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the nucleus (Fig. 2D), suggesting that the L377A/L384A mutations
had destroyed the functional NES (amino acid residues L377-1384)
of NORE1A. Next, we transfected H1299 cells with the one of
the GFP-NORE1A plasmids or control GFP expression plasmid
and exposed them to HU for 40 h. Determination of centrosome
number in these cells after immunofluorescence analysis with
anti-y-tubulin antibody revealed that two of mutants, NORE1A-
L290A/1292A and -L344A/L346A, as well as NORE1A-wt had activity
thatsignificantly suppressed the centrosome amplification induced
by HU, but that the NORE1A-L377A/L384A mutant did not pos-
sess such activity (Fig. 2E). These observations provided further
evidence for activity of centrosomal NORE1A that regulates the
centrosome number in cells exposed to HU.

3.5. NORE1A suppresses CIN in HU-treated cells

Next, we attempted to determine whether the activity of
NORE1A that suppresses the centrosome amplification in HU-
exposed H1299 cells is translated into a difference in the level of
chromosome destabilization as assessed by FISH analysis. H1299
cells were transfected with GFP, GFP-NORE1A-wt, or GFP-NORE1A-
L377A/L384A (NES mutant) plasmid together with a plasmid
containing a puromycinresistance gene, and after puromycin selec-
tion, the cells were exposed to HU for 40 h. After washing, the cells
were then cultured for an additional 72 h, and subjected to FISH
analysis with probes specific for chromosomes 2 and 16. When
the cells were divided according to number of chromosomes per
cell into cells containing the modal chromosome number and cells
containing other chromosome numbers, cells containing the modal
chromosome number were found to be significantly less frequent
among the HU-exposed cells than among the control cells (Fig. 3A;
Fig. 3B shows representative images). Importantly, comparison of
the frequency of cells containing the modal chromosome number
among HU-exposed cells showed that it was significantly higher
among the cells transfected with the GFP-NORE1A-wt expression
vector, but not with the GFP-NORE1A-L377A/L384A expression
vector, than among cells transfected with the GFP vector (Fig. 3A
and B), suggesting that wt NORE1A, but not NES-mutant NORE1A,
suppresses CIN in HU-exposed H1299 cells.

3.6. Down-regulation of NORE1A mRNA expression in primary
NSCLC

Next, to better understand the status of NORE1A expression
in NSCLC, we investigated whether NORE1A expression is also
down-regulated in primary NSCLC. NORE1A mRNA expression in
51 primary NSCLC and corresponding non-cancerous lung tis-
sues was measured by QRT-PCR, and the ratio of the level of
NORE1A mRNA expression in the cancerous tissue to the level in
the corresponding non-cancerous tissue (T/N ratio) was calculated
in each case. Reduced NORE1A expression (T/N ratio<0.5) was
observed in 25 of the 51 (49%) primary NSCLC cancers (Fig. 4A).
Moreover, a significant difference was detected in the NORE1A
expression level between cancerous tissue and the corresponding
non-cancerous tissue by a statistical analysis (p-value=0.013 by
Wilcoxon matched pairs test). Reduced NORETA protein expres-
sion in the cancerous tissue compared with the corresponding
non-cancerous tissue was detected in two cases showing reduced
NORETA mRNA expression by Western blot analysis (Fig.4B). These
results suggest that NORE1A mRNA expression is down-regulated
in primary NSCLCs. Finally, we investigated whether the levels of
NORE1A mRNA expression were associated with clinicopathologi-
cal features in NSCLC patients. Although no associations were found
between the clinicopathological factors onset age, smoking history,
tumor stage, or tumor histology and the NORE1A mRNA expression
levels, the frequency of male patients was higher in the group of

NSCLC patients with a T/N ratio<1 than in the group with a T/N
ratio > 1 (p-value=0.006) (Table 1).

4. Discussion

The results of this study showed that exposure of H1299 NSCLC
cells to HU resulted in abnormal centrosome amplification and
that forced expression of NORE1A partially suppressed the centro-
some amplification. NORE1A-L377A/L384A, an NES mutant form,
did not localize to centrosomes and did not suppress the cen-
trosome amplification induced by HU. Furthermore, the results
of a FISH analysis showed that wt NORE1A, but not NES-mutant
NORE1A, suppressed CIN in HU-exposed H1299 cells. Next, we
compared level of NORETA mRNA expression in the cancerous
tissue of primary NSCLCs and corresponding non-cancerous lung
tissue by QRT-PCR analysis, and the results showed that NORE1A
mRNA expression was down-regulated in 25 (49%) of the 51 pri-
mary NSCLCs. These results suggest that NORE1A has activity that
suppresses centrosome amplification induced by HU, and they
suggested that down-regulation of NORE1A mRNA is one of the
common gene abnormalities in NSCLCs.

This study revealed a novel activity of NORE1A that suppresses
centrosome amplification induced by HU. Numerical and func-
tional abnormalities of centrosomes result in aberrant mitotic
spindle formation, merotelic kinetochore-microtubule attachment
errors, lagging chromosome formation, and chromosome segre-
gation errors, all of which are thought to be possible causes of
CIN [12-15]. Many cancer-associated proteins have already been
reported to be involved in controlling the numerical integrity
of centrosomes, centrosome duplication, and centrosome func-
tion/behavior [13]. Interestingly, most such cancer-associated
proteins are localized at centrosomes [12,13]. For example, tumor
suppressor p53 is involved in the control of numerical integrity
of centrosomes [13,18,30,32]. The p53 is a nucleocytoplasmic
shuttling protein and some p53 is localized at centrosomes
[13,18,30,32-34]. We therefore think that it is reasonable to con-
clude NORE1A, some of which is localized at centrosomes, has
activity that controls the numerical integrity of centrosomes. How-
ever, it is unknown how NORE1A suppresses the centrosome
amplification in HU-exposed cells. Since HU is a DNA synthesis
inhibitor, cells exposed to HU become arrested in the S-phase of
the cell cycle. Centrosomes continue to reduplicate in the absence
of DNA synthesis, which is effectively observed if p53 is lost or
mutated [13,16-20,30,32]. Thus, it is speculated that NORE1A
has some influence on centrosome reduplication in HU-arrested
cells. Future investigation of the mechanism underlying the phe-
nomenon should improve our understanding of carcinogenesis in
the lung.

We constructed three NORE1A expression plasmids, each of
which contains mutations in the NES region predicted by NetNES
server [31], but only the NORE1A-L377A/L384A expression plas-
mid failed to exhibit cytoplasmic localization, suggesting that
the leucine-rich amino acid residues L377-1384 (LQNFLTIL) of
NORE1A are a functional NES. Park et al. also showed that this
NES sequence is functional [8]. Interestingly, comparison of the
amino acid sequences of NORE1A orthologues has shown that the
NES region is conserved among Homo sapiens, Mus musculus, Rat-
tus norvegicus, and Bos taurus. Since the cytoplasmic localization
of NORE1A is essential for its growth-suppressive activity [6] and
abrogation of nuclear export results in failure to suppress centro-
some amplification as shown in this study, the NES sequence of
NORE1A must be important in achieving these functions.

The FISH analysis (Fig. 3) of HU-exposed cells in our study
showed a significantly higher proportion of cells containing the
modal chromosome number among the cells transfected with the
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Fig. 3. Wild-type (wt) NORE1A, but not nuclear export signal (NES)-mutant NORE1A,

c ity in ea (HU)-exposed H1299 cells. (A and

B) H1299 cells were transiently transfected with GFP, GFP-NORE1A-wt, or GFP-NORE1A-L377A/L384A plasmid together with a plasmid containing a puromycin resistance
gene, and 40 later, the cells were exposed to HU for 40 h. The cells were then replated in fresh medium, cultured for an additional 72 h, and subjected to FISH analysis with
a Spectrum Orange-labeled centromere enumeration probe. Nuclei were stained with DAPI (blue). The percentages of cells containing the modal chromosome number are
shown in the upper panel (chromosome 2) and the lower panel (chromosome 16) of (A). A t-test was performed for statistical analysis and an asterisk in the graph indicates
a statistically significant difference. Representative images of the results of the FISH analysis are shown in (B). Arrows point to the chromosomes.

GFP-NORE1A-wt expression vector than among the cells trans-
fected with the GFP vector, however, the increase was modest. The
fact that the increase was modest is thought to have been due to
one of the following possible limitations of this study: (1) HU was
not able to induce CIN effectively under the conditions used in our
experiment, (2) the use of transiently transfected cells, not stably
transfected cells, (3) the H1299 cell line was unsuitable for detect-
ingaclearinhibitory effect of NORE1A on CIN, and (4) chromosomes
2 and 16 were unsuitable for detecting a clear inhibitory effect of
NORE1A on CIN.

The cell proliferation analysis in our study revealed that
NORE1A has a slight effect on growth suppression in H1299 cells
growing as a monolayer on plastic. Two studies on the growth-
suppressive function of NORETA in NSCLC cell lines have been
reported [5,6]. In the study by Moshnikova et al. [6] forced expres-
sion of NORETA was found to inhibit anchorage-independent
growth of A549 NSCLC cells, but not to affect anchorage-dependent
growth of the cells. Aoyama et al. [5] also reported finding that
forced expression of NORE1A markedly suppressed anchorage-
independent growth of A549 cells, however, they found that under
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Table 1
Clinicopathological factors of NSCLC patients according to the T/N ratio of the NORE1A mRNA expression in their lung.
Factor - Total (n=51) TN 1 (n=18) i TN <1 (n=33) p-Value
Age (51 cases)
Mean + SD* 65.1+12.8 (n=51) 634+13.9(n=18) 66.1412.3 (n=33) 0.491"
Gender (51 cases)
Male 30(60.1%) 6(33.3%) 24(72.7%) 0.006
Female 21(39.9%) 12(66.7%) 9(27.3%)
Smoking history (40 cases)
Smoker 29(65.2%) 7(63.6%) 0447
Non-smoker 11(34.8%) 4(36.4%) 7(24.1%)
Brinkman index (mean +SD) 872+1034 (n=40) 889+973 (n=11) 866+ 1072 (n=29) 0.952"
Tumor stage (51 cases)
I 36(70.6%) 10(55.6%) 26(78.8%) 0311
1 7(13.7%) 4(22.2%) 3(9.%)
m 5(9.8%) 2(11.1%) 3(9.%)
v 3(5.9%) 2(11.1%) 1(3.0%)
Histology (51 cases)
Adenocarcinoma 34(66.7%) 10(55.6%) 24(72.7%) 0.231°
Squamous cell carcinoma 15(29.4%) 7(38.9%) 8(24.2%)
Large cell carcinoma 1(2.0%) 0(0.0%) 1(3.0%)
Adenosquamous carcinoma 1(2.0%) 1(5.6%) 0(0.0%)

* SD, standard deviation.
b A t-test was performed.
© A chi-square test was performed.
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Fig.4. Down-regulation of NORETA in primary non-small cell lung carci-
noma (NSCLC).(A) Down-regulation 0f NORE1A mRNA expression in primary NSCLC.
Comparison between the NORE1A mRNA level in cancerous tissue of 51 primary
NSCLCs and corresponding non-cancerous lung tissue as determined by quantita-
tive real-time-polymerase chain reaction analysis. After normalizing the amounts
0of NORE1A transcripts to those of the GAPD transcript, T/N values were calculated
by dividing the amount of normalized transcripts in cancerous tissue by the amount
in the corresponding non-cancerous tissue. Differences between the normalized
NORE1A mRNA level in cancerous tissue and corresponding non-cancerous tissue
were statistically analyzed by the Wilcoxon matched pairs test, and the p-value
was 0.013. (B) Down-regulation of NORE1A protein expression in primary NSCLC.
Measurement of the level of NOREIA protein expression in cancerous tissue (T)
and corresponding non-cancerous tissue (N) by Western blot analysis with anti-
NORE1A monoclonal antibody in two NSCLC cases. Expression of B-tubulin protein
was analyzed as an internal control.

anchorage-dependent growth conditions NORE1A expression sup-
pressed colony formation by A549 and H460 NSCLC cells by 73%and
23%, respectively. Thus, the growth-suppressive effect of NORE1A
under anchorage-dependent conditions seems to be weaker than

under anchorage-independent conditions and may vary with the
cell type and experimental conditions.

The QRT-PCR analysis in our study revealed that NORE1A mRNA
expression was down-regulated in 49% of the primary NSCLCs
(n=51)andin 100% of the NSCLC cell lines (n = 12). The frequency of
NORE1A mRNA down-regulation in primary NSCLCs of 49% found
in this study is much higher than the frequencies of NORE1A
promoter hypermethylation in primary NSCLCs of 24% [22] and
28% [23] reported in the literature. The differences in frequency
may be due to the existence of other mechanisms underlying the
reduction of mRNA expression level, such as histone deacetyla-
tion, microRNA abnormalities, and allelic imbalance [24-26,35].
The results of the expression analysis in this study also showed
an association between male NSCLC patients and a reduction of
NORE1A expression in the cancerous tissue (T/Nratio<1). Although
the reason for this association is unknown, there are sex differences
in the expression of other genes [36,37]. In any event, the results
of the mRNA expression analysis suggested that down-regulation
of NORETA mRNA is a common abnormality in the carcinogenesis
of NSCLC, the same as down-regulation of p16, RASSF1A, and CDH1
expressions [38,39].

In conclusion, our results suggest that NORE1A has activity that
suppresses the centrosome amplification induced by HU and that
NORETA mRNA down-regulation is one of the common gene abnor-
malities in NSCLCs. These imply a key preventive role of NORE1A
against the carcinogenesis of NSCLC.
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Abstract. EML4-ALK fusion transcripts have been found in a
subset of non-small cell lung carcinomas (NSCLCs); however,
their protein expression status has not yet been fully elucidated.
In this study we investigated ALK protein expression in
302 NSCLCs and 291 gastric carcinomas by means of
immunohistochemical analysis. Twelve (4.0%) NSCI.Cs, but
none of the gastric carcinomas, were found to be positive
for ALK. The ALK signal was detected in the cytoplasm of
cancer cells. Subsequent RNA analysis of 10 RNA-available,
immunohistochemically ALK-positive tumors revealed that
three tumors had EMLA4-ALK variant [, three tumors had
variant 2, three tumors had variants 3a and 3b, and one tumor
had a novel variant in which exon 14 of EML4 is connected
to the nucleotide at position 53 of exon 20 of ALK by a 2-bp
insertion. These results suggest that immunohistochemical
ALK detection is a useful way to screen NSCLCs for tumors
containing ALK fusions.

@

Introduction

Structural chromosome aberrations that result in the produc-
tion of fusion oncogenes are one of the most common causes
of oncogenesis. In the past they have been reported in many
classes of hematological malignancies and mesenchymal
tumors (1.2), and recently in a few types of epithelial carci-
nomas (3 A fusion gene comprising portions of the EML4
gene and the ALK gene that resulted from a small inversion in
chromosome 2p was recently discovered in a subset of non-
small cell lung carcinomas (NSCLCs) (4). The fused mRNA
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based on the gene fusion encodes the N-terminal portion of
EML4 ligated to the intracellular region of the receptor-type
profein tyrosine kinase ALK. EMLA-ALK oligomerizes
constitutively in cells through the coiled-coil domain within
the EML4 region and becomes activated to exert oncogenicity
both in vitro and in vivo (4,6). Several types of EMIL4-ALK
variants have been found in NSCLCs (4,6-18), and although
one NSCLC containing KIFSB-ALK and another NSCLC
containing TFG-ALK have been found (13,15), all of the other
ALK fusions detected in NSCLCs have been EMI4-ALK
fusions.

Notably, recent studies have shown that ALK inhibitors
have potential therapeutic efficacy for NSCLCs that are
positive for ALK fusion proteins (4.6,16,19). Thus, the
development of a diagnostic system for NSCLCs expressing
ALK fusion proteins will be essential to identifying subgroups
of NSCLC patients for treatment with ALK inhibitors.
Immunohistochemical analysis of paraffin-embedded sections
during routine pathologic diagnosis is a convenient means of
examining the level of protein expression when the analytical
condition is determined. Takeuchi et al recently reported
an effective means of immunohistochemical detection of
EMLA-ALK by the intercalated antibody-enhanced polymer
(GAEP) method (13). However, another group reported
difficulty detecting EMLA-ALK  immunohistochemically
(1), and it is speculated that the low expression level of
EMLA-ALK protein may be attributable to a low level of
EMLA transeriptional activity or to instability of EML4-ALK
in cells (13). Moreover, based on the results of a fluorescence
in situ hybridization (FISH) analysis, Perner et al reported
finding that only a subset of tumor cells contains the 2p
rearrangement that leads to the formation of EML4-ALK
(10). Thus, a system for immunohistochemical detection of
ALK in NSCLCs would need to be established in order to
diagnose tumors containing ALK fusions and elucidate the
expression status of ALK fusion proteins. We also believe
that immunohistochemical screening for ALK fusions may
lead 1o the identification of novel EML4-ALK variants or
novel fusions with ALK in addition to known EML4-ALK
variants. Moreover, although the only carcinomas in
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which ALK fusions have been found thus far are NSCLCs,
ALK fusions may be present in other types of carcinomas.
However, no studies using the iAEP method. except a study
by Takeuchi ef al (13). have been published. Therefore, in the
present study, we immunohistochemically evaluated a total of
302 NSCLCs and 291 gastric carcinomas for ALK expression
using the iAEP method and then investigated RNA-available.
immunohistochemically ALK-positive tumors for expression
of EML4-, KIF5B- and TFG-ALK fusions.

Materials and methods

Surgical specimens. Samples of surgical specimens from 302
NSCLC and 291 gastric carcinoma patients who underwent
surgery for their cancer at Hamamatsu University School of
Medicine, University Hospital or Mikatahara Seirei General
Hospital were obtained. The mean age of the 302 NSCLC
patients was 63.9 years [standard deviation (SD) 10.7], and they
consisted of 168 men and 134 women. The NSCLC tumors
were histologically classified as adenocarcinoma in 184 cases,
squamous cell carcinoma in 98 cases, large-cell carcinoma
in 9 cases and adenosquamous carcinoma in 11 cases. The
mean age of the 291 gastric carcinoma patients was 65.4 years
(SD 11.8), and they consisted of 206 men and 85 women. The
gastric tumors were histologically classified as intestinal-type
adenocarcinoma in 151 cases, diffuse-type adenocarcinoma
in 138 cases and adenosquamous carcinoma in 2 cases. This
study was approved by the Institutional Review Board (IRB)
of Hamamatsu University School of Medicine and the IRB of
Mikatahara Seirei General Hospital.

Immunohistochemical staining. Immunostaining for ALK
using the iAEP method was performed as described previously
(13) with slight modifications. In brief, paraffin-embedded
tissue sections were deparalfinized, rehydrated and boiled at
96°C for 40 min in Target Retrieval Solution (pH 9.0) (Dako,
Kyoto, Japan) for antigen retrieval. Endogenous peroxidase
activity was blocked by incubation for 5 min in a 3% hydrogen
peroxide solution. Next, the sections were incubated with
a Protein Block, Serum-free (Dako) for 10 min at room
temperature (RT) and then with a mouse anti-ALK monoclonal
antibody (clone 5A4; Abcam, Cambridge. UK) at a dilution of
1:50 for 30 min at RT. To increase the sensitivity of detection,
the sections were incubated with polyclonal rabbit anti-mouse
immunoglobulin at a dilution of 1:500 for 15 min at RT. After
washing, the sections were incubated for 30 min at RT with an
amino acid polymer conjugated with goat anti-rabbit [gG and
horseradish peroxidase (Histofine Simple Stain MAX-PO Kit:
Nichirei, Tokyo, Japan). The antigen-antibody complex was
visualized with 3,3-diaminobenzidine tetrahydrochloride.
and the sections were counterstained with hematoxylin. The
staining was performed with a Dako autostainer (Dako) (20).

Reverse transcription (RT)-polymerase chain reaction (PCR).
Total RNA was extracted from lung tissue samples with an
RNeasy Kit (Qiagen, Valencia. CA, USA) and converted to
first-strand ¢cDNA with a SuperScript First-Strand Synthesis
System for RT-PCR (Invitrogen. Carlsbad, CA, USA) by
following the supplier's protocol. PCR was performed in 20-ul
reaction mixtures containing HotStarTaq DNA polymerase

SHINMURA ef al: EMLA-ALK FUSIONS IN NSCLCS

(Qiagen) under the following conditions: 30 sec at 94°C.
30 sec at 61°C and 90 sec at 72°C for 45 cycles. A total of five
different PCR primer pairs for EMLA-ALK, three PCR primer
pairs for KIFSB-ALK and one PCR primer pair for TFG-ALK
were used for the RT-PCR. The forward PCR primers were:
5-GCC TCA GTG AAA AAA TCA GTC TCA AG-3' for
the sequence on exon 2 of EMLA, 3-ACA AAT TCG AGC
ATC ACC TTC TCC-3' for the sequence on exon 4 of EML4,
5-GTG CAG TGT TTA GCA TTC TTG GGG-3' for the
sequence on exon 13 of EML4, 5-CTG TGG GAT CAT GAT
CTG AAT CCT G-3' for the sequence on exon |4 of EML4,
5-CTT CCT GGC TGT AGG ATC TCA TGA C-3' for the
sequence on exon 19 of EML4, 5-CAC TAT TGT AAT TTG
CTG CTC TCC ATC A for the sequence on exon 10 of
KIF5B, 5“AAT CTG TCG ATG CCC TCA GTG AAG-3' for
the sequence on exon 17 of KIF3B, 5-TGA TCG CAA ACG
CTA TCA GCA AG-3' for the sequence on exon 24 of KIF5B
and 5-TCG T ATT GGA TAG CTT GGA ACC AC-3
for the sequence on exon 4 of TFG. The reverse PCR primer
used was the same, i.e., 5~GAG GT G CCA GCA AAG
CAG TAG-3' for the sequence on exon 20 of ALK. The PCR
products were fractionated by electrophoresis on an agarose
gel and stained with ethidium bromide. The PCR-amplified
products were purified with a PCR purification kit (Qiagen)
and directly sequenced with a BigDye Terminator Cycle
Sequencing Reaction Kit (Applied Biosystems, Tokyo, Japan)
and the ABI 3100 Genetic Analyzer (Applied Biosystems)
as described previously (7). The reference sequences for the
ALK, EML4. KIF5B and TFG genes are accession numbers
NM_004304, NM_019063. NM_004521 and NM_006070,
respectively.

Statistical analvsis. Statistical comparisons were performed by
the two-tailed Student's t-test with Excel software (Microsoft
Corp., Redmond. WA, USA).

Results

Immunohistochemical detection of ALK-positive NSCLCs.
Samples of 302 NSCLCs and 291 gastric carcinomas were
immunochistochemically stained for ALK with 5A4 anti-ALK
monoclonal antibody using the iAEP method, and 12 (4.0%)
of the NSCLCs and none (0%) of the gastric carcinomas
were positive for ALK expression (Table T). ALK staining
was observed in the cytoplasm of the cancer cells in all 12
NSCLCs, but not in any of the non-cancerous cells (Fig. 1).
The mean age of the NSCLC patients whose tumors were
positive for ALK was years (SD 157) and significantly
lower than the mean age of the NSCLC patients whose tumors
were negative for ALK (64.2 years of age, SD 10.4) (p=0.027).
The NSCLC patients whose tumors were positive for ALK
consisted of 6 men and 6 women, and the ALK-positive
NSCLC tumors were classified histologically as adenocarci-
noma in 10 cases, adenosquamous carcinoma in | case and
squamous cell carcinoma in 1 case (Table I).

Detection of various EML4-ALK  fusion transcripts in
NSCLCs. Next. 10 RNA-available, ALK-positive NSCLCs were
investigated for expression of EML4-, KIF5B- and TFG-ALK
fusion transcripts by RT-PCR and subsequent sequencing
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Table 1. Clinicopathological information and EMLA-ALK fusions detected in immunohistochemically ALK-positive NSCLCs.

No. Age Gender Histopathological diagnosis EML4-ALK transcript
1 48 Female Adenocarcinoma Variant 1
2 49 Male Adenocarcinoma Variant 1
3 66 Male Adenocarcinoma Variant 1
4 46 Female Adenocarcinoma Variant 2
5 57 Male Adenocarcinoma Variant 2
6 79 Male Adenocarcinoma Variant 2
7 33 Female Adenosquamous carcinoma Variants 3a and 3b
8 63 Female Adenocarcinoma Variants 3a and 3b
9 83 Male Adenocarcinoma Variants 3a and 3b
10 58 Male Adenocarcinoma A novel variant®
11 36 Female Adenocarcinoma Not examined®
12 69 Female Squamous cell carcinoma Not examined®

*Exon 14 of EML4 is connected to a 2-bp fragment that in turn is ligated to the nucleotide at position 53 of exon 20 of ALK. "Due to the absence
of an RNA sample, RT-PCR analysis for ALK fusions was not performed.
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Figure 1. Rey results of i I staining for ALK in
non-small cell lung carcinomas. ALK protein expression was detected with
5A4 anti-ALK monoclonal antibody by the intercalated antibody-enhanced
polymer method. A. B, C. D and E are the adenocarcinomas in cases No. 2,
5.6. 8 and 10, respectively. F is the adenocarcinoma which showed no ALK
expression. Bar, 50 ym

analyses. As a negative control, we also performed an RT-PCR
analysis of 30 randomly selected, immunohistochemically
ALK-negative NSCLCs. No expression of KIFSB-ALK or
TFG-ALK fusion transcripts was detected in any of the
carcinomas, but EML4-ALK fusion transcripts were detected
in all 10 RNA-available, ALK-positive NSCLCs (Table T). As
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Figure 2. Detection of EMLA-ALK fusion transcripts in non-small cell
lung carcinomas. (A) EMIA-ALK variant | wanscript detected in case
No. 1. (B) EMIA-ALK variant 2 transcript detected in case No. 4. (C and
D) EMLA-ALK variants 3a (C) and 3b (ID) transcripts detected in case No. 7.
(E) Novel EMLA-ALK transcript variant detected in case No. 10.

expected, no RT-PCR products were detected in any of the 30
immunohistochemically ALK-negative NSCLCs. Regarding
the type of the EML4-ALK transcript, in 3 cases (No. 1-3)
the fusion was variant 1, a fusion between exon 13 of EML4
and exon 20 of ALK (Fig. 2A), and in 3 cases (No. 4-6) it was
variant 2, a fusion between exon 20 of EML4 and exon 20 of
ALK (Fig. 2B). In 3 other cases (No. 7-9) the RT-PCR analysis
vielded two bands, and they corresponded to variant 3a, a
fusion between exon 6 of EML4 and exon 20 of ALK (Fig. 20),
and variant 3b, a fusion containing an additional 33-bp
sequence derived from intron 6 of EML4 between exon 6 of
EML4 and exon 20 of ALK (Fig. 2D). Notably. in case No. 10,
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sequencing of the RT-PCR product revealed that exon 14 of
EML4 was connected to an unidentified 2-bp fragment that
was in turn ligated to the nucleotide at position 33 of exon
20 of ALK (Fig. 2E). The EML4-ALK sequence detected in
case No. 10 allows an in-frame connection between the two
genes and is a novel variant. The mean age of the 10 NSCLC
patients whose tumors contained EML4-ALK  transcripts
was 58.2 years (SD 15.3), and they consisted of 6 men and
4 women. The NSCLC tumors containing EMLA4-ALK
transeripts were histologically classified as adenocarcinoma
in 9 cases and adenosquamous carcinoma in | case. These
findings suggest that the iAEP method is uscful for screening
paraffin-embedded tissue sections for NSCLCs containing
ALK fusion transcripts.

Discussion

Immunohistochemical screening for ALK expression
using the iAEP method in the present study revealed an
immunohistochemical ALK signal in 12 .0%) of 302
NSCLCs but not in any of the 291 gastric carcinomas. The
ALK signal was detected in the cytoplasm of the cancer cells
in all of the ALK-positive NSCLCs. RT-PCR and subsequent
sequencing analyses of RNA from the 10 RNA-available,
AlK-positive NSCLCs revealed the EML4-ALK variant |
in 3 cases, variant 2 in 3 cases, both variants 3a and 3b in
3 cases, and a novel variant consisting of a fusion between
exon 14 of EML4 and a nucleotide within exon 20 of ALK in
| case. These results suggest that the immunohistochemistry-
based system is useful for screening NSCLCs for ALK
fusions, and identification of a novel EML4-ALK variant
would be helpful in diagnosing NSCLCs containing ALK
fusions in the future.

The proportion of immunohistochemically ALK-positive
NSCLCs in this study 4.0%) is almost the same as the
proportions of NSCLCs containing ALK fusion transcripts
reported in previous studies (4.6-18), and in the present study
EML4-ALK variants were detected in all RNA-available,
immunohistochemically ~ALK-positive NSCLCs. Thes
results suggest that our immunohistochemical analysis was
performed properly and that the iAEP method with 5A4
anti-ALK antibody is a useful diagnostic tool for screening
for NSCI.Cs containing ALK fusion proteins.

The histopathological diagnosis  of 10 of the 12
immunohistochemically ALK-pos NSCLCs and 9 of
the 10 EMLA4-ALK-positive NSCLCs in this study was
adenocarcinoma. The predominance of adenocarcinomas
among EMLA4-ALK-positive NSCLCs is consistent with
the results of previous studies (6,12). This finding is also
consistent with the recent finding of the growth of hundreds
of adenocarcinoma nodules in transgenic mice in which
EMLA-ALK mRNA was transcribed specifically in lung
epithelial cells (21). In the present study the mean age of
the patients with immunohistochemically ALK-positive
NSCLCs was significantly lower than that of the patients with
ALK-negative NSCLCs. Although the mechanism responsible
for the age difference is unknown, early onset may be a
characteristic of ALK fusion-positive NSCLCs.

A novel EMILA-ALK variant was found in this study. In
this novel variant, exon 14 of EML4 was connected to a 2-bp

o
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fragment that was in turn ligated to the nucleotide at position
53 of exon 20 of ALK. Notably, the connection in each of
two EML4-ALK variants, 4 and 7, is known to be between
exon 14 of EML4 and a nucleotide within exon 20 of ALK
(11,13). Tn variant 4, exon 14 of EMLA is connected to an
unidentified 11-bp ¢cDNA fragment that in turn is ligated o
the nucleotide at position 50 of exon 20 of ALK (11), while in
variant 7. exon 14 of EML4 is connected to the nucleotide at
position 13 of exon 20 of ALK (13). Thus, the variant identi-
fied in this study is the third variant with a connection between
exon 14 of EML4 and a nucleotide within exon 20 of ALK.
Connections located within. rather that at the 3' terminus of,
exon 20 of ALK have also been reported in MSN-ALK and
MY H9-ALK, both of which have been detected in anaplastic
large-cell lymphoma (22.23). Since a systemic understanding
of the ALK fusions is important to correctly diagnose
NSCLCs containing ALK fusions, our identification of a
novel EMLA-ALK variant should contribute to establishing a
practical and accurate diagnostic system in the future.

Since the intracellular region of ALK was used as the
antigen to produce the 5A4 anti-ALK antibody used in this
study, both EML4-ALK and wild-type ALK should have been
detected by the antibody. Takeuchi e al attempted to determine
whether both transcripts are expressed by quantitatively
analyzing the amount of mRNA specific for wild-type ALK
and ALK fusion transcript separately, and found that none of
the EMIL4-AT K-positive tumors yielded a substantial amount
of wild-type ALK mRNA (13). Thus, immunohistochemical
staining with the 5A4 antibody using the IAEP method
appears to detect ALK fusion proteins and not wild-type
ALK in NSCLCs. Our results for detection of EMLA-ALK
variants in all of the RNA-available. immunohistochemically
ALK-positive NSCLCs support this view.

Our immunohistochemical analysis did not detect ALK
protein expression in any of the gastric carcinomas. This
was the first search for ALK fusion proteins in gastric carci-
nomas. and the results clearly demonstrated the absence
of ALK fusion in gastric carcinomas. Since previous RNA
analyses showed no EML4-ALK transcripts in 96 gastric
carcinomas (8) and 33 gastric carcinomas (11), our results
are consistent. The only human carcinomas in which ALK
fusions have ever been found are NSCLCs. However, since it
is unknown whether ALK fusions are involved in the genesis
and development of other types of carcinoma, it may be worth
investigating various types of carcinomas for expression of
ALK fusion proteins in the future.
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The popularity of imaging mass spectrometry (IMS) of tissue sam-
ples, which enables the direct scanning of tissue sections within a
short time-period, has been iderably increasing in cancer pro-
teomics. Most pathological specimens stored in medical institutes
are formalin-fixed; thus, they had been regarded to be unsuitable
for proteomic analyses, including IMS, until recently. Here, we
report an easy-to-use screening method that enables the analysis
of multiple samples in one experiment without extractions and
purifications of proteins. We scanned, with an IMS technique, a tis-
sue microarray (TMA) of formalin-fixed paraffi bedded (FFPE)
specimens. We detected a large amount of signals from trypsin-
treated FFPE-TMA samples of gastric carcinoma tissues of different
histological types. Of the signals detected, 54 were classified as
signals specific to cancer with statistically significant differences
between adenocarcinomas and normal tissues. We detected a total
of 14 of the 54 signals as histological type-specific with the sup-
port of statistical analyses. Tandem MS revealed that a signal spe-
<ific to poorly differentiated cancer tissue corresponded to histone
H4. Finally, we verified the IMS-based finding by immunobhisto-
chemical analysis of more than 300 specimens spotted on TMAs;
the immunoreactivity of histone H4 was remarkably strong in
poorly differentiated cancer tissues. Thus, the application of IMS
to FFPE-TMA can enable high-throughput analysis in cancer prote-
omics to aid in the understanding of molecular mechanisms under-

lying carcinogenesis, i i o and prog 3
Further, results obtained from the IMS of FFPE-TMA can be readily
confirmed by « ly used i histochemical lyses.

{Cancer Sci 2010; 101: 267-273)

I ntensive genome-based surveys are performed on candidate
biomarker transcripts relevant to cancer tissues by utilizing
the advances in high-throughput microarrays."® Further, vari-
ous single-nucleotide polymorphism (SNP) analyses
performed to further understand cancer.** Recently. cancer
genome resequencing has been increasingly performed to
acquire specific genomic data. > To achieve the systematic
understandings of cancer by systems biology, data from genome
resequencing and the corresponding data from the transcripto-
mes should be combined with the individual metabolome and
proteome data of the cancer patient.'”

Several approaches for the investigation of global alterations
in proteomics have emerged. Mass spectrometry (MS) is used
in combination with 2D electrophoresis or liquid chromato-
graphy.®® Further, protein microarrays offer & means of effec-
tive identification of cancer-specific protein alterations to
researchers.'”

Despite the existence of techniques for the global detection of
cancer-specific  alterations at the protein level. proteomic
approaches continue to possess two major disadvantages. Under
most circumstances, proteomic approaches only allow a limited
number of samples to be analyzed in an experiment. Addition-

doi: 10.1111/.1349-7006.2009.01384.x
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ally, proteomic techniques are not adopted for the investigation
of large amounts of archival specimens that are stored in hospi-
tals and medical institutes. TMAs have been developed for the
analysis of a large number of specimens by antibody label-
ing. """ It allows high-throughput profiling of the molecular and
pathological alterations in tissue specimens.

In recent years, IMS has emerged and de\r'eh;pcd dramatically
in the field of proteomics and metabolomics.!'*' IMS enables
simultancous analysis of thousands of proteins directly from a
tissue sample without protein extraction and usage of targel-spe-
cific reagents such as antibodies.'*'>

In this study, we combine the TMA and TMS technique, and
introduce a simple and easy-to-use protocol to detect, by a single
experimental (rial. cancer-specific or histological type-specific
proteins. Further, we optimized the IMS procedure for the FFPE
samples that are commonly used in hospitals and stored for long
time.

Materials and Methods

Specimens. We chose gastric cancer to perform the study for
the evaluation of our experimental paradigm. Gastric cancer is
the fourth most frequent cancer and the second leading cause of
cancer-related death in the world. ' [n Japanese hospitals, large
amounts of gastric cancer specimens are stored and are, thus,
readily available to perform studies.

Human gastric cancer tissues and adjacent normal tissues
were provided by the Diagnostic Pathology Division, Hospital
of Hamamatsu University School of Medicine. Shizuoka, Japan.
The study was performed in accordance with the guidelines for
pathological specimen handling. which was approved by the eth-
ical committee of the Hamamatsu University School of Medi-
cine. Histological classification was based on Japanese
Classification of Gastric Carcinoma, 2nd English edition."”
Further. each tissue did not contain non-tumor tissue, confirmed
by two pathologists.

For IMS, we used the old specimens which had been fixed in
10% neutral formalin promptly after surgery and had been
stored for up to 2 years in paraffin. Tissue blocks of three cancer
tissues and one adjacent normal tissue were cored using tissue
microarrayer type KIN (Azumaya, Tokyo, Japan). A cylinder,
3 mm in diameter, was taken and placed into the recipient block.
Three cancer tissues and one non-tumor gastric mucosal tissue
were aligned as shown in Fig. la.

Sample preparation. For analysis, the FFPE tissue microarray
blocks were sliced into 10-pm-thick serial sections: further,
for hematoxylin—eosin staining, these blocks were sliced into

. Japan). The analysis samples
were deposited onto indium-tin-oxide (ITO)-coated glass slides

#To whom correspondence should be addressed.
E-mail: setou@hama-med.acjp
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Fig. 1. Experimental paradigm design. (a) Formalin-fixed paraffin-
embedded (FFPE) samples were cored with a 3-mm diameter needle
and arranged in a line with three cancer tissues and one adjacent
normal tissue. The histological type of the cancer of Patient 1 was
moderately differentiated adenocarcinoma, that of Patient 2 was
well-differentiated adenocarcinoma, and that of Patient 3 was poorly
differentiated adenocarcinoma. Hematoxylin-eosin stain, x10. Scale
bar, 1 mm. Enclosed area corresponded to magnified microscopic
image. Hematoxylin-eosin stain, x400 (b) The schema of FFPE samples
and the workflow of statistical analysis are shown. () The schema
that categorizes the acquired signals is presented.

(Bruker Daltonics, Bremen, Germany), and the staining samples
were loaded onto regular glass microscope slides by scooping
the sections in a 50°C water bath, and then dried on an extender
at 45°C. Paraffin was removed by 10-min immersion in xylene
at 60°C. Subsequenily. the slides were washed by stepwise
immersions of 5-min duration each; this involved slide immer-
sion in 100% ethanol twice, and once each in 90% ethanol, 80%
ethanol, and 70% ethanol. After rehydration, these slides were
incubated in a humid chamber at 55°C overnight.

Tryptic digestion. The sample slide was inserted into a slot on
matrix-assisted laser desorption/ionization (MALDI) target
plates affixed with conductive tape. and inserted into a chemical
inkjet printer (CHIP-1000; Shimadzu, Kyoto, Japan). Trypsin
solution was prepared by dissolving 20 pg of trypsin (Sigma, St.
Louis, MO, USA) in 200 pL of 20-mM ammonium hydrogen
carbonate (NHyHCO,). Trypsin microspotting was performed
with CHIP-1000 in 5-nL droplets by five cycles of 1000 pl on
each spot at a spatial interval of 250 pm. After spotting, MALDI
target plates were incubated overnight at 37°C under high-
humidity conditions

Matrix deposition. The matrix solution was prepared by dis-
solving 50 mg of 2. S-dihydroxybenzooic acid (DHB: Bruker
in | mL of 70% methanol/0.1% trifluoroacetic acid.
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DHB is a widely used matrix for lower molecules including pep-
tides. ™™ A thin matrix layer was applied to the surface of the
plates using a 0.2-mm nozzle caliber airbrush (Procon Boy
FWA Platinum; Mr. Hobby, Tokyo, Japan). The spraying dis-
tance was maintained at 15 cm from the tissue surface. The total
amount of the matrix solution on each slide was 2-3 mL. The
spraying technique enabled full matrix coverage over the entire
tissue surface and facilitated co-crystallization of matrix and
bio-molecules. A desalting process such as cthanol wash was
not performed, since the process does not significantly improve
DHB- ed imaging mass sgeclmmclry (TMS) and NH,HCO4
is a highly volatile buffer.!>!”

Direct analysis of tissue sections by MALDI mass spectro-
metry. Mass spectra were acquired using the QSTAR XL
(Applied Biosystems, Foster City, CA, USA), a hybrid quadru-
pole/time-of-flight mass spectrometer equipped with an
orthogonal MALDI source and a pulsed YAG laser that was
operated at a repetition rate of 100 Hz, and a power modula-
tor. Spectra were acquired in positive ion mode. Spectra were
acquired in the range of m/z 500-2000. Representative mass
spectra were acquired using random laser irradiation-sections.
The number of laser shots was 150. An alignment of the mass
spectra was performed to compare the datasets using Spec-
Align software (http:/physchem.ox.ac.uk/~jwong/specalign/).
The peak intensity value of the spectra was normalized by
dividing lhcr?”wi!h the total ion current (TIC) as previously

described. "

Imaging of tissue section by mass spectrometry. IMS was per-
formed using orthogonal MALDI (0MALDI) server software by
defining a region of interest around the tissue slice. The mechan-
ical resolution, which is the value that refers to the length of the
stepwise movement of the laser beam on the sample stage, was
300 um x 300 um, and the accumulation time per spot was
about 2 s. The acquired mass spectra were visualized using Bio-
aldi-msi.org). Molecular images
were captured using this software by applying baseline correc-
tion to the spectra and integrating these spectra over the peak of
interest. Alignment of these mass spectra was performed using
SpecAlign software.

Tissue protein identification. The quadrupole ion trap time-
of-flight mass spectrometer, namely, AXIMA-QIT (Shimadzu),
was used to perform MS/MS analysis. In the MS/MS operation,
the data acquisition conditions (i.e. the laser power, collision
energy, and the number of laser irradiations) were adjusted o
obtain good-quality mass spectra with high intensity and signal-
to-noise ratios (S/N) in the fragmented peaks. MS/MS spectra
were processed using the Mascot search engine (hup:/www.
matrixscience.com) using the National Center for Biotechnology
Information (NCBI)/basic local alignment search tool (BLAST)
protein database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) with a
taxonomy filter for humans, and the peptide and MS/MS toler-
ance at 0.3 Da. The search criteria was allowed to consider up
to one missed cleavage and variable modifications including
protein N-terminus acetylation, histidine/tryptophan oxidation,
and methionine oxidation.

Statistical analysis. All statistical analyses were performed
with StatView software version 5.0 (SAS Institute, Cary. NC,
USA). First, statistical analyses were performed on adjoining
cancer and normal tissue. The Student's r-test (o = 0.05) was
performed between peak intensity means of cancer and normal
tissue samples on the basis of equal variance. Welch's test for
unequal variance (% = 0.05) was performed between peak inten-
sity means of cancer and normal tissues. The corresponding
P-value, i.e. P (T 1), was reported as a measure of significant
statistical variability between conditions.

We extracted signals that showed significantly higher inten-
sity in cancer than in normal tissue in the form of cancer-specific
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s. To determine specific peaks related (o the degree of
rentiation, analysis of variance (ANOVA) and Fisher’s
protecied least significant difference (PLSD) were performed as
post-hoc tests on three histological types of three different can-
cer tissue samples. Fig. 1b shows the statistical workflow.

Immunohistochemical staining for histone H4. For immunohis-
tochemistry (IHC), we used the formalin-fixed tissue microarray
specimens containing a wide range of preservation time, up to
30 years after being embedded in paraffin. Each TMA was com-
posed of 50 primary gastric tumors such as adenocarcinoma of
various grades of differentiation. Three micrometer sections
were cut from the TMA blocks. Immunostaining was performed
by the Dako Autostainer System (Dako Japan, Tokyo, Japan)
according to the manufacturer-recommended procedure. In
brief, paraffin was removed by immersing the TMA slides in
xylene for 5 min twice. Subsequently, the tissue sections were
rehydrated by immersing the slides in 100% ethanol for 10 min
twice, followed by two-time 10-min immersion in 95% ethanol.
After rehydration, these slides were incubated at 96°C for
40 min in 10 mM sodium citrate buffer pH 6.0 and then cooled
on the bench top for 20 min. Then, these sections were incu-
bated in 3% hydrogen peroxide for S min and washed in Tris-
buffered saline. A monoclonal antibody against histone H4
(L64CT: Cell Signaling Technology, Danvers, MA, USA) was
used as the primary antibody at a dilution of 1:300. N-Histofine®
Simple Stain MAX-PO (Multi) (Nichirei Biosciences, Tokyo,
Japan) was used as the secondary antibody. After removing the
secondary antibody, the sections were exposed to diaminobenzi-
dine for 5 min. and then washed with distilled water. Counter-
staining was performed with hematoxylin for 10 s.

IHC evaluation. The [HC evaluation was carried out in two
independent ways by two of the authors (Y.M. and H.S.). An
evaluation was performed by visual inspection, where ITHC
ing was classified into four ranks (0. negative; 1, slightly
ve: 2, positive: 3, strongly positive) for common types of
gastric carcinoma. Papillary adenocarcinoma interpreted as
well-differentiated adenocarcinoma and ng cell carci-
noma as poorly differentiated adenocarcinoma. Assignment of
mucinous carcinoma category was made according to the other
predominant elements. Special types of gastric carcinoma and
other tumors were excluded. In total, 169 specimens were evalu-
ated: they included 42 well-differentiated, 38 moderately differ-
entiated, and 89 poorly differentiated adenocarcinomas. As
described,” Steel-Dwass’ test was performed by using free
software available on a web site, MEPHAS (http://www.gen-
info.osaka-u.ac.jp/estdocs/tomocom/). Another evaluation was
carried out by quantifying the signal intensity of THC staining
with Scion image software version 4.0.3.2 (Scion, Frederick,
MD, USA). We analyzed additional 170 specimens containing
43 well-differentiated, 40 moderately differentiated, and 87
poorly differentiated adenocarcinomas. The data were repre-
sented as the mean value of intensity + SD. aNova and Fisher®
PSLD were performed as post-hoc test among three histological
types (well, moderately, and poorly differentiated).

Results

Experimental paradigm design. To statistically detect cancer-
specific signals, we placed three cancer tissues and one normal
tissue from three patients in a TMA. The histological type of
cancer differed among the three patients (Fig. 1a). The sample
from Patient | was moderately differentiated adenocarcinoma,
that from Patient 2 was well-differentiated adenocarcinoma, and
that from Patient 3 was poorly differentiated adenocarcinoma.
We acquired tissue samples from three different regions of each
paticnt for further statistical analysis to detect signals specific to
cancer-differentiation status (Fig. 1a). During the first screening,
we compared signals of three individual cancers with those of

Morita et al.

normal tissues (Fig. 1b). Thereafter, we screened the detected
cancer-specific peaks by multiple comparisons of three different
cancer regions belonging (o three histological types (Fig. 1b).
We categorize the obtained results on the basis of the statistical
workflow in Fig. Tc.

Acquisition of mass spectra from FFPE-TMA samples. A previ-
ous report showed relatively weak signal intensities and low
S/N ratio was obtained with FFPE tissue samples compared to
freshly frozen ones.”” We first examined if peptide signals
could be sufficiently detected with FFPE-TMA. We employed
chemical inkjet technology to equalize the quantity and the
interval of trypsin solution application."* We detected vast
quantities of signals that were sufficient to generate imaging
data from FFPE-TMA samples. Figure 2 shows representative
spectra obtained from three individual cancer tissues and normal
tissues. The peaks obtained were mainly concentrated below
m/z 2000 and could hardly be detected over m/z 2000. Thus,
using SpecAlign, we performed signal-intensity normalization.

Detection of cancer specifically increased signals in IMS of
digested FFPE tissue microarray. Subsequently, we performed
IMS of FFPE-TMA on the samples and obtained mass spectra.
We setup a spatial interval of 300 pm to prevent repeated laser
irradiation, as the irradiated laser diameter was 200 pm. We
completed the scanning of the TMA samples with 12 spots in
approximately | h. We detected a total of 72 signals with FFPE-
TMA samples. Fig. S1 shows the obtained array images. To per-
form statistical data analysis. we quantified the signal intensities
of m/z peaks. The first statistical screening (Fig. 1b) revealed 54
signals, the intensity of which was detected to be significantly
increased in cancer tissues (Fig. 3). We examined the reliability
of this screening by performing two independent trials with sib-
ling arrays. Forty of the 54 signals were detected in the two
independent trials (Fig. 3). re 4(a) shows the representative
array result of the signal significantly increased in cancer. In
contrast, Fig. 4b shows that another signal no significant dif-
ference between cancer and normal tissues. i.e. it shows an even
distribution pattern.

Detection of histological type-specific increased signals in IMS
of digested FFPE tissue microarray. We further analyzed the
quantified signal intensities to examine whether such histologi-
cal type-specific signals could be detected with our experimental
paradigm. To this end, we compared signals detected in cancer
tissues among the well-differentiated, moderately differentiated,
and poorly differentiated tissues (Fig. 1b). To detect specific si
nals, we conducted statistical analyses with one-way ANova fol-
lowed by Fisher's PLSD. Certain signals demons ating a
cancer-specific pattern appeared to demonstrate uneven signal
intensities in different degrees of cancer differentiation (Fig. 3,
Fig. Sa—c). Of the detected signals, peaks having m/z 537.2,
11684, 1387.6, 1475.8 were reproducibly detected in another
experimental trial. Other signals were detected only once in two
experimental trials. Owing to the two-step screening, it is proba-
ble that the detection of histological type-specific signals shows
worse reproducibility than the simple detection of cancer-
specific signals.

Identification of protein-specific increase in poorly differenti-
ated cancer tissues by MS/MS analysis. We attempted to identify
the signals that were specifically detected in poorly differenti-
ated cancer tissue. We performed MS/MS analyses on the
FFPE-TMA, and analyzed the resultant data with the Mascot
search engine. We identified one signal with an m/z 1325.6 as
histone H4 that is specific (o poorly differentiated cancers
(Fig. 6a), and identified a protein that demonstrated non-specific
expression and had an m/z 976.4 corresponding to that of actin
(Fig. 6b). Other peaks could not be detected due to their weak
intensity.

IHC staining for histone H4 using another TMA specimen of
larger numbers of the cases. Finally, we examined whether
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Fig. 2. Acquired mass spectra from formalin-fixed paraffin-embedded (FFPE) tissue microarray samples (TMA) by random laser irradiation.
Acquired mass spectra from each TMA spot of adjoining cancer and normal tissue are shown as representative spectra. m/z refers to mass per

charge ratio.
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Fig. 3. The peak list acquired from mass spectra. The shaded values represent signals that showed significantly increased intensity in cancer

tissues in one independent trial (P < 0.05). The white-on-black values represent signals that showed significant difference among three cancers

in one independent trial (P < 0.05).

histone H4 was specifically strongly detected in poorly differ-
entiated cancers. In total, we stained 400 gastric tumors includ-
ing adenocarcinoma, squamous carcinoma, neuroendocrine
carcinoma, metastatic carcinoma, malignant lymphoma, and
adenoma. We excluded 61 specimens such as a special ty,
of gastric carcinoma. malignant lymphoma, and benign
lesion. We examined 339 gastric carcinomas composed of 85
well-differentiated carcinomas, 78 moderately differentiated car-
cinomas, and 176 poorly differentiated carcinomas. Figure 7(a)
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shows representative photomicrographs of each histological
type. We evaluated the result of IHC in two approaches. First,
we determined the staining appearance according to four ranks
(0, negative: 1, slightly positive: 2, positive; 3, strongly posi-
tive). Slightly positive and positive staining reached a high rate
in well- and moderately differentiated carcinoma. In contrast.
poorly differentiated adenocarcinomas were categorized into
much more positive staining such as rank 2 or rank 3 (Fig. 7b).
Second, we also performed more quantitative analysis. We
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strong peak intensity was detected at m/z 1103.4. (b) No significant
difference was observed between cancer and normal tissues at an m/z
of 990.4. Values are represented as mean + SD (n=3). *P < 0.05.
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Fig. 5. Histological type-specific signal increase in imaging mass
spectrometry (IMS) of digested formalin-fixed paraffin-embedded
(FFPE) tissue microarrays (TMA). (a) lon imaging revealed a peak with
significantly  strong ~ signal intensity  in  well-differentiated
adenocarcinoma at an m/z of 1554.6. (b) lon imaging revealed a peak
with significantly strong signal intensity in moderately differentiated
adenocarcinoma at an m/z of 692.2. (c) lon imaging revealed a peak
with significantly strong signal intensity in poorly differentiated
adenocarcinoma at m/z 1475.8. Values are represented as mean + SD
(n = 3). *P < 0.05, 1P < 0.05.

quantified the signal intensity using Scion image software. In
agreement with our visual inspection, poorly differentiated
carcinoma showed significantly higher value compared to well-
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Fig. 6. MS/MS analysis of digested peptide and protein

identification. (a) The biomolecule of an m/z 1325.6 was identified as
histone H4. DNIQGITKPAIR: abbreviation of the amino-acid sequence
aspartic acid-asparagine-isoleucine-glutamine-glycine-isoleucine—
threonine-lysine~proli ! i ucin inine. y4, y5, y8, y10,
y11 represent each fragment ion, which includes the C-terminal
domain. bS, b6, b7 represent each fragment ion, which includes the
N-terminal domain. (b) The biomolecule with an m/z 976.4 was
identified as actin. AGFAGDDAPR: abbreviation for the amino-acid
sequence alanine-glycine-phenylalanine-alanine-glycine-aspartic acid—
aspartic acid-alanine-proline-arginine. y2, y3, y4, y7, y8 refer to each
fragment ion, which includes the C-terminal domain.

differentiated or moderately diffcrentiated carcinomas. There
was no significant difference between well- and moderately
differentiated carcinoma (Fig. 7c).

Discussion

In this report, we presented a simple and e to-use method for
the detection and identification of cancer-specific proteins, ie.
strong candidates for biomarkers or drug targets, with high reli-
ability in an experimental trial (Fig. 1). We succeeded in detect-
ing cancer-specific signals with 75% (40 per 54) reliability in
two independent experiments (Fig. 3, Fig. 4). Furthermore,
we detected signals that were specific for each status of cancer
differentiation (Fig. 5). Finally, we successfully identified one
of the signals that was specifically increased in the poorly differ-
entiated cancer tissue as histone H4 (Fig. 6).

We analyzed 12 different tissue samples within 1 h. The
TMA-IMS technique has prominent advantages when compared
to existing proteomic techniques. This technique enables the
analysis of multiple proteins in multiple tissue samples in just
one experiment. The existing proteomic techniques lack either
multiprocessing property with respect to the analysis of samples
or detection of proteins. Proteomic techniques employing 2D
electrophoresis-MS or protein microarrays can analyze only sin-
gle or double samples in one experiment; however, they can
detect and identify multiple proteins in one experiment. In con-
trast, the limitation of TMA is that it enables that analysis of
only one or two proteins in one experiment: however, it enables
simultaneous analysis of multiple tissue samples. Thus, the
TMA-IMS technique has two advantages compared to existing
techniques. Moreover, the TMA-IMS technique does not require
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Fig. 7. Immunohistochemical (IHC) staining for histone H4. (a)
Representative photomicrograph of IHC for histone H4 protein, x400.
Scale bar, 50 um. (b) Evaluation of IHC according to four ranks (0,
negative; 1, slightly positive; 2, positive; 3, strongly positive). The 169
gastric carcinomas comprised 42 well-differentiated carcinomas, 38
moderately differentiated carcinomas, 89 poorly differentiated
carcinomas. *P < 0.05 by Steel-Dwass’ test. (c) Quantitative analysis of
IHC signal intensity. The 170 gastric carcinomas comprised 43 well-
differentiated carcinomas, 40 moderately differentiated carcinomas,
and 87 poorly differentiated carcinomas. Values are represented as
mean = SD. si/p, signal intensity per pixel. P < 0.01.

the complicated sample-preparation steps which are required in
2-DE-MS-based proteomics.

The high-intensity signals detected from cancer tissues
account for approximately two-thirds (54 of 72) of all signals
detected. We failed to detect signals specific to normal tissues.
This could be explained by the heterogeneity underlying normal
tissues. The adjacent normal tissues consisted of varied types
of s, such as mucosa, fatty tissue, and muscle. Acquired
signal intensities in normal tissues were the average of whole
spectrum derived from each of the tissues. Hence, tissue type-
specific peaks were totally obscured. resulting in the failure to
detect adjacent normal tissue-specific peaks.

‘We detected 17 histological type-specific peaks in two inde-
pendent experiments. (Fig. 3) The reproducibility of signal
detection from normal tissues was lower (4 per 17; 24%) than
that of signal-detection from cancer tissues (75%). This could be
explained by our experimental paradigm under which we per-
formed two-step screening. The high severity of the first screen-
ing step excluded 9 of 13 peaks in either tial due to high
variance among cancer tissues. In this technique, the two-step
screening is essential as we cannot rule out the possibility of
detecting false positive signals that are specific merely for cer-
tain patients. This problem could be addressed by spotting more
samples under a variety of cancer tissue conditions in a TMA
and performing multiple direct comparisons.
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We identified from IMS screening histone H4 as a protein that
is specifically increased in poorly differentiated adenocarcinoma
(Fig. 6). To validate the IMS result, we performed THC for his-
tone H4 protein using large amount of archival TMA specimens
composed of various cellular density. In both visual inspection
and quantitative analysis of THC, histone H4 was strongly
detected in poorly differentiated carcinoma (Fig. 7b,c). Similar
strong detection of histone H4 in a cancer tissue has been
reported by a recent study on a mouse model of brain tumor ana-
lyzed by TMS.*% Dynamic chromatin remodeling such as DNA
methylation, histone variants, covalent histone modifications,
and ATP-dependent chromatin remodeling play important roles
in carcinogenesis.*> Indeed. poorly differentiated gastric ade-
nocarcinoma is reported to lose Brm, a subunit of ATP-depen-
dent chromatin-remodeling complcx.(m Tt can be assumed that
these epigenetic changes lead to the chromatin-unfolding state
and allow ready access to core histone protein. It might be also
plausible that the higher cellular density of the poorly differenti-
ated cancer tissues compared to other tissues explains the reason
underlying the successful detection of a vast majority of his
logical type-specific signals from IMS. Conversely, signals
specific to well- or moderately differentiated adenocarcinoma
reflect the more-significant changes among the three histological
types.

IMS technique was originally applied for the analysis of fro-
zen tissue sections. FFPE samples are unsuitable for performing
IMS due to the presence of cross-linkage between proteins and
the inefficiency of enzyme digestion. Thus, few studies have
reported the performance of TMS on FFPE samples. 28-30) By
ther. our study was hampered due to the disadvantage of FFP! 2
Due to the low S/N ratio, the identification of cancer- or histo-
logical type-specific proteins was rendered difficult.

TMA was originally used for IHC or in sire hybridiza-
tion.""'*" While this study was being conducted, another group
reported the IMS of lung tumor biopsy in FFPE-TMA sam-
ples.®? Thus, the FFPE-TMA-IMS has now emerged as the
newest imaging technique. Other researchers have used this
technique as an imaging tool to detect signals showing charac-
teristic distribution in a particular tissue spot.®? In contrast,
we used the technique as a scanner for multiprocessing proteo-
mics to readily detect cancer-specific signals. Two studies
along these lines have reported highly different approaches. In
this work, we loaded 12 tissue spots with 3-mm diameter in a
TMA. Due to improvements in IMS resolution, the tissue spot
size can now be reduced to submillimeter scales, enabling the
loading of hundreds of tissue samples in one TMA. Thus,
this technique can be applied for the analysis of a greater
number of samples for high-throughput analysis of cancer
characteristics.

Once a patient develops cancer, he or she should be subjected
to medical treatments, including surgical operation and/or che-
motherapy. To enable early detection of cancers, specific and
sensitive biomarkers are desired. Using 2-DE based on MALDI
mass spectrometry, potential proteins related to carcinogenesis
have been discovered. % Further, in cases of far advanced or
recurrent gastric carcinoma, chemotherapy prolong: i
of the patient at a certain rate. *%) Proteomic anal
antidrug resistance agcm.‘"’m while multidrug resistances were
observed in certain cases. For retrospective evaluation and
prospective  searches  of ~ chemotherapy-related  markers,
high-throughput pathological evaluation methods are essential.
IMS using TMA in FFPE, as we show here, will be one of the
most promising gadgets in the surgical pathology laboratory.

In conclusion, we performed IMS of FFPE-TMA samples of
gastric carcinoma, and successfully identified histone H4 as a
signal specific to poorly differentiated cancer tissues. Moreover,
the IMS-based finding was confirmed by THC analyses of a large
amount of TMAs. IMS of FFPE samples is a currently emerging
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technique and our experience represents an important step in the
early phase of development. IMS of FFPE-TMA can offer fast
and easy screening of cancer or tissue type-specific signals from
a large amount of samples. The results of IMS-| ha\ed screening

can be readily verified by IHC analysis with other sets of
FFPE-TMA samplcs Combined with THC confirmation, IMS of
FFPE-TMA samples may be a further powerful tool in cancer
proteomics.
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Secreted form of EphA7 in lung cancer
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Abstract. EPHA7 is a member of the EPHA family of receptor
kinases, among which several members are known to be
involved in human lung carcinogenesis. We report here a
novel spliced variant, the so-called secreted form of EPHA7,
recently reported in malignant lymphoma, in human lung
cancer cell lines and primary lung cancer. Tn contrast to the
EPHA7 down-regulation in colorectal cancer by promoter
hypermethylation, EPHA7 is expressed at a substantial level
in most human lung cancers and the secreted form of FPHA7
mRNA was found in a fraction of primary lung cancer
tissues. lung cancer cell lines, and immortalized bronchogenic
epithelial cell lines. Interestingly. the secreted form of EPHA7
message was predominantly detected in non-adeno type
lung carcinoma. The mechanistic role of the secreted form
of EPHA7 in human lung carcinogenesis is not clear. but the
presence of this form could distinely exclude adenocarcinoma
of the lung from the other categories, i.e., squamous cell
carcinoma. small cell carcinoma and large cell carcinoma.
which have strong association with smoking. This is the
first study to detect the secreted form of EPHA7 in human
epithelial tissues. EPHA7 warrants further investigation to
determine its possible involvement in smoking related lung
carcinogenesis.

Introduction

The erythropoietin producing hepatocellular carcinoma (EPH)
family of receptor tyrosine kinases constitutes the RTK sub-
family and members of this family are divided into EPHAs
and EPHBs. EPHAs are typically bound to Ephrin(EFN)As,
which are anchored to the cell membrane via a glycosylphos-
phatidylinositol anchor. EPHBs are typically bound to EFNBs,
which have a transmenbrane domain (1). These molecules
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take bidirectional signal pathways, EFN to EPH forward signal
and EPH to EFN reverse signal, and these pathways are
involved in many physiological and pathological conditions
(2). Members of this family play critical roles in many facets
of cancer biology, from initiation to metastasis and also
invasion (3-6). Almost all the human cancers have been
reported to be associated with some of the EPH-EFN pathways
(7-11). EPHA family genes, especially EPHA3 and EPHAS,
are among the genes which often mutate in human lung
cancer, as demonstrated by a recent extensive large scale
coding sequence analysis (12). EPHA7 is a member of the
EPHA family. but it has been investigated in only a few
human lung cancers. The recent finding of its downregulation
by promoter methylation and a possible tumor suppressing
effect in several types of human cancer (8.13,14) prompted
us to investigate the expression status of EPHA7 in human
lung cancer, to assess the possibility of a tumor suppressor
role in lung carcinogenesis. On the other hand, the locus of
EPHA7 is near the breakpoint of «(3;6) in renal cell
carcinoma (15). Considering the recent discovery of various
translocations in solid wmors (16.17), especially in lung
carcinoma (18-20), we also anticipated translocation
involving this gene locus in lung cancer.

Materials and methods

Cell lines. Forty cell lines, consisting of 3 normal lung cells
(SAEC, 16HBET 140- and WI-38), 10 lung adenocarcinomas
(H358, H820, H2087, A549, HL.C-1, RERF-LC-MS, RERF-
LC-KJ, LC-2/ad, VMRC-L.CD and PC-3), one lung squamous
cell carcinoma (ABC-1), four lung large cell carcinomas
(H460, H1299, L.U65 and PC-13), five lung small cell
carcinomas (H526, H1688, TKB-2, Lu-130 and Lu-135), three
colon adenocarcinomas (HCT116, HT29 and DLD-1), eight
gastric adenocarcinomas (AGS, HSC-39, KATO3, MKN-1,
MKN-28, MKN-45, MKN-74 and TMK-1) and four
esophageal squamous cell carcinomas (A431, HSC-2, HSC-3
and HSC-4), were used in this study. The 16HBE 4o- cell line
(Simian virus 40-transformed human bronchial epithelial
cells) was a gift from Dr D.C. Gruenert (California Pacific
Medical Center Research Institute, San Francisco, CA, USA)
via Dr T. Kaneko (Department of Internal Medicine,
Yokohama City University, School of Medicine, Yokohama,
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Japan) (21). The Lu-130, Lu-135 and PC-13 cell lines were
eifts from Dr Y. Dobashi (Jichi Medical University. Omiya
Medical Center Hospital, Omiya. Japan). A549, ABC-1, H460,
L.C-2/ad, VMRC-LCD, RERF-LC-MS, REAF-LCKI and
TKB-2 were gifts from Dr T. Niki (Jichi Medical University,
Shimotsuke. Japan). TMK-1 was a gift from the Department
of Genetics, National Cancer Center (Tokyo, Japan). SAEC
was purchased from Clontech (San Diego, CA). WI-38, H358,
H820. H2087, H1299, H526, H1688. HCT116, HT-29,
DLD-1 and AGS were obtained from ATCC (Manassas, VA,
USA). PC-3, LU65, KATO3, MKN-1, MKN-28, MKN-45,
MKN-74, A431, HSC-2, HSC-3 and HSC-4 were obtained
from the Health Science Research Resources Bank (Osaka,
Japan). HLC-1 was obtained from RIKEN Cell Bank (Ibaraki,
Japan).

Clinical samples. The subjects were selected from among
patients of Hamamatsu University School of Medicine and
Mikatahara Seirei General Hospital. Written informed consent
to participate in this study was obtained and the entire study
design was approved by the Institutional Review Boards (IRB)
of Hamamatsu University School of Medicine (18-4,18-5) and
Mikatahara Seirei General Hospital. Lifestyle information such
as smoking habits was obtained by professional interviewers.
Histopathological classification was performed according to the
WHO classification (2004) (22). Stages of the clinical samples
according to the TNM classification system (http:/www.uicc.
org/) are shown in Table 1.

3'-Rapid amplification of cDNA end. 3-RACE was performed
with the 3' RACE System for Rapid Amplification of cDNA
Ends (Invitrogen). Briefly, the first strand cDNA was reverse
transcribed from 1 pg of total RNA using SuperScript IT RT
(Invitrogen) and the adapter primer; 1 pl of the first strand
¢DNA was then amplified using an EPHA7 gene-specific
forward primer (EphA7 RACE 5-CACCATACGTTGCATG
CACA-3") and the Universal Amplification Primer. In the
polymerase chain reactions, after initial denaturation at 95°C
for 15 min. 35 cycles of denaturation at 95°C for 30 sec.
annealing at 58°C for 30 sec, and elongation at 72°C for 45 sec
were used, followed by a final clongation step at 72°C for
5 min.

Sequencing of the RACE product and validating sequencing
of the secreted form of EPHA7 (EPHA7-S). We sequenced the
band of ~600 bp generated by the RACE procedure with
an EPHA7 gene-specific forward sequencing primer, and
identified it as EPHA7-S. We scarched for EPHA7-S in lung
cancer cell lines by sequencing the cDNAs synthesized from
mRNAs. Gene-specific primer pairs were designed to cover
the region from exon 4 to intron 5 of EPHA7. Primers for PCR
were 5'-CATCTGACCCACCATACGTTGC-3' (EPHA7
exon 4) and 5'-GCTGGAAGAATCAAGCTCTGTG-3'
(EPHA7 intron 5). PCR was carried out in reaction mixtures
containing ¢cDNA, 1X HotStar Taq buffer. 0.25 mmol/l
deoxynucleotide triphosphate mixture, 0.05 U of HotStar
Taq (Qiagen, Dusseldorf, Germany), and 0.5 mmol/l of
forward and reverse primers in a volume of 20 zl. PCR cycling
parameters were one cycle of 95°C for 15 min; 40 cycles of
95°C for 30 sce. 58 C for 30 sec. and 75°C for 45 sec:

TSUBOI et al: SECRETED FORM OF EphA7 IN LUNG CANCER

Table 1. Clinicopathological characteristics of the patients.

No of patients, N 73
Average age (range), years 64.7 (39-83)
Gender, n (%)
Male 41(56.2)
Female 32(43.8)
Histology, n (%)
Adenocarcinoma 50 (68.3)
Squamous cell carcinoma 17(23.3)
Small cell carcinoma 2 27
Large cell carcinoma 4 (5.5)
Brinkman index, n (%)
Bl=0 24(32.9)
0<BI1=400 4 (5.5)
400<BI 36 (49.3)
Unknown 9(12.3)
TNM stage, n (%)
1 47 (64.4)
I 6 (8.2)
I 13(17.8)
v 3 @
Unknown 4 (5.5)

followed by one cycle of 72°C for 5 min. The PCR products
were purified with a PCR purification kit (Qiagen) and directly
sequenced with a Big Dye Terminator Cycle Sequencing
Reaction Kit and the ABI 3100 Genetic Analyzer (Applied
Biosystems Incorporated. Tokyo, Japan). Sequencing reactions
were done in both forward and reverse directions with two
primers for PCR.

Statistical analvsis. ¥ analysis and the Cochran-Ariitage
trend test were conducted to compare EPHA7-S expression
with various clinical features (sex. smoking history, histological
type, and TNM stages). A p<0.05 was considered significant.
Statistical analyses were performed using the SAS (Statistical
Analysis System) program (SAS Institute Japan, Tokyo,
Japan).

Results

Detection of EPHA7-S in cell lines. First. we attempted (o
identify a downstream sequence, expecting a fusion partner
of EPHA7. We adopted the 3'-RACE method using the
primer corresponding to exon 4 of EPHA7 and the RACE
specific 3' primer for the RNAs from PC-13 and H82 cell
lines, both of which express EPHA7 (data not shown). The
RERF-LC-MS cell line, which has no EPHA7 expression,
was used as a negative control. By the 3-RACE method, we
detected amplified fragments in both PC-13 and H82 (Fig. Ta).
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Figure 1. Detection of the secreted form of EPHA7
H&2 but not in RERF-LC-KJ. (b) Sequencing analysis of the EPHA7.
sequence and predicied amino acid sequence of full-length EPHA7 (
from the PC-13 cell line region is exon 5 of the EPHA7 gene.
binding domain: NF receptor domain; 332-427 and 443-5
domain: 924-9:

Sequencing analysis of these fragments disclosed that they
were not fusion partners, while the sequence derived from
EPHATY itself had its intron 5 (Fig. b and ¢). DNase treatment
and the cDNA minus negative control excluded the pos vility
of mis-amplification of the genomic sequence. This cDNA
contained the exon 5 sequence directed to the intron 5 sequence
of EPHA7 (Fig. 1¢), and it had a stop codon after coding 8
amino acids, generating the structure lacking the trans-
membrane domain of the authentic EPHA7 (Fig. 1d). Given
these structural features, we consider this form to be the human
counterpart of EphA7-S reported in murine lymphocytes by
Dawson et a/ (23). In addition, they demonstrated human
tonsillar lymphocytes w also express an EPHA7-S protein of
consistent size by Western blotting. though the exact message
was not shown (23). This structure lacks a cytoplasmic

HA7-S) in lung cancer cell lines. (a) 3
ne transcript of PC:
HA7-FL) at the end of exon 5 and for the EPH:
d) Schematic representation of EPHA7-FL and EPH.
 Fibronectin type 3 domain; 5

5. SAM domain; 996-998. PDZ binding motif: 441449, intron

Cell membrane  Intracellular
443-534 627-893 924-985 996-998

-RACE method showing amplification of FPHA7-S in PC-13 and
The red box indicates intron 5 of the EPHA7 gene. (¢) Nucleotide
7-S based on sequencing of a cDNA
. 32-205, Ephrin receptor ligand
7. transmenbrane domain; 627-893. tyrosine kinase

PHA7-S).

domain, which would include a kinase domain, indicating
that the product would be secreted outside the cells.

EPHA7-S expression in lung cell lines. We examined cell
lines, including those of lung cancers, gastrointestinal cancers
and immortalized bronchial epithelium, for detection of
EPHA7-S. We used the primers in the EPHA7 exon 4
(forward) and intron 5 (reverse) for reverse transcription
PCR. This primer set discriminates the contaminated
genomic amplified product (1677 bp) from the target product
(475 bp) (Fig. 2a). EPHA7-S was detected mainly in lung
cancer cell lines, rarely in those from other organs (16/21 in
lung cancer cell lines vs. 1/15 gastrointestinal cancer cell
lines) (Fig. 2b and Table I1). that is, EPHA7-S is a variant
occurring mainly in lung cancer cells.
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SPHA7 (EPHA7-S) in various cell lines. (a) PCR
en and the structure of EPHA The amplified structure of
genomic EPHA7 (1677 bp) is shown above, EPHAZ-FL. ¢DNA (no
amplification) is the middle, and EPHA7-S ¢DNA (475 bp) below. (b)
EPHA7-S cDNA (475 bp) was detected in some of these cell lines. The
bands in the upper panel are EPHAT-S and those in the lower panel sare
GAPDH. The sources of the normal lung and lung cancer lanes are clinical
samples from patient no. 15 (squamous cell carcinoma and the
corresponding non-tumor lung portion). A549. LRERF-LC-KJ, ABC-1, PC-

82 are lung cancer cell lines. A431 is an esophageal cancer cell
is a gastric cancer cell line. and DLD-1 is a colon cancer cell
line. The left-most lane indicates size markers, a 100-bp DNA Jadder.

Some clinical lung cancer specimens express EPHA7-S. The
tendency for EPHA7 to be expressed by lung cancer cell
lines prompted us to look for it in primary lung cancer ti
A substantial proportion of human primary lung cancers
expressed EPHA7-S: 2 out of 50 cases with lung adeno-
carcinoma and 8 of 23 cases with non-adenocarcinoma of
the lung. Among the non-adenocarcinoma cases. 6 of 17
es with

1€s.

squamous cell carcinoma cases, one of the two ca:
small cell carcinoma, and one of four large cell carcinoma
cases were positive for EPHA7-S (Table II). In 2 cases.
EPHA7-S was detected in non-tumor lung tissue adjacent to
the lung cancer (data not shown).

The prevalence of EPHA7-S was significantly greater in
non-adenocarcinoma than in adenocarcinoma (Table TV). No

TSUBOI e al: SECRETED FORM OF EphA7 IN LUNG CANCER

Table I1. Secreted form of EPHA7 (EPHA7-S) in various cell
lines.

Material EphA7-S
16HBE 140~ Normal human bronchial +
epithelium
SAEC Small airway epithelial +
WI-38 Lung fibroblast -
H3358 Lung adenocarcinoma +
H820 Tung adenocarcinoma +
H2087 Lung adenocarcinoma -
A549 Lung adenocarcinoma +
HLC-1 Lung adenocarcinoma +
RERF-LC-MS  Lung adenocarcinoma +
L.C-2/ad Lung adenocarcinoma -
VMRC-LCD Lung adenocarcinoma +
PC-3 Lung adenocarcinoma +
RERF-LC-KJ  Lung adenocarcinoma -
ABC-1 Lung squamous cell carcinoma +
H460 Lung large cell carcinoma
H1299 Lung large cell carcinoma +
LU65 Lung large cell carcinoma +
PC-13 Lung large cell carcinoma +
H82 Lung small cell carcinoma +
H526 Tung small cell carcinoma +
H1688 Lung small cell carcinoma +
Lu-130 Lung small cell carcinoma +
Lu-135 Lung small cell carcinoma +
I'KB-2 Lung small cell carcinoma
DLD-1 Colon adenocarcinoma -
HCT-116 Colon adenocarcinoma -
HT29 Colon adenocarcinoma -
AGS Gastric adenocarcinoma -
HSC-39 Gastric adenoc +
KATO3 (astric adenocarcinoma -
MKN-1 Gastric adenocarcinoma -
MKN28 Gastric adenocarcinoma -
MKN-45 Gastric adenocarcinoma -
MKN-74 Gastric adenocarcinoma -
TMK-1 Gastric adenocarcinoma -
A4d31 Esophageal squamous cell -
carcinoma
HSC-2 Esophageal squamous cell -
carcinoma
HSC-3 Esophageal squamous cell -
carcinoma
HSC-4 Esophageal squamous cell -
carcinoma

+. EPHA7-S detectable. -, not detectable.




