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Abstract

myofibroblastic stroma.

factor-B1

Background: Adenocarcinoma in situ (AlS) and minimally invasive adenocarcinoma (MIA) with fibrous stromal
invasion are newly introduced subtypes of small lung adenocarcinoma. AlS is a small localized adenocarcinoma in
which growth is restricted to neoplastic cells along preexisting alveolar structures without fibrous stromal invasion.
In MIA, by contrast, tumor cells have infiltrated the myofibroblastic stroma. Transforming growth factor (TGF)-3 is
known to be produced by progressor tumors, and excessive TGF-3 contributes to a pathological excess of tissue
fibrosis. TGF-B1 is the most abundant isoform, and its expression is a key event fostering tumor invasion and
metastasis. We therefore analyzed the relationship between TGF-31 expression and clinicopathological
microinvasion in patients with small lung adenocarcinoma.

Methods: The study participants were 45 patients who underwent curative surgery for AlS and MIA 3 cm or less in
size. Those tumors were assessed based on immunohistochemical staining using anti-TGF-31 antibody. The TGF-31
status was assessed immunohistochemically using the Allred 8-unit system.

Results: The rates of TGF-B1 positivity in the AIS and MIA groups were 27.3% and 65.2%, respectively (P <0.05). The
median of Allred score was 0.5 (range 0-5) in the AIS group and 3.0 (range 0-6) in the MIA group (P = 0.0017).
Conclusions: We suggest that TGF-B1 expression is likely to be significantly stronger in patients with MIA than in
those with AIS, and the increased expression may be associated with minimal invasion and infiltration of the

Keywords: Adenocarcinoma in situ, Lung cancer, Minimally invasive adenocarcinoma, Transforming growth

Background

Adenocarcinoma is the most common histological type
among lung cancers. As with malignancies in other
organs such as the breast and cervix, where carcinomas
are defined as non-invasive, micro-invasive or invasive,
the extent of the invasive component in lung adenocarcin-
omas is associated with clinical outcomes [1]. To address
advances in oncology, molecular biology, pathology, radi-
ology, and surgery, an international multidisciplinary
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classification was sponsored by the International Associ-
ation for the Study of Lung Cancer (IASLC), the American
Thoracic Society, and the European Respiratory Society
[2]. Adenocarcinoma in situ (AIS) and minimally invasive
adenocarcinoma (MIA) with fibrous stromal invasion are
newly introduced subtypes, while the older term of
bronchioloalveolar carcinoma does no longer exist
according to new IASLC classification of lung adenocar-
cinoma. AIS is a localized small (<3 cm) adenocarcinoma,
the growth of which is restricted to neoplastic cells along
preexisting alveolar structures without stromal, vascular
or pleural invasion. Papillary or micropapillary patterns
and intra-alveolar tumor cells are absent. MIA is a small,

© 2013 Imai et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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solitary adenocarcinoma growing in a predominantly
lepidic pattern and showing <5 mm invasion in its greatest
dimension at any one focus. If these tumors are com-
pletely resected, there will be 100% or near 100% disease-
specific survival.

Transforming growth factor (TGF)-B reportedly pro-
motes cancer metastasis by affecting the tumor micro-
environment in a manner that facilitates tumor cell
invasion [3,4]. Several tumors, including those arising in
the lung [5-7], express high levels of TGF-f, which cor-
relate with tumor progression and clinical prognosis.
Humans express three highly homologous isoforms of
TGE-B (TGF-Ps 1, 2, and 3), which share 70% sequence
identity in their biologically active C-terminal regions,
and all of which bind to the same receptor complex and
activate the same downstream signaling pathways. TGE-
B1 is the most abundant and most extensively studied
isoform [8].

We previously showed that tumor-derived TGEF-B1
causes a reduction in the number of dendritic cells within
the sentinel lymph node in lung cancer [9]. Our findings
also suggest that TGF-B1 29T>C genetic polymorphism is
associated with lymph node metastasis in patients with
adenocarcinoma of the lung [10]. In addition, we showed
that overexpression of TGF-B1 by tumor cells promotes
metastasis into tumor-draining lymph nodes in mice, most
likely by inhibiting dendritic cell migration from tumors
towards tumor-draining nodes [11]. Collectively, these
results suggest that TGF-B1 is a key mediator fostering
tumor invasion and metastasis. We therefore analyzed the
relationship between TGF-Bl expression and clinico-
pathological microinvasion in patients with small lung
adenocarcinoma.

Methods

Patients

In total, 453 patients who had undergone major pulmon-
ary resections for non-small cell lung cancer (NSCLC)
were enrolled in the study. Among them, 45 patients
(10.1%) with NSCLC had AIS and MIA subtypes of small
lung adenocarcinoma 3 cm or less in size. All had under-
gone surgery in the Department of Chest, Breast and
Endocrine Surgery, University Hospital of Akita University
Graduate School of Medicine, between January 2004 and
December 2011. This study was approved by our institu-
tional review boards, and written informed consent was
obtained from all patients. The patients’ characteristics are
listed in Table 1. The 7th edition of the TNM staging sys-
tem was used for evaluation [12].

Pathology

Surgically resected specimens were fixed in 10% formalin
and routinely processed for paraffin embedding. Histo-
logical sections were cut into 4-mm slices, which were
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Table 1 Clinical details of all patients who underwent
pulmonary resection for small lung adenocarcinoma

AlS MIA P value
n 22 23
Age (year) 63£11.9 67+9.3 0.232
Gender (M/F) 8/14 8/15 0675
Tumor size 111437 150456 0.022*
Noda! involvement 0.162
NO 22 22
N1 0 1
N2 0 0
Stage 0.243
1A 22 22
1B 0 0
HA 0 1

AIS Adenocarcinoma in situ, MIA Minimally invasive adenocarcinoma, *P <0.05.

then stained with hematoxylin and eosin (HE) and elastica
Masson using standard methods, and were reviewed by
two pathologists (A.G. and H.N.). Experienced patholo-
gists diagnosed the subtypes of the primary tumors
according to IASLC/American Thoracic Society/European
Respiratory Society International Multidisciplinary Classi-
fication of adenocarcinoma [2]. Diagnosis of AIS or MIA
was based on the HE staining (Figure 1).

Immunohistochemistry of TGF-B1 in small lung
adenocarcinoma

After reviewing HE-stained sections of the tumor speci-
mens, we selected blocks from the central regions of the
tumors for further study. The paraffin-embedded tumor
tissues were cut into 4-pm-thick sections and depa-
raffinized. Small lung adenocarcinomas were then
assessed based on standard immunohistochemical (IHC)
staining using goat polyclonal anti-TGF-1 (1:50 dilu-
tion; Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA), anti-goat horseradish peroxidase (1:100 dilution),
and diaminobenzidene stain (Figure 2). The TGF-B1
staining was scored using the Allred 8-unit system with
the combination of a proportion score from 0 to 5 and
an intensity score from 0 to 3. The proportion score
included the fraction of positively stained tumor cells
and was as follows: 0 = none, 1 <1/100; 2 = 1/100 to 1/
10; 3 = 1/10 to 1/3; 4 = 1/3 to 2/3; 5 22/3. The staining
intensity score was as follows: 0 = none; 1 = weak; 2 =
intermediate; 3 = strong [13,14].

Immunohistochemical detection of micrometastasis and
isolated tumor cells in dissected lymph nodes

Isolated tumor cells and lymph node micrometastasis were
assessed in all patients based on HE staining and IHC using
AE1/AE3 antibodies. One section of the maximum cut
surface of each lymph node was immunohistochemically
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Figure 1 International multidisciplinary classification of lung
adenocarcinoma. (a) Adenocarcinoma in situ. Histologic specimen
showing a tumor with atypical pneumocytes proliferating along
slightly thickened but preserved alveolar walls; (b) Minimally invasive
adenocarcinoma. Histologic specimen of a tumor exhibiting a
bronchioloalveolar growth pattern with minimal invasion. The tumor
L is invading in the fibrous stroma.

labeled with AE1/AE3 monoclonal mouse anti-human
cytokeratin clones using an EnVision system (DAKO
Corporation, Carpinteria, CA, USA), which was used to
detect the presence of micrometastases and isolated
tumor cells. A result was considered positive if positive
cell clusters or individual cells with the appropriate
tumor cell morphology were recognized. As proposed
by the 7™ edition of the TNM staging system [12], iso-
lated tumor cells were not considered as positive, but
were defined as pNO(i+) in this study.

Statistics

Group data were expressed as means + SD. Categorical
data were compared using the x* test. The significance
of individual differences was evaluated using the
Wilcoxon test. Values of P <0.05 were considered to be

Figure 2 Immunostaining adenocarcinoma in situ and
minimally invasive adenocarcinoma using an anti-TGF-1
antibody. (a) TGF-B1-positive MIA sample. TGF-B1-positive cells are
stained brown. TGF-B1-positive cells are predominantly observed in
the tumor itself. This sample has an Allred score of 6/8; (b) TGF-31
-negative AlS sample. This sample has an Allred score of 0/8. TGF:
Transforming growth factor; AlS: Adenocarcinoma in situ; MIA:
Minimally invasive adenocarcinoma.

significant. JMP IN 8.0.2 software (SAS Institute, Cary,
NC, USA) was used for all statistical evaluations.

Results

There were no differences between the AIS and MIA
groups with respect to age, gender, nodal involvement or
pathological stage; however, tumor size was greater in
the MIA group than the AIS group (Table 1). Table 2
shows the incidence of TGEF-B1 expression detected
upon immunohistochemical examination in the AIS and
MIA groups. Figure 3 shows the differences in TGF-$1
immunostaining between AIS and MIA scored using the
Allred method. The rate of TGF-B1 positivity was signifi-
cantly (P <0.05) higher in the MIA group (65.2%; 15/23)
than the AIS group (27.3%; 6/22). Similarly, the median
Allred score for TGF-Bl expression was significantly
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Table 2 Incidence of TGF-B1 expression in the AIS and
MIA groups

TGF-B1 expression positive stain (%)
AlS (n=22) 273
MIA (n=23) 65.2%

AIS Adenocarcinoma in situ, MIA Minimally invasive adenocarcinoma, *P <0.05.

higher (P = 0.0017) in the MIA group than the AIS group
(3.0 (range 0-6) vs. 0.5 (range 0-5)).

One instance of lymph node metastasis was detected
in the MIA group using HE and IHC staining with AE1/
AE3 antibodies. In addition, isolated tumor cells were
found in a second patient diagnosed with MIA (Figure 4).
This patient was staged as pT1aNO(i+)MO0. The overall
survival rates differed somewhat between AIS and MIA
patients (100% vs. 89.5%), but that difference did not
reach statistical significance (P = 0.093).

Discussion

The results of the present study suggest that patients
with MIA show greater expression of TGF-B1 than pa-
tients with AIS, as indicated by the significantly greater
TGEF-P1 positivity rate and Allred score. In addition, HE
and IHC staining revealed that lymph node metastasis
and isolated tumor cells were only present in the MIA
group. Thus, TGF-B1 expression by adenocarcinomas
appears to be an important factor associated with clini-
copathological microinvasion in patients with small lung
adenocarcinoma.

TGEF-B increases the invasiveness of cancer cells by in-
creasing their proteolytic activity and promoting their
binding to cell-adhesion molecules [15]. In an earlier
study, we demonstrated that tumor-derived TGF-B1

AIS

" IIIIIIIIII. B
44

- MIA

58]

Allred score

Figure 3 Allred score system devised to score results from
immunohistochemical tests of TGF-B1. Differences in TGF-31
immunostaining between AIS and MIA scored using the Allred
method; *P <0.05.
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Figure 4 Isolated tumor cells in a dissected lymph node.
Isolated tumor cells were detected by immunostaining using anti-
cytokeratin antibody in a patient diagnosed with MIA. The patient’s
pathological stage was pT1aN(i+)MO, Stage IA.

induces dendritic cell apoptosis within lymph nodes in
non-small cell lung cancer [9], and that overexpression
of TGF-B1 by tumor cells promotes lymph node metas-
tasis in mice [11]. Consistent with those findings, the ef-
fects of TGF-B1 on angiogenesis, stroma formation and
immune function appear to further support tumor pro-
gression and invasion [16,17]. AIS is a small localized
adenocarcinoma in which growth is restricted to neo-
plastic cells along preexisting alveolar structures without
fibrous stromal invasion. In MIA, by contrast, tumor
cells have infiltrated the myofibroblastic stroma. In many
diseases, excessive TGF-P contributes to a pathological
excess of tissue fibrosis that compromises normal organ
function, a topic that has been the subject of several re-
views [18-20]. However, we provide no direct evidence
of the mechanism by which TGF-B1 increases tissue fi-
brosis in MIAs.

The Noguchi classification [21] is predictive of out-
come in patients with small adenocarcinomas, with type
D, E, and F tumors showing a worse outcome than the
other tumor types. However, the majority of small
adenocarcinomas are classified as type C, so that sub-
classification of type C tumors does seem necessary.
Tumors that meet the criteria for AIS were formerly
classified as bronchioloalveolar carcinoma based on the
strict definition of type A and type B adenocarcinomas
from the 1995 Noguchi classification [21]. MIAs are tu-
mors showing lepidic growth and a small (<5 mm) area
of invasion. The MIA invades areas of stromal fibrosis in
an acinar pattern. Nearly all type C adenocarcinomas
can be classified as MIAs. The outcome of patients with
adenocarcinomas with diameters of 2 cm or less can be
predicted using the following scoring system based on
three histological criteria: 1) the tumor is lymphovascular
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invasion-positive; 2) the non-bronchioloalveolar carcin-
oma component is >10 mm in diameter; and 3) the
percentage of the solid, cribriform, and/or papillary com-
ponents is >30% of the entire tumor volume [22]. Patients
whose MIAs have a non-bronchioloalveolar carcinoma
component <5 mm show 100% survival [22,23]. Consist-
ent with that finding, no difference in survival was ob-
served between AIS and MIA in the present study.
However, nodal involvement was observed in 2 of 23 pa-
tients with MIA. We therefore suggest that it would be
problematic to conduct limited surgery for MIA patients
with micrometastasis or isolated tumor cells, though some
MIAs may be candidates for limited surgery.

Conclusions

In conclusion, our findings suggest that patients with MIAs
have both a significantly greater rate of TGF-B1 positivity
and higher TGF-B1 Allred scores than patients with AIS.
However, because we do not provide direct evidence of the
mechanism by which TGF-$1 increases tissue fibrosis in
MIAs, and we examined only a limited number of patients,
further studies will be needed to more precisely define the
role played by tumor-derived TGF-P1 in determining the
invasiveness of adenocarcinoma of the lung.
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Identification of CCDC6-RET Fusion in the Human Lung
Adenocarcinoma Cell Line, LC-2/ad
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Rearranged during transfection (RET) fusions have been newly iden-
tified in approximately 1% of patients with primary lung tumors.
However, patient-derived lung cancer cell lines harboring RET
fusions have not yet been established or identified, and therefore, the
effectiveness of an RET inhibitor on lung tumors with endogenous
RET fusion has not yet been studied. In this study, we report identi-
fication of CCDC6-RET fusion in the human lung adenocarcinoma
cell line LC-2/ad. LC-2/ad showed distinctive sensitivity to the RET
inhibitor, vandetanib, among 39 non—small lung cancer cell lines.
The xenograft tumor of LC-2/ad showed cribriform acinar structures,
a morphologic feature of primary RET fusion—positive lung adeno-
carcinomas. LC-2/ad cells could provide useful resources to analyze
molecular functions of RET-fusion protein and its response to RET
inhibitors.

Key Words: RET fusion, Lung adenocarcinoma, Cell line,
Vandetanib.

(J Thorac Oncol. 2012;7: 1872-1876)

ung cancer is the leading cause of cancer mortality in
developed countries. Molecularly targeted therapy is a
new therapeutic modality now under intense investigation.!
KRAS mutations, epidermal growth factor receptor (EGFR)
mutations, and anaplastic lymphoma receptor tyrosine kinase
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(ALK) fusions are well-known driver mutations identified in
individuals with long adenocarcinoma. Molecular analyses
have demonstrated that EGFR-mutated non—small-cell lung
tumors are usually sensitive to the EGFR inhibitors gefitinib
and erlotinib, and ALK fusion non—small-cell lung tumors are
sensitive to the ALK inhibitor crizotinib. Lung tumors with
ROS]1 fusions also respond to crizotinib.?

Recently, several independent studies newly identified
RET fusions (KIFSB-RET or CCDC6-RET) in approximately
1% of patients with primary lung tumors.>”® RET fusions were
mutually exclusive of EGFR, KRAS, and ALK mutations.
Although these studies suggested that RET kinase inhibitors
would be effective for a subgroup of lung tumors harboring
RET fusions, the clinical benefits of RET kinase inhibitors
in these patients have not been clarified yet. Studies using
patient-derived lung cancer cell lines harboring RET fusions
are now needed to decide the best optimal drug treatments;
however, lung cancer cell lines with endogenous RET fusions
have not been established nor identified to date.'

In this study, we found that a lung adenocarcinoma cell
line, LC-2/ad, harbored CCDC6-RET fusion, and examined
its sensitivity to vandetanib, a multikinase inhibitor of RET,
vascular endothelial growth factor receptor-2, and EGFR. To
the best of our knowledge, this is the first report to identify
a patient-derived lung cancer cell line harboring RET fusion
and demonstrate its sensitivity to a RET kinase inhibitor. The
availability of this cell line would facilitate studies on optimal
drug treatments and the biological properties of RET fusion—
positive lung adenocarcinomas.

MATERIALS AND METHODS

Cell Lines and Medium

We used 39 non—small-cell lung cancer cell lines, 34
adenocarcinoma cell lines (H23, H292, H358, H441, H522,
H596, H650, H1395, H1648, H1650, H1651, H1703,
H1781, H1793, H1838, H1975, H1993, H2009, H2087,
H2228, H2405, HCC827, HCC4006, Calu-3, A549, ABCI,
PC3, VMRC-LCD, RELF-LC-Adl, RELF-LC-Ad2, HLC-
1, LC-2/ad, RERF-LC-KJ, and 1.27), four large-cell carci-
noma cell lines (Lu65, H460, H661, and H1299), and one
adenosquamous cell line (H596). Detailed information on

Journal of Thoracic Oncology ¢ Volume 7, Number 12, December 2012
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FIGURE 1. Dose-response curves of three
cell lines, LC-2/ad, HCC827, and H1993.
HCCB827 harbors EGFR Exon 19 deletion

A vandetanib B gefitinib (746-750) and H1993 expresses wild-type
100 EGFR. The x axis indicates the log10 (concen-
tration of vandetanib [A] and gefitinib [B]),
80 and the y axis indicates the % of cell viability
= (mean absorbance in test wells)/(mean
£0 absorbance in control well) x 100. A, LC-2/
40 ad and HCC827 were sensitive to vandetanib
(IC50 values were 2.9E-08 and 6.9E-09,
20 respectively), but H1993 was resistant to
vandetanib (IC50 value was 5.1E-04). B,
0-+ L —= 2 HCCB827 was sensitive to gefitinib (inhibi-
-9 -8 7 -6 5 9 -8 7 & 5 tory concentration 50 value was 1.8E-10),
but LC-2/ad and H1993 were resistant to
® LC-2/ad gefitinib (inhibitory concentration 50 values
" :009227 were 1.8E-05 and 4.0E-06, respectively).
A H19

the 39 cell lines is available in our previous reports.'?
Among the 39 cell lines, EGFR mutations were detected
in five cell lines: HCC827, HCC4006, PC3, H1650,
and H1975. EGFR mutation status of the five cell lines
(Supplementary Table 1, Supplemental Digital Content 1,
http://links.lww.com/JTO/A337). We have not checked the
39 cell lines for ALK fusion in our hands, but H2228 has
been reported to harbor ALK fusion™ (Supplementary Table
1, Supplemental Digital Content 1, http://links.lww.com/
JTO/A337).

RET Fusion-Specific Polymerase Chain Reaction

We used fusion-specific reverse-transcriptase polymerase
chain reaction (RT-PCR) with the forward primer, CCDC6-197F
(5-TGCAGCAAGAGAACAAGGTG-3"), the forward primer,
KIF5B-867F  (5-ATCCAGTTCGTCCTGTTCAGAGC-3"),
KIF5B-2265R (5-AGCCACAGATCAGGAAAAGA-3’), and
reverseprimer, RET-238 1R (5-CAGGCCCCATACAATTTGAT-
3"), following the method by Takeuchi et al.*

Genetic and Protein Analysis of Cell Lines

The DNA, RNA, and cell lysates were prepared from
cell lines by standard procedures. Experimental details of
sequencing, copy number analyses, and Western blotting are
given in our previous reports 2 (antibodies for Western blot-
ting are listed in Supplementary Table 1, Supplemental Digital
Content 1, http://links.lww.com/JTO/A337).

Cell-Proliferation Assay

Cell viability was measured by the Cell Counting Kit-8
assay (Dojindo, Kumamoto, Japan) following the manufac-
turer’s instructions.'!

Xenograft Tumor of LC-2/ad
We established a xenograft tumor of LC-2/ad by inject-
ing cell suspensions (5x 10°) into the flank of a 6-week-old

female severe combined immunodeficient mouse NOD C.B-
17-Prkde scid/J (NOD/SCID).

Copyright © 2012 by the International Association for the Study of Lung Cancer

EGFR, epidermal growth factor receptor.

Immunohistochemistry

A formalin-fixed, paraffin-embedded xenograft tumor
specimen of LC-2/ad was analyzed by immunohistochem-
istry using antibodies to RET, TTF-1, Napsin A, and thyro-
globulin (sources of antibodies are given in Supplementary
Table 2, Supplemental Digital Content 5, http://links.lww.
com/JTO/A341).

LC-2/ad HCC827  H1993
gefitinib - o m = = = o -
vandetanib _ _ 4

p-EGFR
EGFR
p-ERK

ERK

p-AKT

~ .,

2

AKT

-
beta-Actin ﬂsz

FIGURE 2. Effects of vandetanib and gefitinib on the phos-
phorylation levels of EGFR, ERK, and AKT in LC-2/ad, HCC827,
and H1993. Gefitinib efficiently led to dephosphorylation of
EGFR, ERK, and AKT in HCC827, but not in LC-2/ad and H1993.
Vandetanib efficiently led to dephosphorylation of ERK and AKT
in LC-2/ad and HCCB827, but not in H1993.EGFR, EGFR, epider-
mal growth factor receptor; ERK, extracellular signal-regulated
kinase; AKT, v-akt murine thymoma viral oncogene homolog 1.
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Identification of CCDC6-RET fusion in LC-2/ad by fusion-specific RT-PCR. A, Bar graphs of gene-level expressions of

RET in the 39 cell lines. B, Results for fusion-specific RT-PCR of LC-2/ad: with the forward primer CCDC6-197F and reverse primer
RET-2381R (Lane 1), with the forward primer KIF5B-867F and reverse primer RET-2381R (Lane 2), and with the forward primer
KIF5B-2265F and reverse primer RET-2381R (Lane 3). A PCR product of an expected size (352 base pair) was amplified in Lane
1, but not in Lane 2 or Lane 3. Molecular weight marker: (pX174-HAE digest. C, RET-CCDC6 fusion was captured only in LC-2/
ad and was not captured in any of the other cell lines tested. The results for eight cell lines are shown: Lane 1, A549; Lane 2,
ABCT; Lane 3, Calu-3; Lane 4, PC3; Lane 5, RERF-LC-K]; Lane 6, HLC-1; Lane 7, L27; Lane 8, LC-2/ad; and Lane 9, VMRC-LCD).
Molecular weight marker: pX174-HAE digest. D, Direct sequencing of the PCR product containing RET-CCDC6 fusion. PCR, poly-
merase chain reaction; RT-PCR, reverse-transcriptase polymerase chain reaction.

RESULTS AND DISCUSSION

Sensitivity of Non-Small-Cell Carcinoma
Cell Lines to Vandetanib and Gefitinib

We examined and compared the efficacy of vande-
tanib (ZD6474) and gefitinib (both provided by AstraZeneca,
London, England) in 39 non—small lung carcinoma cell lines
(Supplementary Figure 1, Supplemental Digital Content 2,
http://links.lww.com/JTO/A338). Most cell lines showed simi-
lar sensitivities to the two kinase inhibitors; however, a notable
exception was the lung adenocarcinoma, LC-2/ad, which was
resistant to gefitinib, but highly sensitive to vandetanib. To
illustrate this distinctive feature of LC-2/ad, the dose-response

1874

curves of LC-2/ad for gefitinib and vandetanib are shown in
Figure 1, together with those of HCC827 (an EGFR-mutated
cell line) and H1993 (an MET-amplified cell line).

Effects of Vandetanib on the Phosphorylation
of Downstream Effectors of Growth Factor
Receptors, ERK and AKT of LC-2/ad

We tested the effects of vandetanib and gefitinib treat-
ments on ERK and AKT signaling in LC-2/ad, HCC827, and
H1993. Results are shown in Figure 2. Vandetanib (1x107¢
M) effectively abolished baseline phosphorylation of ERK
and AKT in both LC-2/ad and HCCS827, but not in H1993. In

Copyright © 2012 by the International Association for the Study of Lung Cancer
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contrast, gefitinib effectively abolished baseline phosphoryla-
tion of ERK and AKT only in HCC827. This suggests that, in
LC-2/ad, ERK and AKT are activated through a vandetanib-
sensitive pathway other than EGFR signaling.

Identification of RET Fusion in LC-2/ad.

Among the tyrosine kinases targeted by vandetanib,
RET was an obvious candidate molecule. First, in our oligo-
nucleotide array analysis data of 39 cell lines, LC/2-ad showed
lower expressions of vascular endothelial growth factor recep-
tor-2 and EGFR, but distinctively higher expression of RET
than that of other cell lines (Fig. 3A and Supplementary Data
1, Supplemental Digital Content 3, http:/links.lww.com/JTO/
A339). Second, the result of an independently performed exon
array analysis of LC-2/ad suggested the existence of RET
fusion in LC-2/ad (not shown).

To directly demonstrate RET fusion in LC-2/ad, we per-
formed fusion-specific RT-PCR with primers sets that detect
RET-CCDC6 or RET-KIF5B (see Materials and Methods).*
RET-CCDCE6 fusion, but not RET-KIF5B fusion, was detected
in LC-2/ad. No PCR product was amplified in any of the other
cell lines examined (Fig. 3B and C). Direct sequence analysis
of RT-PCR products demonstrated a fusion between CCDC6

exonl and RET exonl2 (Fig. 3D). An independently per-
formed 5 rapid amplification of complementary DNA ends
(5-RACE) using a primer complementary to RET demon-
strated the same fusion in LC-2/ad (data not shown). Although
CCDC6-RET fusions have now been found in many lung can-
cers, these cases have the same breakpoints; exon 1 of CCDC6
is fused to exon 12 of RET at the cDNA level. The thyroid
cancer cell line TPC-1 also harbors CCDC6-RET fusion at the
same site.'* However, we have not checked the breakpoints
of the RET and CCDC6 genes in LC-2/ad at the genomic
level. Thus, it would be of interest to further determine and
characterize the genomic breakpoints in CCDC6-RET fusion—
positive tumors.

Histopathologic Characteristics of an
Established Xenograft Tumor of LC-2/ad

LC-2/ad was established from the pleural effusion of
a 5l-year-old female pulmonary adenocarcinoma patient
whose smoking status was unknown; the tumor histology was
reported to be a moderately differentiated adenocarcinoma
with distinct glandular structures.”® To confirm this earlier
finding and to further examine the histopathologic features
of this cell line, we established a xenograft tumor of LC-2/ad

FIGURE 4. Histopathologic characteristics of an established xenograft tumor of LC-2/ad. A, The main histopathologic diagno-
sis of the tumor was acinar-predominant adenocarcinoma showing a cribriform pattern (hematoxylin and eosin staining, x200).
B, The tumor was positive for RET (RET immunostaining, x200). C, The tumor was positive for Napsin A (Napsin A immunostain-
ing, x200). D, The tumor was negative for thyroglobulin (Thyroglobulin immunostaining, x200).
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