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To date, several studies including the present one have
demonstrated that IPI score remains predictive in the
rituximab era, in contrast to biomarkers [18, 22, 23]. In the
present study, the IP] system identified only two risk groups
i i of four g our pati a low and low-
intermediate group and a high and high-intermediate
group-—as reported in previous studies (22, 23).

The addition of rituximab to chemotherapy has improved
the outcome of patients. We and others have shown that OS
now exceeds 50% even in the groups with unfavorable
indicators [14-18, 22, 23], although some patients still have
a very poor outcome, Therefore, other predictive factors must
be characterized in order to identify patients who should
receive alternative initial therapy. A number of molecular
prognostic markers have already been identified in patients
with DLBCL [30). These markers now need to be reevaluated in
the rituximab era to identify patients with unfavorable
prognostic factors and to devise adequate treatment strategies.

In conclusion, we have d ated that a high serum
SIL-2R level is an indicator of poor prognosis in DLBCL
patients receiving rituximab combination chemotherapy. To
accurately confirm whether serum SIL-2R influences the
outcome of patients receiving rituximab combination
chemotherapy, prospective investigation with long-term
follow-up will be required.
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SRPX2 is overexpressed in gastric cancer and promotes

cellular migration and adhesion
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SRPX2 (Sushi repeal containing protein, X-linked 2) was first
identified as a downstream mol of the E2A-HLF fusion gene
in t{17;19)-positive leukemia cells and the biol function of
this gene remains unknown. We found that SRPX2 is overex-
pressed in gastric cancer and the expression and clinical features
showed that high mRNA expression levels were observed in
patients with unfavorable outcomes using real-time RT-PCR. The
cellular distribution of SRPX2 protein showed the secretion of
SRPX2 into extracellular regions and its localization in the cyto-
plasm. The introduction of the SRPX2 gene into HEK293 cells did
not modulate the cellular tive activity but did enhance
the cellular m on activity, as shown using migration and
conditioned medium obtained from SRPX2-
overexpressing cells increased the cellular migration activity of a
gastric cancer cell line, SNU-16. In addition, SRPX2 ein
remn‘kably enhanced the cellular adhesion of SNU-16 and HSC-
and increased the phosphorylation levels of focal adhesion ki-
nm (FAK), as shown using western blotting, mlﬁ::"nl that
SRPX2 enhances cellular milnﬂun md
n|1ns!iag. In conclusion, the overexpression of SRPX2 mlunul
lular migration and adhesion in gastric cancer cells, Here, we
report that the biological functions of SRPX2 include cellular
migration and adhesion to cancer cells.
008 Wiley-Liss, Ine.

Key words: SRPX2;
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gasiric cancer; cellular adhesion; cellular

SRPX2 (Sushi repeat containing protein, X-linked 2) was first
identified as SRPUL (Su.itu repeat protein upregulated in leuke-
mia) by Kurosawa e/ al.' The E2A-HLF fusion gene causes B-cell
precursor acute lymphoblastic leukemia, which is ct ized by
an  unusual panncopiutic syndrome comprising Intravascular
coagulation and hypercalcemia; one of the target genes of E24-
HLF i is SRPXZ Apart l'mm the possible involvement of this gene
in o ing mutation (p.N3278) in
SRPX2 resulung in a gnm—af-glymsy]llion aberration in the
secreted mutant protein, and the mutation actually leads to rolun-
dic epilepsy with oral and apeech dyspraxia and with mental retar-
dation in the French rnrmly While a second mutation (p.Y72S)
leads to rolandic epilepsy with bilateral perisylvian polymicrogy-
ria in another family." The involvement of SRPX2 in these disor-
ders suggests an important role for SRPX2 in the perisylvian
region, which is critical for language and cognitive development.

SRPX2 cx 3 sushi d and 1 hyaline domain, A sushi
domain, also known us u complement control protein module or a
short complement-like repeat, containg ~6() amino acids and is
found in functionally diverse proteins, such as tors of the
complement activation ﬁlmlly GABA receptor, thyroid peroxi-
dase and selectin family * Sushi domains are thought to mediate
specific prolein—protein or protein—carbohydrate binding and cel-
lular adhesive functions.* A phylogenetic analysis revealed that
SRPX2 belongs 1o a family of 5 genes: SRPX2, SRPX, SELP
(selectin P ]Jrecursnl). SELE (selectin E precursor) and SVEP/
(selectin-like protein)." SRPX/SRPXI/EXTI/DRS has the highest
degree of similarity and may be involved in X-linked retinitis
pigmentosa.™’ The selectin family, which is well known for its
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biological roles in leukocyte migration, cellular h and
rolling, also cou!u:m sushi domain repeats and are phylogenetic
similar to SRPX2.

SRPX2 also contains a hyaline (HYR) domain, and this domain
probably corresponds to & new superfamily in the immunoglobulin
fold. The HYR domuins are often associated with sushi domains,
mnd although the function of HYR domlins is uncenain, it is
thought 1o be involved in cellular adhesion.” Thus, accumulating
data on the motifs found in SRPX2 suggest that SRPX2 may be
involved in cellular adhesion.

We previously p:rfumwd 4 microarruy analysis of paired clini-
cul samples of gastric cancer und noncancerous lesions obtained
from gastric cancer ptncms and found that SRPX2 is overex-
pressed in gastric cancer tissue. The present study sought to clarify
the biological function of SRPX2 expression in gastric cancer.

Material and methods
Cell culture

HEK?293 (human embryonic kidney cell line) was maintained in
DMEM medium, and SNU-16, HSC-39, 44As3, HSC-43, HSC-
44, MKN| and MKN7 (human gastric cancer cell lines) were
maintained in RPMT1640 medium (Sigma, St. Louis, MO) supple-
mented with 10% FBS (GIBCO BRL, Grand Island, NY).
HUVEC (human umbilical vein endothelial cells) was maintined
in Humedia-EG2 (KURABO, Tokyo, Japan) medium with 1%
FBS under the addition of epidermal growth factor and fibroblast
growth factor,

Expression vector construction and viral production

The full-length cDNA fragment encoding human SRPX2 was
obtained from 44As3 cells using RT-PCR and the following pri-
mers: SRPX2-F, CGG GAT CCT CAA GGA TGG CCA GTC
AGC TAA CTC AAA GAG G; SRPX2-R, CCC AAG CTT GGG
CTC GCA TAT GTC CCT TTG CTC CCG ACG CTG GG. The
sequences of the PCR-amplified DNAs were confirmed by
sequencing after cloning into a pCR-Blunt II-TOPO cloning vec-
tor (Invitrogen, Carlsbad, CA). SRPX2 cDNA was fused to a GFP-
containing pcDNA3.1 vector (Clontech, Palo Alt, CA). Empty,
GFP and SRPX2-GFP vectors were then transfected into HEK293
cells using FuGENES6 transfection reagent (Roche Diagnostics,
Basel, Switzerlund). Hygromycin sclection (100 pg/ml) was
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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
stuble transfectant HEK293 cells were designated as pcDNA-
maock, pcDNA-GFP, pcDNA-SRPX2/GFP, HEK293-pcDNA-
mock, HEK293-pcDNA-GFP and HEK293-pcDNA-SRPX22/0FP.
SRPX2 cDNA in pcDNA3. | vector was cut out and transferred
into & retroviral vector (BD Biosciences Clontech, San
Diego. CA) together with enhanced green fluorescent protein
(EGFP) following intemal ribosome entry sile sequence (TRES) to
monitor the expression of the inserts indirecily. A pVSV-G vector
(Clontech, Palo Alt, CA) llor the constitution of the viral envelope
and the pQCXTX constructs were cotransfected into the GP2-293
cells using FuGENES 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-
tre medium was collected and the viral particles were concen-
trated by centrifugation at 15,000¢ for 3 hr at 4°C. The viral pellet
was then in fresh RPMI 640 medium. The titer of the
viral vector was calculated by counting the EGFP-positive cells
that were infected by serial dilutions of virus-containing media,
and the multiplicity of infection (MOT) was then determined. The
viral vector and stable viral transfectant cells in each cell line
were designated as pQCLIN-EGFP, pQCLIN-SRPX2, HEK293-
EGFP, HEK293-pQCLIN-SRPX2. MKNI-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 to 75 years and with his-
tologically confirmed, Stage IV gastric cancer. Additional inclusion
criteria included an Eastern Cooperative Oncology Group perform-
mmmdn—zmmcﬁm& included prior chemother-

lnm Al! 2 gastric cancer samples were evul-
méy pdm received chemotherapy after
and endoscopical Gm“wwm
umﬁmmuﬂsmwm SRPX2 expression in
institutional review board of the National Cancer Center Hospital,
and written informed consent was obtained from all the patients. En-
doscopic biopsy sumples were immediately pluced in an RNA stubi-
lization solution (Isogen; Nippongene, Tokyo, Japan) and stored at
—R0°C. Other biopsy samples obtained from the same location were
reviewed by a pathologist to confirm the presence of tumor cells.
The RNA extraction method 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 converted to
¢DNA using a GeneAmp" RNA-PCR kit (Applied B
CA). Real-time PCR was carried oul using the Applied
tems 7900HT Fast Reul-time PCR System (Applied Biosystems)
under the following conditions: 91'Cfur6min 40 cycles of 95°C
for 15 sec and 60°C for | min. Glycernidehyde 3 phosphate dehy-
drogenase (GAPD, NM_002046) was used to nommalize the
expression levels in the subsequent quantittive analyses. To
amplify the target genes, the following primers were purchased
from TuKaRa (Yotsukaichi, Japun): 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

Rabhit antibodies specific for SRPX2 were obiained by immu-
nizing rabbits with SRPX2 peptide (FIDDYLLSNQELTQ)
according to a previously described method.” and TgG was purified
from serum using standard protocols.

1073

SRPX2-conditioned medium

The media in which subconfluent HEK293-pQCLIN-EGFP,
HEK293-pQCLIN-SRPX2. MKNI-pQCLIN-EGFP und MKNI-
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 fillered using Millex-GS (Millipore, Bed-
ford, MA) and concentrated using the Amicon Ultra (Millipore)
and stored ar —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 Westem blot analysis was perf| 1 as di i
(Ref. 10). In brief, subconfluent cells were washed with eald phw—
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, | mM sodium orthovanadate and a prote-

ase inhibitor mix. complete’™ (Roche Diagnostics). Whole-cell
and culture medium were sepurated using a 2-15% gradi-
ent SDS-PAGE and blotted onto a polyvinylidene fluoride mem-
brane. Afier 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, After rinsing twice with TBS baffer, the
membrane was incubated with horseradish peroxiduse-conjugated
secondary antibody (Cell Signaling) und washed followed by visu-
alization using an ECL detection systemn (Amersham) and LAS-
3000 (Fujifilm, Tokyo, Japan). The data were quantified by auto-
mated densitometry using Maltigauge Ver 3.0 (Fujifitm). 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-thinzoyl-2-y1)2,5-diphenylictrazolium bromide| solution
(SIGMA) was added and the cultures were incubated for 4 hr at
37°C. After ion, the culture medium was discurded und
the wells were filled with DMSO. The absorbance of the cultures at
562 nm was measured using VERSAmax (Japan Molecular Devi-
ces, Tokyo, Japan), The experiment was performed in triplicate.

A

Cellular adhesion assay

EGFP-conditioned or SRPX2-conditioned media obtained from
HEK293-pQCLIN-EGFP, HEK29 IN-SRPX2, MKNI-
PQCLIN-EGFP or MKNI-pQCLIN-SRPX2 cells were adjusted 1o
a concentration of | mg/mlL and 50 ul. were incubated m 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-coaied plates (2 X 107 cells /well) und incu-
bated at 37°C for | hr. When ireated with FAK inhibitors (PP2
and Herbimycin A: Calbiochem, San Dicgo, CA), the cells o 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 us described ubove, The average
O.D. values of 3 wells were used for u single experiment, and the
experiment was performed in triplicate.

Migration assay and chemotavis assay
Migration assays were performed vsing the Boyden-chamber
methods und polycarbonate membranes with an 8-pm pore size
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Fioure 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

QL R R

1

{chemotaxicell; KURABO). The membranes were couated with fibro-
nectin on the outer side and dried for 2 hr al room temperuture, The
cells to be analyzed (2 X 107/ well) were then seeded onto the upper
chambers with 200 ul. of migrating medium (DMEM containing
0.5% FBS)., and the upper chambers were placed imo the lower
chambers of 24-well culture dishes containing 600 uL of DMEM
coniaining 0% 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 1o the outer side of the membranes 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 uL 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 L volume of RPMI1640 containing 0.5%
FBS medium in the lower chamber of the 24-well culture dishes.
The cells were then incubated 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

HEK293-pQCLIN-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 1o the confluent cell monolayer using a plastic pipette tip.

[] Non-cancerous gastric mucosa
l Gastric Cancer

2 3 45 06 7 8 9WNI1I213WM 151617 18192021 2223 4
Patients No.

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
patients. GAPD wus used to nor-
malize the expression levels in the
subsequent guantitative analyses,
The mRNA expression levels of
SRPX2 were significantly higher in
the ric cancer lesions (p =
I:I.l;lO(g;,l Error bars represent the
SDs of 3 independent experiments.
[Color figure can be viewed in the

online issue, which is available at
www.interscience. wiley.com.)

The cells were then cultured with DMEM containing 10% FBS mt
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 (reated with DAPI (6-diamidino-2-phenylindole) to stain the
nuclens and photographed using fi microscopy, IX71
(Olympus, Tokyo, Japan).

Statistics

The 1 test was used for comparison between 2 groups and paired
f test was used for paired-samples in Figure |c¢. The stahstical
anulysis wus performed using Excel software (Microsoft, Red-
mond, WA). A p value < 0.05 was considered significant.

Results
Tissue distribution of SRPX2 mRNA in normal
tissues 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 und bone murrow were relatively low (Fig.
1a). Combined with datu from previous reports,'? SRPX2 mRNA
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appears (o be widely observed in normal tissues, with pamicularly
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 | = SRPX] EXPRESSION AND PATIENT CHARACTERISTICS IN
PATIENTS WITH GASTRIC CANCER

1075

mRNA expression level was observed in gastric cancer (44As3,
MKN7 and SNU-16), colorectal cancer (WiDr and COCM-1),
lung cancer (PC-9), mesothelioma (MSTO), glioms (U251) and
HUVEC. These results suggest that a variety of cancer and vascu-
lar endothelial cells express SRPX2 (Fig. 1b).

Overexpression of SRPX2 mRNA in gastric cancer tissues
The expression of SRPX2 mRNA was analyzed for paired lis-

= Pueats — . sues of gastric cancer and noncancerous gastric mucosa obtained
ancriancy Na. (%) Dipeien. [y from 24 ps(ru: cancer patients. A paired f test demonstrated that
- SRPX2 e Jon wits si;niﬁcmily increased (p = 0.0004) in the
Age, years swcs 0 the noncancerous gastric mucosa
260 31 (54) 126 %125 0in (F'lg Ic). The SRPX2 mRNA cxwuskm levels in the gastric can-
<60 26(46) 111 =91 cer and noncancerous gasiric mucosa were 6.6 = 5.4 and |8 =
sliIn 40D 1129 0l 1.2 (X 107YGAPD), respectively. Although the reason is unclear,
Fowils 1628 126<12.5 . 2 groups seemed to be present: | group with very high expression
Histology' levels in cancerous tissues and another group with no difference in
Diff. 2039 113x79 017 the exp levels t cancerous and noncancerous
Undiff. 32(56) 122%11.7 lesions.
osis” To clarify the clinical significance of SRPX2 expression, we
avorable (>6 months) 37 (65) 9.5 =72 <0.05 examined the expression in an additional 57 gastric cancer sam-
" UT"""'N' (<6 months) mst_?-"] 151 £ 13.5 ples using real-time RT-PCR and analyzed the correlations
ota

'Histology of erlb;sgc;mpks divided into differentinted and
undifTerentiated type~ all survival time from the first day of
chemotherapy. A survival time of 6 months was used ax the cut-off to
divide patients into “Favorable™ and “Unfavorable™ groups.

o GFP  DAPI

Merge

o

opg Lysates CM
| . | r—, |
220 -
B = o
0 - -
s0-| W L
w4 - -
W4 ®  eme. -
pcDNA-mock * = =
pcDNA-GFP s sin B
pcDNA-SRPX2/GFP - - + - - +

between SRPX2? expression and clinical characteristics (Table 1).
Age, sex and histological cancer type were not comrelated with
SRPX2 expression. However, patients with an unfavorable out-
come, in whom the overall survival time (0S) was less than 6
months, exhibited significantly high expression levels of SRPX2 in
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Figuwe 2 - Cellular distribution of SRPX2-GFP fusion protein. To examine the cellular distribution of SRPX2, we created cell lines expm.s

ing a fusion protein of SRPX2-GFP, The empty vector, GFP and SRPX2-GFP vectors were transfected lnto HEK293 cells usin

transfection reagent. The veciors and stable mnst‘:tum cells in the HEK293 cells were desi

DNA-GFP and HEK29]

cells (lower panel). The SRPX2/GFP fusion

tion. The nucleus was stained by DAPI (blue). Western blot ml{m detecied I?’ (b) unti-GFP -nnhc
A-SRPX2G

SRPX2/GFP, HEK293-pcDNA.mock, HEK29.
peDNA-GFP (upper panel) and pcD"\.A SRFX

HEK293-pcDNA-mock, HEK204-pcDNA-GFP and HEK293- peD
delsg‘ted the SRPX2-GFP fusion pn:lcln n
medium.
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FuGENES
ated ax pcDNA-mock, pcDNA-G DNA-
DNA-SRPXZ/GFP. (a) un(nl:cm:s rml;msmpy of EK293-

.na ) anti-SRPX2 mhbud)« for

cells. Both the ani-GFP and the anti-SRPX2 antibodies

80 kDa in the cell lysate and the secreted form ar 150180 kDa. IB, immunoblot; CM. culiure
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EGFP and SRPX2 were

construcied as pQCLIN-EGFP and IN-SRPX2, ively. These stable cell lines, retrovimlly introduced inio 293 cells, were desig-
nated as HEK293-pQCLIN-EGFP and HEK29. -SR.P{ , respectively. (a) Cellular growth was examined using an MTT assay. No dif-
ference in cellular growth was observed between HEK293-pQCLIN-EGFP and HEK 293 N-SRPX2 cells. (h) Migration nn& 1ls (2 %
107 well) were seeded into the upper chambers with serum-reduced medium (DMEM with 0.5% FBS). The upper chambers, with fibronectin

coated on the outer side of the membrane, were then placed in the lower chambers of a 24-well culture plate containing DMEM with 10% FBS.

Alter incubation for 8 hr ut 37°C, medinm was aspirated and the mnig

ton swab. The migrated cells on the outer side of the membrane were
performed in triplicate. The left panels show representative data.
SRPX2 cells. Wounds were introduced to the confl cell

(¢) Wound healing assay for HEK293-

mied cells on the inner side of the membrane were removed using a cot-
xed, stained and counted using u light microscope. The experiment was
-EGFP and HEK293-pQCLIN-

L4

using a plastic pipetie tip. After 4, 8§ and 12 hr, the wound area was pho-

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

green fuorescent protein.

cuncerous tissues (p < 0.05), The SRPX2 expression levels in
patients with an unfavoruble outcome (OS < 6 months) and in
those with a favorable outcome (OS > 6 months) were 9.5 + 7.2
and 15,1 * 135 (X10”Y/GAPD), respectively. This result sug-
gests that SRPX2 might be a prognostic biomarker, that is, associ-
ated with u malignant phenotype in gastric cancer.

SRPX2 is secreted into cnliure medivm and
localized in eytoplasm

Because the cellular distribution of an uncharacterized protein
often suggest its biological function (e.g.. lranscription 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 un empty vector, GFP, or SRPX2 fused with GFP into
HEK293 cells to create the following stable cell lines: HEK293-
peDNA-mock, HEK293-pcDNA-GFP and HEK293- pcDNA-
SRPX2/GFP, respectively. The SRPX2-GFP fusion proicin exhib-
ited a cytoplasmic distribution (Fig. 2a). The protein expression of
SRPX2 was then analyzed using westem bloming and both anti-
GFP and unti-SRPX2 antibodies (Figs. 2b und 2¢). Western blot-

ting with anti-GFP antibody revealed that 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 a 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 consisient
with the estimated molecular weight of SRPX2, 53 kDa. The
higher band wus 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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Figure 4 — SRPX2-conditioned medinm enhanced cellular migration. (¢) Wesiern Nﬂﬂ'.l-lﬁ for conditioned medium obiained from the stable

cell lines, HEK293-pQCLIN-EGFP, HEK293

, MEKN1-pQCLIN
was d to | mg/mL and diluted before use, Further details are described in the “Material and methods™ section. 1B,
immunoblotting, HEK293.CM-EGFP. conditioned medium from HEK293

MEN1-pQCLIN-SRPX2. Each concentration of
-EGFP cells; HEK293-CM-SRPX2, conditioned medium

3-pQCLIN
from HEK293-pQCLIN-SRPX2 cells; MEN|-CM-EGFP, conditioned medium from MKN1-pQCLIN-EGFP cells; MKNI-CM-SRPX2. condi-

tioned medium from MKN1-pQCLIN-SRPX2 celis. The role of SRPX2 in cellul Wits d in the
16, using a migration ussay and EGFP- or SRPX2-conditioned medium from (b) HEK293-pQCLIN-EGFP or -SR!

ic cancer cell line, SNU-
cells and from (¢) MKNI-

pQCLIN-EGFP or -SRPX2 cells. A toal of I 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-conditioned medium was added to the 600 pL volume of the
RPMI1640 containing 0.5% FBS medium in the lower chamber of the 24-well culure dish. The cells were incubated for 24 hr at 37°C. The

number of mi cells was evaluated s described carlier. The experim
right Is. The SRPX2-conditioned medium sij
1 medium. Data are shown as the mean +

cellular growth was seen between the cells, indicating thut SRPX2
15 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 migration acrivity 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 thut the cellular motility of
HEK293-pQCLIN-SRPX2 cells was significantly enhanced, com-
pared to that of EGFP transfectant cells, at 8 and 12 hr afier wound
infliction (p < 0.05, Fig. 3¢). Although the actual difference in the
wound healing assay result was relatively small, these results indi-
cate that SRPX2 is involved in cellulur motility.

SRPX2-conditioned medium enhanced cellular migration

EGFF or SRPX2 was also introduced info a gastric cancer cell
line, MKNI, and the SRPX2-conditioned media obiained from
MEKN1 and HEK293 cells were subjected 10 a migration assay,
The ransfected cells mainly produced the secrered type of SRPX2
protein with the higher molecular weight. us detected using west-
em blot analysis. The SRPX2 proteins produced by MKNI and

ent was performed in triplicate, Representative data is shown in the

ificantly enhanced cellular motility (p < 0.05) by abowt 2-fold, compared to the BEGFP-condi-
of 3 independent experiments. *: p < 0,05,

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 p in the d 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 contuining 100 pg/mL of EGFP- or SRPX2-
conditioned medium from HEK293-pQCLIN-EGFP or -SRPX2
cells ndded 1o 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
thun that of the EGFP-conditioned medium (Fig. 4b). Similar
results were observed using conditioned medium from MKNI-
pQCLIN-EGFP or -SRPX2 cells (Fig. 4c). This result indicates
that the secreted SRPX2 protein increased cellular motility in gas-
tric cancer cells.

SRPX2 protein promoted cellilear attaclment

We examined the cellular adhesion potential of 7 gastric cancer
cell lines cultured on BGFP- und SRPX2-conditioned medium-
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Fioure 5 — SRPX2 protein enhanced cellular anachment. EGFP-conditioned or SRPX2-conditioned medium was adjusted to »
of 1 mg/mL and 50 pL was a1 4°C overnight on 9%6-well plates. The conditioned medium was aspirated, and the wells were washed twice
with phosphat saline (PBS). The plates were used in the adhesion assay as conditioned medium-coated 96-well plates. The cells (o be
analyzed (2 % 107 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 o remove nonadherent cells, The adherent cells were evaluated using an MTT assay. (4) A cellular adhesion assay
was performed using 7 gastric cancer cell lines und conditioned medium-coated plates. The numbers of adhered SNU-16 and HSC-39 cells were
significantly larger with the SRPX2-conditioned medivm comed-plates (p < 0.05). (b) A celiular adbesion assay was also performed using con-
ditioned medium-coated plates obtained from MKNI IN-EGFP and MKN 1-pQCLIN-SRPX2 cells. The numbers of adhered SNU-16 and
HSC-39 cells, but not 44As3 cells, were significantly lurger. (¢) A cellular adhesion ussay was performed using different concentrations of con-
ditioned medinm-coated plates. The 6-well-plate-scale data is shown in the left panel, () 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 attachment induced by the
SRPX2 protein emerged afier a relatively short time (0.5 he). The experiment was performed in triplicate. CM-EGFP. conditioned medium from
HEK293-pQCLIN-EGFP cells; CM-SRPX2, conditioned medium from HEK293-pQCLIN-SRFX2 cells. [Color figure can be viewed in the

online issue, which is available at www.,i e.wiley.com.)

coated plates. Five of the gastric cancer cell lines did not increase
cellular anachment 1o 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 nssays were
also performed using conditioned medium-coated plates obtained
from MENL-pQCLIN-EGFP and MKN1-pQCLIN-SRPX2 cells
(Fig. $b), The SNU-16 and HSC-39 cells, but not the 44A53 cells,
also exhibited a significantly larger number of adhered cells in the
presence of SRPX2 protein obtained from the conditioned-me-
dium of MKNI1 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. 5¢). Time-course experiments revealed that a larger
number of attached SNU-16 and HSC-39 cells were observed after

a short time (0.5 hr) 1o 4 hr after the start of incubation (Fig. 5d).
Microscopic examination revealed that most of the adhered cells
did not exhibit “cell spreading” and instead resembled “cellular
atiachment.” These resulis demonstrate that SRPX2 is involved in
cellulur attachiment 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 phosphorylution levels of FAK in SNU-16
cells were examined after culturing in a medium o 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 =12 hr
of culure (Fig. 6a). FAK phosphorylation occurred during an
early stage (| hr) and was consistent with the results for cellular

504



SRPXI AND CELLULAR ADHESION

a SNU-16 b

48 03 13 88 &7 %4 07 11 18

pFAK (pY397)
p-FAK (pYSTESTT)
pFAK (pYSTESTT), 1 l
FAK
b-actin 2
1h 4h i2h
CMEGFP| = + | - + |- # - c o
cMSRPI2| « « 4|+ - |- - & E-w
‘ L]
x o
L)
HEK293.CM-EGFP i T
HEK293 -CM.SRP)X2 i S I
PP (mh) [ P N B R
HerbimycinA(mgm) 0 o0 o0 1 10
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presence of GFP or SRPX2-conditioned medium at a final concentration of 100 g fmL. The cells were collected at |, 4 and 12 hr after incuba-
tion. Ten microgrums of cell lysate were subjected (0 westem biotting using anti-phospho-FAK (pY397 and pYS576/577), anti-FAK and anti-B-
actin antibodies. A western blot was performed for (a) SNU-16 cells, and (5) HSC-39 and 44As3 cells. FAK., focal adhesion kinase; CM-EGFP,
conditioned medium from HEK293-pQCLIN-EGFP cells; CM-SRPX2, conditioned medium from HEK293-pQCLIN-SRPX2 cells, Arrowheads:

lnrfl molecules. The numerical densitometrical data of
wit

FAK (pY397) is shown above the western blot. (¢) SNU-16 cells were treated

FAK inhibitors (PP2: final concentrations 1 or 10 yM and Herbimycin A; final concentrations | or 10 pg/mL) in a cellulur adhesion ussay

10 ussess SRPX2-medinted attnchment. Both PP2 and Herbimycin A i

ibited cellular attachment of SNU-16 cells in dose-dependent manners.

[Color figure can be viewed in the online issue, which is availuble at www, interscience. wiley.com. |

attachment. FAK phosphorylation by SRPX2 was also stimulated
in HSC-39 cells but not in 44As3 cells (Fig. 6b). In addition, 1o
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 celtular
attachment of SNU-16 cells in dose-dependent manners.

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

Discussion

Counsidering 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 attachment, and these findings were consist-
ent with the structural prediction.

The sclectin fomily is the closest family to SRPX2 and SRPX?
Selectins are known as cellular adhesion molecules and play key
roles in the mediation of carly neutrophil rolling on and adherence
to endothelial cells." Selectins recognize glycosyluted proteins or
lipids us their ligands, und this modificution is necessary for their
interaction.'® The phylog ilarity by SRPX2 and
selectins suggests a similar biological function. SNU-16 and HSC-
39 cells are basically nonadherent, and the increase i their cellu-
lar attachment was u relutively rapid response (0.5 hr), While
number of uttached cells increased significantly, the attachments

ical

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

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

FAK is a major focal adhesion-associated protein that transmits
signals downsiream of integrins. FAK signals control important
biological evemts, Iincluding cell migration, proliferation and
survival, through downsiream molecules like Rho, Rac. Rapl,
CDC42 and PAK.'"'"' Our results demonstrated that SRPX2
protein increased the phosphorylation levels of FAK in SNU-16
and HSC-39 cells, but not in 44As3 cells (Figs. 6a und 6b), und
enhanced the cellular adhesive potential in SNU-16 and HSC-39
cells but not in 5 other cell lines (Fig. Sa). 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, activaling
FAK signaling. Recently, Royer-Z eral'” d strated
the interaction of SRPX2 with uPAR (plasminogen activator, uro-
kinase recepror) as well as with other panners such as cathepsin B.
Because uPAR particularly plays an important and well-known
role in various mmoral 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 only the
culture medium (Figs. 2b, 2¢ and 4a), 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 bunds are probably not dimmers, but they may
represent & 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 predici-
ing the function of SRPX2.

Many studics have indicated that selectins, the family most sim-
ilar to SRPX and SRPX2 proteins, increase the interaction
between tumor cells and qndalheltll cells, leading to umor pro-
gression and metastasis.”"' Thus sclectins are considered proma-
lignancy factors.” Recent s have shown thut selecting posi-
tively promote angiogenesis.”" > Becuuse 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 mocosa 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 puired colonic mucosa (unpublished data).
Thuos, SRPX2 overexpression in cancer lissue may not be restricted
to gasiric cancers. We plan 1o 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 4 poor prognosis
in patients with gastric cancer. SRPX2 was first identified as u
downstream molecule of E2F-HLF in pro-B acule leukemia with
t(17:19) (q23;p13) md has since been reported to contribute o
malignant phenotypes. £2F- HLF-pm!wt leukemia is character-
ized by a poor outcome \lnth bone invasion, hypercalcemia and
intravascular cougulation.™ The clinical features of leukemia und
our results for gastric cancer suggest that the biological function
of SRPX2 is c d with ¢ ic activity. Further investiga-
tions of clinical outcome in relation to SRPX2 expression are
needed,

In conclusion, we found that SRPX2 is overexpressed in gastric
cancer and plays roles in cellulur 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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Abstract Cisplatin is a key agent in combination chemotherapy
for various types of solid tumor. We now show that cisplatin acti-
vates signaling by the epidermal growth factor receptor (EGFR)
by inducing cleavage of heparin-binding cpidermal growth fac-
tor-like growth factor (HB-EGF). Matuzumab, a monoclonal
antibody to EGFR, inhibited cisplatin-induced EGFR signaling,
Tikely through competition with the soluble form of HB-EGF for
binding to EGFR, Matuzumab cnhanced the sntitumor effect of
cisplatin in nude mice harboring human non-small cell lang can-
cer xenografts. Our findings shed light on the mechanism by
which monaclonal antibodies to EGFR might augment the effi-
cacy of cisplatin.

Crown Copyright © 2008 Published by Flsevier B.V. an behalf of
the Federation of European Biochemical Societies. All rights
reserved.

Kepwords: EGF receptor; Heparin-binding EGF-like growth
factor; Matwrzumab; Cisplating Non-small cell Jung cancer

1. Introduction

Cisplatin is a key component of combination chemotherapy
lor virious types of solid tumor, but its effectiveness is limited
by the development of chemorcsistance [1]. Several nonphysio-
logical stimuli thal induce cellular siress, such as hyperosmo-
larity, wounding, UV or y-radiation, reactive oxygen specics,
and chemotherapeutic agents, (rigger activation of the epider-
mul growth factor receptor (EGFR) [2-11]. Ligand binding to
EGFR induces receptor dimerization und activation of the
receplor kinase, (riggering intracellular signaling pathways
such as those mediated by the protein kinases Akt or extracel-
lular signal-regulated kinase (Erk), which play fundamental
roles in the control of numerous cellulur processes such us
growth, proliferation, und survival [12-18]. EGFR signaling
pathways activited by cellular stressors are thus of clinical
interest because of their potential role in tumor resistance to
chemotherapy [2-11]. The effects of cisplatin on EGFR signal-
ing pathways have remained unclear, but the potential role of

‘Corresponding author. Fax: +81 72 360 5000,
E-mall address: chi-oknmoto@dotd.med kindai.acjp (1. Okamoto).

dbbreviations: EGF, epidermal growth factor; EGFR, EGF receptor;
mAb, monoclonal antibody: NSCLC, non-small ecll lung cancer; HB-
BGF. hepurin-binding EGF-like growth fctor: HRP. horseradish

peroxidnse: TUNEL. terminal deoxynnclentidyl
dUTP nick-end labeling
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these pathways in cisplatin resistance makes it important to
examine whether EGFR inhibitors might enhance the antitu-
mor effeets ol this drug [8.9].

We have now examined the molecular mechanism of cis-
platin-induced activation of EGFR and the effects of this drug
on downstream signaling pathways, We also examined the ef-
lects of matuzumab (EMD72000, humanized mouse immuno-
globulin G1), a monoclonal antibody (mAb) to EGFR [19], on
cisplatin-dependent EGFR signaling. Finally, the antitumor
cffect of matuzumab combined with cisplatin was cvaluated
in order to provide insight into the mechanism by which
ant-EGFR mAbs might augment the efficacy of cisplatin.

2. Materials and methods

21, Cell eulture and revgents

The human non-small ccll lung cancer (NSCLC) cell lines NC1-H292
(H292), NCI-H460 (H460), and A549 were oblained and cultured us
previously described [20). Matwzumab and gefitinib were also obtaincd
g previousty described [19): GM600| was from Calbiochem (La Jolla,
CA): cisplatin, CRM197, and cpidermal growth factor (EGF) were
from Sigma (5t Louis, MO): and heparin-binding EGF-ike growth
Mctor (HB-EGF) was from R&D Systems (Minnenpolis, MN),

2.2, Inwmoblot analysis

Immunoblot analysis was performed s deseribed previously [20],
Primary antibodies to the Tyr™"-phosphorylated form of EGFR. to
EGFR, 1o phosphorylated Erk, 1o Erk, to phosphorylated Akl and
to Akt as well as horseradish peroxidase (HRP}-conjugated goat anti-
hodics to mouse or rabbit immunoglobulin G were oblained as de-
scribed previously (201 Primary antibodies to the intraccliulnr
COOH-terminal domain of HB-EGF and HRP-conjugated donkey
antibodies to goat immunoglobulin G were from Santa Cruz Biotech-
nology (Santa Cruz. CA).

2.3, Assessment of tumor grenvel infibition in vive

Tumor cells (2 x 10) wore injected subcutancously into the flank of
T-weck-old female athymic nude mice. The mice were divided into four
treatment groups of seven or cight animals: those treated over 2 weeks
by intraperitoneal injection of vehicle, matuzumab (0.05 mg, twice por
week), cisplatin (6 mg/kg of body weight, twice per week), or both mat-
weamub and cisplatin. Treatmenl was initiated when lumors in cach
group nchicved un average volume of 200 mm’, with tumor volume
being delermined twice weekly for 41 days uller the onset of trealment
from caliper measurement of tumor length (L) and width (#) accord-
Ing to the formula LI

2.4, Ki67 index

Tumors were removed from some animals 14 diys afier treatment
Initiution and were stained with a mouse mAb to human Ki67 (clone
MIB-1: Dako, Carpinteria, CA), ux previously deseribed [21] The

Biochemical Societies. All rights reserved,
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Ki67 index was determined ns the percentage of KiG7-positive cells by
scoring at least 300 tumor cells in euch of 10 well-prescrved ficlds of
each tumor at a magnification of x200 (CX41 light microscope; Olym-

pus, Tokyo, Japan).

2.5. TUNEL staining
Terminal deoxynucleotidyl transferase-medinted dUTP nick-end
lubeling (TUNEL) analysis of tumor seclions was performed us de-

T. Youhic ef al. | FEBS Leiters 582 (2008) 41254130

scribed previously [22). The number of apoplotic cells in each of 10
fickls (200) per tumor was determined with a light microscope
(CX41, Olympus).

2.6. Statisticed anedysis

Quanlitative data are presenicd as means + 5.0, und were compared
umong groups by onc-way analysis of variance followed by Tukey's
multiple comparison test. A P valve of <0.05 was considered
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stulistically significant. Statistical analysis was perfommed with Graph- activates EGFR and downstream signaling pathways mediated

FC.: Prisin version 5,00 for Windows (GraphPad Software, San Diego. by Akt or Erk.
)
3.2, Cisplatin activates EGFR signaling pathways by inducing
the cleavage of HB-EGF
3. Results and discussion HB-EGF is « membrane-bound EGFR ligand that activites
EGFR ufler its release [rom the membrane in response (o cel-
3.1. Cisplatin activates EGFR ax well ax downstream Akt and lulur stress [3,5,23-25]. To determine whether HB-EGF con-
Erk signuling pathways tributes to cisplatin-induced EGFR signaling, we examined

Cellular stress induced by scveral chemotherapeutic agents  the possible cifect of cisplatin on cleavage of the membrane-
or y-radiation triggers the activation of EGFR signaling path-  bound pro-form of HB-EGF in F292 cells. Cisplatin induced
ways, with this effect boing thought to play an important role  a lime-dependent decrease in the amount of pro-FIB-EGF
in resistance lo chemotherapy or radiotherapy [6-11]. We und u consequent increuse in the wmount of 8 COOH-terminal
cxamined the cffects of cisplutin on EGFR and downstream [ragment of this protein referred 10 as the "l fragment”
signuling puthways mediated by Akt or Erk in human NSCLC (Fig. 2A), These cffects of cisplatin were inhibited by
cell lines (H292, A349. H460). Cisplatin induced the phosphor- GM6001 (Fig. 2B), a polent inhibitor of matrix metallopro-
ylation of EGFR, Akt, and Erk in & time-dependent manner, \einases responsible for HB-EGF cleavage [23,24], suggesting
without affecting the 1otal amounts of these proteins. in all that cisplatin induces metalloproteinase-mediuted cleavage of
three cell lines (Fig. 1). These results thus showed that cisplatin the ectodomain of HB-EGF and its release from the cell sur-
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(C). o H460 (D) cells were incubated with EGF (100 ngfml) for |5 min as n positive control or with cisplatin (100 pM) in the ubsence ov presence off
matuzumab (200 nM) or gefitinib (10 uM) for 12 h. Cell lysates were then subjected Lo immunoblot analysis as in (A).
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face. GM600! also blocked the uctivation of Akt and Erk by
cisplatin (Fig. 2C), implicating HB-EGF cleavage in cis-
platin-induced EGFR signaling. To explore further whether
cisplatin-induced EGFR signaling is dependent on HB-EGF
activity, we examined the effect of CRM197, a nontoxic mu-
tant form of diphtheria toxin thut binds specifically to and neu-
tralizes HB-EGF, which has also been identified us
diphtheria toxin receptor [26]. CRM197 completely inhibited
the activation of Akt and Erk by cisplatin (Fig. 2C), suggesting
that cisplutin promotes EGFR signaling by inducing the cleav-
age of HB-EGF. Consistent with this notion, the time course
of cisplatin-induced activation of EGFR signaling (Fig. 1A)
was similar to thut of cisplatin-induced release of HB-EGF
from the cell surface (Fig, 2A).

Cisplatin has previously been shown to increase the amount
of HB-EGF mRNA in various types of cancer cells (7], and
expression of the HB-EGF gene was found to be increased
in cisplatin-resistant cancer [27]. The chemotherapeutic drugs
SN38, doxorubicin, and imatinib also induce EGFR signaling
and subsequent chemoresistance through metalloproteinase-
dependent cleavage of HB-EGF [7,10]. Tt is possible that

T. Yoshide ef of. | FEBS Letrers 582 (2008) 41254130

EGFR signaling resulting from metalloprotcinasc-mediated
cleavage of HB-EGF represents a common mechanism of cel-
lular resistance to various chemotherapeutic agents,

3.3. Effects of matuzumab on cisplatin-induced EGFR signaling

The clinical efficacy of treatment with anti-EGFR mAbs has
been thought to be due (o their prevention of ligand binding to
EGFR [28.29]. We hypothesized thut anti-EGFR mAbs might
inhibit cisplatin-induced EGFR signaling by blocking the
binding of the released ectodomain of HB-EGF 1o EGFR.
To test whether anti-EGFR mAbs inhibit EGFR signaling in-
duced by HB-EGF, we examined the effects of the humanized
anti-EGFR mAb matuzumab. Matuzumab indeed prevented
the activation of Akt and Erk by HB-EGF (Fig. 3A), indical-
ing that this mAb inhibits HB-EGF-dependent EGFR signal-
ing. We next examined the effect of matuzumab on cisplatin-
induced EGFR signal transduction. The activation of EGFR
downstream signaling by cisplatin was abolished by gefitinib
in H292, A549, und H460 cells (Fig. 3B-D), suggesting that
cisplatin-induced EGFR signaling requires the tyrosine kinasc
activity of EGFR. Matwzumab also markedly inhibited
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cisplutin-induced EGFR signaling in all three cell lines
(Fig. 3B~D). These results thus suggested that matuzumab
blocks cisplutin-induced EGFR signaling through inhibition
of HB-EGF-dependent nctivation of EGFR.

Matuzumab excrts its antitumor effect both by competition
with EGF for binding to EGFR and by blockade of the EGFR
turmover that is important for activation of downstream sig-
naling pathways mediated by Akt or Erk [19,28.29]. The solu-
ble form of HB-EGF includes the EGF-like domain, a
common structure in members of the EGF fumily of proteins
that consists of 40-45 amino acids and contains six cysteine
residues, but it binds not only 1o EGFR but also 1o ErbB4,
whereas EGF binds specifically to EGFR [23-25). The carre-
sponding binding site of EGFR or the ligand function of
HB-EGF may therefore differ from those for EGF. Neverthe-
less, we have now shown that matuzumab also inhibits the
uctivation of EGFR signaling by both HB-EGF and cisplatin,

3.4. Matuzsmah enhances the antinaor action of cisplatin in
H292 xenografls

IT cisplatin-induced EGFR signaling plays an imporiant role
in the development of cisplatin resistance, matuzumab might
be expecled ta enhance the untitumor effect of cisplatin by
inhibiting such signaling. We therefore determined the efficacy
of combined treatment with matuzumab and cisplatin in nude
mice with solid tumors formed by H292 cells injected into the
flank. Combination therapy with matuzumab and cisplatin
inhibited umor growth to a significantly greater extent than
did treatment with maluzumab or cisplatin alone (Fig. 4A).

Tumors treated with the combinution of matuzumab and
cisplatin also manifested both a significantly smaller Ki67 in-
dex (Fig. 4B). a marker of cell proliferation, and a significantly
greater proportion ol apoptotic cells (Fig. 4C), compared with
tumors treated with either agent alone. Matuzumab alone or in
combination with cytotoxic agents was previously shown to in-
hibit Akt or Erk phosphorylation in human tissuc samples or
human xenografts in nude mice [30-34). The combination of
matuzumab and cisplatin likely reduced the Ki67 index in
the present study because matuzumab blocked the cisplatin-in-
duced activation of Erk, which is important for cancer cell pro-
liferation us a component of the Ras-MEK-Erk signaling
pathway [17,18]. The increase in the number of apoptotic cells
in tumors treated with both matuzumab and cisplatin likely re-
sulted from inhibition by matuzumab of the cisplatin-induced
activation of Akt, which contributes to antinpoptotic signuling
through several pathways [15.16). Our data thus indicate that
matuzumab enhanced the antitumor effcct of cisplatin, with
the combination treatment inhibiting tumor cell proliferation
and inducing apoptosis to a greater extent than treatment with
cither agent alone. Our data showing that pgefitinib also
blocked cisplatin-induced activation of Akt and Erk may cx-
plain the previous observation that the growth-inhibitory ac-
tion of cisplutin in A549 tumors was increased fourfold in
combination with gefitinib [35]. Our findings suggest the
importance of EGFR signuling in the development of chemo-
resistunce to cisplatin, and they provide insight into the mech-
unism by which anti-EGFR mAbs might augment the efficacy
of cisplatin, Clinical studies of the therapeutic efficacy of mat-
uzumab combined with cisplutin are thus warranted,

Acknowledgments: We thank Erina Hatushita, Yuki Yamada, and
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I Case Report

Therapy-Related Acute Promyelocytic Leukemia Caused
by Hormonal Therapy and Radiation in a Patient
with Recurrent Breast Cancer

Makiko Ono', Takashi Watanabe?, Chikako Shimizu', Nobuhiro Hiramoto?, Yasushi Goto?, Kan Yonemori',
Tsutomu Kouno', Masashi Ando’, Kenji Tamura®, Noriyuki Katsumata' and Yasuhiro Fujiwara’

'Breast and Medical Oncology Division and “Hematology Division, National Cancer Cenlter Hospital, Tokyo, Japan
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We report a patient with therapy-related acute promyelocytic leukemia (APL) thal may have
been caused by regional radiation or hormonal therapy after surgery. A 36-year-old Japanese
woman developed right breast cancer and underwent breast-conserving surgery and regional
radiation to the right breast without adjuvant systemic therapy because she wished to pre-
serve her fertility. Two years later, she developed multiple bone metastases of breast cancer
and received hormonal therapy. During the second line hormonal therapy, she developed
APL and received induction and consolidation chemotherapy with all-trans retinoic
acid (ATRA) and a combination of anthracycline and cytarabine. After she achieved a
complete remission (CR) of the APL, her bone metastases of breast cancer progressed.
She received weekly paclitaxel trealments and her bone marrow function recovered.
However, 9 months later, her APL relapsed; she achleved a second CR after undergoing
ATRA therapy again. This patient is thought to be a rare case of secondary leukemia, since
the leukemnia might have been caused by hormonal therapy and regional radiation without

chemotherapy.
Kev words: secondary lewkemia — tamoxifen — all-tvans retinoic acid — breast-conserving surgery —
radiation
INTRODUCTION promyelocytic leukemia (tAPL) that may have been caused
Chemotherapy and radiotherapy ‘can inducs secondary by regional radiation or hormonal therapy after breast-
CONsCrving surgery,

myelodysplastic syndrome and leukemia in patients with
malignancies, and the incidences of secondary myelodys-
plastic syndrome and leukemia have increased (1), Systemic C A8 REPORT
treatment and radiation therapy have contnbuted to the long-
term survival of breast cancer patients, but these modalities
simultancously have the potential to cause secondary hem-
atological malignancies. Although secondary hematological
malignancies caused by chemotherapy in patients with breast
cancer are quite common (2—=7), the cause-relationship of
hormonal ag fo | ogical malignancies remams con-
troversial (8~11), We present a case of therapy-related acute

A 36-year-old female noticed a mass in her right breast and
was referred (o our hospital for further examination in June
2002, She wos diagnosed as having stage 1A, nght breast
cancer and underwent o lumpectomy in August 2002, A
pathological examination revealed invasive ductal carci-
noma, grade 3, with no lymph node metastases. The tumor
was positive for hormone-receptor and negative for HER2
over-expression, As she wished to preserve her fertility, she
For seprinis and all coméspondence: Chikako Shinuzu, Breas and Medical g ﬁci‘h‘l: adjll\'ﬁlﬂl Chfm(“hf:ﬂp" el huﬂ!“)l\:'ll
Oucology Division, Nationai Cancer Center Hospital, Tsukiji L1, Ihcrapy She received radiotherapy to her right breast (50 Gy
Chuo-ki. Tokyo 1040045, Japan. E-mail: cashiminu@nce gogp given in 25 fractions), In January 2004, her breast cancer
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relapsed with multiple bone metastases and she received hor-
monal therapy with a gonadotropin-releasing hormone
analog and tamoxifen. In April 2005, she started second-line
hormonal therapy with medroxyprogesterone acetate (MPA)
because of the progression of the bone metastascs. In
January 2006, she was emergently admitted to our hospital
for fever, tender cervical lymph nodes and gingival bleeding.
Her laboratory test results are shown in Table |. A picture of
a bone marrow smear is shown in Fig. 1. A cytogenelic
analysis showed ¢(15;17), and both fluorescence in situ
hybridization (FISH) and reverse transcription—polymerase
chain reaction (RT—PCR) detected PML-RAR« fusion DNA
and its transcript, respectively. Based on these results, a
diagnosis of acute promyelocytic leukemia (APL) was made,
Therefore, tAPL d by her tr t for breast cancer
was suspected. She underwent induction therapy with all-
trans retinoic acid (ATRA) for 60 days. Her clinical course
is shown in Fig. 2. After the induction therapy. & bone
marrow aspiration showed a hematological complete remis-
sion (CR). She then underwent consolidation therapy with
mitoxantrone, cytarabine and daunorubicin, After the second
course of consolidation therapy, a bone marrow aspiration
revealed both cytogenetic and molecular CR. She continued
receiving MPA during her treatment for APL. However,
after the second cycle of consolidation therapy, bone marrow
invasion developed. She was treated with weekly paclitaxel
(PTX) from July 2006. Although no radiographical changes
were seen on a bone scintigraphy, her complete blood count
improved. Because of the peripheral edema caused by PTX,

Table I. Laboratory test results

she did not receive further therapy for breast cancer after 18
cycles of weekly PTX except for bisphosphonate

Nine months after she finished PTX, she developed pancy-
topenia again in August 2007. A bone marrow aspiration
revealed the relapse of APL, with positive RT-PCR findings
for PML-RAR®, as well as bone marrow invasion of the
breast cancer cells. Re-induction therapy with ATRA for 60
days was started again because of her relatively long absence
from ATRA exposure. She achieved a second hematological
CR and received ch rapy with antrone, daunoru-
bicin and idarubicin consolidation therapy. In addition, hor-
monal therapy with aromatase inhibitor was given because
of concemns over the progression of breast cancer. She was
discharged from our hospital and remained in molecular CR.

DISCUSSION

The patient received radiation therapy to her right breast
after undergoing breast-conserving surgery and tamoxifen
treatment after the recurrence of her breast cancer.
Grenerally, the risk of radiation-induced leukemia appears to
be related to the volume of the bone marrow included within
the radiation field, the total radiation dose and the concomi-
tant use of chemotherapy (1,5,7). A previous study reported
that the 5- and 10-year cumulative incidences for leukemia
after both breast-conservative surgery and radiation for
patients with stages [ or [1 breast cancer were 0,08 and 0.8%,
respectively (12), which were very low incidences and did

Complete blood count _H-hlcil-ﬂ:lllll‘y ]
White blood cell count 7001 T Albmin A2gdl
myelocyte 6l Blood urea mitrogen 11 myidi
Stb + seg 210/l Creatunine 0.7 mg/dl
Iymphocyte 4000l Sodium {44 mEgn
promyelocyte or blast Il Potassnim 1.7 mEg
Red blood cell count 350 % 104l Chitoride 105 mEg
Hemoglobin LT gl GOT 13ua
Hemaocnt 350% GFT nul
Plalglet count oo ot ALP K21 ua
LDH 142 UA
C-reactive protein 32 mygfdl
Coagulation Hone matmow
PT-INR 17 Nucleated cell conm 665 = 10%ul
APTT 2555 Megakaryocyte couns 15 3/
Fibrinogen 128 mg i Myclocvtic erythmid o 199
FDP 115.6 pg/ml Promyclocyte - Blust $36%
CHOT, gluamie (n:inltﬂu . GPT, ¢ PyTuvic . ALP, alkaline phosphotase, LDH. lactate dﬂij'drnnﬁnx nimal ranpc 119229 LA
PT-INR. prit iomal lived itio, APTT. activated nmaal thomboplastin time; FDP, fibon and iib
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Figure 1. Bonac marrow smear (May Giemsa, x 1000). Several promyclo-
cytes wilh rough chromatin m their nucler and visible Auer bodies

nol show a significant association. In the National Surgical
Adjuvant Breast and Bowel Project trial, the overall risk of
leukemia in patients with breast cancer who received post-
operative regional radiation was 1.39% a1 10 years (2). Two
other large-scale, case-controlled studies demonstrated that
breast cancer patients who received postoperative chest wall
irradiation had an unremarkable levkemia relative risk of 0.9
[90% confidence intervals (CT). 0.4—1.8] in Germany (11)
and 1.2 (0% C1, 0.6-2.1) in Connecticut (13). Although
radiation therapy might have induced secondary leukemia
in the present patient, this would be a rare case because
the patient only received regional radiation without che-
motherapy. Alkylating agents and topoisomerase 11 inhibitors
and radiotherapy, which are useful for the treatment of breast

0
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cancer, are known to cause secondary leukemia (2-7,14)
Whether hormonal therapy is related to secondary levkemia,
however, remains uncertain. Yalcin et al. reported that two
breast cancer patients receiving tamoxifen developed acute
leukemiu (8). However, several large retrospective studies
have not revealed a significant association between tamoxi-
fen and secondary malignancies, except for endometnal
cancer and colorectal cancer (9-11). In Japan, a retrospec-
tive study of secondary cancers after tamoxifen treatment in
patients with breast cancer also reported that the incidence
rate ratio (TRR) for secondary leukemia did not increase, but
that the IRR for endometrial cancers and stomach cancers
tended to increase (15).

In previous reports, the incidence of patients with tAPL
ranged from 1.7 to 5.8% (16— 18). One report concluded that
the incidence of tAPL had increased in recent years, because
26 patients were reported between 1982 and 1991 and 80
patients were reported between 1992 and 2001 (19). Given
that the overall incidence of APL has not increased. these
observations suggest that either the number of patients with
tAPL has increased or the disease classitication of 1APL has
become better recognized. Although secondary leukemia is
generally considered to have aggressive chamcteristics and a
poor prognosis because of the short duration of response,
several retrospective studies have described responses to che-
motherapy and the prognosis of secondary APL seem to be
similar to that of de nove APL (19=21), Therefore, it is also
important to treat patients with tAPL with the same drugs as
those used for patients with de nove APL. Recently, ATRA
and anthracycline are considered 1o be key drugs for de nove
APL, while a role of cytambine has not been confirmed (22),
Because of this point of view and insufficient recovery of
her bone marrow due (o the bone metastuses of breast cancer
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