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performed on days 2-8 after transfection, and then the cells were
cultured in normal medium for another 10 days. The vectors and
stable transfectant HEK293 cells were designated as pcDNA-
mock, peDNA-GFP, pcDNA-SRPX2/GFP, HEK293-pcDNA-
mock, HEK293-pcDNA-GFP and HEK293-peDNA-SRPX2/GFP.

SRPX2 cDNA in pcDNA3.1 vector was cut out and transferred
into a pQCLIN retroviral vector (BD Biosciences Clontech, San
Diego, CA) together with enhanced green fluorescent protein
(EGFP) following internal ribosome enlry site sequence (IRES) to
monitor the expression of the inserts indirectly. A pVSV-G vector
(Clontech, Palo Alt, CA) for the constitution of the viral envelope
and the pQCXIX constructs were cotransfected into the GP2-293
cells using FuGENESG transfection reagent. Briefly, 80% confluent
cells cultured on a 10-cm dish were transfected with 2 pg pVSV-
G plus 6 pg pQCXIX vectors. After 48 hr of transfection, the cul-
ture medium was collected and the viral particles were concen-
trated by centrifugation at 15,000g for 3 hr at 4°C. The viral pellet
was then resuspended in fresh RPMI1640 medium. The titer of the
viral vector was calculated by counting the EGFP-positive cells
that were infected by senal dilutions of virus-containing media,
and the multiplicity of infection (MOI) was then determined. The
viral vector and stable viral transfectant cells in each cell line
were designated as pQCLIN-EGFP, pQCLIN-SRPX2, HEK293-
pQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MKNI1-pQCLIN-
EGFP and MKN1-pQCLIN-SRPX2,

Patients and samples

An analysis of SRPX2 expression levels and clinical features was
performed using data from patients aged 20 1o 75 years and with his-
tologically confirmed, Stage IV gastric cancer. Additional inclusion
criteria included an Eastern Cooperative Oncology Group perform-
ance status of (-2, The exclusion cntena included pnior chemother-
apy or major surgery. Fifty-seven gastnic cancer samples were eval-
uated in this study. All the patients received chemotherapy after
regisiration and endoscopical biopsy. Gastric cancer and noncancer-
ous gastric mucosa samples were evaluated for SRPX2 expression in
the first consecutive 24 patients. This study was approved by the
institutional review board of the National Cancer Center Hospital,
und written informed consent was obtnined from all the patients. En-
doscopic biopsy samples were immediately placed in an RNA stabi-
lization solution (Isogen; Nippongene, Tokyo, Japan) and stored at
—80°C, Other biopsy samples obtained from the same location were
reviewed by a pﬂholngist to confirm the presence of wmor cells.
The RNA extraction me'(hod and the quality check protocol have
been previously described. '’

Real-time reverse-transcription PCR

One microgram of total RNA from normal tissue purchased
from Clontech and from a cultured cell line was converied to
cDNA using a GeneAmp™ RNA-PCR kit (Applied Biosystems,
CA). Real-time PCR was carmied oul using the Applied Biosys-
tems 7900HT Fast Real-time PCR System (Applied Biosystems)
under the following conditions: 95°C for 6 min, 40 cycles of 95°C
for 15 sec and 60°C for | min. Glyceraldehyde 3 phosphate dehy-
drogenase (GAPD, NM_002046) was used to normalize the
expression levels in the subsequent quantitative analyses. To
amplify the target genes, the following primers were purchased
from TaKaRa (Yotsukaichi, Japan); SRPX2-FW, ACT GGA TTT
GCG GCA TGT GA; SRPX2-RW, CCA TGT TGA AGT AGG
AGC GAG TGA; GAPD-FW, GCA CCG TCA AGG CTG AGA
AC; GAPD-RW, ATG GTG GTG AAG ACG CCA GT.

Anti-SRPX2 polyclonal antibody
Rabbit antibodies specific for SRPX2 were oblained by immu-
nizing rabbits with SRPX2 peptide (FIDDYLLSNQELTQ)

according to a previously described method,” and IgG was purified
from serum using standard protocols.
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SRPX2-conditioned medium

The media in which subconfluent HEK293-pQCLIN-EGFP,
HEK293-pQCLIN-SRPX2, MKN1-pQCLIN-EGFP and MKN]-
pQCLIN-SRPX2 cells were being cultured was replaced with a se-
rum-reduced medium (OPTI-MEM; GIBCO), the cells were cul-
tured for an additional 24 hr and the conditioned-media were col-
lected. The media were filtered using Millex-GS (Millipore, Bed-
ford, MA) and concentrated using the Amicon Ultra (Millipore)
and stored at —80°C. The concentration of the conditioned-
medium was measured using a BCA protein assay (Pierce Bio-
technology, Rockford, IL.) and equalized.

Western blot analysis

The antibodies used in this study were anti-GFP (Invitrogen,
Carlsbad, CA), anti-focal adhesion kinase (anti-FAK), anti-p-FAK
(pY397) (BD Biosciences), anti-B-actin (Santa Cruz Biotechnol-
ogy. Santa Cruz, CA) and anti-p-FAK (pY576/577) (Cell Signal-
ing, Beverly, MA).

A Western blot analysis was performed as described previously
(Ref. 10). In brief, subconfluent cells were washed with cold phos-
phate-buffered saline (PBS) and harvested with Lysis A buffer
containing 1%Triton X-100, 20 mM Tris-HCI (pH 7.0), 5 mM
EDTA, 50 mM sodium chloride, 10 mM sodium pyrophosphate,
50 mM sodium fluoride, 1 mM sodium orthovanadate and a prote-
ase inhibitor mix, rurnplele (Roche Dmgnmlu:s) Whole-cell
lysates and culture medium were separated using a 2-15% gradi-
ent SDS-PAGE and blotied onto a polyvinylidene fluoride mem-
brane. After blocking with 3% bovine serum albumin in a TBS
buffer (pH 8.0) with 0.1% Tween-20, the membrane was probed
with primary antibody. Afier rinsing twice with TBS buffer, the
membrane was incubated with horseradish peroxidase-conjugated
secondary antibody (Cell Signaling) and washed followed by visu-
alization using an ECL detection system (Amersham) and LAS-
3000 (Fujifilm, Tokyo, Japan). The data were quantified by auto-
mated densitometry using Multigauge Ver 3.0 (Fujifilm). The
experiment was performed in triplicate.

Cellular growth assay

HEK293 transfectant cells were incubated on 96-well plates at a
density of 2000/well with 180 pL of culture medium at 37°C in 5%
CO.. After 24, 48 or 72 hr of incubation, 20 pL of MTT [3-(4,5-
dimethyl-thiazoyl-2-y1)2,5-diphenyltetrazolium bromide] solution
(SIGMA) was added and the cultures were incubated for 4 hr at
37°C. After centrifugation. the culture medium was discarded und
the wells were filled with DMSO. The absorbance of the culrures at
562 nm was measured using VERSAmax (Japan Molecular Devi-
ces, Tokyo, Japan). The experiment was performed in mriplicate.

Cellular adhesion assay

EGFP-conditioned or SRPX2-conditioned media obtained from
HEK293-pQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MKNI-
pQCLIN-EGFP or MKN | -pQCLIN-SRPX2 cells were adjusted to
a concentration of | mg/mL and 50 pL were incubated at 4°C
overnight on 96-well plates. The conditioned media were aspi-
rated, and the wells were washed twice with PBS. The plates were
then used in an adhesion assay as conditioned medium-coated 96-
well plates. The cells to be analyzed were added to the wells of
conditioned medium-coated plates (2 X 10* cells /well) and incu-
bated at 37°C for 1 hr. When treated with FAK inhibitors (PP2
and Herbimycin A: Calbiochem, San Diego, CA), the cells 1o be
analyzed were incubated for 4 hr. The wells were then washed
twice with PBS to remove nonadherent cells. Adherent cells were
evaluated using the MTT assay as described above. The average
0.D. values of 3 wells were used for a single experiment, and the
experiment was performed in triplicate.

Migration assay and chemotaxis assay

Migration assays were performed using the Boyden-chamber
methods and polycarbonate membranes with an 8-pm pore size
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Figure 1| - Tissue distribution
of SRPX2 mRNA expression. The
mRNA  expression levels of
SRPX2 were determined using a
real-time RT-PCR analysis in (a)
human normal  tissue: (b) 30
human cancer cell lines, HEK293
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(chemotaxicell: KURABO). The membranes were coated with fibro-
nectin on the outer side and dried for 2 hr at room temperature. The
cells to be analyzed (2 X 10°/well) were then seeded onto the upper
chambers with 200 pL of migrating medium (DMEM containing
0.5% FBS), and the upper chambers were placed into the lower
chambers of 24-well culture dishes containing 600 uL of DMEM
containing 10% FBS. After incubation for 8 hr at 37°C, the media in
the upper chambers were aspirated and the nonmigrated cells on the
inner sides of the membranes were removed using a cotton swab,
The cells that had migrated to the outer side of the membrancs were
fixed with 4% paraformaldehyde for 10 min and stained with 0.1%
crystal violet for 15 min, then counted using a light microscope. The
experiment was performed in triplicate.

The chemotaxis assays were performed using SNU-16 cells. A
total of 1 X 10 cells were seeded onto the upper chambers with
200 pL of RPMI containing 0.5% FBS. The final concentration at
100 pg/mL of EGFP-conditioned or SRPX2-conditioned medium
was added to the 600 pL volume of RPMI1640 containing 0.5%
FBS medium in the lower chamber of the 24-well culture dishes,
The cells were then incubuated for 24 hr at 37°C with 5% CO,. The
number of migrated cells was evaluated as described earlier. The
experiment was performed in triplicate.

Wound healing assay

HEK29 -EGFP and HEK293-pQCLIN-SRPX2 cells
were plated onto 3.5-cm dishes and incubated in DMEM contain-
ing 10% FBS until they reached confluence. Wounds were intro-
duced to the confluent cell monolayer using a plustic pipette tip.

and HUVEC cell lines and (c)
paired clinical samples that were
endoscopically obtamed from gas-
tric cancer and the noncancerous
gastric mucosa of the same

B Gastiic Cancer

GAPD was used to nor-
malize the expression levels in the
subsequent quantitative analyses
The mRNA expression levels of
SRPX2 were significantly higher in
the gastric cancer lesions (p =
0.0054] Emor bars represent the
SDs of 3 independent experiments
[Color figure can be viewed in the
online jssue, which is available at
www.interscience.wiley.com.]

The cells were then cultured with DMEM containing 10% FBS wt
37°C. After 4, 8 and 12 hr later, the wound area was photographed
using a light microscope and measured. The experiment was per-
formed in triplicate.

Fluorescent microscopy

HEK293-pcDNA-GFP and HEK293-pcDNA-SRPX2/GFP cells
were treated with DAPT (6-diamidino-2-phenylindole) to stain the
nucleus and photographed using fluorescent microscopy. TX71
(Olympus, Tokyo, Japan).

Statistics

The 1 test was used for comparison between 2 groups and paired
1 test was used for paired-samples in Figure lc. The statistical
analysis was performed using Excel software (Microsoft, Red-
mond, WA). A p value < 0.05 was considered significant

Results

Tissue distribution of SRPX2 mRNA in normal
rissues and cell lines

To examine the tissue distribution of SRPX2 mRNA, we per-
formed real-time RT-PCR for 24 normal human tissues. High
expression levels of SRPX2 mRNA were detected in the placenta,
lung, trachea, uterus and adrenal gland, whereas the levels in the
peripheral blood, brain and bone marrow were relatively low (Fig.
la). Combined with data from previous reports,'* SRPX2 mRNA
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appears (o be widely observed in normal tissues, with particularly
high levels detected in the placenta and lung.

SRPX2 expression was also examined in 30 human cancer cell
lines, HUVEC and HEK293 cells. A relatively high SRPX2

TABLE 1 = 5RPXI EXPRESSION AND PATIENT CHARACTERISTICS IN
PATIENTS WITH GASTRIC CANCER

& Paticnits SRPENG
hurncierisics No. (%) Expression value
’ {IUJ"TﬁAPDI !
Age, years
260 Il (54) 126125 0.10
<60 26(46) 11.1 £0.1
Sex
Male 41 (72) 11291 0.61
Female 16(28) 12.6=%=125
Histology'
Diff. 239 11.3=xz79 0.77
Undiff. 32(56) 12.2=11.7
Prognosis”
Favorable (=6 months) 37(65) 95x72 <0.05
Unfavorable (<6 months) 20 (35) 15.1 = 13.5
Total 57

"Histology of endoscopic samples divided into differentiated and
undifferentiated type.~"Overall survival time from the first day of
chemotherapy. A survival time of 6 months was used as the cur-off to
divide patients into “Favoruble™ and “Unfavorable™ groups,
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mRNA expression level was observed in gastric cancer (44As3,
MEKN7 and SNU-16), colorectal cancer (WiDr and COCM-1),
lung cancer (PC-9), mesothelioma (MSTO), glioma (U251) and
HUVEC. These results suggest that a variety of cancer and vascu-
lar endothelial cells express SRPX2 (Fig. 1h).

Overexpression of SRPX2 mRNA in gastric cancer tissues

The expression of SRPX2 mRNA was analyzed for paired fis-
sues of gastric cancer and noncancerous gastric mucosa obtained
from 24 gastric cancer patients, A paired [ test demonstrated that
SRPX2 expression was significantly increased (p = 0.0004) in the
cancerous tissues, compared to the noncancerous gastric mucosa
(Fig. 1c). The SRPX2 mRNA expression levels in the gastric can-
cer and noncancerous gastric mucosa were 6.6 = 54 and 1.8 =
1.2 (X 107Y/GAPD), respectively. Although the reason is unclear,
2 groups seemed o be present: | group with very high expression
levels in cancerous tissues and another group with no difference in
the expression levels between cancerous and noncancerous
lesions.

To clarify the clinical significance of SRPX2 expression, we
examined the expression in an additional 57 gastric cancer sam-
ples using real-time RT-PCR and analyzed the correlations
between SRPX2 expression and clinical characteristics (Table T).
Age, sex and histological cancer type were not correlated with
SRPX2 expression. However, patients with an unfavorable out-
come, in whom the overall survival time (OS) was less than 6
months, exhibited significantly high expression levels of SRPX2 in

L 2}

120 4
IB: SRPX2 '::

-4
1§ =-._ -t
50~ :'_ - i
xl® -
pcDNA-mock

PCDNA-GFP SR S
PCONA-SRPX2IGFP - - + - - +

Figune 2 - Cellular distribution of SRPX2-GFP fusion protein. To examine the cellular distribution of SRPX2, we created cell lines express-
ing a fusion protein of SRPX2-GFP. The empty vector, GFP and SRPX2-GFP vectors were iransfected into HEK293 cells mmEPFuGENEﬁ

ransfection reagent. The vectors and stable transfectamt cells in the HEK293 cells were designated as pcDNA-mock, pcDNA-G

pcDNA-

SRPX2/GFP, HEK293-pcDNA-mock, HEK293-pcDNA-GFP and HEK293-pcDNA-SRPX2/GFP. {a) Fluorescence microscopy of HEK293-
pcDNA-GFP (upper panel) and pcDNA-SRPX2/GFP cells (lower panel), The SRPX2/GFP fusion protein (green) showed a cytoplasmic distribu-
tion. The nucleus was stained by DAPI (blue). Western blot analysis detected by (b) anti-GFP antibody and (c) anti-SRPX2 antibody for
HEK293-pcDNA-mock, HEK293-pcDNA-GFP and HEK293- pcDNA-SRPX2/GFP cells. Both the anti-GFP and the anti-SRPX2 antibodies
detected the SRPX2-GFP fusion protein at ~80 kDa in the cell lysate and the secreted form at 150-180 kDa. 1B, immunoblot; CM, culture

medium.
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Figurr. 3 - SRPX2-introduced cells enhanced cellular migration but not cellular growth, Viral vectors containing EGFP and SRPX2 were
constructed as pQCLIN-EGFP and pQLIN-SRPX2, res um:ly These stable cell lines, retrovirally introduced into HEK293 cells, were desig-

nated as HEK293- IN-EGFP and HEK293-pQCLIN.

-SRPX2, respectively. (a) Cellular growth was examined using an MTT assay. No dif-

ference in cellular growth was obscnr:d between HEK293-pQCLIN-EGFP and HEK293-pQULIN-SRPX2 cells. (b) \hgrntmn nssa)' Cc!ls @ x

4 A4

10*/well) were seeded into the upper ¢ with serur

dium (DMEM with 0.5% FBS). The upper b
coated on the outer side of the membrane, were then ptn.r.cd in the lower chambers of a 24-well culture
After incubation for 8 hr at 37°C, medium was aspirated and the nonmigrated cells on the inner side of 1

late containing DMEM wuh IO% FBS

membrane were removed using a cot-

ton swab. The migrated cells on the outer side of the membrane were fixed, stained and counted using a light microscope. The experiment was

performed in triplicate. The left panels show representative data. (¢) Wound healing assay for HEK293+

SRPX2 cells. Wounds were introduced to the cx

cell lay

N-EGFP and HEK293-pQCLIN

using a plastic pipette tip. Aflter 4, 8 and 12 hr, the wound area was pho-

tographed and measured. The lower panels show representative data. The experiment was performed in triplicate. *: p < 0.05. EGFP, enhanced

green fluorescent protein,

cancerous tissues (p < 0.05). The SRPX2 expression levels in
patients with an unfavorable outcome (OS < 6 months) and in
those with a favorable outcome (OS > 6 months) were 9.5 = 7.2
and 15,1 = 13.5 (x10™Y/GAPD), respectively. This result sug-
gests that SRPX2 might be a prognostic biomarker, that is, associ-
uted with a malignant phenotype in gastric cancer.

SRPX2 is secreted imo culture medium and
localized in cytoplasm

Because the cellular distribution of an uncharacterized protein
often suggest its biological function (e.g. transcription factors
tend to be localized in the nucleus), we tried to identify the cellu-
lar distribution of SRPX2 using a SRPX2-GFP fusion protein. We
introduced an empty vector, GFP, or SRPX2 fused with GFP into
HEK293 cells to create the following stable cell lines: HEK293-
pcDNA-mock, HEK293.pcDNA-GFP and HEK?293- pcDNA-
SRPX2/GFP, respectively, The SRPX2-GFP fusion protein exhib-
ited a cytoplasmic distribution (Fig. 2a). The protein expression of
SRPX2 was then analyzed using westem blotting and both anti-
GFP and unti-SRPX2 antibodies (Figs. 2b and 2c). Western blot-

ting with anti-GFP antibody revealed thar an SRPX2-GFP fusion
protein with a molecular weight (M.W.) of ~80 kDa was detected
in both the cell lysates and the culture medium. A similar result
was observed using anti-SRPX2 antibody. In addition, an SRPX2/
GFP protein with & molecular weight of 150—180 kDa was
observed in the culture medium when analyzed using both anti-
GFP and anti-SRPX2 antibodies. The SRPX2 protein was detected
as 2 bands with molecular weights of ~80 kDa and 150-180 kDa
(containing a GFP protein of 30 kDa). The band was consistent
with the estimated molecular weight of SRPX2, 53 kDa. The
higher band was only observed in the culture medium and was
detected using both anti-GFP and anti-SRPX2 antibodies

SRPX2-introduced cells enhanced cellular migration
but not cellular growth

To elucidate the biological function of SRPX2, EGFP or
SRPX2 was retrovirally introduced into HEK293 cells. The stable
cell lines were designated as HEK293-pQCLIN-EGFP and
HEK293-pQCLIN-SRPX2, respectively, We then performed cel-
lular growth assays using these cells (Fig. 3a). No difference in
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MKN1-CM-EGFP -  + -
MKN1-CMSRPX2 - -

Figure 4 — SRPX2-conditioned medium enhanced cellular migration. (a) Western blotting for btai
cell lines, HEK293-pQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MKN1-pQCLIN-EGFP and MKN1-pQCLIN-SRPX2. Euch
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conditioned medium was adjusted to | mg/mL and diluted before use. Further details are described in the “Marterial and methods™ section. IB.
immunoblotting: HEK293-CM-EGFP, conditioned medium from HEK203-, -EGFP cells; HEK293-CM-SRPX2, conditioned medium
from HEK293-pQCLIN-SRPX2 cells; MKN1-CM-EGFP, conditioned medium from MEN1-pQCLIN-EGFP cells; MKN1-CM-SRPX2, condi-
tioned medium from MKN1-pQCLIN-SRPX2 cells. The role of SRPX2 in cellular migration was assessed in the gastric cancer cell line, SNU-
16, using a migration assay and EGFP- or SRPXQ—c?nditinned medium from () HEK293-pQCLIN-EGFP or -SRPX2 cells and from (¢) MKN |-
pQCL]!g-EG or -SRPX2 cells. A total of 1 X 10° SNU-16 cells were seeded into the upper chambers with 200 uL of RPMI containing 0.5%
FBS. The final concentration of 100 pg/mL of EGFP-conditioned or SRPX2-conditionsd medium was added to the 600 L volume of the

RPMI1640 containing 0.5% FBS medium in the lower chamber of the 24-well culture dish. The cells were incubated for 24 hr at 37°C. The

number of migrated cells was eval
right panels, The SRPX2 di

ioned d fi

i as described earlier. The experiment was performed in triplicate. Representative data is shown in the
i igni 1y enhanced cellular motility (p < 0.05) by about 2-fold, compared to the EGFP-condi-

tioned medium. Data are shown as the mean = SD of 3 independent experiments. *: p < 0.05.

cellular growth was seen between the cells, indicating that SRPX2
is not involved in cellular growth in HEK293 cells.

We next performed a migration assay to assess the role of
SRPX2 in cellular motility, The cellular migravion activity of the
HEK293-pQCLIN-SRPX2 cells was significantly enhanced, com-
pared to the EGFP transfectant cells (p = 0.03, Fig. 3b). A wound
healing assay also demonstrated that the cellular motility of
HEK293-pQCLIN-SRPX2 cells was significantly enhanced, com-
pared to that of EGFP transfectant cells, at 8 and 12 hr after wound
mfliction (p < 0.03, Fig. 3¢). Although the actual difference in the
wound healing assay result was relatively small, these results indi-
cate that SRPX2 is involved in cellular motility.

SRPX2-conditioned medium enhanced cellular migration

EGFP or SRPX2 was also introduced into a gastric cancer cell
line, MKNI, and the SRPX2-conditioned media obtained from
MEKNI and HEK293 cells were subjected 1o a migration assay,
The transfected cells mainly produced the secrered type of SRPX2
protein with the higher moleculur weight, us detected using west-
em blot analysis. The SRPX2 proteins produced by MKN! and

HEK293 cells were observed at ~95 kDa and 110-150 kDa,
respectively (Fig. 4a). This difference in molecular weight might
be due to glycosylation.

The role of the secreted SRPX2 protein in the conditioned me-
dium on cellular migration was assessed to SNU-16 cells using a
migration assay. SNU-16 cells were incubated for 24 hr in a nor-
mal culture medium containing 100 pg/mL of EGFP- or SRPX2-
conditioned medium from HEK293-pQCLIN-EGFP or -SRPX2
cells added to the lower chamber of the 24-well culture dish. The
SRPX2-conditioned medium significantly enhanced the cellular
motility of the SNU-16 cells (p < 0.05) by about 2-fold higher
than that of the EGFP-conditioned medium (Fig. 4b). Similar
results were observed using conditioned medium from MKNI|-
pQCLIN-EGFP or -SRPX2 cells (Fig. 4¢), This result indicates
that the secreted SRPX2 protein increased cellular motility in gas-
tric cancer cells,

SRPX2 protein promoted cellular anachment

We examined the cellular adhesion potential of 7 gastric cancer
cell lines cultured on EGFP- and SRPX2-conditioned medium-
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Figurg 5 — SRPX2 protein enhanced cellular attachment. EGFP-conditioned or SRPX2-condi 1 medium was adjusted 1o a ¢ ration

of | mg/mL and 50 uL was placed at 4°C overnight on 96-well plates, The conditioned medium was aspirated, and the wells were washed twice

with phosphate-buffered saline (PBS). The plates were used in the adhesion assay as conditioned medinm-coated 96-well plates, The cells to be
analyzed (2 % 10° cells well) were seeded into the wells of conditioned medium-coated plates and incubated at 37°C for | hr. The wells were
then washed twice with PBS to remove nonadherent cells. The adherent cells were evaluated using an MTT assay. (@) A cellular adhesion assay
was performed using 7 gusiric cancer cell lines and conditioned medium-coated plates. The numbers of adhered SNU-16 and HSC-39 cells were
significantly larger with the SRPX2-conditioned medium coated-plates (p < 0.05). (b) A cellular adhesion assay was also performed using con-
ditioned medium-coated plates obtained from MKN1- IN-EGFP and MKN 1-pQCLIN-SRPX2 cells. The numbers of adhered SNU-16 and
HSC-39 cells, but not 44As3 cells, were significantly larger. (c) A cellular adhesion assay was performed using different concentrations of con-
ditioned medium-coated plates. The 6-well-plate-scale data is shown in the left panel. (o) Cellular adhesion assay for time-course analysis.
Larger numbers of attached SNU-16 and HSC-39 cells were observed from 0.5 to 4 hr. The increase in cellular antachment induced by the

SRPX2 {:rv!ein mcé%cd after a relativety short time (0.5 hr), The experiment was performed in triplicate. CM-EGFP, conditioned medium from

HEK29:
online issue, which is available &t www.interscience, wiley.com.]

coated plates. Five of the gastric cancer cell lines did not increase
cellular attachment to the conditioned medium-coated plate. How-
ever, the numbers of attached SNU-16 and HSC-39 cells were sig-
nificantly increased by more than 2-fold by the presence of
SRPX2 protein (p < 0.05, Fig. 5a).

To exclude nonspecific effects, cellular adhesion assays were
also performed using conditioned medium-coated plates obtained
from MENI-pQCLIN-EGFP and MENI-pQCLIN-SRPX2 cells
(Fig. 55). The SNU-16 and HSC-39 cells, but not the 44As3 cells,
also exhibited a significantly larger number of adhered cells in the
presence of SRPX2 protein obtained from the conditioned-me-
dium of MKNI cells. Cellular adhesion in these 3 cell lines was
examined using 4 different concentrations of conditioned me-
dium-coated plates. Similar results were obtained, and a dose-
response effect for the conditioned medium was observed in SNU-
16 cells (Fig. 5c). Time-course experiments revealed that a larger
number of attached SNU-16 and HSC-39 cells were observed afier

FP cells; CM-SRPX2, conditioned medium from HEK293-pQCLIN-SRPX2 cells. [Color figure can be viewed in the

a short time (0.5 hr) 1o 4 hr afier the start of incubation (Fig. 5d)
Microscopic examination revealed that most of the adhered cells
did not exhibit “cell spreading™ and instead resembled “cellular
attachment.” These results demonstrate that SRPX2 is involved in
cellular attachment in SNU-16 and HSC-39 cells.

SRPX2 protein increased phosphorylation levels of FAK

FAK plays a key role in cellular adhesion, and FAK signaling is
considered to be a major pathway.'' To gain insight into the func-
tion of SRPX2, the phosphorylation levels of FAK in SNU-16
cells were examined after culturing in a medium to which SRPX2-
conditioned medium had been added. Increased phosphorylation
levels of FAK (pY397 and pY576/577) were observed in SNU-16
cells in the presence of SRPX2, compared to EGFP, after 1-12 hr
of culture (Fig. 6a). FAK phosphorylation occurred during an
carly stage (1 hr) and waus consistent with the results for cellular
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FiGure 6 — SRPX2 protein increased the phosphorylation levels of FAK. The SNU-16 cells were cultured in RPMI with 0.5% FBS under the
presence of GFP or SRPX2-conditioned medium at a final concentration of 100 pg /mL, The cells were collected at 1, 4 and 12 hr after incuba-
tion. Ten micrograms of cell lysate were subjected to westem blotting using anti-phospho-FAK (pY397 and pY576/577). anti-FAK and anti-B-
actin antibodies. A western blot was performed for (a) SNU-16 cells, and (h) HSC-29 and 44As3 cells, FAK, focal adhesion kinase; CM-EGFP,
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[Color figure can be viewed in the online issue, which is available at www interscience wiley.com.]

attachment. FAK phosphorylation by SRPX2 was also stimulated
in HSC-3Y cells but not in 44As3 cells (Fig. 6h). In addition, o
determine whether FAK inhibitors could affect the SPRX2-medi-
ated cellular attachment, the SNU-16 cells were treated with
PP2'* and Herbimycin A' to inhibit FAK activity in cellular ad-
hesion assay (Fig. 6¢). PP2 and Herbimycin A inhibited cellular
attachment of SNU-16 cells in dose-dependent manners.

Although the molecules that transduce the extracellular SRPX2
signal into an intracellular signal remain unknown, these results
suggest that the cellular phenotype cansed by SRPX2 is associated
with the FAK signaling pathway.

Discussion

Considering the structural features of SRPX2, the presence of
both the sushi-repeat domain and the HYR domains predict an ad-
hesive function.** We demonstrated that SRPX2 enhanced cellular
motility and cellular anachment, and these findings were consisi-
ent with the structural prediction.

The selectin family is the closest family to SRPX2 and SRPX
Selectins are known as cellular adhesion molecules and play key
roles in the mediation of early neutrophil rolling on and adherence
1o endothelial cells.'* Selectins recognize glycosylated proteins or
lipids as their ligands, and this modification 1s necessary for their
interaction.'” The phylogenetical similarity between SRPX2 and
selectins suggests a similar biological function, SNU- 16 and HSC-
39 cells are basically nonadherent, and the increase in their cellu-
lar attachment was a relatively rapid response (0.5 hr). While
number of attached cells increased significantly, the attachments

were weak and the cells did not spread on the plates. Thus, the
increased cellular attachment induced by SRPX2 seems to resem-
ble neutrophil rolling.

Because the DGEA motif is u potential integrin-binding motif'®
and this motif exists in the first sushi domain of SRPX2, we
hypothesized that this motif is a critical binding site for SRPX2's
ability 1o enhance cellular migration and arachment. We exam-
ined the inhibitory effect of the DGEA peptide’® on cell migration
and attachment. but no inhibitory effect was observed (data not
shown). This result suggests that the cell migration and attachment
induced by SRPX2 might be independent of DGEA sequence-
mediated signal transduction, or such a sequon does not function
in SRPX2.

FAK is a major focal adhesion-associated protein that transmits
signals downstream of integrins. FAK signals control important
biological evems, including cell migration, proliferation and
survival, through downstream molecules like Rho, Rac, Rapl,
CDC42 and PAK."'™™ Our results demonstrated thar SRPX2
protein increased the phosphorylation levels of FAK in SNU-16
and HSC-39 cells, but not in 44As3 cells (Figs. 6a and 6b), and
enhanced the cellular adhesive potential in SNU-16 and HSC-39
cells but not in 5 other cell lines (Fig. 5a). We speculate that cer-
tain molecules overexpressed in SNU-16 and HSC-3Y cells may
localize on the cell surface and bind to SRPX2 protein, activating
FAK signaling. Recently, Royer-Zemmour er al.'® demonstrated
the interaction of SRPX2 with uPAR (plasminogen activator, uro-
kinase receptor) as well as with other partners such as cathepsin B.
Because uPAR particularly plays an important and well-known
role in various tumoral processes including cell proliferation,
migration, invasion and adhesion, and because uPAR-associated
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intracellular signaling may act through FAK. The SRPX2/uPAR
interaction might provide a possible molecular explanation for the
role of SRPX2 in cancer.

Regarding the higher fuzzy smeared-band observed in oaly the
culture mediom (Figs. 25, 2c and 44), the size of the bands dif-
fered considerably between HEK293 and MKNI cells (110-150
kDa and ~95 kDa, respectively). These results suggest that the
higher smeared bands are probably not dimmers, bul they may
represent a highly glycosylated protein modification. We tried to
cut off the N-glycans using N-glycosidase F, but the 150-kDa
smeared band did not disappear. We plan to perform additional
experiments to clarify the cause of the smeared band in future
studies, the results of which will undoubtedly be useful in predict-
ing the function of SRFX2.

Many studies have indicated that selectins, the family most sim-
ilar to SRPX and SRPX2 proteins, increase the interaction
between tumor cells and endothelial cells, leading to tumor pro-
gression and mmm&m *! Thus selectins are considered proma-
lignancy factors.”® Recent rqgru have shown that selectins posi-
tively promote angiogenesis, Because HUVEC cells express
high levels of SRPX2 mRNA, the involvement of SRPX2 in angio-
genesis should be clarified,

In this study, we demonstrated that SRPX2 is overexpressed in
gastric cancer, compared to noncancerous gastric mucosa from the
same patients, at the transcriptional level. A real-time RT-PCR
analysis of 32 cell lines revealed that other cancer cells also
express high levels of SRPX2 mRNA, SRPX2 was also overex-
pressed by more than 10-fold in clinical samples of colorectal can-
cers, compared to paired colonic mucosa (unpublished data).
Thus, SRPX2 overexpression in cancer tissue may not be restricted
10 gastric cancers. We plan to further examine SRPX2 expression
using immunohistochemistry in clinical samples of other cancers
in the future.

TANAKA ET AL

Although the meaning of SRPX2 overexpression in gastric can-
cer is unclear, a real-time RT-PCR analysis of clinical samples
showed that SRPX2 expression is associated with a poor prognosis
in patients with gastric cancer. SRPX2 was first identified as a
downstream molecule of E2F-HLF in pro-B acute leukemin with
t1(17:19) (q23:p13) lnd has since been reported to contribute to
malignant phenotypes.' E2F-HLF-positive leukemia is character-
ized by a poor outcome with bone invasion, hypercalcemia and
intravascular coagulation. * The clinical features of leukemia and
our results for gastric cancer suggest that the biological function
of SRPX2 is concemed with oncogenic activity, Further investiga-
mf clinical outcome in relation 1o SRPX2 expression are

In conclusion, we found that SRPX2 is overexpressed in gastric
cancer and plays roles in cellular migration and adhesion in cancer
cells. These results provide novel insight into the biological func-
tion of SRPX2 in cancer cells.
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A Randomized, Double-Blind, Phase lla Dose-Finding Study
of Vandetanib (ZD6474) in Japanese Patients With Non-
Small Cell Lung Cancer
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Introduction: Vandetanib (ZACTIMA™) is a once-daily, oral
anticancer drug that selectively inhibits vascular endothelial growth
factor receptor (VEGFR) and epidermal growth factor receptor
(EGFR) signaling. Vandetanib was evaluated as 2 monotherapy in a
randomized, double-blind, dose-finding study in Japan.

Patients and Methods: Eligible patients with locally advanced or
metastatic (stage 1IB/IV) or recurrent non-small cell lung cancer,
previously treated with chemotherapy, were randomized to receive
once-daily oral vandetanib 100, 200, or 300 mg (1:1:1). The primary
objective was lo determine the objective response rate for each
vandctanib dose.

Results: Fifiy-three p received vandetanib (100 mg, n = 17,
200 mg, n = 18; 300 mg, n = 1B). The objective response rate in
each dose arm was 17.6% (3 of 17; 100 mg), 5.6% (1 of 18; 200
mg), and 16.7% (3 of 18; 300 mg). Common adverse evenis
included rash, diarrhea, hypertension, and asymptomatic QTc pro-
longation. The adverse event profile was gencrally consistent with
that reported previously for agents that inhibit the VEGFR or EGFR
signaling pathways. Among the three responders evaluated for
EGFR mutation, two had no mutation, and in onc case, the EGFR
mutation status could not be determined by direct DNA sequencing
and amplification refractory mutation system assay of EGFR exons
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19-21. Bascline plasma VEGF levels appeared to be lower in
patients who experienced clinical benefit after vandetanib treatment,
Conclusion: In Japanese patients with advanced non-small cell lung
cancer, vandetanib monotherapy (100~300 mg/d) demonstrated an-
titumor activity with an acceptable safety and tolerability profile.
Key Words: Non-small coll lung cancer, Vandetanib, EGFR,
VEGFR,

(J Thorac Oncol, 2008;3: 386-393)

Non—small cell lung cancer (NSCLC) accounts for approx-
imately 75% of lung cancers and is the leading cause of
cancer-related death worldwide.! Despite the introduction of
more cffective chemotherapeutic agents, new approaches are
required to further improve patient outcome and survival. A
major focus of new anticancer research is the targeting of
cell-signaling pathways that contribute to tumor growth and
progression.

Vascular endothelial growth factor receptor (VEGFR)
and epidermal growth factor receptor (EGFR) are key drivers
of tumor angiogenesis and cell proliferation, respectively, and
both pathways have been validated as clinically relevant
targets in NSCLC. The addition of bevacizumab, a human-
ized anti-VEGF-A monoclonal antibody, to paclitaxel and
carboplatin has demonstrated clinical benefit in patients with
NSCLC,? and the EGFR inhibitors gefitinib and erlotinib have
demonstrated clinical activity as single agents in NSCLC3#
Furthermore, EGFR is known to regulate the production of
VEGF and other proangiogenic factors® and resistance to EGFR
inhibition has been associated with increased expression of
VEGF in a human tumor xenograft model of NSCLC.® There-
fore, targeting the VEGFR and EGFR pathways may be more
effective than inhibiting either pathway alone. This hypoth-
esis is supported by the promising results from carly clinical
evaluation of erlotinib and bevacizumab in combination in
patients with recurrent NSCLC.?

Vandetanib (ZACTIMA™) is a once-daily, orally
available anticancer drug that inhibits VEGFR- and EGFR-
dependent signaling,® as well as the RET (REarranged during
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Vandetanib in Jopanese Patients With NSCLC

Transfection) receptor tyrosine kinase, which is an important
growth driver in certain types of thyroid cancer.? Early clinical
evaluation of vandetanib has demonstrated a promising effi-
cacy and safety profile in a broad population of patients with
advanced cancer. Phase 1 studies in advanced solid tumors
conducted in the USA/Australia'® and Japan'! showed that
once-daily doses of vandetanib (up to and including 300 mg)
were generally well tolerated. In the Japanese study, objective
tumor responses were observed in 4 of 9 patients with
refractory NSCLC. Subsequent phase 11 studies in advanced
NSCLC demonstrated antitumor activity both as a mono-
therapy and in combination with certain chemotherapy.!2-14
The positive outcome of these phase II trials led to the
ongoing phase Il evaluation of vandetanib in previously
treated advanced NSCLC.

The primary objective of this randomized phase Ila
study was to assess the objective response rate (ORR) to
vandetanib (100, 200, or 300 mg/d) in Japanese patients with
refractory NSCLC. The three doses investigated were se-
lected based on the outcome of the Japanese phase I trial.!!

PATIENTS AND METHODS

Patients

Patients with histologic or cytologic confirmation of
locally advanced/metastatic (stage IIIB/IV) or recurrent
NSCLC after failure of 1 or 2 platinum-based chemotherapy
regimens were recruited from eight centers in Japan. The
main cligibility criteria were age =20 years, a WHO perfor-
mance status of 0 to 2, an estimated life expectancy =12
weeks, and completion of prior chemotherapy and/or radio-
therapy at least 4 weeks before study entry (8 weeks for chest
radiation and 6 weeks for mitomycin C). Patients with squa-
mous cell histology were also eligible, and brain metastases
were permitted if patients werc asymptomatic and did not
require corticosteroid treatment. Key exclusion criteria were
a mixed small-cel]l and non-small cell histology, evidence of
severe or uncontrolled systemic diseases, poorly controlled
hypertension, a QTc interval =460 milliseconds by electro-
cardiogram during the screening period, and prior treatment
with EGFR or VEGFR signaling inhibitors. All patients
provided written informed consent. The study was conducted
in accordance with the ethical principles stated in the Decla-
ration of Helsinki, applicable guidelines on good clinical prac-
tice, local Institutional Review Board approval, and the Astra-
Zeneca policy on Bioethics.

Study Design and Treatments

This was a randomized, double-blind, parallel-group,
phase 1la dose-finding multicenter study to assess the efficacy
and safety of vandetanib. A total of 53 patients were random-
ized (1:1:1) to receive once-daily oral vandetanib (100, 200,
or 300 mg/d; Figure 1). Patients were stratified by histology
(adenocarcinoma versus others), gender (male versus fe-
male), and smoking history (smoker versus nonsmoker).
Treatment continued until a withdrawal or dose-interruption
criterion was met. These criteria included progressive disease
(PD), unacceptable toxicity, protocol noncompliance, or vol-
untary discontinuation by the patient,
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Vandetanib 100 mg/day
n=17

Vandetanib 200 mg/day
n=18

Vandetanib 300 mg/day
n=18

FIGURE 1.

Study design.

Efficacy

The primary objective of the study was to determine
ORR with vandetanib monotherapy, using the Response
Evaluation Criteria in Solid Tumors (RECIST); assess-
ments were performed at baseline and every 4 weeks for
the first 24 weeks of treatment, and then every § weeks
until withdrawal. A confirmed complete response or partial
response (PR) was considered to be an objective tumor
response. Investigator assessment of best overall tumor
response was used for the primary analysis and these
assessments were subsequently submitted to AstraZeneca
for review by the response evaluation committee. Second-
ary efficacy endpoints included time to progression (TTP),
duration of response (the time interval between the date of
first documented objective tumor response until the date of
PD or death), and disease control rate (DCR) for each dose
of vandetanib. Time to progression was calculated from
the date of randomization until the date of PD or death (in
the absence of progression) and estimated using the
Kaplan-Meier method. DCR was defined as confirmed
complete response, PR, or stable disease (SD) =8 weeks.

Safety and Tolerability

Safety was assessed by monitoring for adverse events
(AEs) and collecting laboratory data. All AEs were collected
for up to 30 days after the last dose of vandetanib and were
graded according to Common Terminology Criteria for Ad-
verse Events (CTCAE, version 3). Unless otherwise clinically
indicated, 12-lead electrocardiograms were performed twice
at screening, weekly for the first 8 weeks of treatment, and
then once every 4 weeks thereafter. Vandetanib treatment
was interrupted following: a single QTc measurement =550
milliseconds; 2 consecutive QTc measurements =500 milli-
seconds but <550 milliseconds; an increase of =100 milli-
seconds from baseline; or an increase of =60 milliscconds
from baseline QTc to a QTe value =460 milliseconds. Upon
resolution of QTc prolongation, vandetanib treatment was
recommenced at a reduced dose.

Pharmacokinetics

To investigate the pharmacokinetic (PK) profile of
vandetanib, blood samples were collected on the same days
as scheduled electrocardiogram measurements. Plasma con-
centrations of vandetanib were determined using reversed-
phase liquid chromatography-mass spectrometry. The col-

Copyright © 2008 by the International Association for the Study of Lung Cancer
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lected data were related to a nonlinear mixed effects model to
estimate population PK using NONMEM V (v L.1).

Tumor Biomarkers

An exploratory objective of this study was to investi-
gate how variations in copy number or mutational status of
the EGFR gene affect tumor response in advanced NSCLC
patients receiving vandetanib treatment. Tumor biopsy sam-
ples were obtained from consenting patients, formalin-fixed,
and embedded in paraffin. Gene copy number was investi-
gated by fluorescence in situ hybridization using the LSI
EGFR SpectrumOrange/CEP 7 SpectrumGreen probe (Vysis,
Abbott Laboratories, IL) according to a previously published
method.'s Tumor samples had a high EGFR gene copy
number if there was high gene polysomy (=4 EGFR gene
copies in =40% of tumor cells) or gene amplification (pres-
ence of tight EGFR gene clusters, an EGFR gene to chromo-
some 7 ratio of =2, or =15 copies of the EGFR gene per
tumor cell in =10% of analyzed cells).

EGFR mutations were analyzed by DNA sequencing of
exons 19-21, and additionally by using the amplification
refractory mutation system (ARMS) assay to detect the exon
2] L858R point mutation and the most common cxon 19
deletion (del G2235-A2249).'¢

Plasma Biomarkers

Plasma samples were collected from patients at base-
line, day 29, and day 57, and stored at —70°C. The concen-
trations of the following angiogenic markers were determined
by colorimetric Sandwich ELISA (R&D Systems, Minneapolis,
USA): VEGF (Cat. #DVEOD), the soluble angiopoietin receptor
Tie-2 (Cat. #DTE200), and VEGFR-2 (Cat. #DVR200).

RESULTS

Patient Characteristics

Fifty-three patients were recruited from eight centers in
Japan between December 27, 2004, and September 30, 2005.
All were randomized on this study and received study drug.
Patient characteristics and bascline demographics were gen-
erally similar in the three arms, and the patient populations
were considered to be appropriate for the dose-finding objec-
tives of this study (Table 1). At the time of data cut-off (23
January 2006), 1] patients were ongoing; PD was the most
common reason for discontinuation (n = 35). Other reasons
for discontinuation were AEs (n = 6) and withdrawal of
consent (n = 1),

Efficacy

The overall ORR was 13.2% (93% Cl: 5.5-25.3%) (7
of 53 patients), and all 7 responders were PRs (Table 2).
According to vandetanib dose received, the ORRs were
17.6% (95% Cl: 3,8-43.4%) (3 of 17 patients; 100 mg),
5.6% (95% CI: 0.1-27.3%) (1 of 18 patients; 200 mg), and
16.7% (95% C1:3.6-41.4%) (3 of 18 patients; 300 mg). In all
cases, the response evaluation committee assessment of tu-
mor responses was similar to the investigator assessments.
The characteristics of those patients who achieved a PR are
described in Table 3. Secondary efficacy assessments are
presented in Table 2 and Figure 2.

Safety

Overall, the most common AEs were rash, diarrhea,
hypertension, and QTc prolongation (Table 4). In general,
no major differences were observed in the incidences of

TABLE 1. Patient Demographic and Baseline Characteristics (Full Analysis Set)
Vand Vesditinth.  Vedatauit
100 mg/d 200 mg/d 300 mgid Total
(n=17) (n = 18) {n = 18) (n = 53)

Median age, yr (range) S8(30-78) 61 (43-7T) 61 (44-77) 60 (30-78)
Male (%) 11 (64.7) 12 (66.7) 11 {61.1) 34 (64.2)
Female (%) 6(35.3) 6(33.3) 7(38.9) 19 (35.8)
Smoking history”

No (%) 5 (20.4) 8 (44.4) 7(389) 20 (31.7)

Yes (%) 12 (70.6) 10 (55.6) 1 (61.1) 33 (62.3)
WHO performance status 0/1/2 SN min 1200 187350
Previous chemotherapy )

One regimen (%) 13 (76.5) 9(50.0) 14(718)  36(67.9)

Two regimens (%) 4(215) 9 (50.0) 4(222) 17(32.1)
Staging (%)

B 2(11.8) 3(167) 1(5.6) 6(11.3)

w 14 (82.4) 12 (66.7) I5(833) 41 (714)

Recurrent 1 (5.9) 31(16.7) 2(11.1) 6(11.3)
Histology (%)

Squamous 5 (29.4) 6(333) 4(22) 15 (28.3)

Adenocarcinoma 1 (64.7) 12(66.7) 12(667)  35(66.0)

Other 1(59) 0 2(1L0) 3(5.7)
Brain metastasis al study entry (%) 4 (22.5) 310167 5(27.8) 12 (23.6)

“No, patients who have smoked <100 cigarotics in their lifetime; Yes, patients who have smoked > 100

cigarettcy in their lifetime.
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TABLE 2. Efficacy Summary

Vandetanib Vandetanib Vandetanib
100 mg/d 200 mg/d 300 mg/d
(n=17) (n = 18) (n = 18)
Primary efficacy assessmen)
Best response (RECIST)
Partial responsc, n (%) 3(17.6) 1(5.6) 3(16.7)
Stable disease =8 wk, n (%) 5(294) 6(33.3) 8 (44.4)
Discase progression, # (%) 9(52.9) 10 (55.6) 7 (38.9)
Not evaluable, n (%) 0 1 (5.6) 0
o 1. , M 1
Diseasc control =8 wk, n (%) 8(47.1) 7(38.9) 11(61.1)
Duration of response (wk)
Median (range)™ na na 15.9 (7.3-20.1)
Time to progression (wk)
Median (range)” 8.3 (4.0-40.7) 12.3 (0-40.3) 12,3 (1.4-32.7)
No. of events 12 13 13
na, not applicable; RECIST, Response Evaluation Criteria in Solid Tumers.
* Median estimated using the Kaplan-Meier method.
* This could not be cstimaied in the 100 and 200 mg/d arms owing to the lack of progressions by the date of data cut-ofT.

TABLE 3. Characteristics of Patients Who Were Partial Responders

Previous

Treatment Age Smoking Chemotherapy Time to Duration of
(initial dose) Gender (yr) History” Histology Regimens PR (d) Response (d)
100 mg Male 65 Yes Adenocarcinoma 1 28 204"

100 mg Female 7 No Adenocarcinoma ! ® 141"

100 mg Male 52 No Adenocarcinoma 1 143 141
200 mg Female 69 No Adenocarcinoma 1 26 140"
300 mg* Male 69 Yes Adenocarcinoma 2 3 51

300 mg Female 68 No Adenocarcinoma 1 28 BI*
300 mg Female 55 No Adenocarcinoma ] 82 141

“ No, patients who have smoked <100 cigareties in their lifetime; Yes, pationis who have smoked > 100 cigareties in their lifetime.
" Censored on the day of last tumor cvalnation due 1o absence of discasc progression (response ongolng at data cut-off).

© Patient started study treatment with 300 mg and the reatment was stopped 29 d after the stant due 16 QTe prolongation. The patient re-started at a reduced
dose level (200 mg) 35 d after the starl,

1.00 —— 100 mg/day the common AEs across the three vandetanib arms, al-
—— 200 my/day though the incidences of diarrhea, constipation, and abnor-
=300 mpday mal hepatic function were numerically higher in the van-

075 detanib 300 mg arm compared with the 100 or 200 mg arms.

A dose-dependent increase in the incidence of CTC grade 3
and 4 cvents was observed; the incidence of these events in

the 100, 200, and 300 mg dose arms were 29.4% (5 of 17

o) patients), 38.9% (7 of 18 patients), and 66.7% (12 of 18
patients), respectively. Of the 24 CTC grade 3 or 4 AEs
considered by the investigator to be vandetanib-related, hy-

0.25 ) pertension (100 mg, n = 4; 200 mg, n = 3; 300 mg, n = 3),

Probabllity of remaining progression-free

and asymptomatic QTc prolongation (200 mg, n = 1; 300
I] mg, n = 1) were reported in more than one patient. Across the
o . d § . R : . ; threc dose levels, the AEs in this study were generally
0 s o 15 =20 25 s 3 4 a5  manageable with symptomatic treatment, dose interruption,

At risk Weeks or reduction.
W00mg 17 10 & 6 5 4 3 1 1 ] Six patients discontinued vandetanib because of an AE
00mg 8@ 2 8 5 4 2 2 1 ' o considered by the investigator to be vandetanib-related: crypto-
Womg & & W 7 5 3 3 0 0 0  genic organizing pneumonia (COP), hepatic steatosis, and pho-
FIGURE 2. Kaplan-Meier curve for time to progression. tosensitivity reaction (each n = 1, 200 mg arm); QTc prolon-
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TABLE 4.  Number of Patients With Most Commonly Reported Adverse Events
(Occurring In =10% Across all Treatment Groups), Regardiess of Causality

Vandetanib  Vandetanib  Vandetanib
100 mg/d 200 mg/d 300 mg/d Total
MedDRA Preferred Term* =17 (n = 18) (n=18) (n = 53)
Rash (%) 10 (59) 9 (50) 9 (50) 28 (53)
CTC grade 34 0o 1] 0/0 10
Diarrhea (%) 3 (47.1) 8 (44) 11 (61) 27 (51)
CTC grade 3/4 00 10 1 210
Hypertension (%) 8 (47) 10 (56) 7(39) 25 (47)
CTC grade 4 ] £ kT 10/0
ECG QTc prolonged (%) 4 (24) 9(50) B (44) 21 (40)
CTC grade 34 /0 170 10 20
Pholosensitivity reaction (%) 2(12) 5(28) 5(28) 12 (23)
CTC grade 3/4 w0 oo oo o0
Nasopharyngitis (%) 3(18) 4(22) 4(22) 12N
CTC grade 3/4 /0 00 00
Dry skin (%) 2(12) 4(22) 5 (28) 1 (21)
CTC grade 3/4 00 0/0 00 00
Nausea (%) 3(18) I 4(22) 10(19)
CTC grade 3/4 00 0/0 040 0/0
Constipation (%) 2(12) 1 (6) 6(33) 9017
CTC grade 3/4 w0 0/0 /0 0/
Fatigue (%) 4(24) 1 (6) 2(1n 7(13)
CTC grade 3/4 00 0/0 o0 0/0
ECG QT prolonged (%) 1(6) a(n 4022 7(13)
CTC grade 3/4 0/0 0/0 a0 o0
Hepatic function abnormal (%) 1 (6) 1(6) 4 (22) 6(11)
CTC grade /4 0/0 /0 110 10
Hematuria (%) 2(12) 2(12) 2(12) 6(11)
CTC grade 3/4 /0 o 040 0/0

" MedDRA version 8.1,

1809 1 .

1800 1 ®

3
2
.

v me waa

Plasma eoncentration (ogimi)
g
- EeA e

-

500 4 "

800 -

- : : ;
i

200 1 .

] T T 1
Dose tmg) 100 200 200
Mean (S0) 4858 (177) 1058.5 (408) 10839 [398)
L] - I 15

FIGURE 3. Observed maximum vandetanib plasma con-

centration at day 28. Patients who received dose reduction
within the first 28 days were excluded.

gation, alanine aminotransferase increased, and erythema
multiforme (each # = 1, 300 mg arm). Only COP was classed
as a serious AE. Six patients had vandetanib dose reductions due
to AEs (100 mg, n = 1; 200 mg, n = [; 300 mg, n = 4),

Seven patients experienced eight respiratory-related
events (COP, dyspnoea, interstitial lung diseasc [ILD], hypoxia,
pneumonitis [all # = ], and pneumonia [# = 3]). The incidence
of these events in the three dose levels was 5.9% (1 of 17
patients; 100 mg), 11.1% (2 of 18 patients; 200 mg) and 22.2%
(4 of 18 patients; 300 mg), respectively. Four of these events
were considered to be related to vandetanib (COP, ILD, pneu-
monia [# = 2]). The ILD event was reported in a 64-year-old
male patient in the 300 mg arm and resulted in patient death.
This event was reported 8 days after vandetanib 300 mg was
discontinued because of disease progression. No postmortem
examination was performed and the investigator and a third-
party physician considered the cause of death to be ILD.

All QTc prolongation was asymptomatic and manage-
able with dose interruption and/or reduction. The incidence of
QTe prolongation was lower in the vandetanib 100 mg (24%)
arm compared with the 200 mg (50%) and 300 mg (44%)
arms. The mean change in QTc interval from bascline to
week 3 (when maximum prolongation was observed) in the
100, 200, and 300 mg arms was + 14 milliseconds (range,
=25 to 29 milliseconds), + 16.5 milliseconds (range, —36 to
49 milliseconds), and +27.6 milliseconds (range, 4 to 51
milliseconds), respectively. Protocol-defined QTc prolonga-
tion determined at the treatment site resulted in dose reduc-

Capyright © 2008 by the International Association for the Study of Lung Cancer 390




Kiura el al

Journal of Thoracic Oncology * Volume 3, Number 4, April 2008

come, In contrast, plasma levels of VEGFR-2 showed a trend
to decrease over the same period, whereas plasma Tie-2
levels did not scem to change (Table 6). Baseline plasma
VEGF levels appeared to be lower in patients who experi-
enced clinical benefit following vandetanib treatment: PR
(median 22.3 pg/ml, » = 6) and SD (median 37.0 pg/ml, n =
16) versus PD (median 63.7 pg/ml, n = 21). Patients with a
low (below median) baseline plasma VEGF level had a
longer TTP (median, 24.1 week) than those with a high
(above median) baseline VEGF level (median, 8.3 weeks)
(Figure 4). No clear relationship was apparent between base-
line levels of plasma Tie-2 and VEGFR-2 and tumor re-
sponse.

DISCUSSION

The primary objective of this phase lla study was to
assess the ORR to three doses of vandetanib (100, 200, and
300 mg/d) in Japanese patients with advanced or recurrent
NSCLC. These doses of vandetanib were selected based on
the outcomes of a Japanese phase 1 study where it was
observed that vandetanib was well tolerated up to a dose of
300 mg and objective tumor responses were observed in 4 of
9 patients with NSCLC at doses of either 200 or 300 mg."!

In this study, objective tumor responses were observed
at all threc doses of vandetanib. The ORR in the 100, 200,
and 300 mg arms was 17.6% (3 of 17 patients), 5.6% (1 of 18
patients), and 16.7% (3 of 18 patients), respectively. The
DCR and TTP werc similar across the three dose arms. It was
noted that 50% (9 of 18) of the patients in the 200 mg arm had
failed two previous chemotherapy regimens, compared with
23.5% (4 of 17 patients) and 22.2% (4 of 18 patients) in the
100 and 300 mg arms, respectively. It is possible that these
differences contributed to the lower ORR observed in the 200
mg arm, although the number of patients in each dose arm
was too small to allow any definitive conclusions to be made.

Vandetanib was well tolerated at 100, 200, and 300 mg
dose levels in this study. Overall, AEs were generally mild

&

Probability of remaining progression- free

o

0 50 100 150 200 250
Time to progression judged by the investigator (days)
FIGURE 4. Kaplan-Meier curve of low (below median) ver-
sus high (above median) baseline plasma VEGF and time to

progression.

Copyright © 2008 by the International Association for the Study of Lung Cancer

and manageable with symptomatic treatment, dose interrup-
tion or reduction. In addition, the AE profile was consistent
with that determined during phase I evaluation in patients
with advanced solid tumors!®!" and phase 1l monotherapy
data in NSCLC.'? Furthermore, the AE profile was also
consistent with that reported previously for agents that inhibit
the VEGFR!™1# or EGFR*'? signaling pathways. In general,
no apparent dosc dependence was noted in the incidence of
the common AEs in this study except for asymptomatic QTc
prolongation (24%, 56%, and 44% for the 100, 200, and 300
mg dose arms, respectively), an event that was manageable
by dose interruption/reduction.

A notable feature of this study, and the phase II pro-
gram for vandetanib in NSCLC, is that patients with squa-
mous cell histology or stable brain metastases were permitted
to enter the frials. Both of these factors have been associated
with an increased risk of bleeding, including severe life-
threatening hemoptysis in NSCLC patients with squamous
histology in a randomized phase II study of bevacizumab
with carboplatin and paclitaxel.?® These events have also
been reported with other inhibitors of VEGF/VEGFR signal-
ing, such as sunitinib and sorafenib.!”'® Importantly, no CNS
hemorrhage AEs or hemoptysis attributable to vandetanib
were reported in this study.

The PK profile in this NSCLC patient population was
consistent with that seen previously during Phase T evaluation
in Japanese and USA/Australian patients with a range of solid
tumors, 1011

In patients with NSCLC, specific EGFR mutations are
associated with increased sensitivity to EGFR tyrosine kinase
inhibitors, 22 and a better survival outcome with gefitinib has
been shown to correlate with high EGFR gene copy number.2*
In this study, an exploratory analysis of tumor samples for
amplification of EGFR gene copy number and somatic muta-
tions of the EGFR genc revealed no clear relationship between
EGFR mutation or gene amplification status and clinical out-
come in patients receiving vandetanib. The EGFR mutation
frequency of 4% (1 of 27 patients) is lower than that previously
reported,**?* and further studies are needed to evaluate EGFR
muiation status as a possible predictive marker for vandetanib
therapy in advanced NSCLC.

In addition to EGFR mutation/amplification status,
plasma profiling of cytokines and angiogenic factors may be
a feasible approach for identifying blood-based prognostic
and activity markers for therapies in NSCLC. Preliminary
analysis of plasma concentrations of the angiogenesis mark-
ers VEGF and VEGFR-2 in the present study revealed that
patients with PR or SD were more likely to have low bascline
levels of VEGF than those with PD. It has been shown
previously that low pretreatment levels of circulating VEGF
correlated with a good response to gefitinib treatment in
patients with NSCLC.26 The significance of the relationship
between these biomarkers and clinical outcome requires fur-
ther investigation.

In conclusion, vandetanib monotherapy (100-300
mg/d) demonstrated antitumor activity with an acceptable
safety and tolerability profile in Japanese patients with ad-
vanced NSCLC. Based only on this study, there is no com-
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pelling evidence to identify the optimal dose of vandetanib
monotherapy in this population of patients; further investiga-
tion of vandetanib doses in the range 100 to 300 mg is
warranted in Japanese patients with advanced NSCLC. Other
randomized phase 11 studies of vandetanib in advanced NSCLC
have demonstrated improvements in progression-free sur-
vival with vandetanib 300 mg as a y versus
gefitinib!? and with the combination of vandetanib 100 mg
and docetaxel.'¥ Phase IT1 evaluation of vandetanib in a broad
population of patients, both as monotherapy at 300 mg
(versus placebo in patients previously treated with anti-EGFR
therapy [ZEPHYR]; versus erlotinib [ZEST]) and at 100 mg
in combination with docetaxel (ZODIAC) or pemetrexed
(ZEAL), has been initiated in global trials.
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Mutations in the LKB| tumour suppressor are frequently detected
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Somatic mutations of LKB| tumour suppressor gene have been detacted in human cancers including non-small cell lung cancer
(NSCLC). The relationship between LKB | mutations and clinicopathological charactenstics and other common oncogene mutations
in NSCLC is inadequately described. In this study we evaluated tumour specimens from 310 patients with NSCLC including those
with adenocarcinoma, adenosquamous carcnoma, and squamous cell carcinoma histologies. Tumours were obtained from patients
of US (n= 143) and Korean (n= 167) ongin and screened for [KBI, KRAS, BRAF, and EGFR mutations using RT—PCR-based
SURVEYOR-WAVE method followed by Sanger sequencing. We detected mutations in the LKB/ gene in 34 tumours (| 1%). LKB/
mutation frequency was higher in NSCLC tumours of US origin (17%) compared with 5% in NSCLCs of Korean origin (P = 0.001).
They tended to occur more commonly in adenocarcinomas (13%) than in squamous cell carcinomas (5%) (P=0066). LKB|
mutations associated with smoking history (P=0.007) and KRAS mutations (P = 0.042) were almost mutually exclusive with EGFR
mutations (P = 0.002), The outcome of stages | and ll NSCLC patients treated with surgery alone did not significantly differ based on
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Peutz-Jeghers syndrome (P]S) is caused by mutations in the LKB!
tumour suppressor gene (Hemminki et al, 1998). LKBI is serine-
threonine kinase, which has been shown to regulate cell cycle
progression, apoptosis, and cell polarity (Tiainen et al, 1999). The
major target of LKB1 kinase activity is thought to be
AMP-activated protein kinase (AMPK). AMPK is activated under
low cellular energy conditions by raising AMP levels and it
phosphorylates multiple downstream targets including tubero-
sclerosis complex 2 gene, which represses mTOR signalling.
Phosphorylation of AMPK by LKBI is needed for full activity of
AMPK and suppression of mTOR activity under low energy
conditions (Shaw et al, 2004). The hallmarks of PJS include
mucocutaneous pigmentation and hamartomatous polyps of the
gastrointestinal tract. Patients with P]S have an increased risk of
developing gastrointestinal, pancreatic, breast, gynecological, and
non-small cell lung cancers (NSCLC). The overall risk for cancers
is increased 5- to 12-fold in different age groups compared with the
general population (Hearle et al, 2006). Somatic mutations of the
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Dana-Farber Cancer Institute, DB20A. 44 Binney Street, Boston, MA
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LKB| mutation status. Our study provides clinical and molecular characteristics of NSCLC, which harbour LKB| mutations.
British Journal of Cancer (2008) 99, 245-252. doi:10.1038/s}.bjc.660446% www.bjcancer.com
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LKB! tumour suppressor have rarely been found in cancers from
patients who do not have P]S except for NSCLC (Avizienyte ef al,
1999). Previous reports have suggested the LKBI mutation rate to
be as high as 30% in NSCLC tumours and cell lines derived from
patients of Caucasian origin (Carretero et al, 2004; Matsumoto
et al, 2007) and to be infrequent in NSCLC patients of Asian origin
(3%) (Onozato et al, 2007), Furthermore, LKBI mutations have
been shown to be associated with adenocarcinoma histology, male
gender, and smoking history (Matsumoto er al, 2007). A recent
report of using a mouse model for [kb] inactivation in NSCLC has
provided insights into the role of the gene in this cancer. This
study showed that kb inactivation in combination with activating
mutations of kras using inducible promoters in the lung was
associated with decreased survival compared with kras mutation
alone (Ji et al, 2007).

Current screening techniques for LKBI tumour suppressor
mutations rely on conventional exonic seq ing of the DNA,
which can identify single base pair changes and small deletions/
insertions (Ballhausen and Gunther, 2003). The addition of
multiple ligation-dependent probe amplification (MLPA), which
enables detection of exonic and whole gene deletions, with exonic
sequencing has increased the mutation detection rates to 80% in
patients with PJS phenotype (Volikos et al, 2006). Conventional
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sequencing has also been used to detect mutations of LKBI at
mRNA level and some mutations missed by sequencing at the DNA
level have been discovered by mRNA-based approaches (Abed
et al, 2001). However, mutant forms of LKB! mRNAs can have a
shortened half-life because of nonsense-mediated decay, which can
potentially interfere with mutation detection (Abed et al, 2001).

We have recently described a rapid and sensitive enzymatic
method to detect mutations in epidermal growth factor (EGFR) of
DNA from fresh tissue and paraffin-embedded tissues (Janne et al,
2006). This method includes amplification of region of interest
with PCR, SURVEYOR endonuclease digestion of the products,
which cleaves mismatched heteroduplex DNAs, and detection of
DNA fragments by sensitive high-performance liquid chromato-
graphy (HPLC) WAVE HS system. Subsequently, SURVEYOR-
positive specimens are fractionated in partially denaturing
conditions and are Sanger-sequenced. The major advantages of
SURVEYOR-WAVE method are the fast exclusion of wild-type
specimens without laborious conventional sequencing and high
sensitivity. The SURVEYOR-WAVE method is more sensitive than
conventional sequencing as it can detect mutant DNA sequences
when they are present in 1% or more of total DNA (Janne et al,
2006).

The current study was designed to analyse the incidence of LKB1
mutations in NSCLC. Furthermore, we wanted to investigate the
LKBI mutational frequency in different histologies and ethnic
backgrounds, and assess their correlation to smoking history,
gender, stage, survival, and other oncogenic mutations in NSCLC.

MATERIALS AND METHODS

Cell lines and tumour specimens

The NSCLC cell lines A549, NCI-H1395, NCI-H1650, NCI-H1666,
NCI-H1781, NCI-1975, NCI-H23, NCI-H2126, NCI-H441, NCI-
H820, HCC2935, HCC4006, and HCC827 were purchased from
ATCC (Manassas, VA, USA). H3255, H3255GR, HCC2279, and
PC-9 have been previously described (Ono et al, 2004; Tracy er al,
2004; Engelman et al, 2006). Mal, and Ma70 are NSCLC cell lines
harbouring EGFR mutations that were established at the Kinki
University, Osaka, Japan. A549, NCI-H1395, NCI-H1666, NCI-H23,
NCI-H2122, NCI-H2126, and NCI-H460 have previously been
reported to contain LKB1 mutations (Sanchez-Cespedes ef al, 2002;
Bamford et al, 2004; Carretero et al, 2004).

NSCLC tumours (n=310) were collected from surgical resec-
tions from patients with stages I-IV NSCLC when sufficient
material for RNA extraction was available. The majority of the
specimens (n = 167) was collected at the Samsung Medical Center,
Seoul, Korea. Frozen tumour tissues were collected from 809 out of
2442 patients who underwent curative resection for NSCLC from
November 1995 to February 2007 at Samsung Medical Center. One
or two pieces from the periphery of the tumour masses - avoiding
necrotic regions - were immediately frozen at -80°C until
retrieved. Medical records and haematoxylin and eosin-stained
slides of the specimen were reviewed by a single pathologist. Only
frozen tumour tissues from adenocarcinoma or squamous cell
carcinoma (according to the 2004 World Health Organization
histopathological criteria) were included. Only frozen tumour
tissues with a tumour cell content of more than 70% were used for
further analysis. In addition, frozen tumour tissues of the following
patients were excluded from the study: patients who had received
preoperative neoadjuvant treatments, patients with double pri-
mary lung cancer, and patients who had undergone incomplete
resections or who had not been subjected to mediastinal lymph
node dissections. Selected frozen tumour tissues were used for the
microdissection. Briefly, frozen tissues were lightly stained with
haematoxylin-eosin to improve visualisation, and necrotic
tumour tissues and intervening normal tissues were removed,
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Each of the microdissected tumour tissues with a tumour cell
content of more than 90% was placed in | ml Easy Blue reagent of a
commercially available RNA isolation kit (easy-spin™ Total RNA
Extraction Kit, iNtRON Biotechnology, Gyeonggi-do, Korea),
immediately homogenised by vortexing, and the total RNA was
extracted. The quantity and quality of RNA were analysed using a
spectrometer (Nanodrop Technologies, Rockland, DE, USA) and
Agilent 2100 Bioanalyzer (Agilent RNA 6000 Nano Kit, Agilent
Technologies Inc., Béblingen, Germany), respectively. Finally, 167
frozen tissues with acceptable quality of RNA (RNA Integrity
Number (RIN) value over 7.0) were used for the current studies.
All patients provided written informed consent.

The tumours from Caucasian patients (n = 143) were collected
at the Brigham and Women's Hospital, Boston, MA, USA between
1991 and 1997 and have been previously published for patient
characteristics and histology, and for expression profile-based
clustering of the tumours (Bhattacharjee et al, 2001; Hayes et al,
2006). Frozen samples of resected lung tumours were obtained
within 30min of resection and subdivided into 100mg samples
and snap frozen at —B0°C. Each specimen was associated with an
immediately adjacent sample embedded for histology in an
optimal cutting temperature medium and stored at —80°C. Six
micrometres of frozen sections of embedded samples stained with
haematoxylin and eosin were used to confirm the postoperative
pathological diagnosis and to estimate the cellular composition of
adjacent samples. All specimens underwent pathological review by
two pathologists. In all 109 tumours obtained during the same time
period were excluded because they did not meet one or more of the
eligibility criteria. Tissue samples were homog d in Trizol (Life
Technologies, Gaithersburg, MD, USA) and RNA was extracted
and purified by using the RNeasy column purification kit (Qiagen,
Chatsworth, CA, USA). Denaturing formaldehyde gel electrophor-
esis followed by northern blotting using a f-actin probe assessed
RNA integrity, Samples were excluded if f-actin was not full
length. All patients provided written informed consent. The US
cohort included specimens that have previously undergone
analyses and the results have been published for EGFR, KRAS,
and BRAF mutations (Bhattacharjee et al, 2001; Naoki et al, 2002;
Hayes et al, 2006). We reconfirmed the mutations in 30 of these
specimens using the SURVEYOR-based analysis (see section
SURVEYOR digestion and HPLC analysis) and found 100%
concordance between the two methods (data not shown).

Cell line specimens were snap frozen and stored at -80°C. RNA
was extracted from tumours and cell lines using Trizol (Invitrogen,
Carlsbad, CA, USA), purified with Rneasy Mini Kit (Qiagen,
Valencia, CA, USA) and was used for cDNA synthesis using the
QuantiTect reverse transcription kit (Qiagen, Valencia, CA, USA),

PCR primers and cycling conditions

For LKB1 gene analysis, PCR primers were designed to amplify the
cDNA in two amplicons. PCR primers of the first amplicon were
designed to hybridise to the noncoding area of the mRNA
upstream of exon 1 (5'-agggaagtcggaacacaagg-3') and to exon 5
(5'-ccagatgtecacctigaage-3') generating a PCR product of 797 bp.
The primers for the second amplicon located at exon 5 (5'-aacggcc
tggacaccttct-3') and to noncoding exon 10 (5'-gaaccggcaggaagact
gag-3') generating a product of 702bp, which has an overlapping
part with first amplicon. For SURVEYOR-WAVE analysis of KRAS,
PCR primers (5'-ggcctgctgaaaatgactga-3', 5'-tcctgageetgtungtgtet-
3') were designed to generate an amplicon of 407bp covering
codons 12, 13 and 61, which are the codons commonly mutated in
lung cancers. For SURVEYOR-WAVE mutation analysis of BRAF,
¢DNA was amplified in two overlapping amplicons (5'-aggattt
cglggtgatggag-3', 5'-gatgactictggtgecatee-3', and 5'-gacgggactcgagt
gatgat-3', 5'-ggratcctegteccaccata-3’) covering codons 387-673.
For SURVEYOR-WAVE analysis of EGFR, PCR amplification
was done in a single amplicon (5'-ggagcctcttacacccagtg-3,
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5'-aggtcatcaactcccaaacg-3'), which covered exons 18-21 of the
gene. PCR amplification was done using JumpStart Taq (Sigma, St
Louis, MO, USA) under the manufacturer’s guidelines. A part of
the specimens (n=103) was previously characterised for KRAS,
BRAF, EGFR mutations using reverse transcritase (RT)-PCR and
direct sequencing of the PCR products (Naoki ef al, 2002; Hayes
et al, 2006).

SURVEYOR digestion and HPLC analysis

SURVEYOR digestion and HPLC analysis were carried out as
described previously (Janne et al, 2006). In brief, PCR products
were digested in reaction mixture containing equal volumes of
SURVEYOR enzyme (Transgenomics, Omaha, NE, USA) and
Enhancer (Transgenomics, Omaha, NE, USA) at 42°C for 20 min
followed by termination of the reaction by Stop Solution
{Transgenomics, Omaha, NE, USA). Specimens were then loaded
to the WAVE HS HPLC (Transgenomics, Omaha, NE, USA) at
50°C, eluted with an increasing acetonitrile gradient, and detected
by UV detector using DNA intercalating fluorescence dye
(Transgenomics, Omaha, NE, USA). When cell lines known to be
homozygous for specific mutation were analysed, PCR products
were mixed 1:1 with PCR products of a wild-type cell line,
denatured by heating, and slowly renatured to generate hetero-
duplexes.

Sequencing and fractionation

Specimens that showed an altered pattern on the SURVEYOR
tracings were purified using QlAquick kit (Qiagen, Valencia, CA,
USA) and sequenced bi-directionally by molecular biology core
facility of Dana-Farber Cancer Institute. If a specimen showed an
altered pattern on the SURVEYOR tracing but had a wild-type
sequence by direct DNA sequencing, it underwent fractionation by
WAVE HS HPLC in partially denaturing conditions. Running
temperatures for specific amplicons were calculated by the
Navigator Software (Transgenomics, Omaha, NE, USA). Collected
fragments were amplified with PCR using the same primers as in
the original amplification, purified and sequenced as previously
described above.

Statistical analysis

Fisher's exact test was used to assess the association of LKBI
mutation status with other clinical, pathological, and genetic
characteristics. To adjust for any difference between ethnic groups,
the association between LKB! mutation rate and each character-
istic was also evaluated as stratified contingency tables. If we did
not reject that the odds ratios were the same across ethnic groups,
we then tested whether the common odds ratios were unity based
on the stratified Mantel-Haenszel estimate (Breslow and Day,
1980). Overall survival was estimated using the Kaplan-Meier
method, with differences between the groups compared using the
log-rank test. All P-values were based on a two-sided hypothesis,
with P<0.05 considered to be statistically significant and
0.05<P<0.10 considered to be borderline significant.

RESULTS

SURVEYOR-WAVE mutation detection of LKBI tumour
suppressor in NSCLC cell lines

The impact of the stability of LKBI mRNA on detecting LKB!
mutations was tested using RT-PCR with mRNA extracted from
NSCLC cell lines that had previously been characterised for LKBI
mutations. These included NCI-H441 (wild type) and A549, NCI-
H1395, NCI-H23, and NCI-H2126 (all containing LKBI mutations).
Reverse transcriptase~PCR amplification of the whole coding
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region of the LKBl mRNA showed that cell lines with nonsense
(A549, NCI-H23) mutations or 1bp deletion (H1395) expressed
mRNA with comparsble size to the wild-type H441 cell line
(1460bp). H2126 cell line, which is known to have homozygous
deletion of exons 4-6, expressed mRNA with substantially smaller
size (~1000bp) corresponding to deletion of 398bp. RT-PCR
revealed no major difference in LKBI mRNA expression levels
between LKBI mutant or wild-type cell lines (Figure 14).

As LKB1 mutant and wild-type cell lines expressed comparable
amounts of LKBI mRNA with RT-PCR, we studied the cDNA for
mutations using the SURVEYOR-WAVE method. The WAVE
HPLC provides a system to analyse DNA fragments smaller than
900bp and therefore we designed two overlapping amplicons
covering exons 1-5 (797bp) and 5-9 (702bp) to amplify the
whole coding region of LKBI mRNA. PCR products of LKBI
mutant cell lines were mixed 1:1 with the products from wild-type
cell lines (H441) to generate heteroduplexes as LKBI mutant cell
lines were previously reported to be homozygous for the
inactivation of the gene. SURVEYOR-WAVE analysis of the
amplicon covering exons 1-5 revealed novel peaks with the cDNA
for A549, and NCI-H1395 cell lines compared with the wild type
from NCI-H441 (Figure 1B). SURVEYOR-WAVE analysis of exons
5-9 showed novel peaks for the NCI-H23 cell line as well. The
mutations detected with SURVEOR-WAVE were confirmed by
conventional DNA sequencing and they corresponded to previous
reports (Sanchez-Cespedes et al, 2002; Carretero et al, 2004). We
could not detect the LKBI mutation of H2126 cell line with
SURVEYOR-WAVE method using a two-amplicon approach
because this cell line has a homozygous deletion of exons 4-6
and the reverse primer of the first amplicon and the forward
primer of the second amplicon, which lie on the deleted part of the
gene (data not shown).

LKBI tumour suppressor gene mutations in NSCLC
tumours

We next used the SURVEYOR-WAVE method to screen NSCLC
tumour specimens (n=310) for LKBI mutations. We detected 34
LKB! mutations (11%) in the NSCLC tumour specimens (Table 1).
The majority of the LKBI mutations detected was deletions or
insertions (n = 25, 74%). The r inder was mi se(n=17,21%)
and nonsense (n =2, 6%) mutations (Table 2, Figure 1C). About
one-half of the deletions and insertions were small, covering
<15bp (n=14, 56%), whereas larger deletions (n=11, 44%)
covering hundreds of base pairs were detected in the remaining
specimens. Some mutational hotspots were discovered. The areas
that had the same mutation in more than one tumour specimen
included deletion of exon 4 (n=4), deletion of exons 2 and 3
(n=3), DI94Y (n=2), and P28IL (n=2). Interestingly, a
significant portion of the mutations was located in exon 1
(n=11, 32%) but there was no area of recurrent mutations in
this exon (Table 2). Of the missense mutations detected in the
current study, all except R426W are in the kinase domain of the
protein. Missense mutations in codons 176 and 194 have been
previously characterised in PJS (Launonen, 2005). We also found
four F354L alterations (data not shown) but we did not consider
these as missense mutations as this alteration has previously been
reported to be a rare polymorphism of the gene (Launonen et al,
2000). We did not have access to the corresponding normal tissues
and therefore, we could not verify if some of the missense
mutations were somatic or germline.

Association of LKBI tumour suppressor mutations in
NSCLC with clinicopathological characteristics

The mutation frequency of LKB1 gene was significantly higher in
NSCLCs in the Caucasian cohort (Table 1). Twenty-five (17% of
specimens) of the LKBI! mulations were detected in NSCLCs
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Figure | Mutation analysis of LKB| gene in NSCLC cell lines and tumours. RT—PCR amplification of cDMNA from LKB! wt (H441) and KB/ mutant
(AS99, HI395, and H23) cell lines display the full length LKBI mRNA (1.4 kbp) while the LKB| mutant cel line, H2126 with a deletion of exons 4—&
expresses a shorter mRNA, (1.0kbp) (A), HPLC tracings of SURVEYOR-WAVE mutation analysis of NSCLC cell lines A549, H| 395, or H23 (continuous
line), and H44| (dashed line). Time in minutes is shown on the X-axis, voltage in mV an the Y-axis (B). A549 and H|395 show novel peaks (*) in the
amplicon covering exons | -5 (ex|—5) corresponding to 109C>T, Q37X and |165_169delG, frameshift and truncation (FS truncation) mutations. The
analysis from H23 demonstrates novel peaks in the amplicon covering exons 5-9 (ex5-9) corresponding to 996G > T, W332X mutation. LKB| wild-type
¢DNA (H441) was added to PCR products | : |, denatured by heating and slowdy renaturated to generate heteroduplexes since A549, H|395, and H23
have previously reported to be homozygous for the LKBI mutations. SURVEYOR-WAVE mutation analyses of NSCLC tumours (€). AD367 and AD368
tumours showed novel peaks in the ex| -5 amplicon corresponding to 475C > T, Q159X, and 142_143delA, FS. truncation mutations. AD362 tumour had
novel peaks in ex5-9 amplicon comesponding to deletion of exon 6, Mutant sequances for AD367 and AD368 are displayed from sequences using the
forward primer while mutation of the AD362 is showed with reverse primer.
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Table | Frequency of LKBI mutations in NSCLT tumours and their
assooation with dimcopathological charactenstics
LKBI| mutation
+ - Povalue*
Al tumours 34 (11%) 176 (89%)
Age. medan 61.2 622
Ethrucity
Caucasian cohort 25 (17%) |18 (B3%) anol
Asian cohart 9 (5%) 158 (95%)
Gender
Male 20(11%) 167 (89%) NS
Fernale 14 (125%) 107 (BE%)
Smoking
Mever (< 10py) 1 (3%) 70 (97%) 0.007
Smoker (> 10py) 26 (14%) 161 (B&%)
Tumour stoge
| 19 (10%) 169 (90%) NS
i B (14%) 51 (86%)
] 5(11%) 42 (89%)
v I (12%) 7 (88%)
Histology
Adenocaranoma 27 (13%) 180 (87%) 0.047
Squamous carcinoma 5 (5%) 87 (35%)
Adenosquarnous 2 (22%) 7 (78%)

*Fisher's mact test, NS = not statistically significant (P> 0Q.05),

collected from patients in the United States, whereas only nine
mutations (5% of specimens) were detected in the Korean cohort
(P=0.001) (Table 1). The LKBI mutation rate tended to be higher
in adenocarcinomas (13%) compared with squamous cell
carcinomas (5%) (P = 0.067). Differences in histological subgroups
were relatively modest in the US cohort with mutations in 18 out of
94 (19%) adenocarcinomas vs 5 out of 38 (13%) in squamous cell
cancers (P = 0.461). This is in contrast to the findings in the Asian
patients where all of the LKBI mutations were detected in
adenocarcinomas (9 out of 113 (8%)) and none were detected in
squamous cell cancers (0 out of 54 (0%); P=0.032), Nevertheless,
the higher rate of LKBI mutation in adenocarcinomas compared
with squamous cell carcinomas retains the same level of statistical
significance (stratified P=0.064) after adjusting for fluctuation
between ethnic groups. The US cohort also included nine
specimens from adenosquamous carcinomas and two out of nine
(22%) had LKB! mutations, which is similar to the frequency in
adenocarcinomas in this population (Table 1). There was no
association between LKBI mutations and the clinical stage of the
NSCLC patients. Kaplan-Meier survival curves of stages I and 11
NSCLC patients showed a tendency for shorter survival in patients
with LKB] mutant tumours but this, however, did not reach
statistical significance (P=0.17) (Figure 2), No differences in
survival were observed in patients who harboured both LKBI and
KRAS mutations compared with those with KRAS or LKB! alone but
the total number of patients with both mutations who had stages |
or Il NSCLC was small (n=9; data not shown). We detected an
association of LKB] mutations with a smoking history (P =0.007)
and only two mutations were detected in tumours from 72 NSCLC
patients who were either never or light (<10 pack years) former
smokers (Table 1), After adjusting for ethnic group, the higher rate
of LKB] mutation among patients with a smoking history is
borderline significant (stratified P=0.067). The reduction in
statistical significance is likely owing to the loss of power associated
with the overall rarity of LKBI mutations among never or light
former smokers. For these analyses we combined both never
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Table 2 The specific LKB! mutations in NSCLC tumours

Amine
Mutation Mo, acid
type (%) Mutation change Exon Histology
Mmerse 7 (21) *526G>T DI7sY 4 Ad
S80G>T DIg4Y 4 Ad
580G>T DI194Y 4 5q
B19G>T DTy é AdSq
B2C>T P2BIL 6 Ad
"B42C=T P2BIL & Ad
1276C>T R426W 9 Ad
MNonsense 2 (&) 206C> A SEFX I Ad
475C>T Q159% 4 Ad
Deletion/ 75 (74) *75_T6del)BinsT F5 truncates | Ad
insertion
120_130deil | FS, truncates | Ad
125_127insGG FS, runcates | Ad
128_129deiC F5, truncates I Ad
142_143delA FS, truncates | Ad
| B0deiC FS, truncates | Ad
209dels FS truncates | Ad
227_118deiC FS, truncates | Ad
47_65 | delbD4 FS, truncates |5 Sq
153_536del384 FS, truncates |4 AdSq
“exon 2-3del Truncates 23 Sq
*exon 2-3del Truncates  2-3 Ad
exon 2-3del Truncates  2-3 Ad
exon J-4del FS. truncates 24 59
A464_465del2ins TTTGCT FS, truncates  3-4 Sq
561_563delG F5, truncates 4 Ad
*exon 4del FS, truncates 4 Ad
exan 4del FS, truncates 4 Ad
exon 4del FS, tnmcates 4 Ad
exon 4del FS, truncates 4 Ad
610_623del14 FS, truncates 5 Ad
*837_844delC FS, truncates 6 Ad
B37_844insC FS, runcates 6 Ad
exon bdel FS, truncates 6 Ad
| 038_1040insG FS truncates 8 Ad

Ad = Adenocarcinoma:  AdSq = Adenosquamous carcinoma; 5q = Squamous cell
cartinoma; , “These mutations were detected in Korean NSCLC patients.
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Figure 2  Kaplan—Meyer survival curves of stage | and Il NSCLC patients

with LKB| wildtype (red line, n= |98) vs LKBI mutant (blue line, n=23)
tumaours.

smokers and light (<10 pack years) smokers as the frequency of
mutations in other oncogenes such as EGFR is similar in these two
patient groups (Pham et al, 2006). There were no correlations
between LKBI mutations and gender or age of a patient.

Association of LKBI mutations with K-Ras, B-Raf, and
EGFR mutations in NSCLC

Previous reports have suggested that in NSCLC cell lines, LKBI
mutations often occur concurrently with KRAS or BRAF mutations
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