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ings and those of previous studies. This may simply reflect clonal
variations of individual Jurkat cell lines maintained in individ-
ual laboratories. Another possible explanation for the conflicting
results is that these studies employed different gene transfer
methods. Our experiment was performed using Jurkat cells stably
transfected with Tec cDNA, whereas others carried out experiments
with Jurkat cells transiently transfected with Tec. In most of the
experimental conditions, transient transfection of cDNA results in
higher levels of protein expression than those observed in the sta-
ble transformants. The differences in Tec expression levels among
the experiments may have had diverse cellular effects.

In Epstein-Barr virus (EBV)-transformed B-lymphoblastoid cell
lines from XLA patients, Fluckiger et al. [ 37] showed that the ectopic
expression not only of Btk but also of Tec or Itk restored deficient
extracellular calcium influx after BCR cross-linking in Btk-deficient
cells. We, as well as Fluckiger et al. [13,37], have found that these
XLA-derived Btk-deficient cell lines express endogenous Tec. The
difference in the expressed amount of protein is considered the
cause of the endogenous Tec's inability to compensate for Btk
deficiencies. Interestingly, the overexpression of other PTK fam-
ily members, such as Src (Lyn or Fyn) and Syk, failed to restore
Btk-mediated signaling in XLA cells, suggesting the presence of
strict kinase-substrate relationships between different PTK fam-
ilies regardless of the expression level [37]. These observations
suggest that the expression of excess amounts of proteins may
overcome the substrate specificity among individual Tec family
PTKs that are present under physiological protein expression levels.
This hypothesis is supported by our failure to detect any alteration
of CD25 expression after TCR ligation in human primary CD4+ T-
cells transiently transfected with Tec cDNA (Susaki and Kitanaka,
unpublished observation). To reproduce findings obtained using
the Jurkat cell line in human primary T-cells, it may be essential to
establish a more sophisticated method to regulate the expression
of introduced genes.

Tomlinson et al. [20] quantitated individual Tec family PTK pro-
tein levels in murine lymphoid cells. They found substantially lower
Tec expression in murine primary T- and B-cells relative to Itk and
Btk, respectively. They speculated that the lack of an obvious phe-
notype in the immune systems of Tec-deficient mice reflected the
small amounts of Tec in murine lymphoid cells. Although there
is not enough quantitative information on Tec expression relative
to other Tec family PTKs in human lymphoid cells, our previous
study revealed that EBV-transformed human B-lymphoblastoid cell
lines expressed Tec levels similar to those observed in the K562
human erythroleukemia cell line [13]. In this regard, it is clear that
human B-lymphoid cells express an amount of Tec comparable to
the amounts in the representative hurnan myeloid cell line. There-
fore, the inability of a physiological amount of Tec to compensate
for Btk in human lymphoid cells may be the reason why defec-
tive Btk function results in more severe consequences in humans
than in mice [14,38]. Thus, the expression profiles and/or func-
tional redundancies of individual Tec family PTK in lymphoid cells
may differ among species. To clarify this issue, the Tec expression
level should be compared against Tec’s biological significance in
human lymphoid cells. It is necessary to assess Tec expression in
human lymphoid cells at different stages of development using
quantitative methods such as flow cytometric analysis. To date,
such analysis has not yet been accomplished because of the lack
of a good anti-Tec antibody applicable to flow cytometric analysis
(Kitanaka, unpublished observations).

In summary, we have found that the expression and activation
of Tec in Jurkat cells inhibited the expression of CD25 induced by
TCR cross-linking, suggesting that this PTK plays a negative regula-
tory role in the TCR-mediated signaling pathway. Our results imply
that Tec participates in signaling that suppresses IL-2-mediated sig-
naling by downregulating its receptor expression. Future studies

should clarify the role of Tec expression and activation in the IL-
2/IL-2 receptor system-mediated human T-lymphocyte activation
pathway.
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Abstract

Purpose: Anaplastic lymphoma kinase (ALK) fusion genes represent novel oncogenes for non-small
cell lung cancers (NSCLC). Several ALK inhibitors have been developed, and are now being evaluated in
ALK-positive NSCLC. The feasibility of detecting ALK fusion genes in samples obtained by endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) was determined. The clinicopathologic
characteristics of ALK-positive lung cancer were also analyzed.

Experimental Design: From April 2008 to July 2009, NSCLC cases with hilar/mediastinal lymph node
metastases detected by EBUS-TBNA were enrolled. Positive expression of ALK fusion protein was
determined using immunohistochemistry, and ALK gene rearrangements were further examined to verify
the translocation between ALK and partner genes using fluorescent in situ hybridization and reverse
transcription-PCR. Direct sequencing of PCR products was performed to identify ALK fusion variants.

Results: One hundred and nine cases were eligible for the analysis using re-sliced samples. Screening of
these specimens with immunohistochemistry revealed ALK positivity in seven cases (6.4%), all of which
possessed echinoderm microtubule-associated protein-like 4-ALK fusion genes as detected by fluorescent
in situ hybridization and reverse transcription-PCR. All ALK-positive cases had an adenocarcinoma histol-
ogy and possessed no EGFR mutations. Compared with ALK-negative cases, ALK-positive cases were more
likely to have smaller primary tumors (P < 0.05), to occur at a younger age (<60 years; P < 0.05), and to
occur in never/light smokers (smoking index < 400; P < 0.01). Mucin production was frequently observed
in ALK-positive adenocarcinomas {29.4%; P < 0.01).

Conclusions: EBUS-TBNA is a practical and feasible method for obtaining tissue from mediastinal
and hilar lymph nodes that can be subjected to multimodal analysis of ALK fusion genes in NSCLC.
Clin Cancer Res; 16(20); 4938-45. ©2010 AACR.
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A small inversion within the short arm of human
chromosome 2 leads to the generation of a fusion gene
between the anaplastic lymphoma kinase (ALK) gene
and the echinoderm microtubule-associated protein-like
4 (EML4) gene, the protein product of which is reported
to function as an oncokinase in non-small cell lung
cancer (NSCLC); in fact, this was the first oncogenic trans-
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location to be identified in lung cancer (1). The EML4-ALK
fusion gene has been detected in ~5% of NSCLC cases,
and several ALK fusion gene variants have been reported
(2). Standard methods for the detection of ALK fusion
genes include reverse transcription-PCR (RT-PCR) with
primers flanking the fusion points, as well as fluorescent
in situ hybridization (FISH). Previously, immunohisto-
chemistry-based diagnosis of ALK fusion genes in lung
cancer has proven to be difficult, most likely due to the
low expression level of the fusion protein products (3).
An intercalated antibody-enhanced polymer (IAEP) tech-
nique has recently been developed that enables reliable
immunohistochemistry-based detection of ALK fusion
products (4). However, this technique has only been per-
formed in cell lines and in large, surgically resected speci-
mens; thus, it remains unclear whether such methodology
can be applied to small biopsy samples obtained from
patients with advanced NSCLC.

Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) is an established modality for the
definitive diagnosis of mediastinal and hilar adenopathy in

Clin Cancer Res; 16(20) October 15, 2010
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patients with lung cancer (5, 6). EBUS-TBNA is generally
accepted to be as safe as standard bronchoscopy, less inva-
sive than mediastinoscopy, and of high diagnostic quality.
Compared with conventional fine-needle aspiration,
EBUS-TBNA is an outstanding procedure with respect to
its extremely low morbidity and its repeatability; fine-
needle aspiration could cause pneumothorax, and repeated
sampling might be difficult to perform.

In this study, we analyzed the feasibility of EBUS-TBNA
for the detection of EML4-ALK fusion genes. We also ret-
rospectively analyzed the clinicopathologic characteristics
of ALK-positive lung cancer cases with mediastinal and/or
hilar lymph node metastasis.

Materials and Methods

Patients

From April 2008 to July 2009, 112 cases with proven
hilar and/or mediastinal lymph node metastasis of NSCLC
were enrolled; re-sliced specimens for histologic examina-
tion were available for 109 of these cases. Independent
pathologists (D. Ikebe and M. Itami) reviewed all cases
and histologically confirmed the presence of cancer cells
in each specimen. Morphologic features detected with
H&E staining were also recorded, and mucin production
was evaluated by Alcian blue staining. First, samples were
screened for ALK abnormalities using immunohistochem-
istry. Cases that were determined to be ALK-positive or
suspicious by immunohistochemistry in our laboratory

were subjected to additional evaluation by FISH and

immunohistochemistry restaining by an independent
pathologist (K. Takeuchi) at the Division of Pathology,
The Cancer Institute, Japanese Foundation for Cancer
Research. Final confirmation was performed by direct
sequencing of EML4-ALK fusion cDNAs using EBUS-TBNA

histologic cores that had been preserved at ~80°C. EGFR
gene mutation status was also evaluated in all EBUS-TBNA
samples. Associations between the presence of ALK fusion
genes and clinicopathologic characteristics were retrospec-
tively analyzed from medical records.

EBUS-TBNA

In all cases, chest computed tomography was performed
prior to EBUS-TBNA. Brain magnetic resonance imaging,
enhanced computed tomography, and bone scintigraphy
were also performed for clinical staging of each case.
EBUS-TBNA was performed for lymph nodes >5 mm in
short axis on chest computed tomography. To obtain a
histologic core, a dedicated 22-gauge needle equipped
with an internal stylet was used. After the initial puncture,
the internal stylet was used to clean out the internal lumen
that was clogged with bronchial tissue (Fig. 1A). The inter-
nal stylet was removed, and negative pressure was applied
using a syringe. The needle was then moved back and forth
inside the lymph node. Finally, the needle was retrieved,
and the internal stylet was used to push out the histologic
core (6). Each histologic core was divided into two sam-
ples: one was fixed with formalin and used for histologic
diagnosis, and the other was mixed with Allprotect Tissue
Reagent (Qiagen) following the instructions of the manu-
facturer, and stored at -80°C.

ALK detection with immunohistochemistry

For detection of the ALK fusion gene, we applied the
iAEP method, which incorporates an intercalating anti-
body between the primary antibody to ALK and dextran
polymer-based detection reagents (4).

Histologic cores obtained by EBUS-TBNA were routinely
fixed in 20% neutralized formalin and embedded in paraf-
fin. Blocks were sliced at a thickness of 4 um, and sections
were placed on silane-coated slides. Antibody preparations
specific for the intracellular region of ALK (5A4, Abcam)
were subjected to immunohistochemical staining according
to standard protocols using dextran polymer reagents (anti-
mouse immunoglobulin, EnVision+DAB System; Dako).
The ALK antibody (5A4) was used at a dilution of 1:50.
For antigen retrieval and deparaffinization, slides were
heated for 20 minutes at 98°C in Target Retrieval Solution
(low pH; Dako) with PT-link (Dako). Pretreated slides were
positioned in a programmable AutoStainer instrument
(EnVision System; Dako). Following the immunchisto-
chemical program, slides were incubated at room tempera-
ture first with Peroxidase Blocking Solution (Dako) for
5 minutes and then with ALK antibody (5A4, 1:50;
Abcam) for 30 minutes. Following application of the iAEP
method, which has been described in detail elsewhere (4),
we included an incubation step of 15 minutes at room
temperature with intercalated immunoglobulin (Mouse-
LINKER; Dako) to increase the detection sensitivity.
Immune complexes were then detected using the dextran
polymer reagent for 30 minutes. 5A4-positive cells were
stained with 3,3’-diaminobenzidine for 5 minutes, and
nuclei were then stained with hematoxylin for 2 minutes.

www.aacrjournals.org
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il
A

Fig. 1. Diagnosis of metastatic
nodes by EBUS-TBNA. A, lymph
node sampling by EBUS-TBNA.
B, adenocarcinoma was revealed
in the EBUS-TBNA sample.

C, mucin production was
observed by Alcian blue staining.
D, immunohistochemistry with an
anti-ALK antibody showed ALK
fusion protein positivity in lung
adenocarcinoma cells.

The samples obtained with EBUS-TBNA were small,
paraffin-embedded biopsy specimens, which might limit
the utility of immunohistochemistry. To avoid false-
negative diagnosis, the first immunohistochemical proce-
dure was used as a screening test to define three categories
with which to judge the first run. Cancer cells were defined
as “positive” if staining was as strongly positive as a positive
control {clinical lung cancer tissues previously defined as
positive by both molecular and immunohistochemistry
analyses) and a fine, granular cytoplasmic staining pattern
was observed. Cancer cells that showed no staining were
classified as “negative.” The “suspicious” classification
was defined as the presence of weakly stained cells that were
considered difficult to differentiate from background
staining. While using these categories, we further subdi-
vided the suspicious category into “probably positive”
and “probably negative” categories. Probably positive
meant that the tumor cells stained, but not strongly, where-
as probably negative indicated very weak staining that was
difficult to differentiate from background staining. After the
screening immunohistochemistry, suspicious cases were
re-tested by immunohistochemistry in addition to FISH
by a second independent pathologist (K. Takeuchi).

Fluorescence in situ hybridization

To further confirm the ALK genomic rearrangement, two
FISH assays were performed: an ALK split assay and an
EMI4-ALK fusion assay. Unstained sections were processed
with a Histology FISH Accessory Kit (Dako), subjected to
hybridization with fluorescently-labeled bacterial artificial
chromosome clone probes for EML4 and ALK (self-produced

probes; EML4 RP11-996L7, ALK RP11-984121, and RP11-
62B19) or for genomic regions upstream and downstream
of the ALK breakpoint (Dako), stained with 4,6-diamidino-
2-phenylindole, and examined with a fluorescence micro-
scope (BX51; Olympus; ref. 7). FISH analysis was performed
at the Division of Pathology, The Cancer Institute, Japanese
Foundation for Cancer Research (K. Takeuchi). The FISH
positivity criteria for EBUS-TBNA samples were defined as
“over 50% cancer cells.” As EBUS-TBNA samples are small
biopsy samples, entire tumor cells in the paraffin-embedded
section were evaluated.

RT-PCR and direct sequencing

Frozen histologic cores obtained by EBUS-TBNA were
used to extract RNA. All immunohistochemistry-positive
or suspicious cases were subjected to direct sequencing of
the fusion cDNAs. RNA was extracted from frozen samples
using the AllPrep DNA/RNA mini kit (Qiagen), and cDNA
cloning was performed with the High Capacity RNA-
to-cDNA Kit (Applied Biosystems). For RT-PCR analysis
of EML4-ALK, we used primer sequences that have been
described previously (2). After PCR amplification, PCR
products were analyzed using agarose gel electrophoresis.
RT-PCR products were extracted from gel slices using the
QIAquick Gel Extraction Kit (Qiagen). Purified products
were then sequenced with a capillary sequencer. Resultant
nucleotide sequences were compared with previously
reported sequences for determination of the EML4-ALK var-
iant. EGFR mutation status was also examined using
the peptide nucleic acid/locked nucleic acid PCR clamp
method for samples obtained with EBUS-TBNA (8).
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Ethics committee approval

This research was approved by the Ethics Committee of
Chiba Cancer Center (nos. 20-21 and 21-10). Written
consent was obtained from all patients. All samples were
coded and managed independently.

Statistical analysis

For clinical characteristics and genetic factors, frequency
analysis was performed with Fisher's exact test (dichoto-
mous factors) and % test (multinomial factors). Mann-
Whitney U test was applied to continuous data. General data
analysis was conducted with StatView 5.0 (SAS Institute,
Inc.). All P values were based on a two-sided hypothesis,
P < 0.05 was considered to have statistical significance.

Results

Patient characteristics

The clinical characteristics of all 109 patients are listed in
Table 1; 82 patients (75.2%) were male. The median age
was 64.4 years (range, 38-90 y). Histologic examination
was performed in all cases, leading to a diagnosis of adeno-
carcinoma (Fig. 1B) in 82 cases (75.2%), squamous cell
carcinoma in 18 cases, and “other” in 9 cases. With respect
to smoking status, 22 cases {20.4%) were never-smokers,
15 (13.9%) were light smokers (defined as a smoking index
score <400), and 72 were heavy smokers (smoking index
score 2400). A total of 191 mediastinal lymph nodes and
84 hilar lymph nodes (2.52 lymph nodes/patient) were
detected with EBUS, and 158 mediastinal lymph nodes
and 71 hilar lymph nodes (2.10 lymph nodes/patient) were
sampled. The median size of the sampled lymph nodes was
12.1 mm (range, 3.0-33.4 mm) in the short axis on ultra-
sound. According to criteria from the International Union
Against Cancer, there were 9 stage II cases, 49 stage III cases,
and 45 stage IV cases; the remaining 6 cases were defined as
having recurrent lung cancer. EGFR gene mutations were
detected in 25 cases (22.9%), which included 9 cases with
in-frame deletions at exon 19, 9 cases with a point mutation
atexon 21, 3 cases with a point mutation at exon 18, 2 cases
with point mutations at exons 18 and 21, 1 case with a
point mutation at exon 20, and 1 case with point mutations
in exons 20 and 21.

ALK fusion gene assessment

Out of 109 cases examined by immunohistochemistry
using the iAEP method, 6 ALK-positive cases and 17 suspi-
cious cases (1 probably positive and 16 probably negative)
cases were detected. The staining of the small histologic core
did not show any heterogeneity.

FISH confirmed the existence of an ALK fusion gene in all
six ALK-positive cases (Figs. 1D, 2A and B), and there were
no false-positive cases for immunohistochemistry. Sixteen
probably negative cases were determined to be negative
for the ALK fusion gene by re-testing with immunohisto-
chemistry and FISH. One probably positive case had too
few tumor cells to be used for FISH analysis; however,
RT-PCR assessment confirmed the presence of EML4-ALK

Table 1. Clinical characteristics of patients with
NSCLC
Parameter Number of cases (%)
109
Age
Mean (y) 64.4 (range, 38-90)
Gender
Male 82 (75.2%)
Female 27 (24.8%)
Pathology
Adenocarcinoma 82 (75.2%)
Squamous cell 18 (16.5%)
Other histology 9 (8.3%)
Clinical stage
I 9 (8.3%)
Il] 49 (45.0%)
v 45 (41.3%)
Recurrence 6 (5.5%)
Bone metastasis
Yes 22 (20.2%)
No 87 (79.8%)
Brain metastasis
Yes 16 (14.7%)
No 93 (85.3%)
Smoking
Never (Sl = 0) 22 (20.4%)
Light (Sl < 400) 15 (13.9%)
Heavy (S! > 400) 70 (64.8%)
EGFR mutation status 25 (22.9%)
Exon 18 3
Exon 19 9
Exon 20 1
Exon 21 9
Exons 18 + 21 2
Exons 20 + 21 1
Abbreviation: Sl, smoking index.

fusion cDNA. EML4, ALK, and fusion signals (arrows in
Fig. 2A) are presented in the green, red, and merged image
and a pair of split signals (arow in Fig. 2B, downstream)
shows rearrangement of ALK. In Fig. 2C, unique bands in
each ALK-positive case reveal variant 1 and variant 3
EML4-ALK fusion genes. Thus, the ALK fusion gene was
detected in a total of seven cases (6.4%). Direct sequencing
of the PCR products revealed that four cases carried EML4-
ALK variant 1, whereas three cases had variant 3. The fusion
point of ALK and EML4 is observed in the cDNA sequence
(arrow in Fig. 2D).

Clinicopathologic characteristics of lung cancers
possessing ALK fusion genes

Clinicopathologic characteristics were compared be-
tween the 7 ALK-positive cases and the 102 ALK-negative

www.aacrjournals.org
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cases (Table 2). All ALK-positive cases had an adenocar-
cinoma histology and lacked EGFR gene mutations. With
respect to smoking habits, six out of the seven ALK-positive
cases were either never-smokers or light smokers (smoking
index score <400). No significant difference in gender was
observed between ALK-positive and ALK-negative patients;
however, ALK-positive patients were significantly younger
than ALK-negative patients (55.4 versus 65.0 years; P =
0.0408). No significant differences in the incidence of bone
metastasis (9.1% versus 5.7%; P = 0.64) or brain metastasis
(12.5% versus 5.4%; P = 0.30) were observed. Overall, the
mean primary tumor diameter was 40.4 mm; interestingly,
the mean primary tumor diameter of ALK-positive cases
was 28.6 mm, which was significantly smaller than that
of ALK-negative cases (41.9 mm; P < 0.05). Mucin produc-
tion was significantly more frequently observed in ALK-
positive cases as shown by Alcian blue staining (Fig. 1C;
P <0.01). Finally, among the 84 cases expressing wild-type
EGFR, 8.3% (7 of 84) were ALK-positive.

Discussion

This is the first attempt and report about using EBUS-
TBNA samples in the detection of ALK fusion genes, and
is expected to have a major effect on the management of
patients with lung cancer. EBUS-TBNA is an established

procedure for the evaluation of mediastinal and hilar
adenopathy in patients with lung cancer. It is as safe,
as highly diagnostic, and less invasive than other diag-
nostic modalities (9-11). Biopsy samples obtained with
EBUS-TBNA can be subjected to histologic as well as
cytologic evaluation. Nonsurgical modalities for obtain-
ing tumor specimens are particularly critical in lung can-
cer because many patients have advanced disease at the
time of first presentation, and are therefore not eligible
for radical surgery. In addition to histologic diagnosis
and stage definition, EBUS-TBNA enables molecular anal-
ysis of biopsy samples, the clinical significance of which
is growing as molecularly targeted strategies for NSCLC
are becoming increasingly important. We have previously
reported that metastatic lymph node samples obtained
by EBUS-TBNA can be applied to multidisciplinary anal-
yses (5), and the present study is the first report of suc-
cessful analysis of ALK fusion genes, a newly identified
genetic abnormality in NSCLC, with such specimens
(2). However, the small size of the paraffin-embedded
biopsy samples obtained from EBUS-TBNA might limit
the utility of this methodology; thus, multidirectional
analysis will be citical for microsampling methods such
as EBUS-TBNA.

The reliability of the newly developed immunohisto-
chemistry (1AEP) method for the detection of ALK fusion

| vi: Variant 4, v3: Variant 3,

EML4 exon 13 ALK exon 20
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Fig. 2. Molecular analysis of ALK
fusion genes. A, FISH EML4-ALK
fusion assay with labeled probes
for EML4 (green, arrow) or ALK
(red, arrow). The EML4-ALK fusion
gene is observed (yellow, arrow).
B, EMLA4-ALK split assay with
labeled probes for the upstream
(red) or downstream (green,
arrow) region of the ALK locus.
C, RT-PCR detection of the
EML4-ALK fusion gene. D, direct
cDNA sequence of EML4-ALK
variants 1 and 3.
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Table 2. Clinical, pathologic, and genetic
analysis of ALK-positive NSCLC
Characteristic EML4-ALK fusion P
NSCLC + -
Female gender 27 4 23 0.062
Mean age (y) 64.4 55.4 65.0 0.0408
<60 29 5 24 0.0139
Bone metastasis 22 2 20 0.6396
Brain metastasis 16 2 14 0.2973
Mean tumor 404 286 419 0.0478
diameter (mm)
Smoking index 784 161 827 0.0071
(n =107)
Never/light smoker 37 6 31 0.0056
Adenocarcinoma 82 7 75 0.1896
Mucin production 17 5 12 0.0009
EGFR wild-type 84 7 77 0.3317
ALK variant 1 4
ALK variant 3 3
NOTE: Two cases without primary tumors and six cases
of recurrence were excluded from the tumor diameter
analysis. Smoking history was recorded in 107 patients.

genes is very precise (4). This method is expected to be more
practical for the detection of ALK fusion genes compared
with FISH because FISH can sometimes be very difficult
to perform for ALK fusion genes due to the close proximity
of the two fusion gene components. We performed both
fusion and split assays for FISH, and FISH was performed
to confirm the immunohistochemical results. In addition,
the ALK fusion genes are novel oncogenes in lung cancer.
There is a possibility of existing unknown fusion pattern
which cannot be detected by FISH or RT-PCR. Immunohis-
tochemistry has an advantage of detecting novel unknown
fusion patterns (4). In this study, we performed immuno-
histochemistry using the iAEP methodology and an Auto-
stainer instrument. This technique is convenient, highly
reproducible, and enables accurate diagnosis even if only
a small amount of specimen is available. These features
are well-suited for the screening of ALK-positive lung
cancers using small biopsy samples. The Autostainer instru-
ment also allows uniform immunohistochemical analysis,
which may lead to consistent results among different
institutions/hospitals; such uniformity is essential for the
standardization of diagnostic procedures that assess the
presence of ALK fusion genes. Recently, a highly sensitive
antibody directed against ALK fusion products that can
possibly be used for immunohistochemistry has been
reported, therefore representing a novel candidate for ALK
fusion detection (12).

The median age of ALK-positive cases in the present study
was 55.4 years. Patients <60 years represent approximately
10% of all lung cancer deaths (6,655 of 63,255 deaths)
according to the Japanese National Cancer Center Cancer

Information Service Statistics published in 2008 (13). In
the present study, a significant number of ALK-positive
cases were <60 years of age (17.2%, 5 of 29; P < 0.05).
ALK-positive cancer may therefore be more common in
patients with early-onset NSCLC. However, it should be
noted that two ALK-positive cases were >70 years of age
(71 and 73 years); therefore, although patient age may
become a predictor of ALK fusion gene positivity, ALK
screening must also be performed in elderly individuals.
The median diameter of primary lung tumors was signifi-
cantly smaller in ALK-positive cases (28.6 versus 41.9 mm;
P < 0.05), further emphasizing the importance of EBUS-
TBNA because this technique does not require a large prima-
1y lesion. An additional advantage of EBUS-TBNA is that it
can be used for lymph node sampling, which is relevant to
the majority of advanced lung cancer cases. Although lung
cancer is generally more common in smokers, most of the
ALK-positive cases in this study (37 cases; 34.3%) were
never-smokers or light smokers. The smoking index scores
in the ALK-positive cohort were significantly lower than that
of ALK-negative patients (161 versus 827; P < 0.01). Hence,
being a never-smoker or light smoker seems to be a strong
predictor of ALK positivity (P < 0.01).

Evaluation of the clinicopathologic characteristics of pa-
tients in our cohort indicated that ALK-positive lung cancer
tends to have an adenocarcinoma histology, expresses wild-
type EGFR, has an early age of onset (<60 y), manifests as a
relatively small primary lesion, more frequently occurs in
never-smokers or light smokers (smoking index score
<400), and has a mucin-producing histology. However, as
EBUS-TBNA samples are obtained from metastatic lymph
nodes rather than the primary tumor, these clinical features
are nearly compatible with previously reported features
(14). Patients harboring one or more of these predictive
factors may therefore derive the most benefit from ALK
fusion gene screening.

Recently, ALK-positive NSCLC was reported to be a signet
ring cell type adenocarcinoma (15, 16). We assume that this
description also includes mucin production, i.e., mucin-
producing tumors or tumors with >10% Alcian blue stain-
ing in the cytoplasm. Herein, we performed Alcian blue
staining on suspected mucin-producing tumors as part of
the histologic diagnosis. By this classification, 17 (15.6%)
NSCLC cases were determined to be mucin-producing can-
cers. These cases were all adenocarcinomas and included
five ALK-positive cases; thus, approximately 30% of the
mucin-producing adenocarcinomas showed ALK positivity.
This is a significantly high frequency compared with that of
other NSCLCs (P < 0.01). This histologic feature, which can
be assessed in cytologic samples, therefore seems to be
useful for the prediction of ALK positivity.

The standard therapy for patients with advanced lung
cancer at the time of presentation is chemotherapy and/
or radiotherapy. However, standard platinum-based com-
bined chemotherapy is not sufficient for disease eradica-
tion (17). Recently, lung cancer treatment strategies have
become refined through the development of molecular
markers and molecularly targeted agents. ALK inhibitors
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have a high potential to become a definitive treatment for
ALK-positive lung cancer, in a manner parallel to the excep-
tional therapeutic response of EGFR-positive lung cancers to
EGFR tyrosine kinase inhibitors (18, 19). The efficacy of
ALK inhibitors has been confirmed in cell lines (20, 21),
and phase I clinical development of an oral ALK inhibitor
for patients with lung cancer is currently under way
(PE-02341066); two of the seven ALK-positive NSCLC cases
from the present series have been enrolled in this trial
(22, 23). As the background of ALK-positive lung cancer is
similar to that of EGFR-positive lung cancer, and ALK tyro-
sine kinase inhibition is fundamentally similar to EGFR
tyrosine kinase inhibition, ALK inhibitors might experience
a similar progression of drug development and dinical and
pathologic prediction of ALK positivity in lung cancer
patients as EGFR tyrosine kinase inhibitors have for patients
with EGFR-positive lung cancer. In this study, all ALK-
positive lung cancers possessed wild-type EGFR and were
therefore ineligible for EGFR tyrosine kinase inhibitor ther-
apy (24). Therefore, ALK fusion gene assessment and admin-
istration of ALK inhibitors may become important for
patients with EGFR-negative lung cancers.

Although some ALK inhibitors have already been devel-
oped and are currently being evaluated in dinical trials, it
is important to establish a method for determining the exis-
tence of ALK fusion genes prior to the administration of ALK
inhibitors. Both the presence of ALK fusion genes as well as
EGFR gene mutations were successfully evaluated using his-
tologic samples obtained by EBUS-TBNA of lung cancer re-
gional lymph nodes. This diagnostic strategy allowed both
pretreatment staging and evaluation of critical molecular
markers to be definitively determined in a less invasive
manner. There are some publications related with the
genomic difference between primary tumor and metastatic
site (25-29). EBUS-TBNA is a minimally invasive modality
that allows the sampling of tumor cells from metastatic
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Incidentally Proven Pulmonary “ALKoma”
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Abstract

Genetic alterations of echinoderm microtubule-associated protein-like 4 (EML4)-anaplastic lymphoma
kinase (ALK) inversion were recently found in lung cancer. A 39-year-old woman with multiple brain metas-
tases and bulky mediastinal lymph node metastases was admitted. Biopsy from her supraclavicular lymph
nodes was performed to differentiate the diagnosis between lymphoma and lung cancer. Pathologically, the
lymph nodes had a feature of adenocarcinoma. On the other hand, the commercially available chromosomal
fluorescent in situ hybridization (FISH) analysis showed split signals of ALK, which was confirmed to be the
EMIA-ALK inversion. The commercial-based ALK FISH is useful for screening pulmonary ALKoma.

Key words: EML4-ALK, lung cancer, oncogene addiction

(Inter Med 49: 603-606, 2010)
(DOI: 10.2169/internalmedicine.49.3126)

Introduction

The echinoderm microtubule-associated protein-like 4
(EMLA4)-anaplastic lymphoma kinase (ALK) inversion was
recently detected in 6.7% of Japanese non-small cell lung
cancer (NSCLC) patients (1). The fusion gene encodes a
constitutive active oncoprotein with activated ALK Kinase,
resulting in the aberrant activation of the downstream signal-
ing targets including Akt, signal transducer and activator of
transcription (STAT) 3, and Ras-extracellular signal-
regulated kinase (ERK) 1/2 (2).

The term ALKoma, coined by Benharroch et al, originally
was used to represent anaplastic large .cell lymphoma
(ALCL) carrying the %2 ; 5)(p23 ; g35) chromosome
translocation (3). In 1994, Morris et al found that the t(2 ;
5) translocation fuses part of the nucleophosmin (NPM)
gene on chromosome 5q35 to a portion of the ALK receptor
tyrosine kinase gene on chromosome 2p23 4). As with
other fusion proteins found in hematological malignancies,
ALKoma is also thought to become addicted to the ALK
signaling pathway (3). Recently oncogene addiction has
mainly been recognized among non-smoking NSCLC pa-

tients (5, 6). Just as epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) have become a
mainstay of therapy for patients harboring EGFR mutation,
patients with EML4-ALK inversion may benefit from therapy
with ALK inhibitors. We herein report an incidentally
proven EMIA-ALK inversion in primary pulmonary adeno-
carcinoma.

Abbreviations: EML4: echinoderm microtubule-associated
protein-like 4, ALK: anaplastic lymphoma kinase, NSCLC:
non-small cell lung cancer, ALCL: anaplastic large cell lym-
phoma, NPM: nucleophosmin, EGFR: epidermal growth fac-
tor receptor

Case Report

A 39-year-old woman was admitted to hospital because of
generalized seizures. An initial screening head and body CT
showed multiple brain metastases and swelling lymph nodes
throughout the thorax (Fig. 1A, B). Fiber optic broncho-
scopy showed direct invasion of tumor to the carina
(Fig. 1C). After a crisis of generalized seizures, neurological
disorders were not obvious. The patient’s performance status
(PS) was graded as one, because of a dry cough, which had
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Figure 1. The imaging at presentation. Computed tomogra-
phy presents multiple brain metastases (A) and mediastinal
lymphadenopathy (B). Fiber optic bronchoscopy showed a di-
rect invasion from metastatic lymph nodes to the carina (C).
Both bronchi are too narrow to perform further examinations.

been apparent for the past 6 months before her admission to
our hospital. Fine needle aspiration was performed from her
right supraclaviclar lymph nodes, and malignancy at any ori-
gin was detected. As the patient was suspected to have ma-
lignant lymphoma or lung neoplasm, she was transferred to
our institution for further examinations and therapies.

The laboratory data, including the tumor markers (carci-
noembrionic antigen and soluble interleukin 2 receptor)
were normal. The white blood cell count was 11,770/uL,
probably due to the prophylactic use of corticosteroids
against seizures. As the patient was thought to be in need of
immediate therapy, an open biopsy from her right supracla-
vicular lymph nodes under local anesthesia was performed
on the day of the transfer. The frozen samples were sub-
jected to pathological examination, to EGFR mutation analy-
sis (the peptide nucleic acid-locked nucleic acid polymerase
chain reaction (PCR) clamp method (7), Mitsubishi Chemi-
cal Medience, Tokyo, Japan), and to a comprehensive analy-
sis for malignant lymphoma. Pathologically, the lymph
nodes had a feature of moderately to poorly differentiated
adenocarcinoma (Fig. 2A), with positive immunohistochemi-
cal staining for thyroid transcription factor-1 and epithelial
markers (CAMS5.2 and AE1/AE3). Immunohistochemical
staining for lymphocyte markers was negative (CD20, CD45
RO, and CD30). Finally, her clinical diagnosis was deter-
mined to be cTXN3M1(BRA), clinical stage IV, adenocarci-
noma of the lung. Although she was a young, never-
smoking Japanese woman (8), she was found to be negative
for EGFR mutations.

Meanwhile, the results of a comprehensive analysis for
malignant lymphoma were reported. These analyses con-
sisted of flow cytometric analyses with CD45 gating and a
chromosomal G-banding analysis. In addition, the chromo-
somal fluorescent in situ hybridization (FISH) analyses were
performed to detect the transition of ALK (2p23), BCL6
(3927), IGH/BCLI t(11 ; 14)(ql3 ; q32), IGH/BCL2 t(14 ;
18)(q32 ; q21), and IGH/CMYC (8 ; 14)(q24 ; q32), based
on a pathologist’s decision (“ML-NET”, SRL, Tokyo). In
this case, the FISH analyses were added because the sample
was not adequate for G-banding. Surprisingly, the FISH
analysis of ALK, using 5°-(green) and 3’-(red) sequences for
hybridization probes, showed the split signals of ALK, in up
to 96% of the cells counted (total 100 cells) (Fig. 2B). In
order to analyze the counterpart of transition for ALK, multi-
plex reverse transcription PCR of the EMILA-ALK fusion
transcripts was performed by YLC, MS and HM, and the
transition was found to be EML4-ALK inversion, variant 2
(Fig. 20).

Abbreviations: PCR: polymerase chain reaction, FISH: fluo-
rescent in situ hybridization

Discussion

EMIA-ALK inversion was first identified by Soda et al,
from a lung adenocarcinoma specimen that was surgically
resected from a 62-year-old male with a history of smoking.
They made a cDNA library from the specimen, inserted
c¢DNAs into the plasmid clones, and then infected them into
mouse 3T3 fibroblasts with recombinant retrovirus to assess
its ability to transform the foci. The EMIA-ALK inversion
transcripts were found in one of the transformed foci (1).

ALK, as well as leukocyte tyrosine kinase (LTK), is a re-
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Figure 2. Histopathology and genetic analyses. Moderately
to poorly differentiated adenocarcinoma is recognized with
acinar patterns (A). A genomic FISH analysis showed that
96% of the cells which were analyzed had the split signal of
ALK. A representative cell is shown (B). Multiplex RT-PCR
to capture all in-frame fusions between EML4 and ALK mes-
sages was conducted with the following primers;
“GTGCAGTGTTTAGCATTCTTGGGG-3,
5’AGCTACATCACACACCTTGACTGG-3’,
5~-TACCAGTGCTGTCTCAATTGCAGG-3,
5".GCTTTCCCCGCAAGATGGACGG-3’,
5’.CAGCTGAGAGAGTGAAAGCTTTGG-3’,
5".GACAGTTGGAGGAATCTGTCGATG-3’,
5" ATCCTGCGGAACACTATTCAGTGG-3’,
5" TCAAGCACATCTCAAGAGCAAGTG-3" and
5. TCTTGCCAGCAAAGCAGTAGTITGG-3".
Examination of an enlarged lymph node revealed the success-
ful amplification for the EML4-ALK variant 2 transcript (in-
dicated as #J4).

ceptor tyrosine kinase similar to the insulin receptor subfam-
ily of kinases. LTK is found in murine B lymphocyte pre-
cursors and in forebrain neurons. ALK is usually found in
the nervous system, where it serves the normal neural differ-
entiation and construction. By transfusing its kinase domain
with an activating counterpart with coiled-coil domain, like
NPM, TRK-fused gene (TFG), EML4 and so on, ALK gains
oncogenic potential via a constitutional dimerization (2).
Since the receptor tyrosine kinases are one of the main
targets of therapy in malignancy, Rikova et al performed a

global survey of phosphotyrosine using lung cancer cell
lines and clinical samples (9). Along with the well-known
phosphorylation of EGFR and MET, the tyrosine phospho-
rylation of ALK was found in one cell line and in seven pa-
tients. A further analysis revealed three EMI4-ALK inver-
sions and one TFG-ALK fusion in 103 NSCLC patients,
thus resulting in an overall frequency of ALK fusion of 4%
in the Chinese population (9). A NSCLC cell line, H3122,
which harbored an EMIA4-ALK inversion, showed massive
apoptosis with an ALK kinase inhibitor, TAE-684 (10). Fur-
thermore, transgenic mice expressing EMIA4-ALK condition-
ally in lung alveolar epithelial cells, which developed innu-
merable lung adenocarcinomas within a few weeks after
birth, responded greatly with the oral administration of
small-molecule inhibitors of the ALK kinase (11). There-
fore, ALK is a novel therapeutic target in NSCLC. A phase
I trial using PF02341066, TKI for MET and ALK, is ongo-
ing for NPM-ALK-positive lymphoma (NCT00585195).

The clinicopathological background in patients with
EMIA4-ALK inversion has been previously well described in
two series. Inamura et al described that EMI4-ALK positive
lung cancers are characterized by an acinar histology, har-
boring neither EGFR mutation nor KRAS mutation, a non-
or light smoking background and a young onset (12). An-
other group reported similar findings in which patients with
EMIA-ALK inversion were younger, more likely to be never/
light smokers. They have also shown mutations of KRAS,
EGFR and the rearrangement of EMIA4-ALK to be mutually
exclusive (13). Furthermore, the latter group focused on the
higher incidence of metastatic diseases in patients with an
EMIA4-ALK inversion or EGFR mutation compared to pa-
tients without those alterations. The present case closely
matches these findings. It is therefore suggested that an
ALK FISH analysis should be recommended in the case of
a never/light smoker, of younger onset, who is negative for
EGFR mutation and advanced diseases.

Although several counterparts of ALK transition have
been reported in some kind of tumors (2), the EMIA-ALK
inversion occurs most frequently in NSCLC (14). The iden-
tification of fusion transcripts is somewhat difficult because
of the variation in the breakpoints of inversion. Soda et al
are in the process of establishing multiplex RT-PCR for de-
tecting fusion transcripts (1, 15). However, taking into con-
sideration that there are a few other types of ALK-fusion
(TFG and KIF5B (16)), the commercially used, previously
established ALK FISH analysis is more useful in the screen-
ing of ALK altered NSCLC.

Since the incidence of patients demonstrating NSCLC
with ALK transition who may benefit from a timely diagno-
sis and appropriate therapy exceeds the incidence of ALCL,
the commercially-based ALK FISH is therefore considered
to be a promising diagnostic modality for determining
NSCLC patients with ALK transition.

Abbreviations: TKI: tyrosine kinase inhibitor, TRK-fused
gene
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CSE REPORT

Treatment of Lung Cancer with an ALK Inhibitor
After EML4-ALK Fusion Gene Detection Using
Endobronchial Ultrasound-Guided Transbronchial
Needle Aspiration

Takahiro Nakajima, MD, PhD,*} Hideki Kimura, MD, PhD,* Kengo Takeuchi, MD, PhD, }
Manabu Soda, MD, PhD,§ Hiroyuki Mano, MD, PhD,§ Kazuhiro Yasufuku, MD, PhD,
and Toshihiko lizasa, MD, PhD*

40-year-old man who had complained of bloody spu-

tum was referred to our hospital for workup. Chest
computed tomography showed a significant mediastinal
lymphadenopathy (Figure 14). Bronchoscopic examina-
tion revealed a tumor compressing the right mainstem
bronchus (Figure 24). Massive bleeding from the tumor
was caused by passage of the bronchoscope. Therefore, a
diagnosis of pulmonary adenocarcinoma was made by
sputum cytology. The patient first received conventional
chemotherapy in the form of four courses of cisplatin plus
vinorelbine (CDDP + VNR), two cycles of cisplatin plus gem-
citabine (CDDP + GEM), and four cycles of carboplatin plus
gemcitabine (CBDCA + GEM). However, both the size of the
tumor and the serum carcinoembryonic antigen level continued
to increase. Fluorodeoxyglucose positron emission tomography
suggested systemic metastasis in hilar and mediastinal lymph
nodes and bone (Figure 1B).

We performed endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) to avoid
bleeding from the tumor. Metastatic adenocarcinoma was
revealed in an upper paratracheal lymph node (#2R) (Fig-
ures 2B, C). Because the epidermal growth factor receptor
gene was wild type, we examined the presence of ALK
fusion genes. Immunohistochemistry by the intercalated
antibody-enhanced polymer (iAEP) method! showed an
expression of ALK protein in the samples obtained by
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EBUS-TBNA (Figure 2D). EML4-ALK fusion gene was
also confirmed by both fluorescence in situ hybridization
(Figure 2E) and reverse transcriptase-polymerase chain
reaction (Figure 2F). Direct sequencing of the PCR prod-
uct revealed the presence of EML4-ALK variant 1. Thus,
we referred the patient for enrollment in a clinical trial
with crizotinib (PF-02341066).2 Six weeks after adminis-
tration of the crizotinib (250 mg twice a day, oral admin-
istration), the bloody sputum disappeared, and the tumor
size decreased on chest computed tomography (Figure
1C). The carcinoembryonic antigen level also normalized.
Five months after administration, an abnormal accumula-

FIGURE 1. A, Chest computed tomography showed a nar-
rowing of the right main bronchus due to massive lymphad-
enopathy. B, FDG-PET suggested multiple lymph node me-
tastases and bone metastases. C, Six weeks after
administration of the ALK inhibitor, the effect of the treat-
ment was judged as partial response based on RECIST. D,
Five months after administration of the ALK inhibitor, abnor-
mal accumulation on FDG-PET had disappeared. FDG-PET,
fluorodeoxyglucose positron emission tomography.

2041
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FIGURE 2. A, Bronchoscopic exami-
nation showed tumor compression of
the right main bronchus, and the tu-
mor had hyperplastic vessels on its
surface. B, EBUS-TBNA was performed
for a pretracheal lymph node (#2R).
C, Histologic core revealed metastatic T
adenocarcinoma in #2R node. D, Im- B
munohistochemistry was positive for
ALK protein using the IAEP method.
E, FISH revealed the EML4-ALK fusion
gene. EML4-ALK split assay with la-
beled probes for the upstream (red)
and downstream (green, arrow) re-
gion of the ALK locus. EML4-ALK fu-
sion assay with labeled probes for
EML4 (green, arrow) or ALK (red, ar-
row). Fusion gene showed EML4-ALK
(arrow). F, RT-PCR using specific
primer set for each variant also con-
firmed the presence of EML4-ALK
variant 1 (274bp). The presence of
variant 1 type fusion was also con-
firmed by direct sequence of the RT-
PCR product (data not shown). RT-
PCR, reverse transcriptase-polymerase
chain reaction; FISH, fluorescence in
situ hybridization.

s SR AR bR R AR AR

tion almost disappeared on fluorodeoxyglucose positron
emission tomography scan (Figure 1D). The observed side
effects were only slight nausea during the early period of
administration. The patient remains in good condition
without tumor relapse for 10 months. The patient suddenly
complained bilateral lower extremities paralysis, and the
spinal cord metastasis was revealed. The patient was
discontinued treatment during the trial in April 2010 be-
cause of disease progression.

DISCUSSION
Fusion of ALK with EML4 gives rise to a highly potent
oncogene in non-small cell lung cancer,? being detected in ~5%

2042

41
DOERER

ALK EMLG-ALK
split assay fusion assay

A Intermediate be.

Upstream EniLA
Downstream ALK
! 50bp ladder
 aroplvarintl)
ey No template

This case (EBUS~TBNA)

(sputum after EBUS~TBNA)

Positive control{¥3)

of all non-small cell lung cancer cases.!3# Presence of the ALK
fusions can be detected by immunohistochemical screening? and
can be also confirmed by fluorescence in situ hybridization and
reverse transcriptase-polymerase chain reaction.* Recently, with
progress in chemotherapeutic research, molecular targeted ther-
apeutic agents have been developed, including ALK kinase
inhibitors that are now being clinically tested.? Ideally, ALK
fusion gene assessment should be performed using minimally
invasive means to obtain biopsy samples sufficient for genetic
analysis for subsequent targeted molecular therapy. Histologic
as well as cytologic samples can be obtained by EBUS-TBNA,
and we have previously reported that high-quality cores are
adequate for molecular analyses for biomarkers.” The dramatic
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effect of the ALK inhibitor in this patient demonstrates that
adequate biomarker assessment contributes to the optimum se-
lection of reagents in targeted molecular therapy and in individ-
ualized treatment.
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EML4-ALK Fusion in Lung

To the Editor-in-Chief:

The recent article by Martelli and colleagues’ reports (i) the
detection of EML4-ALK fusion cDNAZ not only in non-small
cell lung cancer (NSCLC) specimens but in non-tumor lung
tissues, (i) a very low proportion of FISH-positive cells for
ALK rearrangements among EML4-ALK-positive speci-
mens, and (iii) the failure to detect EML4-ALK protein by
immunohistochemistry (IHC) and Western blotting. Based
on these lines of observation, the authors questioned the
clinical relevance of EML4-ALK in the carcinogenesis of
NSCLC.

Although detection of fusion kinases in normal tissues is
a potentially interesting observation, caution is warranted in
the interpretation of their results.® They replicated thrice
the reverse transcription-polymerase chain reaction (RT-
PCR) for EML4-ALK and noted that “In half of the (positive)
cases, one replicate experiment did not confirm the fusion
transcript was present.” They then suggested that the fusion
gene was “expressed at very low level.” It is, however, also
quite possible that such unstable PCR results may simply
represent contaminated experiments. If this is the case, a
discussion on FISH and protein analyses would become
irrelevant. In their report, the presence of the EML4-ALK
fusion gene was only evidenced by unstable RT-PCR re-
sults and a small proportion of FISH-positive cells among
specimens.

In this regard, it was surprising that the authors had not
tried genomic PCR to exclude the possibility of PCR con-
tamination.™ In most of their fusion-positive cases, they
found the EML4-ALK variant 1 cDNA, in which exon 13 of
EML4 cDNA is connected to exon 20 of ALK cDNA. Be-
cause the length of intron 14 of EML4 gene and intron 19 of
ALK gene is 5724 bp and 1932 bp, respectively, the max-
imum size of the genomic PCR to detect the gene fusion
should be ~7.7 kbp, which is within the scope of current
long-range PCR systems. Indeed, we have been able to
detect genomic PCR products among >50% of the fusion
cDNA-positive cases. Interestingly, the break/fusion points
in the genome vary substantially among NSCLC speci-
mens,?*% and we have not obtained, to date, any pairs of
NSCLC specimens carrying identical break/fusion points in
their genome (even among those positive for the same
EML4-ALK variants).

We speculate, therefore, that (i) if none of the fusion
cDNA-positive cases reported by Martelli et al"® produce
specific genomic PCR products, then the fusion cDNA

The American Journal of Pathology, Vol. 176, No. 3, March 2010
Copyright © American Society for Investigative Patholo,
DOI 10.2353/ajpath.2010.091057 :

products likely arose from cDNA-contamination, (i) if the
fusion cDNA-positive cases yield identical genomic PCR
products, then the fusion cDNAs likely arose from speci-
men-contamination, and (iii) if the fusion cDNA-positive
cases display distinct genomic fusion points, then each
specimen was truly positive for the EML4-ALK fusion gene.
Without such careful examination, we have to conclude that
their claims in the article have not as yet been clearly
demonstrated.

As described previously,® immunohistochemical de-
tection of the EML4-ALK protein is highly difficult, prob-
ably owing to the weak activity of the EML4 promoter
that drives the expression of EML4-ALK messages. We
have thus examined the suitability of commercially avail-
able antibodies to ALK for IHC and successfully devel-
oped the intercalated antibody—enhanced polymer (IAEP)
method, which enables reliable detection of EML4-ALK
among formalin-fixed and paraffin-embedded speci-
mens.® The same specimen positive for EML4-ALK RT-
PCR can be, for instance, readily stained to be positive
with IAEP, but negative with conventional IHC methods
(see Supplemental Figure S1 in ref. 6). We thus agree
with Martelli et al that screening of NSCLC specimens
with conventional IHC methods will not detect EML4-ALK
protein, but strongly argue that such failure does not simply
indicate the absence of EML4-ALK. For such screening, we
recommend iAEP or other sensitive technigues.”

it should be further noted that, in both our® and other
researchers’ IHC analyses,” almost all tumor cells in a
given EML4-ALK-positive specimen were positively immu-
nostained with anti-ALK antibodies, suggesting a homoge-
nous presence of EML4-ALK within a tumor. Such observa-
tion is, however, in contrast to the FISH data by Martelli et al,
which show that the ALK rearrangement was only positive in
~2% of tumor cells in a given EML4-ALK-positive speci-
men. On the contrary, FISH analyses of our EML4-ALK-
positive samples clearly demonstrate that most of the tumor
cells harbor rearranged ALK alleles, implying that the gen-
eration of the EML4-ALK fusion gene is an early event in
NSCLC carcinogenesis. The homogenous presence of
EML4-ALK in our fusion-positive tumors, as demonstrated
by both FISH and IHC, further raises a concern about the
“EML4-ALK-positive tumors” as defined by Martelli et al.

Specific inhibitors to ALK enzymatic activity are already
in clinical trial, as reported at the 2009 annual meeting of
America Society of Clinical Oncology and the European
Cancer Organization and Congress of the European Soci-

1
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ety for Medical Oncology.® Such reports reveal only
modest and transient side effects (nausea, vomiting,
and diarrhea) with their ALK inhibitor, but without severe
damage in hematopoiesis or renal function. On the other
hand, the marked therapeutic efficacy of their compound
against EML4-ALK-positive NSCLC makes it one of the
rare, highly successful molecular targeted therapies against
human cancer, in line with imatinib mesylate and gefitinib/
erlotinib. These data further reinforce the essential role of
EML4-ALK in the carcinogenesis of NSCLC, and gquestion
the validity of the conclusions led by Martelli et al.™

Hiroyuki Mano
Kengo Takeuchi
dJichi Medical University, Tochigi, Japan
The University of Tokyo, Tokyo, Japan
The Cancer Institute, Tokyo, Japan
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Authors’ reply:

In their letter, Mano and Takeuchi claim that our unstable
PCR results in normal and cancerous lung tissues could be
attribtuable to contamination. However, as clearly illustrated
in our article,” serial dilution experiments in the H2228 cell

line demonstrate the specificity and sensitivity of our RT-
PCR assay. Furthermore, the identification in our EML4-ALK
fusion positive tissues of alternative isoforms of variant 3,
rather than the described two isoforms coexpressed in the
H2228 cell line, is indicative of exclusive events in tumors,
making contamination unlikely. Lastly, our experiments
were confirmed independently in two laboratories (Milan
and Barcelona) and always contained appropriate negative
PCR controls.

We disagree with Mano et al's claim that the results of
genomic PCR could be used to prove a possible RT-PCR
contamination in our samples, which can only be excluded
by the use of appropriate controls and procedures, as
outlined above. However, we used genomic PCR to amplify
the sequence flanking the EML4-ALK variant 1 breakpoint in
four positive NSCLC samples. Even though a strong ampli-
fication product had been obtained from the same DNA
templates using primer sets amplifying a control genomic
locus of similar size to that of the cases so far reported in
literature, no amplification of the EML4-ALK variant 1 fusion
product was identified, suggesting only a minority of cells
carried the EML4-ALK gene. These findings concur with
Maes et al® who reported that, in lymphoid tissues, high
level detection of NPM-ALK and ATIC-ALK fusion transcripts
coincided with ALK gene rearrangements (as detected by
cytogenetics and FISH), whereas low-level detection was
not supported by genomic evidence of rearrangements.

In our article,! we clearly stated that, unlike observations
in ALK+ lymphomas, tumor cells from NSCLC specimens
expressed such a low amount of the EML4-ALK fusion
protein that immunoprecipitation and immunohistochemis-
try performed with the commercially available antibodies
are unable to detect it. This is in keeping with the observa-
tion that the EML4-ALK fusion protein is detectable only
using highly sensitive methods, such as mass spectrome-
try® or the intercalated antibody-enhanced polymer (IAEP)
method* which, unfortunately, are not available in all pathol-
ogy laboratories and are difficult to standardize. Therefore,
the question of how best to detect the EML4-ALK fusion
protein remains unanswered.

Issues concerning the frequency, heterogeneity, and
tissue specificity of the EML4-ALK rearrangement must
also be addressed carefully.

Frequency

We recently extended our FISH analysis to 173 surgically
resected lung cancer specimens (mainly adenocarcinomay)
from an unselected group of Caucasian patients. The inci-
dence of truly positive cases (>50% FISH positive, fusion
transcript, and protein positive) was only 0.6% (1/173
cases), which reinforces the results in our artile and is in
keeping with Rodig et al's® recent report of 1/227 (0.45%)
ALK rearranged case in a series of surgically treated West-
ern adenocarcinoma.

Heterogeneity

The heterogeneity of the EML4-ALK rearrangement we de-
tected by FISH was confirmed by others in primary tumors
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and cell lines®” and is supported by functional studies
showing that the magnitude of growth inhibition by siRNA-
mediated silencing did not correlate with the number of
cells harboring the rearrangement and the lack of growth
inhibition in 50% of EML4-ALK-positive cell lines. These
observations suggest that additional signaling mecha-
nisms independent of ALK may regulate growth and cell
proliferation.

Specificity

Claims from Mano's group that the EML4-ALK product is
specific for NSCLC is contradicted by our findings in normal
tissues™® and by a recent study from Lin E. et al,® who found
EML4-ALK fusions in breast (2.4%) and colorectal (2.4%)
cancer, in addition to NSCLC.

Finally, we wonder whether it is really appropriate to
compare treatments such as ALK inhibitors in NSCLC with
imatinib mesylate and gefinitinib/erlotinib in other human
neoplasms. In fact: i) the role of EML4-ALK in NSCLC is not
as well established as that of BCR/ABL in chronic myeloid
leukemia (CML); i) NSCLC responses to ALK inhibitors® are
not as remarkable as the CML response to imatinib mesy-
late; and iii) patients with NSCLC were treated with a mul-
tikinase, c-MET and ALK, inhibitor.® Considering that about
20% of NSCLC have MET amplification and overexpression
and that MET rearrangements are homogeneous in lung
cancer, 0 it may be possible that responses to the multiki-
nase inhibitor may be related to other coexisting oncogenic
events, independently of ALK.

In conclusion, although we fully acknowledge the impor-
tance of Soda et al’s discovery,!" we believe that additional
studies are required to elucidate the concurrent genetic
events and cellular settings necessary for EML4-ALK to
exert an oncogenic function and to better define the role of
EML4-ALK in diagnosis and targeted therapy of NSCLC.

Brunangelo Falini

Maria Paola Martelli

Stefano A. Pileri

Gabriella Sozzi

Patrizia Gasparini

Institute of Hematology, University of Perugia, Perugia, ltaly
The Units of Surgical Pathology and Hematopathology,
S. Orsola Hospital, University of Bologna, Bologna, Italy

Fondazione IRCCS, Istituto Nazionale dei Tumori, Milan, Italy
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