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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%) nSclcs, 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 eml4-alK variant 1, 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 (3-5). 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 

based on the gene fusion encodes the n-terminal portion of 
eml4 ligated to the intracellular region of the receptor-type 
protein tyrosine kinase alK. eml4-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 eml4-alK 
variants have been found in nSclcs (4,6-18), and although 
one nSclc containing KiF5B-alK and another nSclc 
containing tFG-alK have been found (13,15), all of the other 
alK fusions detected in nSclcs have been eml4-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 
eml4-alK by the intercalated antibody-enhanced polymer 
(iaep) method (13). however, another group reported 
difficulty detecting EML4-ALK immunohistochemically 
(14), and it is speculated that the low expression level of 
eml4-alK protein may be attributable to a low level of 
eml4 transcriptional 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 to 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 et 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 deparaffinized, 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 igG 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-µl 
reaction mixtures containing hotStartaq dna polymerase 

(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 eml4-alK, three pcr primer 
pairs for KiF5B-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 eml4, 5'-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 14 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 atc-3' 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 KiF5B, 5'-tGa tcG caa acG 
cta tca Gca aG-3' for the sequence on exon 24 of KiF5B 
and 5'-tcG ttt 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 Gtc ttG 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 analysis. 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 
immunohistochemically 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 i). 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 57.3 years (SD 15.7) 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 1 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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analyses. as a negative control, we also performed an rt-pcr 
analysis of 30 randomly selected, immunohistochemically 
alK-negative nSclcs. no expression of KiF5B-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 i). as 

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 
yielded two bands, and they corresponded to variant 3a, a 
fusion between exon 6 of eml4 and exon 20 of alK (Fig. 2c), 
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, 

table i. clinicopathological information and eml4-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 varianta

11 36 Female adenocarcinoma not examinedb

12 69 Female Squamous cell carcinoma not examinedb

aexon 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.  bdue to the absence 
of an rna sample, rt-pcr analysis for alK fusions was not performed.

Figure 1. representative results of immunohistochemical 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 µm.
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Figure 2. detection of eml4-alK fusion transcripts in non-small cell 
lung carcinomas. (a) eml4-alK variant 1 transcript detected in case 
no. 1. (B) eml4-alK variant 2 transcript detected in case no. 4. (c and 
d) eml4-alK variants 3a (c) and 3b (d) transcripts detected in case no. 7. 
(e) novel eml4-alK transcript variant detected 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 53 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 eml4-alK 
transcripts were histologically classified as adenocarcinoma 
in 9 cases and adenosquamous carcinoma in 1 case. these 
findings suggest that the iAEP method is useful 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 (4.0%) 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 1 
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 
1 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. these 
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 nSclcs containing alK fusion proteins. 

the histopathological diagnosis of 10 of the 12 
immunohistochemically alK-positive nSclcs and 9 of 
the 10 eml4-alK-positive nSclcs in this study was 
adenocarcinoma. the predominance of adenocarcinomas 
among eml4-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 
EML4-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 eml4-alK variant was found in this study. in 
this novel variant, exon 14 of eml4 was connected to a 2-bp 

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). in variant 4, exon 14 of eml4 is connected to an 
unidentified 11-bp cDNA fragment that in turn is ligated to 
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 5' terminus of, 
exon 20 of alK have also been reported in mSn-alK and 
mYh9-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 eml4-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 et 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 eml4-alK-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 eml4-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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