-
elastosis. Cardiol Young 2010; 20: 15-23.

X. Xu, X.-l. Ji, M.-z. Xu


