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& Fibronectin (FN), a matrix glycoprotein, has been shown to undergo alternative splicing
exclusively during organogenesis and tumorigenesis. One such splice variant, extradomain-B
(ED-B) FN, is normally absent in normal adult tissues and is proposed to be a marker of tumoral
angiogenesis. The present study was aimed at elucidating whether ED-B FN is expressed in non–
small cell lung carcinomas and whether such aberrant expression correlates with tumoral angio-
genesis. Frozen tissues from 28 non–small cell lung carcinomas (consisting of both squamous cell
carcinomas and adenocarcinomas) along with paired normal tissue samples were collected from the
tissue bank collection of the Department of Pathology, London Health Sciences Center, Canada.
Frozen tissue specimens were subjected to RNA extraction and real time reverse transcriptase–
polymerase chain reaction (RT-PCR) with respect to total and ED-B FN isoform expression. In
addition, paraffin-embedded tissue sections from the same cases were collected for histological analy-
sis using ED-B FN antibody. Tumor tissues were further stained with CD34 antibody and analyzed
semiquantitatively for tumor microvessel density. The results demonstrate up-regulation of ED-B
FN mRNA levels in lung tumor tissues as compared to paired normal tissues. Furthermore,
ED-B FN expression was localized specifically to tumor cells and was found to correlate with tumor
microvessel density. These findings provide evidence of possible involvement of ED-B FN in
pulmonary tumoral angiogenesis. Furthermore, ED-B FN may potentially be used as a diagnostic
marker and a target for antiangiogenic therapy.

Keywords angiogenesis, cancer, ED-B, extracellular matrix, lung

Received 12 April 2005; accepted 5 May 2005.
The current address of Zia A. Khan is Vascular Biology Research Program and Department of

Surgery, Children’s Hospital Boston, Harvard Medical School, Boston, Massachusetts, USA.
The study was supported by grants from Dr. P. C. Shah Summer Work Experience Scholarship in

Pathology=Laboratory Medicine.
Address correspondence to Subrata Chakrabarti, Department of Pathology, 4011-Dental Sciences

Building, University of Western Ontario, London, Ontario N6A 5C1, Canada. E-mail: subrata.chakrabarti@
fmd.uwo.ca

Experimental Lung Research, 31:701–711, 2005
Copyright # Taylor & Francis Inc.
ISSN: 0190-2148 print/1521-0499 online
DOI: 10.1080/01902140591007236



Non–small cell lung carcinoma (NSCLC) is the leading cause of cancer mor-
tality in North America [1, 2]. Chemotherapy, radiation, and surgery can lead
to modest increases in the survival of patients with lung cancer [2, 3]. How-
ever, new treatment options are necessary for advanced NSCLC and for
patients in which surgery is not amenable. A critical process, which represents
the next generation of therapeutic target, is angiogenesis [2–4]. Tremendous
enthusiasm in antiangiogenic therapy has paved the path to the identification
of over 40 novel targets [3]. Although shown to be efficacious in animal
models, antiangiogenic therapy has yet to be established in clinical trials.

The challenges in antiangiogenic therapy arise from our incomplete
understanding of the characteristics that distinguish tumor tissue from nor-
mal host tissue. Recently, a matrix protein, extradomain-B–containing
fibronectin (ED-B FN), has been identified as being exclusively expressed
during embryogenesis and tumorigenesis [5, 6]. ED-B has also been shown
to be induced in a number of human cancers and in proliferative diabetic
retinopathy [5–7]. We have shown re-expression of ED-B FN in vascular
endothelial cells in response to mitogenic growth factors [8]. These find-
ings suggest an important role of ED-B FN in both physiological and patho-
logical angiogenesis. Furthermore, expression of ED-B FN in tumoral
angiogenesis may provide an efficient means of targeting tumor cells.

Although ED-B FN exhibits restrictive expression in an oncodevelop-
mental manner, the biological significance of ED-B FN is not fully under-
stood. Using small interfering RNA–based gene silencing, we have shown
that ED-B is involved in endothelial cell–derived vascular endothelial
growth factor (VEGF) expression and cellular proliferation [8]. Such a bio-
logical property of ED-B could promote angiogenesis and tumor metastasis.
Evidence also suggests that ED-B FN may have a role in cell adhesion and
spreading [9]. Given these findings, and its preferential localization to
neoplastic lesions, ED-B FN may have major implications for immunologic
imaging in vivo, and in prognosis and therapy [10, 11].

In the present study, we used a sensitive and specific real time reverse tran-
scriptase–polymerase chain reaction (RT-PCR) assay to identify any changes in
ED-B FN expression level between tumor and nontumor tissue. We also used
immunologic staining to determine the level of ED-B FN protein expression
and localization. In addition, we have studied whether a correlation between
ED-B FN expression and microvascular density in NSCLC exists.

MATERIALS AND METHODS

Patient Samples

NSCLC tumor samples were obtained with normal tissue counterparts
from twenty eight patients with the approval of the Tissue and Archive
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Committee through the London Health Sciences Centre tissue bank. The
samples comprised of 13 squamous cell carcinoma and 15 adenocarcinoma
cases. Frozen and paraffin-embedded tissue sections were used for real time
RT-PCR and immunohistochemical analysis, respectively.

RNA Isolation and cDNA Synthesis

RNA was obtained from frozen samples using TRIzol reagent (Invitro-
gen, Burlington, ON, Canada) followed by the addition of chloroform
to extract the aqueous RNA solution [7]. RNA was precipitated using
isopropyl alcohol, which was subsequently dissolved in diethylpyrocarbo-
nate-treated water. First-strand cDNA was generated through reverse trans-
cription of RNA (2.5 mg) using the Superscript II system (Invitrogen) and
oligo dT primers.

Real Time RT-PCR

RT-PCR analysis of total FN and ED-B FN was performed using the
Lightcycler (Roche Diagnostic Canada, Laval, QC, Canada) with SYBR
Green I system as described previously [7]. For each specimen, 2mL of
cDNA and 18 mL of reaction mixture comprising of 10mL SYBR Green
Taq ReadyMix (Sigma-Aldrich, St. Louis, MO), 1.6mL 25mM MgCl2, 1 mL
of both forward and reverse primers (Table 1), and 4.4 mL of H2O was
placed in a glass capillary. mRNA levels were measured by standard curve
method and b-actin mRNA expression was quantified to normalize for dif-
ferences in reverse transcription efficiencies and amount of template
within each RT-PCR sample.

TABLE 1 Primer Sequences and PCR Temperature Profile

Gene Sequence (50 ! 3) PCR parameters�

EDBþ FN CCGCCATTAATGAGAGTGAT Denaturation 95�C, 0 s
AGTTAGTTGCGGCAGGAGAAG Annealing 55�C, 5 s

Extension 72�C, 8 s
Signal 81�C, 1 s

Total FN GATAAATCAACAGTGGGAGC Denaturation 95�C, 0 s
CCCAGATCATGGAGTCTTTA Annealing 50�C, 6 s

Extension 72�C, 10 s
Signal 81�C, 1 s

b-Actin CCTCTATGCCAACACAGTGC Denaturation 95�C, 0 s
CATCGTACTCCTGCTTGCTG Annealing 58�C, 5 s

Extension 72�C, 8 s
Signal 83�C, 1 s

�Initial denaturation was carried out at 95�C, 1 minute. Ramp rate for all PCR phases was 20�C=s.
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Singleplex RT-PCR assays were performed to quantify the expression
level of total and ED-B FN. In order to accurately compare the expression
level between genes, we optimized our total FN, ED-B FN, and b-actin
PCR assays to a mean standard curve slope of �3.20� 0.32. Equal slope=
efficiency allows comparison between singleplex reactions.

After the extension phase of the real-time PCR, product melting tem-
perature (Tm) was obtained in order to distinguish PCR amplicon from
nonspecific products such as primer dimers. Tm was determined via melt-
ing curve analysis (MCA), allowing the amplicon to anneal at 60�C, fol-
lowed by a progressive increase in temperature by 0.10�C per second.
Signals were then obtained 2�C to 3�C below the determined Tm of the
expected amplified product.

ED-B FN Antibody Production

ED-B FN antibody was prepared by immunization of BALB=c mice (The
Jackson Laboratory, Bar Harbor, ME). The synthetic human EDB peptide
(ITDSSIGLRWTPLNSSTIIGY; [8, 12]) conjugated to keyhole limpet hemo-
cyanin (KLH) (Multiple Peptide Systems, San Diego, CA) was injected
(100 mg=animal) in complete Freund’s adjuvant (Difco Laboratories,
Detroit, MI). The antibody has previously been characterized and shown
to specifically detect ED-B FN [8].

Immunohistochemistry

For each tumor case, 5 micron thick sections were analyzed for ED-B FN
expression and microvessel density using CD34 staining. The samples were
deparaffinized in xylene and rehydrated in graded alcohols. For ED-B FN
staining, antigen retrieval was carried out by heating the slides in 10mM
citrate buffer (pH 6.0). Slides were blocked with 10% hydrogen peroxidase
for 5 minutes. The sections were subsequently incubated for 1 hour at
room temperature with mouse anti-human CD34 antibody (1:200; Clone
QBEnd 10; Novocastra Laboratories, Newcastle, UK) and ED-B FN mouse
antiserum (1:200). After washing, the sections were treated with horserad-
ish peroxidase (HRP)-conjugated secondary antibody (1:10000; Vector
Laboratories, Burlingame, CA). The slides were then scored arbitrarily by
3 investigators. For each tumor sample, 5 fields under the 10�objective
were quantified based on the proportion of tumor cells and intensity of
the stain. The greatest intensity was assigned a score of three, and a score
of 0 was assigned to baseline staining. Microvessels that stained for anti-
CD34 were manually counted in tumor samples using light microscopy.
Microvessel density was then expressed as CD34-positive cells=400� field.

704 Z. A. Khan et al.



Statistical Analysis

Data are presented as mean �SEM. All statistical analyses were per-
formed by ANOVA followed by student’s t test. A P value of less than .05
was considered significant.

RESULTS

ED-B FN mRNA Expression in NSCLC

Frozen normal and tumor tissue were obtained from patients with
either lung squamous cell carcinoma or adenocarcinoma. mRNA was
obtained and expression of total FN and ED-B FN levels were determined
using real time RT-PCR. MCA of post-PCR products showed amplification
of single cDNA sequence as assessed by Tm (Figure 1A). Compared to nor-
mal counterparts, tumor tissue demonstrated a significant upregulation of
total FN (Figure 1B; P ¼ .0014) and relative ED-B FN (ED-B FN:Total FN)
mRNA (Figure 1C; P ¼ .0276). Furthermore, 85% and 82% of all tumor
samples showed upregulation of Total FN and ED-B FN mRNA, respectively.

Analysis of tumor tissue revealed no significant difference in total FN
mRNA between adenocarcinoma and squamous cell carcinoma (Figure 2).
However, relative ED-B FN expression was found to be higher, although
not statistically significant, in squamous cell carcinoma compared to ade-
nocarcinoma samples (Figure 2).

ED-B FN Distribution in NSCLC

We next determined the level and pattern of ED-B protein expression
by immunohistochemical staining of the tumor samples. Staining revealed
a consistently positive stain of ED-B FN in the tumor tissues compared to no
staining in normal tissues (Figure 3). Furthermore, anti–ED-B FN antibody
showed ED-B FN localization to the tumor compartments and vascular
endothelium (Figure 3). Interestingly, squamouse cell carcinoma samples
showed modestly higher intensity of ED-B FN staining as compared to ade-
nocarcinoma (data not shown).

Microvessel Density

In order to determine whether ED-B FN expression correlates with
tumoral angiogenesis, the tissue sections were subjected to CD34 staining.
Linear regression analysis showed a modest, although significant, positive
correlation between ED-B FN expression and tumor microvessel density

ED-B FN and Lung Carcinoma 705



F
IG

U
R
E
1
E
D
-B

F
N

m
R
N
A
ex

p
re
ss
io
n
.
m
R
N
A
ex

p
re
ss
io
n
o
f
to
ta
l
F
N

an
d
E
D
-B

F
N

as
as
se
ss
ed

b
y
re
al

ti
m
e
R
T
-P
C
R
,
sh
o
w
in
g
(A

)
M
C
A
o
f
E
D
-B

F
N

p
o
st
-P
C
R

p
ro
d
u
ct
s,
(B

)
to
ta
l
F
N

m
R
N
A
le
ve
ls
,a

n
d
(C

)
E
D
-B

F
N

m
R
N
A
le
ve
ls
.M

C
A
w
as

u
se
d
to

d
et
er
m
in
e
sp
ec
if
ic
it
y
o
f
P
C
R
.A

si
n
gl
e
p
ea
k
re
p
re
se
n
ts
o
n
e
sp
ec
if
ic
am

p
li
-

co
n
.
(T

o
ta
l
F
N

m
R
N
A

is
ex

p
re
ss
ed

as
ra
ti
o
o
f
F
N

to
b
-a
ct
in

m
R
N
A
;
E
D
-B

F
N

m
R
N
A

is
ex

p
re
ss
ed

as
ra
ti
o
o
f
E
D
-B

to
to
ta
l
F
N

m
R
N
A
;
� P

<
.0
5
co

m
p
ar
ed

to
n
o
rm

al
co

u
n
te
rp
ar
ts
;
n
¼

28
fo
r
to
ta
l
F
N

an
d
23

fo
r
re
la
ti
ve

E
D
-B

F
N
).

706



(Figure 4; P < .05). These data suggest a possible role of ED-B FN
expression in lung tumor development and progression.

FIGURE 2 ED-B FN mRNA expression in adenocarcinoma and squamous cell carcinoma. mRNA
expression of total FN and ED-B FN, showing (A) total FN mRNA levels and (B) ED-B FN mRNA levels.
(Total FN mRNA is expressed as ratio of FN to b-actin mRNA; ED-B FN mRNA is expressed as ratio of
ED-B to total FN mRNA; �P < .05 compared to normal counterparts; n ¼ 15 for adenocarcinoma and 13
for squamous cell carcinoma).
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FIGURE 3 ED-B FN protein expression and localization. Immunohistochemical analysis of ED-B FN
protein, showing (A) negative control, (B) positive staining (arrow) in the adenocarcinoma cells, (C)
corresponding hematoxylin and eosin–stained section, and (D) higher magnification showing positive
staining in the tumor cells (arrow) and in the endothelium (arrowhead) of the blood vessels (original
magnification �100 in A to C and �400 in D).

FIGURE 4 Tumor microvessel density. Measurement of tumor microvessel density as assessed by CD34
staining, showing correlation between ED-B FN mRNA and microvessel density. Microvessel density is
expressed as number of positive cells per �400 magnification (r2 ¼ .67; P < .05).
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DISCUSSION

Although ED-B FN has been shown to be induced in a number of
human cancers, little is known about its role in NSCLC. In the present
study, we have demonstrated that ED-B FN expression is up-regulated in
NSCLC. We have also demonstrated a parallel increase in ED-B FN protein
expression specifically in the tumor compartment. Furthermore, ED-B FN
expression correlated with tumor microvessel density. These results suggest
an important role of ED-B FN in NSCLC that could also serve as a thera-
peutic target.

The expression ED-B FN has been investigated extensively in a number
of human cancers. Preferential expression of ED-B FN in neoplastic blood
vessels suggests a potential role of this extracellular matrix protein in angio-
genesis. We have previously demonstrated that ED-B FN is also up-regulated
in diabetic retinopathy [7], a condition that entails microvascular endo-
thelial cell proliferation and unregulated angiogenesis. Although a possible
mechanism by which ED-B FN may mediate vascular cell proliferation and
angiogenesis has yet to be completely elucidated, several studies have been
directed towards its potential significance in the clinical management of
cancer [10]. We have previously shown that ED-B FN is involved in vascular
endothelial cell–derived VEGF expression and cell proliferation [8].
Whether ED-B FN causes up-regulation of VEGF in NSCLC requires further
investigation. Our studies, however, do show a significant correlation
between ED-B FN expression and tumor microvessel density.

To our knowledge, there are very limited findings that address the role
of ED-B FN in NSCLC [13]. A recent study has shown increased ED-B levels
in various lung cancer cell lines including adenocarcinoma cells [13]. Fur-
thermore, ED-B–expressing cells were shown to be more adhesive as com-
pared to ED-B� cells. Our studies provide further evidence that ED-B FN is
induced in samples from patients with NSCLC. However, one interesting
contrast between our study and that by Nanki and colleagues [13] is the
expression of ED-B in squamous cells carcinoma. Nanki and colleagues
concluded that lung adenocarcinoma cell lines produced significantly
higher levels of ED-B FN as compared to the squamous cell carcinoma cell
lines in vitro. Our study with human NSCLC, however, demonstrates that
ED-B FN mRNA and protein expression is modestly higher in squamous
carcinoma compared to adenocarcinoma tissue. It is plausible that
bystander cells may contribute to ED-B FN expression. However, our
immunhistochemical analyses revealed only tumor cell–specific expression.
These findings, therefore, could be attributed to possible aberrant behav-
iour of lung cancer cell lines in culture. Studies of squamous cell carcinoma
of the head and neck have revealed prominent ED-B expression in
the stroma with a modest increase in the tumor cells [14]. Our studies,
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however, suggest a more pronounced role of the tumor cells in ED-B
expression as compared to the stroma. Although the contribution of the
stroma cannot be ruled out, it is plausible that depending upon the nature of
the tumor cell and the microenvironment, the source of ED-B FN may
be different. It should also be noted that regardless of the source of ED-B FN,
the assembly of this embryonic FN isoform by the vascular endothelial cells
may very well represent a more important event in the process of angio-
genesis. A recent study of cultured endothelial cells supports such a notion
[15]. It has been shown that microvascular endothelial cells express and
assemble ED-B FN into fibrils [15]. Furthermore, endothelial cells possess
the ability of assembling exogenously administered nonendothelial ED-B
FN [15]. These findings may provide important cues for targeting tumor
endothelial cells.

The exclusivity of ED-B FN expression during angiogenesis may prove
to be invaluable in identifying patients with poor prognosis and survival.
A recent study aimed at determining the possible association between
ED-B FN expression and clinicopathological parameters and patient
survival has shown some promise [14]. In squamous cell carcinoma of
the head and neck, ED-B FN expression was shown to be associated with
tumor grade and shorter time to tumor progression. Furthermore, the
overall survival rate of patients with ED-B–positive tumor was lower [14].
These findings suggest that ED-B FN may be re-expressed during tumoral
angiogenesis and may provide a novel target for therapy. Our studies do
support such a notion. We have shown that tumor cells in NSCLC express
ED-B FN, which was also positive in the endothelium. It is interesting to
note that other FN isoforms, such as extradomain-A FN (ED-A FN), may
play a role in the pathogenesis of NSCLC.

Although, ED-A FN does not exhibit the same restrictive pattern of
expression as ED-B FN, it is plausible that ED-A may play a role in NSCLC
distinct from that of ED-B. However, such a notion requires further
information.

In summary, our results have shown increased expression of both ED-B
FN mRNA and protein in lung tumor tissue. Correlative increase of ED-B
FN mRNA expression in tumor cells with microvascularity is additional
support for a possible involvement of this embryonic protein in the devel-
opment of NSCLC and angiogenesis. Our results provide novel avenues
for the development of adjuvant therapeutic modalities for NSCLC.
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