edition of the World Health Organization (WHO) guidelines.
Five of the 167 patients were not included in this study; three
because they received preoperative chemotherapy and two
because of the poor quality of the specimens obtained. Thus,
162 patients were ultimately eligible for inclusion in this study,
and their median follow-up period was 5.0 years.

Clinical characteristics were retrieved from the clinical
records available. The following clinico-pathological factors
were assessed retrospectively in relation to immunohistochemi-
cal analysis: age (<70 years vs 270 years), tumor size (<3 cm vs
>3 c¢m), pathological nodal involvement (positive vs negative),
grade of differentiation (well or moderately differentiated vs
poorly differentiated), location of the tumor (central vs periph-
eral), vascular invasion (absent vs present), lymphatic invasion
(absent vs present), and pleural invasion (absent vs present).
Central location of a tumor was defined as a tumor location lim-
ited to the trachea, bronchi, or segmental bronchi, and peripheral
location as location more peripheral than the subsegmental bron-
chi. Cumulative smoking was presented by a smoking index,
defined as a product of the numbers of cigarette per day and the
duration (years).

Pathological studies and tissue microarray (TMA) cons-
truction. After fixing the specimens with cold methanol and
embedding in paraffin, serial 4-pm sections were stained with
hematoxylin-eosin (H&E) and by the alcian blue-periodic acid-
Schiff method to visualize cytoplasmic mucin and by the
Verhoeff-van-Gieson (VvG) method to visualize elastic fibers.
Sections stained by the VvG method were examined for the
presence of vascular invasion and pleural invasion. The sections
were reviewed by two pathologists (Y.S. and G.I.) and the histo-
logical diagnoses were based on the revised WHO histological
classification.

For microarray construction, the above two pathologists
marked morphologically representative tumor areas, avoiding
necrotic areas and the area in which cancer cells and stromal
cells are intermingled, and definitely containing interfaces
between the tumor nests and stroma, on an H&E-stained slide
of donor tissue. The TMAs were constructed with a manual
tissue-arraying instrument (Azumaya, Tokyo, Japan). The
microarray instrument is used to remove a tissue core from
the donor block with a thin-walled needle having an inner
diameter of approximately 2.0 mm. Core samples were pre-
cisely placed in an empty paraffin block (the recipient block)
at a specifically assigned location. Two core samples of each
tumor were routinely corrected from two different areas. Nor-
mal lung tissue from the some patient’s specimen was used
as a positive control for each staining. Specimens from the
162 cases were punched, and core samples were mounted in
the same recipient blocks.

immunohistochemical analysis. TMA recipient blocks were
cut into 4-pum sections and mounted on silane-coated slides.
After deparaffinizing the sections in xylene and dehydrating
them in a graded ethanol series, the slides were washed three
times in phosphate-buffered saline (PBS) and immersed in a
0.3% hydrogen peroxide solution in methanol for 15 min. to
inhibit endogenous peroxidase activity. The slides were then
washed three times in PBS, and nonspecific binding was blocked
by preincubation with 2% normal swine serum in PBS (blocking
buffer) for 30 min at room temperature. Individual slides were
then incubated overnight at 4°C with anti-podoplanin (clone D2-
40; Signet, Dedham, MA, USA) at a 1:50 dilution, and anti-
CD44 (clone DF1485; Novocastra, Newcastle, UK) at a 1:40
dilution, and anti-p63 (clone 4A4; Dako Cytomation, Carpinte-
ria, CA, USA) at a 1:200 dilution. Finally, the slides were
washed three times with PBS and incubated with the EnVision+
System HRP (Dako, Glostrup, Denmark), and the reaction prod-
ucts were stained with diaminobenzidine and counterstained
with hematoxylin.
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When more than 10% of the tumor cells showed an unequivo-
cally strong reaction with an antibody, the tumor was classified
as positive. Cytoplasm and/or membrane immunoreactivity was
considered to indicate podoplanin and CD44 expression. p63
expression was considered positive if distinct nuclear staining
was present. Moreover, we discriminated between *‘peripheral
expression pattern’’ and ‘‘diffuse expression pattern’ in posi-
tive immunoreactivity by the tumor nests with these antibodies.
Peripheral expression pattern was defined as cells showing
strong expression localized to the periphery of the tumor nests
with no or weak expression in the central area. Diffuse expres-
sion pattern was defined as a less clear staining intensity
between the peripheral and central areas of the tumor nests.

Statistical analysis. The associations between immunohisto-
chemical expression status and clinico-pathological parameters
were analyzed by using the x*-test or Fisher’s exact test, Overall
survival was measured from the date of surgery to the date of
death from any cause or the date on which the patient was last
known to be alive. Survival curves were plotted according to the
Kaplan-Meier method and compared using the log-rank test. All
tests were two-sided, and P-values <0.05 were considered statisti-
cally significant. The Stat-view 5.0 software package was used to
perform the statistical analysis (SAS Institute, Cary, NC, USA).

Results

Characteristics of the patients. The clinico-pathological char-
acteristics of the 162 patients are summarized in Table 1. Male
predominance and a high smoking index were outstanding
characteristics, and there were only three never smokers. The

Table 1. Clinico-pathological features of squamous celi carcinoma
cases (n = 162)
Gender
Male 147
Female 15
Age

Median (range)
Smoking index

Median (range)
Tumor size {cm)

67 (31-84)

960 (0-2760)

Median (range) 3.8 (1.0-9.4)
N Stage

pNO 117

pN1/pN2 45
Tumor location

Central 37

Peripheral 125
Differentiation

Well/moderate 3/104

Poor 55
Vascular invasion

Absent 113

Present 49
Lymphatic invasion

Absent 105

Present 57
Pleural invasion

Absent 116

Present 46
Pathological stage

1A 50

18 62

1A 13

il 34

A 3
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5-year overall survival rate of the 162 patients as a whole was
67.7%.

Expression of podoplanin, CD44, and p63 by cancer cells and
characteristic immunostaining. We examined the expression of
podoplanin, CD44, and p63 by immunohistochemical staining in
a series of 162 specimens of SqCC of the lung. Podoplanin and
CD44 were expressed mainly in the cytoplasm and membrane
of the tumor cells, and p63 was expressed in the nuclei. The
results of the immunohistochemical analysis are shown in Fig-
ure 1. In normal lung tissue, podoplanin expression was consis-
tently detected in the endothelium of the lymphatic vessels and
basal cells in the bronchial epithelium (Fig. la). CD44 expres-
sion was observed in the basal layer of the bronchial epithelium
and peribronchial mesenchymal cells (Fig. Ic), and p63 was
expressed in the nuclei of basal cells in the bronchial epithelium
(Fig. le). The tumor cells in 107 (66%) of the 162 specimens
were positive for podoplanin. The tumor cells in 145 (89.5%)

2056

Table 2. Expression of podoplanin, CD44, and p63 by cancer cells

Molecular marker Negative (%) Positive (%)

Podplanin 55 (34.0) 107 (66.0)
[@p):%3 17 (10.5) 145 (89.5)
p63 11 (6.8) 151 (93.2)

were positive for CD44, and the tumor cells in 151 (93.2%)
were positive for p63 (Table 2). As discussed, there were two
patterns of expression in the cases that immunohistochemically
stained podoplanin positive. A total of 102 (95.3%) of the 107
podoplanin-positive cases showed peripheral expression pat-
terns, (Fig. 1b) whereas only five cases (4.7%) showed diffuse
expression patterns in the tumor nests. Figure 1(d,f) shows the
results for CD44 and p63 staining of the same specimen as in
Figure 1b. The CD44 staining pattern was similar to that of

Fig. 1. Immunohistochemical analysis of podo-
planin, CD44, and p63 expression in squamous
cell carcinomas of the lung and a normal part
of the specimen from one patient. (a)
Podoplanin expression was detected in the
endothelium of lymphatic vessels and in
bronchial basal cells. (b) Podoplanin expression
is mainly localized at the periphery of invading
tumor nests. (¢) CD44 expression was expressed
in the bronchial basal cells. (d) CD44 expression
was predominantly found in the peripheral
areas of the tumor nests, but its distribution
was broader than that of podoplanin. (e) p63
expression was observed in the nuclei of the
bronchial basal cells. (f) Difference in p63
expression between the peripheral area and
central area was less clear.

doi: 10.1111/j.1349-7006.2009.01295.x
© 2009 japanese Cancer Association
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podoplanin, but the area of intense CD44 staining was broader
than that of podoplanin. Eighty-one (55.9%) of the CD44-posi-
tive cases showed peripheral expression patterns (Fig. 1d),
whereas 64 cases (44.1%) showed diffuse expression patterns.
In 65 (43%) of the p63-positive cases there were peripheral
expression patterns, but the difference in the staining intensity
of p63 between the peripheral and central areas was less clear
compared with podoplanin and CD44 staining (Fig. 1f).

As shown in Figure [(b,d,f), the distribution of podoplanin-
positive cells appeared to be localized more peripherally within
the tumor nests than the distribution of CD44- and p63-positive
cells. When CD44 and p63 expressions were compared, p63-
positive cell layers were broader compared to CD44-positive
cell layers in the tumor nest periphery. We named this expres-
sion the ‘‘hierarchical distribution pattern’’ (Fig. 2).

The hierarchical distribution pattern was observed in 95
(88.8%) of the 107 podoplanin-positive cases (Table 3). Of the
12 remaining cases, there were diffuse extensive expression
cases of all three markers in five. Further, there were CD44-neg-
ative/p63 peripheral staining patterns in two, negative staining
cases for both CD44 and p63 in two, negative staining for
CD44/diffuse staining pattern for p63 in one, p63-positive cells
more restricted to the periphery of the tumor nests than in the
CD44-positive cases in one, and CD44-positive cells expressed
in only the central area in one.

Correlation between clinico-pathological features and the
hierarchical distribution-positive cases. Correlations between the
hierarchical distribution-positive cases and the clinico-patholog-
ical features of the patients are shown in Table 4. The hierarchi-
cal distribution-positive cases was significantly associated with
the absence of lymphatic invasion (P = 0.035). No other clinico-
pathological factors were correlated with them.

The hierarchical distribution cases showed better overall
survival. The 5-year overall survival rate of patients with the po-
doplanin-positive cases and the podoplanin-negative cases was
74.4% and 54.8%, respectively. Patients with the podoplanin-
positive cases had a longer overall survival time than those with
the podoplanin-negative cases (P = 0.018; Fig. 3a), whereas
staining with CD44 and p63 had no prognostic significance
(P = 0.941 and 0.640, respectively; data not shown). Moreover,
we examined the prognostic value of the hierarchical distribu-
tion—positive cases and podoplanin-negative cases. The 5-year
overall survival rate of the hierarchical distribution—positive
cases was 71.7% and the hierarchical distribution-positive cases
had a more favorable outcome than podoplanin-negative cases
(P = 0.043; Fig. 3b).

Discussion

In this study, we analyzed immunohistochemically the expres-
sion of podoplanin, CD44, and p63 in 162 pulmonary SqCCs.

Central area of the tumor nest

- : p63-positive cell area
Peripheral area of the tumor nest -2 o al® S
o ® L CD44-positive cell area
-
Q o|®
/ \ ] Podoplanin-positive cell area
wea00000y
AN e
Stroma

Fig. 2. Schema of the hierarchical distribution pattern of podoplanin,
CD44, and p63 within tumor nests. The distribution of podoplanin-
positive cells appeared to be more localized to the peripheral area of
the tumor nests than the distribution of CD44- and p63-positive cells.
The distribution of pé3-positive cells was broader than that of the
CD44-positive cells.
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Table 3. Characteristic distribution of podoplanin-, CD44-, and p63-
positive cells in podoplanin-positive squamous cell carcinoma

Podoplanin positive cases (n = 107)

Hierarchical distribution pattern Diffuse expression pattern Others

95 (88.8%) 5 (4.7%) 7 (6.5%)

Table 4. Correlation between clinico-pathological features and the
hierarchical distribution-positive cases

H'iere‘irchlzcal Podoplanin-
. distribution R
Variables negative P-values
cases cases (n = 55)
(n = 95)

Gender
Male 85 50 0.778
Female 10 5

Age
<70 48 33 0.262
>70 47 22

Tumor size
2>3cm 42 21 0.471
>3 cm 53 34

N Stage
pNO 74 36 0.097
pN1 or pN2 21 19

Differentiation
Well or moderate 64 34 0.491
Poor 31 21

Location
Central 16 15 0.128
Peripheral 79 40

Vascular invasion
Absent 67 38 0.853
Present 28 17

Lymphatic invasion
Absent 68 30 0.035
Present 27 25

Pleural invasion
Absent 69 38 0.644
Present 26 17

Focusing on the positive expression patterns, in 102 (95.3%) of
the 107 podoplanin-positive tumors, tumor cells showing strong
expression were localized in the periphery of the tumor nests. A
similar pattern of podoplanin expression has been demonstrated
immunohistochemically in head and neck, skin, and uterine cer-
vix.?%2» Meanwhile, this peripheral localization pattern was
observed in only 55.9% (81/145) of the CD44-positive tumors
and 43% (65/151) of p63-positive tumors. As shown in Fig-
ure 1(b,d), both the podoplanin-positive cells and CD44-positive
cells resided at the periphery of tumor nests; however, the
podoplanin-positive cells were more specifically restricted to the
peripheral layers than the CD44-positive cells. Furthermore,
when CD44 and p63 expressions were compared, p63-positive
cell layers in the periphery of the tumor nests were broader com-
pared to CD44-positive cell layers in the majority of cases
(141/145; 97.2%; data not shown). The hierarchical distribution
pattern was observed in almost 90% of the podoplanin-positive
cases (Table 3). In non-cancerous squamous epithelium also,
this hierarchical distribution pattern could be found (data not
shown). Furthermore, we have previously reported that in
human squamous SqCC cell line A431, almost all cultured
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Fig. 3. Kaplan-Meier curves for overall survival. Overall survival
curves of patients according to whether their tumor was podoplanin-
positive or podoplanin-negative. The 5-year overall survival rates of
the former and the latter were 74.4% and 54.8%, respectively. Overall
survival curves of patients stratified according to whether their tumor
was podoplanin-positive with the hierarchical distribution pattern or
podoplanin-negative. The 5-year overall survival rates of the former
and the latter were 71.7% and 54.8%, respectively.

A431 cells were positive for CD44 whereas the frequency of
podoplanin-positive cells was approximately 35% in flow cyto-
metric analysis.® This finding implies that podoplanin-positive
A431 cells are a limited subpopulation of CD44-positive cells
under in vitro condition, and is compatible with our immunohis-
tochemical results. Considering a morphological representative
for the developmental hierarchy based on the CSC hypothesis,
podoplanin expression would reflect the most immature CSC
status in its differentiation process, and podoplanin may be a
marker of cells with a capacity for further maturation of SqCC.
On the other hand, CD44 expression reflects even more differen-
tiated cells of SqCC, and p63 expression may broadly reflect the
CSC differentiation process ranging from immature CSC status
to mature cells.

In the current study, podoplanin immunoreactivity had a
prognostic significance, and this result is compatible with our
previous study limited to pathological stage IB SqCC.*?
Furthermore it is notable that patients who had podoplanin-
positive tumors with the hierarchical distribution pattern had
significantly better overall survival than those who had podopla-
nin-negative tumors. Additionally these tumors showed a signifi-
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cant correlation of the absence of lymphatic invasion and had a
certain tendency to no lymph node metastasis. These results sug-
gest that SqCC with the hierarchical distribution pattern may
indicate lower biological aggressiveness. It seems possible that
SqCC showing the hierarchical distribution pattern is a well-
organized tumor group based on the CSC concept, whereas
SqCC with an unclear hierarchy is a disordered tumor group in
terms of the developmental hierarchy.

In this study, 55 cases (34%) of SqCC were podoplanin-
negative. This type of SqCC may fall into the following cat-
egories. First, CSCs of podoplanin-negative SqCC are
enriched in the subpopulation expressing molecular markers
other than podoplanin. Second, such cases may be a kind of
tumor with no hierarchical structure based on the CSC con-
cept. Some cancers contain small subpopulations of cancer-
initiating cells, whereas others contain common tumorigenic
cells with little evidence of hierarchical organization.*"
Podoplanin-negative SqQCC might be the latter type of carci-
noma. It will be important to analyze the biological features
of podoplanin-negative pulmonary SqCCs in order to under-
stand SqCC biology.

We examined the human SqCC cell lines, TE3, TE4, and
TE10 other than A431, and the frequency of podoplanin
expressing cells was 100%, 100%, and 0.5%, respectively
(Atsumi et al, unpublished data). Given the expression frequen-
cies in these SqCC cell lines, whether the podoplanin-positive
cells can always represent a CSC subpopulation in a variety of
SqCCs will remain a matter of debate.

CD44 is transmembrane hyaluronan receptor, and its cyto-
plasmic region, comprising 72 amino acid residues, has been
shown to associate with actin filaments in various cells, a
process mediated by ERM (ezrin/radixin/moesin) pro-
teins.*> Villar er al. demonstrated that the cytoplasmic
domain of podoplanin also binds ERM proteins to promote
epithelial-mesenchymal transition.*> Considering the similar
localization of podoplanin- and CD44-positive cells within
the tumor nests and their common signaling via ERM
proteins, it might be possible to think that signaling via
Podoplanin and CD44 collectively mediate to express the
biological properties of CSC .

Targeting CSCs has been proposed as an effective approach
to cancer treatment, because CSCs are thought to be insensitive
to conventional treatments and to be responsible for relapses.
From this standpoint, the realization of CSCs due to a specific
molecular marker, podoplanin, may lead to a new treatment
strategy for SqCC.
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The aim of this study was to identify clinicopathological and biological prognostic markers for patients
who had undergone complete resection of pathological stage IB squamous cell carcinoma (SqCC) of the
lung. A total of 136 consecutive stage IB SqCC patients fulfilled eligibility criteria, and their clinicopatholog-
ical factors were evaluated. Tissue microarrays were also constracted, and immunohistochemical staining
with 24 antibodies was performed. Correlations between clinicopathological factors, antibody immuno-
histochemical reactions, the patients' overall survival (OS) and relapse-free survival (RFS) were evaluated.
The univariate analysis showed that 70-year-old and over elderly group had a shorter OS time and RFS time
than the younger group (p =0.0086 and p=0.0091, respectively). The univariate analysis for immunohis-
tochemical staining showed that the podoplanin-negative group had a shorter OS time and RFS time than
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Prognosis
Podoplanin the podoplanin-positive group (p=0.0106 and p =0.0308, respectively). Multivariate analysis revealed a
D2-40 significant correlation between both the 70-year-old and over elderly group and the podoplanin-negative

Tissue microarray
Immunohistochemistry

group and poor outcome (OS, p=0.007 and p=0.008, respectively; RFS, p=0.008 and p=0.024, respec-
tively). The results showed that patient age and a novel biological prognostic marker, podoplanin, are
useful for predicting a poor outcome of patients after complete resection of stage IB SqCC of the lung.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction ment options for adenocarcinoma, including gefitinib, erlotinib,

and bevacizumab, but the efficacy of gefitinib and erlotinib against

Non-small-cell lung cancer (NSCLC) is the leading cause of can-
cer deaths all over the world, and complete surgical resection is
generally recognized as the most effective local treatment for early
stage NSCLC. Approximately one third of NSCLC patients undergo
surgical resection with curative intent, however, despite surgical
resection approximately 20% of pathological (p-) stage IA, 40% of
p-stage IB NSCLC patients die within 5 years [1].

Adenocarcinoma and squamous cell carcinoma (SqCC) are the
two major histopathological subtypes of NSCLC, and they have
different pathogenetic pathways and distinct biological character-
istics. Although many reports have described prognostic markers
for NSCLC or adenocarcinoma, there have been few reportsinregard
to SqCC [2~5]. Also, there are a considerable number of new treat-

* Corresponding author. Tel.: +81 4 7134 6855; fax: +81 4 7134 6865.
E-mail address: aochiai@east.ncc.go.jp (A. Ochiai).

0169-5002/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2008.06.008

SqCC is inadequate, and SqCC subtype is considered a contraindi-
cation for use of bevacizumab because of the high incidence of
bleeding events [6-10]. Therefore, the development of effective
treatment for SQCC is an urgent task for pulmonary oncologists.

Some large-scale clinical trials of adjuvant chemother-
apy demonstrated that adjuvant platinum-based chemotherapy
improves the 5-year survival rate of patients after complete
resection of NSCLC [11-13]. However, none of these trials demon-
strated a significant survival benefit in stage IB patients. Although
tegafur-uracil has been established as an effective oral adjuvant
chemotherapeutic drug for stage IB NSCLC, no survival benefit
for the SqCC subgroup has been demonstrated [14,15]. In their
guideline for adjuvant therapy for NSCLC, the joint expert panel
of Cancer Care Ontario Program in Evidence-Based Care and the
American Society of Clinical Oncology does not recommend adju-
vant cisplatin-based chemotherapy for routine use for patients after
complete resection for stage IB NSCLC [16].
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Identifying the group of stage IB patients with a worse prog-
nosis based on the presence of prognostic markers may make it
possible to provide them with the maximum benefit of adjuvant
chemotherapy or to identify molecular targets for SqCC. We there-
fore adopted p-stage IB SqCC patients as our study population in
this study and attempted to identify prognostic factors in a series
of 136 patients. We then analyzed the prognostic significance of
clinicopathological factors and biomarkers in regard to overall and
relapse-free survival.

2. Materials and methods
2.1. Patient selection

During the period between June 1993 and December 2005,
a total of 3396 patients underwent surgical resection for pri-
mary lung cancer at the National Cancer Center Hospital East,
Chiba, Japan, and we reviewed the 146 consecutive p-stage
IB SqCC patients. All patients signed the Institutional Review
Board-approved informed consent form. The tumors were staged
according to the International Union Against Cancer’s tumor-node-
metastasis (TNM) classification, and histologically subtyped and
graded according to the third edition of the World Health Organi-
zation (WHO) guidelines. We excluded 10 patients from this study:
5 patients in whom wedge or partial resection was performed
because of poor pre-operative pulmonary function, 2 patients
who received pre-operative chemotherapy, 2 patients in whom
resection was incomplete, and 1 patient who received adjuvant
chemotherapy. Ultimately, 136 patients were selected for further
study, and their median follow-up time was 1336 days (range,
32-4687) (Table 1).

2.2. Pathological studies

The specimens were fixed with 10% formalin or cold methanol
and embedded in paraffin. Serial 4 pum sections were stained with
Hematoxylin and Eosin (H&E) and by the alcian blue-periodic acid-
Schiff method, to detect cytoplasmic mucin production, and by the
elastic van Gieson method, for elastic fibers. The sections were
reviewed by two pulmonary pathologists (T.I. and G.I.) according
to the histological criteria in the WHO classification. If tumor cells

Table 1
Patient and tumor characteristics (n=136)
Gender Male 117
Female 19
Age Median {range) 71 (31-88)
Smoking index Median (range) 930(0-2800)
Tumor size Median (range) 4.5 (1.6=11.9)
Tumor side Right 84
feft 52
Uppet lobe located tumor Yes 58
No 78
Operation Lobectomy/bilobectomy 130/4
Pneumonectomy 2
Differentiation Well/moderately 8/83
Poorly 45
Vascular invasion (=) 36
) 100
Lymphatic vessel invasion (=) 105
() 31
Pleural invasion (=) 85
() 51

were identified in the lumen of a blood vessel or lymphatic ves-
sel, vascular or lymphatic vessel invasion was judged to be positive.
Pleural invasion was judged to be positive if tumor cells had invaded
the elastic layer of the visceral pleura or beyond. In cases of dis-
agreement they discussed it with multi-headed microscope until
an agreement was reached.

2.3. Evaluation of clinicopathologic factors

Clinical characteristics were extracted based on the clinical
records available. The following clinicopathologic factors were
assessed retrospectively to investigate their impact on survival;
gender, age (<70 years vs. >70 years), smoking index (<900 vs.
>900), greatest tumor dimension (<5cm vs. >5cm), laterality of
the tumor (right vs. left), upper lobe location (upper vs. non-
upper), grade of differentiation (well or moderately differentiated
vs. poorly differentiated), vascular invasion (positive vs. negative),
lymphatic vessel invasion (positive vs. negative), pleural invasion
(positive vs. negative).

2.4. Construction of tumor tissue microarrays (TMA)

The most representative tumor areas, avoiding necrotic areas
in order to evaluate as many tumor cells as possible, were care-
fully selected and marked on the H&E stained slide of donor
tissue for construction of microarrays. TMAs were constructed
with a manual tissue-arraying instrument (Azumaya, Tokyo, Japan).
The microarray system consists of thin-walled stainless-steel nee-
dle having an internal diameter of approximately 2mm and a
stylet for transferring and removing the contents of the nee-
dle. Core samples were retrieved from donor tissue blocks and
precisely arrayed in a new (recipient) paraffin block. Specimens
were routinely sampled by taking two core samples of each
tumor in different areas. A normal control tissue microarray
(fixed with 10% formalin or cold methanol) that includes non-
malignant specimens from various organs, including placenta
and a malignant melanoma specimen, was used as a positive
control for each staining. Specimens from the 136 cases were
punched, and core samples were mounted in the same recipient
blocks.

2.5. Antibodies and immunohistochemical staining

Twenty-four molecular markers were selected for investigation
in this study. These included markers for cell cycle-related pro-
teins, growth factors and hormone receptors, cellular adhesion
molecules, tumor stem cell markers, hypoxia-induced proteins,
oncofetal proteins, mesothelioma-related proteins, and others. The
antibodies used for these markers in this study are listed in
Table 2. Immunohistochemical staining was performed as follows.
TMA recipient blocks were cut into 4 um sections and mounted
on silane-coated slides, with the initial sections H&E stained to
verify histology. The sections were deparaffinized in xylene and
dehydrated in a graded alcohol series, and endogenous peroxi-
dase was blocked with 3% hydrogen peroxide in absolute methyl
alcohol. Heat-induced epitope retrieval was performed for 20 min
at 95°C with a 0.02mol/L concentration of citrate buffer (pH
6.0). After allowing the slides to cool at room temperature for
60 min, they were rinsed with deionized water and incubated
overnight with primary antibodies. The slides were then washed
three times with phosphate-buffered saline and incubated with the
EnVision + System-HRP (DAKO, Glostrup, Denmark). The reaction
products were stained with diaminobenzidine and counterstained
with Hematoxylin.
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Table 2
Antibodies used
Classificationfantibody Clone Pretreatment Dilution Source
Cell cycle-related proteins
Cyclin B1 7A9 Microwave 1:20 Novocastra
Cyclin D1 Polycional Microwave 1:400 Santa Cruz
Growth factors and hormone receptors
EGFR EGFR: 25 Microwave 1:50 Novocastra
IGFR 24:31 Microwave 1:100 Chemicon International
c-erbB2 CB11 Microwave Prediluted Ventana Medical Systems
ER 6F11 Microwave Prediluted Ventana Medical Systems
PgR 1A6 Microwave Prediluted Ventana Medical Systeris
Cellular'adhesion molecules
Beta-catenin 14 Microwave 1:200 Becton Dickinson Biosciences
E-cadherin 36 Microwave 1:100 Becton Dickinson Biosciences
Ch44 DF1485 Microwave 1:40 Novocastra
CD56 Lu243 Microwave Prediluted Ventana Medical Systemns
Tumor stem cell markers
CD133 AC133 Microwave 1:200 Miltenyi Biotec
p63 4A4 Microwave 1:200 DakoCytomation
c-kit Polyclonal Microwave 1:50 DakoCytomation
Hypoxia-induced proteins
CAIX Polyclonial Microwave 1:150 Santa Cruz
GLUT=1 Polyclonal Microwave 1:200 Thermo Fischer Scientific
Oncofetal proteins
AFP Polyclonal Microwave 1:1000 Dakopatts
Beta-hCG Polyclonal Microwave 1:1000 Dakopatts
PLAP 8A9 Microwave 1:50 DakoCytomation
MAGE 6C1 Microwave 1:100 Santa Cruz
Mesothelioma-related markers
Podoplanin D2-40 Microwave 1:50 Covance
Calretinin Polyclonal Microwave 1:50 Zymed Laboratories
Others
BCRP BXP-21 Microwave 1:20 Chemicon International
p53 DO-7 Microwave 1:50 DakoCytomation

EGFR: epidermal growth factor receptor; IGFR: insulin-like growth factor-1 receptor; ER: estrogen receptor; PgR: progesterone receptor; CAIX: carbonic anhydrase IX; GLUT-1:
glucose transporter-1; AFP: alpha fetoprotein; beta-hCG: beta-chain of human chorionic gonadotropin; PLAP: placental alkaline phosphatase; MAGE: melanoma associated

antigen; BCRP: breast cancer resistance protein.

2.6. Identification of positive cases

The cases were evaluated in random order with no knowledge

of the patient’s history. When more than 10% of the cancer cells
reacted positively with an antibody, they were recorded as posi-
tive, except for beta-catenin and E-cadherin. Beta-catenin staining
of the cytoplasm and cytoplasmic membrane and/or nucleus was
assessed independently. E-cadherin staining of the cytoplasm and
cytoplasmic membrane was assessed. When more than 80% of the
cancer cells reacted positively with beta-catenin and E-cadherin,
they were recorded as positive,

2.7. Statistical analysis

Calculations were performed with SPSS II software (SPSS,
Chicago, IL, USA). Correlations between clinicopathologic factors
and immunohistochemical reactions were evaluated by Pearson’s
Chi-square test. We defined overall survival (OS) time as the period
from the day of tumor resection to the day of the patient’s death,
and relapse-free survival (RFS) time as the period from the day of
tumor resection to the day tumor relapse was confirmed (based on
symptoms and physical examination or based on clinical imaging),
or to the day of the patient’s death. Survival curves were plotted
according to the Kaplan-Meier method, and differences between
the curves were analyzed by the log-rank test. The Cox proportional
hazard regression model was used to perform the multivariate

analysis. Statistical differences were considered significant if the
p-value was less than 0.05.

3. Results
3.1. Clinicopathological factors

The 3-year OS rate and RFS rate of the 136 patients as a whole
was 82.4 and 73.5%, respectively. The profiles of the patients in
regard to gender, age, smoking index, tumor size, tumor site,
operation procedure, histological differentiation category, vascu-
lar invasion, lymphatic vessel invasion, and pleural invasion status
are summarized in Table 1. Male predominance and high smoking
status were outstanding characteristics. There were only 4 never
smokers in this population. The univariate analysis showed that the
70-year-old and over elderly patient group had a shorter OS time
and RFS time than the younger group (p=0.0086, 0.0091, respec-
tively; Table 3 and Fig. 2A and B). No other clinicopathological
factors have prognostic significance.

3.2. Biological markers

Since no clinicopathologic factors except age were significant,
we attempted to identify biological markers that would be of prog-
nostic value in IB SqCC. EGFR, IGFR, beta-catenin (cytoplasm and
cytoplasmic membrane expression), E-cadherin, CD44, and p63
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were positive in over 90% of the patients, and c-erb B2/HER2, ER,
PgR, beta-catenin (nuclear expression), CD56, AC133, AFP, beta-
hCG, and PLAP were negative in over 95% of the patients.
Podoplanin staining was interpreted as positive in 69 of the 136
(51%) tumors. Podoplanin-positive cells were predominantly found
in the peripheral layers of tumor nests, but weak or not at all in
keratinized layers. The stromal lymphatic vessels of podoplanin-
negative patients were stained positive as an internal positive
control (Fig. 1A and B). In contrast, carbonic anhydrase IX (CA
IX) expression was predominantly found around areas of necro-
sis and in a layer 1-6 cells in thickness away from necrosis,
whereas more distant cellular layers did not express CA IX (Fig. 1C
and D). Evaluation of the relation between podoplanin staining
status and clinicopathological factors revealed significantly more
cases of poorly differentiated SqCC in the podoplanin-negative
group (p=0.045; Table 4). According to the univariate analysis, the
podoplanin-negative group had a shorter OS time and RFS time than
the podoplanin-positive group (p=0.0106 and p=0.0308, respec-
tively; Table 3 and Fig. 2C and D). Staining with the CA1X and other
antibodies used in this study had no prognostic significance. We

Table 3

Univariate analyses of clinicopathological factors and biological markers

Variables Numberof % os, p-value  RFS, p-value

patients

Clinicopathological factors
Male gender 117 86 NS N.S.
Age=70years 74 54 00086 0.0091
Smoking index > 900 72 53 NS NS,
Tumor size>5cm 43 32 NS NS,
Tumor site =right 84 62 NS NS,
Non-upper lobe located tumor. 78 57 01326 01731
Differentiation =pootly 45 33 NS N.S.
vi+) 100 74 NS NS.
Iy (+) 31 23 NS N.S.
P 51 38 00943 0.0533

Biological markers
CyclinB1(+) 91 67 NS. NS.
Cyclin D1 (%) 85 63 NS NS.
EGER (+) 136 100 NS NS
[GER (#) 123 90 NS NS
c-erbB2 (+) 2 1 NS N.S.
ER(+) 0 0 Ns NS.
PeR (+) 0 0 NS NS.
Beta-catenin

Cytoplasmic membrane (+) 134 99 NS NS,
Nucleus (+) 2 1 NS NS

E-cadherin (+) 131 96 NS, NS.
D44 (+) 130 96 NS NS
CD56 (+) 5 4 NS N.S.
€D133 () 0 0 NS NS,
P63 (+) 127 93 NS NS
c-kit(+) 20 15 NS N.S.
CAIX(+) 70 51 NS NS
GLUT:1 (+) 79 58 NS N.S.
AEP (+) 1 1 NS N.S.
Beta-hCG (+) 2 2 NS NS,
PLAP (+) 2 2 NS NS
MAGE (+) 57 42 NS NS.
Podoplanin (-} 67 49 00106 0.0308
Calretinin (+) 53 39 NS NS
BCRP(+) 67 49 NS NS.
p53(+) 49 36 NS NS

0S: overall survival; RFS: relapse-free survival; N.S.: not significant; v: vascular inva-
sion; ly: lymphatic vessel invasion; p: pleural invasion; EGFR: epidermal growth
factor receptor; IGFR: insulin-like growth factor-1 receptor; ER: estrogen recep-
tor; PgR: progesterone receptor; CA IX: carbonic anhydrase IX; GLUT-1: glucose
transporter-1; AFP: alpha fetoprotein; beta-hCG: beta-chain of human chorionic
gonadotropin; PLAP: placental alkaline phosphatase; MAGE: melanoma associated
antigen; BCRP: breast cancer resistance protein.

Table 4

Correlation between clinicopathological factors and podoplanin immunoreactivity

Variables Podoplanin immunoreactivity p-Value

(+) =)

Gender 0.808
Male 60 57
Female 9 10

Age (years) : 1.000
<70 31 31
=70 38 36

Smoking index 0.865
<900 33 31
>900 36 36

Tumor size (cm) 0.581
<5 34 27
=5 35 40

Tumor site 1000
Right 43 41
Left 26 26

Upper lobe located tumor 0.864
Yes 28 30
No 39 39

Differentiation 0.045
Well-moderately 52 39
Poorly 17 28

Vascular invasion 0.439
(=) 16 20
() 53 47

Lymphatic vessel invasion 0416
() 51 54
(+) 18 13

Pleural invasion 0.292
(-} 40 45
(+) 29 22

N.S.: Not significant.

evaluated patients age and podoplanin status versus patients’ OS
and RFS by multivariate analysis, and the results showed significant
correlations between both the 70-year-old and over elderly group
and podoplanin-negative group and outcome (OS, p=0.007 and
p=0.008, respectively; RFS, p=0.008 and p=0.024, respectively;
Table 5).

4. Discussion

We adopted p-stage IB pulmonary SqCC patients as the sub-
ject of this study in order to exclude very early stage patients
and lymph node metastasis-positive patients. The results did not
reveal any useful clinicopathological prognostic factors for p-stage
IB pulmonary SqCC in this series except patient age. However,
podoplanin, which is a mesothelioma-related marker, was iden-
tified as a significant prognostic biological marker for p-stage IB
pulmonary SqCC.

Vascular or pleural invasion is generally considered an indi-
cator of a poor prognosis in surgically resected NSCLC patients
[17,18]. Funai et al. {5], on the other hand, reported age and N
classification as independent prognostic factors for peripheral-type
pulmonary SqCC and that vascular invasion and pleural invasion
are not. Although vascular invasion was frequently observed (74%)
in the present study, no significant prognostic value was demon-
strated. These findings are consistent with those reported by Funai,
and suggest that no clinicopathologic factors predict the outcome
after surgical resection for p-stage IB pulmonary SqCC.
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Fig. 1. Immunohistochemical staining pattern of podoplanin and carbonic anhydrase IX (CA IX) in a positive case. (A) Podoplanin-positive cells were predominantly found
in the peripheral areas of tumor nests. (B) High power view of subpart (A). (C) CAIX expression was predominantly found around areas of necrosis and in a layer 1-6 cells in

thickness away from necrosis. {D) High power view of subpart {(C).

CAIX has been reported to be a prognostic marker for resected
pulmonary SqCC. Giatromanolaki et al. [19] noted that CAIX expres-
sion by surgically resected pulmonary SqCC correlated with a poor
outcome. By contrast, our results showed that CAIX expression
was not related to a poor outcome in p-stage 1B pulmonary SqCC
patients, but the expression characteristics were similar to those
reported by Giatromanolaki. The subjects of his study were p-stage
T1-2, NO-1 patient, and the difference in stages may have been
responsible for the inconsistency with our results.

Human podoplanin (T1alpha-2, aggrus and gp36) is a type-
1 transmembrane sialomucin-like glycoprotein [20]. Because
podoplanin is expressed on the lymphatic vessel endothelium and
not on blood vessel endothelium, it is widely used in histopathology
as a specific marker for lymphatic endothelium. On the other hand,
enhanced podoplanin expression has been shown in SqCC itself,
including in the lung [21], head and neck {22}, and uterine cervix
[23]. The cells that were positive for podoplanin in the present study
were predominantly found in peripheral layers of tumor nests, but

Table 5
Multivariate analysis of the clinicopathological and biological markers

weak or not at all in keratinized layers. A similar pattern of expres-
sion has been reported in SqCC of the uterine cervix and of the
head and neck [22,23]. In well differentiated squamous cell carci-
noma, we can observe various differentiated cells from basal layer
“immature” cells to keratinized “terminally differentiated” cells,
imitating normal squamous epithelium. Since podoplanin-positive
cells were observed in the peripheral layers of tumor nests but weak
in keratinized layers, podoplanin-positive squamous cell carcinoma
may reserve developmental hierarchy. On the other hand, in poorly
differentiated squamous cell carcinoma, tumor cells are generally
homogenous and the developmental hierarchy is unclear. Based on
these concepts, podoplanin may be a marker of cells with capacity
of further maturation of squamous cell carcinoma.

Kunita et al. [24] recently reported that podoplanin contributed
to the establishment of pulmonary metastasis by Chinese ham-
ster ovary cells by promoting platelet aggregation. This finding
suggests that podoplanin-expressing tumors have more malignant
characteristics, which is consistent with the evidence of correla-

Variable Overall survival Relapse-free survival

HR{95% Cl) p-Value HR(95% ch) p-Value
Age > 70 years 2.328(1.763-4.289) 0.007 ‘ - 2.182(1.228-3.875) ' 0.008
Podoplanin 2.288(1240-4223) 0.008 1.917(1.091-3.369) - 0024

HR: Hazard ratio; CI: confidence interval.
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Fig. 2. Kaplan-Meier curves for overall survival and relapse-free survival. (A) Overall and (B) relapse-free survival curve stratified for <70-year-old and >70-year-old patients.
The 3-year overall survival rate of the <70-year-old group and >70-year-old group was 88.0 and 77.7%, respectively. The 3-year relapse-free survival rate of the <70-year-old
group and >70-year-old group was 77.6 and 70.3%, respectively. (C) Overall and (D) relapse-free survival curve stratified for podoplanin-positive vs. negative patients. The 3-
year overall survival rate of the podoplanin-positive group and-negative group was 87.6 and 77.0%, respectively. The 3-year relapse-free survival rate of the podoplanin-positive

group and-negative group was 80.2 and 66.5%, respectively.

tion between high podoplanin immunoreactivity in SqCC of the
head and neck and both lymph node metastasis and a shorter
disease-specific survival | 22]. By contrast, Dumoffetal.[23] showed
correlations between low podoplanin immunoreactivity in SqCC of
the uterine cervix correlated and lymphatic invasion, lymph node
metastasis, and a shorter recurrence-free survival. Our results show
correlations between low podoplanin immunoreactivity in p-stage
IB pulmonary SqCC and poor differentiation, shorter OS time and
RFS time, similar to the findings in SqCC of the uterine cervix [23].
There were several possible reasons for this contradiction. The
epithelial counterpart of SqCC has generally been considered to
be different in the head and neck, uterine cervix, and lung. The
source of head and neck SqCC is squamous epithelium or dysplas-
tic squamous epithelium and podoplanin expression is observed
in basal cell layer of normal squamous epithelium of head and
neck. So podoplanin expression of squamous cell carcinoma of
head and neck may reflect its biological characteristics of basal
cell. On the other hand, SqCC of the uterine cervix is thought to
arise by squamous metaplasia of endocervial mucinous epithelium,
which is not originally squamous epithelium. Normally, there is no
squamous epithelium in the lower respiratory tract or lung, and
the exact source of pulmonary SqCC is still unknown. Then the
role of podoplanin for squamous cell carcinoma at these sites may
be different from head and neck, and influences clinical outcome
inversely. Alternatively, platelet aggregation promoting metastases
may not be a main way of establishing pulmonary SqCC metastases.
Although we could not evaluate association between podoplanin
expression and lymph node metastases for an association because
of patient selection, podoplanin expression was not correlated with
lymphatic vessel invasion or vascular invasion in our study. Also,

we investigated the number of lymphatic vessels in the tumor
core samples, however, no significant correlation was observed
between the number of lymphatic vessels and podoplanin expres-
sion (data not shown). Moreover, we investigated the difference
of clinical characteristics of relapse between podoplanin-negative
and positive groups. However, there was no significant difference
between the type (site) of relapse and podoplanin expression (data
not shown). Further investigations of podoplanin function in pul-
monary SqCC are anticipated.

In conclusion, the only conventional clinicopathological marker
that was useful for predicting poor outcome of p-stage IB pul-
monary SqCC patients after complete resection was patient age,
however, a novel biological prognostic marker, podoplanin, was
identified. Patients after complete resection of pathological stage IB
squamous cell carcinoma of the lung with low podoplanin expres-
sion status are expected poor outcome. Prospective study with a
larger number of patients is warranted to confirm the benefit of
adjuvant chemotherapy for these patients.
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A glutamine synthetase | family protein, Lengsin, was previously
identified as a novel lens-specific transcript in the vertebrate eye. In
this report, we show for the first time that Lengsin is a novel tumor-
associated antigen expressed ectopically in lung cancer. Interestingly,
a novel spliced form of human Lengsin termed ‘splicing variant 4',
gaining exon 3 that codes extra 63 amino acids, is the dominant
transcript form in lung cancer cells. Lengsin mRNA could be detected
in 7 of 12 (58%) lung cancer cell lines and 7 of 7 (100%) surgically
resected lung cancer tissues. On the other hand, Lengsin transcripts
could not be detected in normal major tissues or in other cancer cell
lines, including melanoma, colorectal carcinoma, breast carcinoma
and hepatocellular carcinoma. In addition, knockdown of Lengsin
mRNA with RNAI caused celf death and a decrease of cell viability,
suggesting that Lengsin has some essential role in cell survival.
Since the lens is an immune-privileged site, we regard Lengsin as a
highly immunogenic cancer antigen. Anti-Lengsin autoantibodies
were detectable in sera of lung cancer patients, although these
patients did not show any lens-related disturbances. Hence, Lengsin
splicing variant 4 might be an immunogenic lung cancer-specific antigen
that is suitable as a diagnostic marker and for molecular targeting
therapy, including immunotherapy. (Cancer Sci 2009; 100: 1485-1493)

Lung cancer is one of the most common malignancies and has
high mortality rates in industrial countries.” Despite recent
progress in chemotherapeutic, radiotherapeutic and surgical
treatments, the five-year survival rate of lung cancer patients
still remains low, especially in advanced cases. Recently, it was
reported that antigen-specific cancer immunotherapy had a partial
antitumor effect against lung cancer, and that antigen-specific
cancer immunotherapy might be a possible novel treatment for
the disease.®¥ However, candidates for potent immunogenic
lung cancer antigens are few at present, and exploitation of such
immunogenic lung cancer antigens is highly needed.

Several methods to identify tumor-associated antigens (TAAs)
have been reported; among them, microarray screening is a
powerful tool to screen tumor-specific genes.”” We identified
several genes expressed preferentially in cancer tissues, but not
in normal tissues, with gene chip microarray screening using the
GeneChip Human Genome U133 Array Set (Affymetrix, Inc,,
Santa Clara, CA), which contains approximately 39 000 genes.
With this screening, we isolated several genes, including Lengsin,
that were overexpressed ectopically and specifically in lung
cancers. Lengsin, in the glutamine synthetase 1 (GSI) superfamily,
was previously reported to be a constitutive lens-specific protein
with unknown function, although some studies suggested it
might have chaperone-like activity.®="

In this study, to evaluate the potency of Lengsin as a molecular
target for immunotherapy of lung cancer, we examined expres-
sion profiles of Lengsin in lung cancers and normal tissues. We

doi: 10.1111/.1349-7006.2009.01187.x
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also analyzed cell viability in Lengsin knockdown cells and
anti-Lengsin autoantibodies in sera from lung cancer patients.
Taken together, our present data suggest that Lengsin may act as
a novel immunogenic tumor antigen in lung cancer. We will
discuss the immunobiological significance of the lens-related
antigen in ocular disease and cancer immunotherapy.

Materials and Methods

Human cell lines and culture media. Lung adenocarcinoma cell
lines LHK?2 and ILNY1 and breast carcinoma cell line HMC2
were established in our laboratory. Lung squamous cell carcinoma
cell lines Sg-1 and Sqg-19, lung adenocarcinoma cell lines 1-87
and 11-18, lung large cell carcinoma cell line 86-2 and lung
small cell carcinoma cell lines Lu65, S2 and LK79, were
obtained from the Cell Resource Center for Biomedical
Research, Tohoku University (Sendai, Japan). Colon carcinoma
cell line HCT1S, pancreatic carcinoma cell lines PKS8, PK45,
CFPAC and Panc-1 were kind gifts from Dr K Imai (Sapporo,
Japan). Lung small cell carcinoma cell line Lc817 and
hepatocellular carcinoma line CHC32 were purchased from the
Japanese Cancer Research Resources Bank (Osaka, Japan). Colon
carcinoma cell line KM12LM was a kind gift from Dr K Itoh
(Kurume, Japan). Colon carcinoma cell lines Colo205 and
WiDr, lung adenocarcinoma cell line A549, breast carcinoma
cell line MCF7 and embryonic kidney cell line HEK293T were
purchased from American Type Culture Collection (Manassas,
VA). Melanoma cell lines 888mel and 1102mel were kind gifts
from Dr FM Marincola (National Cancer Institute, Bethesda,
MD). All of these cells were cultured in 90% DMEM (Sigma-
Aldrich, St. Louis, MO) with 10% heat-inactivated fetal bovine
serum (Filtron, Brooklyn, NSW, Australia) at 37°C in a humidified
5% CO, atmosphere.

Tissue and serum samples. Seven pairs of lung cancers and the
corresponding non-neoplastic lung tissues were obtained from
surgically resected tissues removed at Kushiro City General
Hospital. The histological types of the seven cancer tissues
were: squamous cell carcinoma, cases #1, #4, #7; adenocarcinoma,
cases #2, #5, #6; and large cell carcinoma, case #3. Thirty-four
formalin-fixed, paraffin-embedded lung adenocarcinoma tissues
for immunohistochemical staining were obtained from surgically
resected specimens at Sapporo Medical University Hospital.
Forty-two serum samples for enzyme-linked immunosorbent
assay (ELISA) were collected from 23 lung cancer patients and
19 healthy donors at Sapporo Medical University Hospital,
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Sapporo Railway Hospital, Sapporo Tokushukai Hospital and
Kitahiroshima Hospital. Tumor staging was determined
according to the UICC classification.® We obtained informed
consent from all patients and healthy donors according to the
guidelines of the Declaration of Helsinki.

RT-PCR analysis. Human Multiple Tissue cDNA Panels I and II,
and the Human Fetal Multiple Tissue cDNA Panel (Clontech,
Mountain View, CA, USA) were used as templates of normal tissue
c¢DNA and normal fetal tissue cDNA. Total RNA was isolated
from cultured cells and tumor tissues using the RNeasy Mini Kit
(Qiagen, Hilden, Germany). cDNAs were synthesized as described
previously.® PCR amplification was done in 20 uL. of PCR
mixture containing 0.25 UL of the cDNA mixture, 0.1 pL of Taq
DNA polymerase (Qiagen), and 12 pmol of primers. The PCR
mixture was initially incubated at 94°C for 2 min, followed by
35 cycles of denaturation at 94°C for 15 s, annealing at 60°C for
30 s and extension at 72°C for 30s. We designed two primer
pairs for specific detection of Lengsin. The sequences of primer
pair I were 5'-CCCTGCTTTCTGCTTTCATC-3’ as a sense primer
and 5'-AATAACGCTTTCGGCAGCTA-3’ as an antisense primer.
The expected size of the PCR product with primer pair I was
507 bp. The sequences of primer pair IT were 5-GGGAGAAA
CGGATATGTCCA-3" as the sense primer and 5-CAGTCAC
AGTGAAGGTATCA-3’ as the antisense primer. The expected
size of the PCR product with primer pair II for Lengsin_wild
type (Lengsin_wt) was 395 bp and that for Lengsin splicing
variant 4 (Lengsin_vt4) was 584 bp. As an internal control,
G3PDH expression was detected using sense primer 5'-
ACCACAGTCCATGCCATCAC-3" and antisense primer 5'-
TCCACCACCCTGTTGCTGTA-3" with an expected PCR product
of 452 bp.

Western blot analysis and immunohistochemical staining. Western
blot analysis using mouse antihuman Lengsin mAb clone #517
(established in our laboratory) was performed as described
previously.¢®

Immunohistochemical staining was done on formalin-fixed,
paraffin-embedded sections as described previously.!?

Small interfering RNA transfection. Lengsin small interfering
RNA (siRNA) duplexes were designed and synthesized using the
BLOCK-it RNAI designer system (Invitrogen, Palo alto, CA,
USA). The oligonucleotide encoding Lengsin siRNA was 5'-
CCTAATGCCAGAGTTATCAACCTTT-3'. It targeted a common
sequence between Lengsin_wt and Lengsin_vt4 transcripts. Cells
were seeded at 50% confluence, and transfections were carried out
using Lipofectamine 2000 (Invitrogen) in Opti-MEM according
to the manufacturer’s instructions.

WST-1 assay. WST-1 assay (Wako Chemicals, Osaka, Japan)
was performed according to manufacturer’s instructions. Forty-
eight hours after post transfection of Lengsin siRNA, the cells
were seeded in 96-well flat-bottomed plates (1 x 10* in 100 puL.
of culture medium per well) followed by an additional 72-h
incubation. Then, 10 pL of WST-1 solution was added into each
wells, and the plates were incubated at 37°C for another 2 h.
Absorbance was measured by a microplate reader at a wavelength
of 450 nm with a reference wavelength of 655 nm. Each experiment
was done independently in triplicate.

Flow cytometry. Five days after siRNA transfection, the cells
were harvested and washed with PBS, followed by fixation with
70% ethanol overnight at —20°C. After washing with PBS, the cells
were re-suspended in PBS containing 250 pg/mL RNase A (Sigma-
Aldrich) for 30 min at 37°C and stained with 50 pg/mL propidium
iodide (PI) (Invitrogen) for 10 min at 4°C in the dark. To calculate
the percentage of cells in the sub-G1 phase, the results were analyzed
by flow cytometry (FACS Calibur, Becton-Dickinson, Franklin
Lakes, NJ) with CellQuest software analysis. The apoptotic cell
rate was determined as the percentage of cells in the sub-G1 phase.

ELISA. Preparation of purified recombinant Lengsin was
performed according to the method described previously."? To
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coat a 96-well plate with capture protein, purified recombinant
Lengsin was diluted in 50 mM bicarbonate buffer (pH 9.5) to a
final protein concentration of 5 tg/mL and placed in each well
of the 96-well plates (Corning, NY) and incubated overnight at
4°C. After removing antigen solutions and three washes with
PBS including 0.05% Tween 20 (PBS-T), plates were blocked
with 1% BSA in PBS for 2 h at room temperature (RT). After
emptying the wells and three washes with PBS-T, 100 uL of
serum sample diluted (1:100) in PBS-T including 0.5% of BSA
was added to each well and incubated for 1h at RT. Then,
samples were removed and the wells were washed three times
with PBS-T, followed by incubation for 30 min with two
thousand dilution of rabbit antihuman IgG conjugated with
horseradish peroxidase (Dako, Carpinteria, CA). After removing
the antibody solution, the wells were washed three times with
PBS-T, then each well was developed with ABTS peroxidase
substrate (KPL, Gaithersburg, MD). After incubation for 15 min,
absorbance was measured at a wavelength of 405 nm.

Statistical analysis. A Student’s r-test was used to compare two
groups. P < 0.05 was considered significant.

Results

Lengsin is preferentially expressed in lung cancer cell lines and
human primary lung cancer tissues. Novel TAAs are essential for
the establishment of cancer vaccine therapies. For the identification
of novel TAAs, we initially screened the gene chip microarray
expression profile database of more than 700 malignant tissues
including breast, colon, pancreas, renal cell, lung and gastric
carcinomas. We chose 30 cancer overexpressed genes as TAA
candidates (data not shown). Then, the mRNA expression profiles
of the TAA candidates were confirmed by RT-PCR, and one of the
lung cancer-associated antigens proved to be the lens-specific
GSI superfamily member, Lengsin. For precise analysis of Lengsin
mRNA expression in various types of cancer cells RT-PCR
analysis was performed with Lengsin primer pair I. As shown in
Fig. 1(a), Lengsin was expressed in only three of the six lung
cancer cell lines, but not in the two melanoma, four colorectal
carcinoma, two breast carcinoma, four pancreas carcinoma and
one hepatocellular carcinoma cell lines. To test the expression of
Lengsin in the four major histological types of lung cancer, 12
lung cancer cell lines were examined by RT-PCR (Fig. 1b).
Lengsin was expressed in one of the two squamous cell carcinoma
lines (Sq-19), three of the five adenocarcinoma lines (LNY1,
AS549, 1-87), one large cell carcinoma line (86-2) and two of
the four small cell carcinoma lines (Lu65, LK79). Then, we
analyzed Lengsin expression in primary lung cancer tissue
specimens. As shown in Fig. 1(c), we could detect Lengsin
mRNA in primary lung cancerous tissues in 7 of the 7 (100%)
cases, but not in normal counterpart tissues. The expression
profile of Lengsin mRNA was also assessed in normal adult and
fetal tissue panels including heart, brain, placenta, lung, liver,
kidney, skeletal muscle, pancreas, spleen, thymus, prostate, testis,
ovary, small intestine, large intestine and PBMCs (Fig. 1d).
Lengsin mRNA could not be detected in mature adult tissues
and fetal tissues with the exception of adult liver and placenta,
although at very low levels. Thus, these data indicated that
Lengsin mRNA was overexpressed specifically in primary lung
cancer tissues as well as lung cancer cell lines with considerable
frequency independent of the histological type, but not in major
normal tissues.

Novel Lengsin splicing variant4 is the dominant form in lung
cancer cell lines. For precise analysis of the structure of Lengsin
mRNA, we performed further RT-PCR analysis with an additional
Lengsin primer pair located in the upstream of primer pair I
(primer pair II, white arrow in Fig. 2a). As described above, we
could detect a single band with primer pair I, whereas we
detected two bands with primer pair II in lung cancer cell lines
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as shown in Fig. 2(c,d). With primer pair II, the estimated size
of wild type Lengsin mRNA should be 395 bp, but the major
band was located around 600 bp (Fig. 2d), suggesting the existence
of a splicing variant., Therefore, we performed DNA direct
sequencing of these two bands and found that the upper band
corresponded to a novel spliced form, which we named splicing
variant 4 (Lengsin_vt4), containing an additional exon 3 compared
with the wild type (Fig. 2b). The lower weak band proved to be
the wild-type form of Lengsin mRNA (Fig. 2b,d). Thus, these
data indicated that a novel spliced form, Lengsin_vt4 was the
major transcript in lung cancer cell lines.

Detection of Lengsin protein in human lens and lung cancers by
Western blot analysis and immunohistochemical staining. To assess
the Lengsin expression in lung cancer cells and tissues at the
protein level, we generated novel anti-Lengsin mAb #3517
suitable for Western blot analysis and immunohistochemical
staining. The Lengsin-specific reactivity of mAb #517 was
confirmed by Western blot analysis. We could detect a specific
band with both anti-Lengsin mAb #517 and an anti-FLAG mAb
in the HEK293T cell line transfected with expression vectors of
FLAG-epitope-tagged Lengsin_vt4 (Fig. 3a), suggesting mAb
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#517 recognized Lengsin_vt4 protein specifically. The epitope
of mAb #517 was located within exon 1 or exon 2 with further
Western blot analysis using several deletion mutants (data not
shown). Furthermore, we could detect Lengsin protein in human
lens with mAb #517, but not with an isotype control mAb by
immunohistochemical staining (Fig. 3b). Strong staining was
seen in layers of secondary lens fibers, but not in the central
region containing primary lens fibers (the lens nucleus). These
findings are compatible with previous data of mouse Lengsin
expression profiles.” The endogenously expressed Lengsin
protein was also analyzed with Western blot analysis (Fig. 3c).
The double-FLAG-tagged Lengsin_vt4 transfected 293T cells
showed a specific band with mAb #517 as a positive control.
A549 and 1-87 lung adenocarcinoma cell lines and LK79 small
cell carcinoma line also showed mAb #517 specific band. Since
these bands are located slightly lower than double FLAG tagged
Lengsin_vt4 band, this difference might depend on the difference
of double-FLAG-tag, which represents around 3 kDa. This
protein expression profile was consistent with the mRNA
expression. In addition, we performed immunohistochemical
staining to assess the Lengsin protein expression in vivo. Thirty-four
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surgically resected lung adenocarcinoma, 21 squamous cell
carcinoma, two large cell carcinoma and four small cell carcinoma
tissues were evaluated the expression of Lengsin proteins with
mADb #517. Seventeen of 34 adenocarcinoma, 11 of 21 squamous
cell carcinoma, two of two large cell carcinoma and two of four
small cell carcinoma tissues showed positive staining (Table 1).
In positive cases, Lengsin proteins could be detected in the
cytoplasm of the cancer cells, but not in adjacent normal cells
(Fig. 3d). To examine the expression of Lengsin protein in major
normal tissues, we performed immunohistochemical staining
with mADb #517. Lengsin protein was undetectable in liver and
placenta, which expressed Lengsin mRNA at very low levels
(Fig. 3e), or other organs including the heart, brain, lung, kidney,
pancreas and large intestine (data not shown). These data suggest
that Lengsin protein was preferentially expressed in lung carcinoma
cells and secondary lens fibers, but not in major normal tissues
including liver and placenta.

Effect of Lengsin siRNA on cell viability in lung cancer cells.
To assess the functions of Lengsin protein in lung cancer cells,
we investigated the effects of Lengsin siRNA on the survival of
1-87 cells, which expressed Lengsin, by WST-1 assay and flow
cytometric analysis. Introducing Lengsin-specific siRNA signi-
ficantly reduced expression of Lengsin mRNA compared with
control siRNA (Fig. 4a). WST-1 assay revealed that treatment
with Lengsin siRNA significantly decreased the cell viability
compared with control siRNA (Fig. 4b,c). In addition, we
measured the percentage of sub-Gl cells, which represents the
percentage of apoptotic cells, by flow cytometric analysis using
PI staining of DNA. The percentage of apoptotic cells was
found to be increased in Lengsin siRNA-treated cells (Fig. 4d).
These data indicate that Lengsin might be essential for cell
viability in Lengsin-positive lung cancer cells.
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lines. (a) Diagram of premRNA showing five
exons of Lengsin. Black arrow indicates PCR
primer pairl and white arrow indicates PCR
primer pair li. (b) Diagram of the derived protein
of each splicing variant. Brackets indicate
GenBank accession number. wt, wild type; vti,
splicing variant 1; vt3, splicing variant 3; vi4,
splicing variant 4; aa, amino acid. (c) Expression
profiles of Lengsin as assessed by RT-PCR with
primer pair Il in lung cancer cell lines. Squamous,
squamous  cell carcinoma lines;  Adeno,
adenocarcinoma lines; Large, large cell carcinoma
lines; Small, smail cell carcinoma lines. G3PDH
was used as an internal control. (d) Results for
two PCR products with primer pair Il in A549.

Table 1. Clinical characteristics of patients with lung cancer and
detection of Lengsin protein by immunohistochemical staining

Positive/total

Histology
Adeno Squamous Large Small
Patients 17/34 (50%)  11/21 (52%)  2/2 (100%)  2/4 (50%)
Age (years)
<65 8/16 2/6 mn 2/3
> 65 9/18 9/15 17N 0/1
Sex
Male 7/14 10/20 2/2 0/2
Female 10/20 17 ND 2/2
UICC Stage
Stage | 10/27 4/11 1 1/2
Stage I A 3/3 ND ND
Stage 11l 6/6 a7 1 171
Stage IV ND ND ND 0/1

Adeno, adenocarcinoma; Squamous, squamous cell carcinoma; Large,
large cell carcinoma; Small, small cell carcinoma; ND, not determined.

Detection of anti-Lengsin autoantibodies by ELISA. Since Lengsin
protein is expressed only in cancerous tissue and the normal
lens, which is an immunologically privileged site, we hypothesized
that Lengsin might be one of the immunogenics for immune
systems. Thus, to assess the immune response against Lengsin
in vivo we investigated anti-Lengsin autoantibodies in sera from
23 lung cancer patients and 19 healthy donors by ELISA using
recombinant Lengsin protein. The cutoff value was settled as the
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Fig. 3. Detection of Lengsin protein as assessed
by Western blot analysis and immunohistochemical
staining with anti-Lengsin mAb #517. (a) Specific
detection of Lengsin protein in HEK293T cells
transfected with expression vectors of FLAG-
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large cell carcinoma and small cell carcinoma
tissues. Magnification 200x. (e) Representative
immunohistochemical staining with mAb #517 in
normal liver and placenta. Magnification 200x.
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mean plus two SD of healthy donor samples. The clinical
characteristics and results of 23 lung cancer patients are
summarized in Table 2. There is no significant difference of
anti-Lengsin antibodies between healthy donors and lung cancer
patients; sera from 6 of the 23 lung cancer patients (26.1%)
were positive, These data indicated that the anti-Lengsin
immune response was elicited with Lengsin protein ectopically
expressed in lung cancer cells. Moreover, all six anti-Lengsin
autoantibody-positive patients had no oculopathy including any

Nakatsugawa et al.

disease of the lens, indicating that anti-Lengsin antibodies might
not be relevant to a lens-related pathologic state. Anti-Lengsin
autoantibodies in serum might have no adverse effect on the ocular
compartment, which is presumed to be an immune-privileged site.
Taken together, these results strongly suggest that ectopically
expressed Lengsin could cause immunological reactions for
lung cancer cells, but not for the lens; hence, Lengsin might be
a novel target molecule for cancer immunotherapy as well as for
a diagnostic marker.
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Discussion

Wistow et al. reported that Lengsin was an abundant transcript
in the human lens, and had a sequence similar to glutamine
synthetase."® However, Lengsin did not catalyze glutamine
synthesis, yet cross-reacted with antiglutamine synthetase
antibodies assembled into the same dodecameric structure as
prokaryotic class [ glutamine synthetase.5

Lengsin is a highly specific protein for the lens.>” Lengsin
and lens intermediate filament proteins colocalize at the plasma
membrane in maturing lens fiber cells and expression of
Lengsin correlates with the reorganization of the lens fiber cell
cytoskeleton. Thus, it may act as a component of the cytoskeleton
in the lens.”” In addition, Lengsin was expressed at high levels
in the transparent but not the cataractous human lens, indicating
that it may be related to the maintenance of lens transparency.
Moreover, Lengsin relieves cellular toxicity caused by amyloid-
beta expression, and thus, may have a chaperone-like role.”

In this study, we reported for the first time that Lengsin, a
novel lung cancer antigen, was overexpressed ectopically in the
four major histological types of lung cancer. Furthermore, we
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Fig. 3. Continued.

could immunohistochemically detect Lengsin protein strongly in
the human lens with anti-Lengsin mAb #517 generated in our
study. Lengsin protein was detected in 50-100% of primary
lung carcinoma tissues with mAb #517, but was not detectable
in any normal tissues except for lens. Thus, mAb #517 might be
a fine marker to diagnose lung carcinoma and define the indica-
tion for molecular targeting therapy using Lengsin.

Two splicing variants of Lengsin, variants 1 and 3, were
already reported to be expressed in the human lens.® Analysis
of the gene structure of Lengsin in lung cancer cells revealed
that a new splicing variant of human Lengsin mRNA, which was
termed splicing variant 4 (Lengsin_vt4), was the major transcript
in lung cancer cells. Lengsin_vt4 retains exon 3 that codes 63
amino acids between exon 2 and exon 4 without the frame shift,
but the wild type of human Lengsin does not contain exon 3.
Lengsin protein retains exon 3 in mammals other than pri-
mates.® Exon 3 might be evolutionarily eliminated in the human
lens; however, our data indicated that Lengsin_vt4 retaining
exon 3 was expressed dominantly in human lung cancer cells.

In addition, knockdown of Lengsin expression caused a
decrease of cell viability in 1-87 cells, which expressed Lengsin.

doi: 10.1111/.1349-7006.2009.01187.x
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Fig. 4. Effect of Lengsin on cell viability in lung
cancer cell line 1-87. (a) Gene silencing was (d)
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performed using Lengsin siRNA. RT-PCR analysis 500
was done using Lengsin primer pair I. G3PDH was
used as an internal control. (b) WST-1 assay shows
a decrease in the numbers of viable cells after
knockdown of Lengsin expression in 1-87 cells.
Statistical analysis was done using a Student's
t-test. *, P<0.01 compared with the control
siRNA. The assay was performed in triplicate;
bars, SD. (c) 1-87 cells transfected with control
siRNA (right panel) and Lengsin siRNA (left
panel). Magnification, x200. (d) Percentage of
cells in the sub-G1 phase indicated by bars was
determined by flow cytometry using propidium
iodide staining of DNA. 0
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Although the mechanism remains unclear, Lengsin might play
an essential role for cell viability in Lengsin-expressing cancer
cells.

It remains to be explained why a lens-specific protein is
expressed in lung cancers. The eye, including the retina and
lens, is considered an immune-privileged site and is protected
from immune responses by a variety of mechanisms including
the blood—organ barrier, lack of lymphatic drainage, low expres-
sion of MHC molecules, local production of immunosuppressive
cytokines such as TGF-beta and constitutive expression of
Fas tigand.!*" However, recoverin, a calcium-binding protein
localized specifically in the retina, is expressed in various
cancers,!!” and it is reported that antirecoverin autoantibodies
may cause retina cells to degenerate and cause cancer-associated
retinopathy."®!® This suggests the retina is an incompletely
immune-privileged organ. Immunization of recoverin-positive
cancer-bearing mice with recoverin-derived antigenic peptide
caused both an antitumor effect and dysfunction of the retina.®”
On the other hand, no lens-related disease caused by an auto-
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immune response against any cancer antigen has been reported
to date. Our data also showed that antilengsin antibody positive
lung cancer patients had no lens troubles, suggesting that the
lens is completely immune-privileged, which is different from
the retina. As Lengsin localizes to the cytosol, anti-Lengsin
antibodies might not have biological significance; however,
Lengsin protein derived from necrotic or apoptotic cancer cells
can make immune complexes with anti-Lengsin antibody, which
can potentially cause serial immunological responses including
CTL activity and subsequent injury of the lens. However, our
data suggest that the anti-Lengsin immunological response is
not harmful for the lens, and support the feasibility of lung
cancer immunotherapy targeting the Lengsin molecule.

The testis is also an immune-privileged site.? It is well known
that cancer—testis (CT) antigens, including the MAGE gene family
and NY-ESO-1, are expressed exclusively in cancers and normal
testis tissue. Hence, it is difficult to induce immune tolerance toward
CT antigens.®® Therefore, CT antigens are highly immunogenic
and are promising targets for cancer immunotherapy.®2>
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Patient No. Sex

Age Histology UICC Stage Anti-Lengsin autoantibodies’

Table 2. Clinical characteristics of serum donors

ind
Lengsin with lung cancers and detection of anti-Lengsin

1 Male 61 Ad HiB +
2 Male 79 Ad IA +
3 Female 79 Ad \% +
4 Male 76 Sq IB +
5 Female 65 Ad 1A +
6 Male 60 Sq A +
7 Male 67 Ad \% -
8 Male 59 Sqg 1A -
9 Male 65 Ad 1A -
10 Female 62 Ad 1iB -
11 Male 63 Ad v -
12 Male 87 Ad v -
13 Male 70 Ad IA -
14 Female 64 Sm 1B -
15 Male 65 Sq HiB -
16 Male 69 Sg 1A -
17 Male 66 Ad B -
18 Male 62 Sm 1A -
19 Maie 73 Sq HA -
20 Male 74 Ad 1A -
21 Male 56 Ad 1A -
22 Male 73 Sm v -
23 Female 56 Ad 1A -

+ autoantibodies by ELISA

Ad, adenocarcinoma; ELISA, enzyme-linked immunosorbent assay; Sq, squamous cell

carcinoma; Sm, small cell carcinoma; ND, not determined.

*The cutoff value is the mean plus two SD for healthy donor samples. Antibody levels for
upper or lower cutoff values are evaluated as either positive (+) or negative (), respectively.
*Positive (+) or negative (-) indicate that expression of Lengsin protein in lung cancer tissues
assessed by immunohistochemical staining is either detected or not detected, respectively.

Lengsin is expressed exclusively in lung cancers and the
immune-privileged normal lens; thus, we consider Lengsin to
be not only a risk-free but also a highly immunogenic target for
immunotherapy. We are now investigating and identifying Lengsin
epitopes recognized by cytotoxic T lymphocytes. Some cancer—
testis antigens have been isolated by analyzing a testis cDNA
expression library with cancer patients’ sera.?*?® Possible new
cancer antigens like Lengsin, which is exclusively expressed in
the lens and cancer, may be found by studying a lens cDNA
library. Lengsin is obviously the first such reported cancer antigen,
a ‘cancer—lens antigen’, which might play a role in molecular
targeting therapy, including antigen-specific immunotherapy
like cancer—testis antigens.

In summary, we identified that lens-specific antigen Lengsin
is expressed ectopically in lung cancer cells. The predominant
transcript form was a novel splicing variant, termed Lengsin_vt4.
Lengsin plays an essential role in lung cancer cell survival.
Anti-Lengsin humoral immune reactions could be detected in
lung cancer patients’ serum, but not in healthy donors’. These data
suggest that Lengsin_vt4 might be a novel biomarker of lung
cancers, and also a molecular target including immunotherapy.
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