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Identification of Predictive Biomarkers for Response to Trastuzumab
Using Plasma FUCA Activity and N-Glycan Identified by
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The aim of this study was to identify glycobiological biomarkers that indicate sensitivity to trastuzumab,
a humanized monoclonal antibody against HER2 in plasma samples from breast cancer patients. Plasma
samples were obtained from 24 breaslt cancer palients treated with trastuzumab monotherapy. The
catalytic activities of plasma a1-6, fucosyltransferase (FUTB) and a-L fucosidase (FUCA) were analyzed
using high-performance liquid chromatography (HPLC) and spectrophatometer, respectively. The plasma
N-glycan profiles were investigated using matrix-assisted laser desorption/fionization time-of-flight mass
spectrometry (MALDI-TOF-MS). Plasma FUTS activity was not significantly correlated with either the
clinical response or progression-free survival (PFS). On the other hand, plasma FUCA activity was
significantly correlated with PFS (p < 0.05). The MALDI-TOF-MS analysis of the plasma N-glycan profile
revealed that the expression of 2534 m/z N-glycan was lower in patients with progressive disease (PD)
and was correlated with PFS. Low expression of 2534 m/z N-glycan discriminated between PD and
non-PD with 76% sensitivity and 82% specificity. We demonstrated that the plasma FUCA activity and
2534 miz N-glycan may be predictive biomarkers of sensitivity to trastuzumab. Our resulls suggest
that glycosylation analysis may provide useful information for determining clinical cancer therapy and
provide novel insight into biomarker studies using glycobiological tools in the field of breast cancer.
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Introduction

Me glycosylation of proteins is an important pust-translational
maodification that plays a critical role in cancer biology including
cellular growth, differentiation, adhesion and metastasis." ' Spe-
cific carbohydrate chains and glycosyltransferase are associated
with the biological lunctions of cancer cells.*® Recently, many
rescarchers have evaluated the use of glycosylated proteins,
such as carbohyvdrate antigens CA19-9 and CA125, as biom-
arkers for early diagnosis or tumor progression.”™ ?

The Tucosylation of N-linked oligusacchurides is one of the
most important glycosylation evenis in hinlogical function,
including cancer. """ For example, fucosylited a-fetoprotein

To whom cormespondence should be addiossed, Kazuio Nishio, Depan
et of Genomne Riology, Kinki University Schonl of Medieine, 377-2 Olino
Higashi, Osaba Sayama, Osaka, Japan. Tol: © 00-72-300-0221, Fax: 18172
WG-N2006. 1 mail: knishio® med kindabae jp

' Kinki University Schoal of Medicing
* Ok Medival Cnllogye
' Medical Onealogey, Natlonal Cancer Coniet Hospial

Twses wudhas conitibuted cgually u ihis work

shien Lab, Novomal Caneer et Hispinal

Nathronl ospial Onganizaion Shikeko Canoei Center

DU BRSS COC S40) 7% XXX Amencan Chemcs) Socty

256

is a highly specific wumor marker of hepatocellular carcinuma.'
al-6, Fucosyltransferase (FUTH) Is known to transfer i lucose
residue 1o N-linked oligosaccharides on glyeoproteins.’ A
series of studies have demonstrated that nonfucosylated an
libody, which is produced by the knockoul of the FUTS gene,
enhances antibody-dependent cellulur cylotoxicity (ADCC) and
the cytotoxie effect of the antibody.'" '* These resulis indicate
that FUTR plays an important role in ADCC activity, a1
fucosidase (FUCA), on (he other hand, is a lvsosomal hydrolase
that has been identified in lissues and serum, Seruim FUCA
activity Is reportedly correlated with carly detection in hepa-
tocellular carcinoma'™ and may be a useful prognostic marker
and a predictive marker of wmor recurrence in eonlurectal
canecer. '

HERZ (alsor known as NEU, BGERZ, or ERBB2) is @ member
of the epidermal growth factor receptor (BGER) Tamily. HER2
is amplified in 25-30% ol hiumun primary breast cincers and
predicts a poor prognosis.™ “ Trastuznmah (ereepiing Roche,
Basel, Switzedand), a humanized monoclonad antibody against
HERZ, is a potent anticancer agent that is used in standard
chemmthesapy against HERZ-overexpressing bacast cancer in
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Figure 1. (A) Schema of a1-8, fucosylhiransferase (FUTB) reaction
used 1o measure FUTB enzymalic activity. Asn, asparagine; PABA,
4-{2-pyridylamino) butylamine. (B) HPLC data for plasma FUTS
activities in cli | ples. The substrate (GnGn-bi-Asn-PABA)
is fucosylated by FUTS and d 1 as the product, FUTS activity
is measured using HPLC, The enzyme activities were analyzed
in duplicate. (C) Plasma FUT8 activity and clinical response. Res,
responder group (complete respense + partial response); non-
Res, nonresponder group (stable disease + progressive disease).
n.s.: not significant, (D) Plasma FUTB activity and clinical re-
sponse. PD, progressive disease group; nonPD, nonprogressive
disease group. n.s.: not significant.

combination with other chemotherapeutic agents.*=* In sume
patients with HER2 overexpression, | , lrastuzumab duse
not have any anticancer effect. In addition, trastuzumab can
induce severe adverse effects, such as cardine dyslunction

Therelore, biomarkers are needed o predict the clinical
outcome of trastzumab therapy in patients with breast cancer.
We previously reported that trastuzumab-induced ADCC is a
major mechanism of action,*” in addition to the elfects of anti-
EGFR antibody.™ We have also identified a sensitivity deter-
minant factor fur EGFR-targeting drugs”™* and recently dem-
onstrated thal FUTR regulated the fucosylation level of EGFR
and modifies EGE-mediated cellular growih and sensitivity to
EGFR tyrosine kinase inhibitor.®®

In the present study, we attempted 1o identily predictive
biomarkers of sensitivity o trastuzomab, focusing on fucosy-
lation and glycosylation. For this purpose, plusma FUTH and
FUCA activity and the N-glycan profiles were examined in
hreasi cancer patlents trealed with trasturumab monotherapy

Materials and Methods

Patients and Blood Samples. This prospeclive study was
started In August 2005 and enrllment at the National Cancer
Center Hospital and Shikoku Cancer Center Hospital was
completed in August 2007, Pigible patients had histologically
conlivmued, nonlife-threutinig, posioperative iecumenl ur stige
IV LHERZ - positive breast cancer, and were intended o neceive
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Table 1. Clinical Characteristics of Study Population®

chameicristics no, of patienis
Age Mean 60
Range 28 76
Pris chendherapy Preseni 17 7l
Abseni 5 25
ND ] 4
Prios eadiothernpy Present 14 54
Absent 9 W
ND i 4
s 0 8 1
I 15 "
2 | 4
Metnsiasis Lung 15 @3
Liver 3 13
Bone 5 zl
Brain 2 &
LN 10 42
Othets 2 L}
Heommane reeeplos ER (1) 12 50
BRI ) 12 50
PER (1) I 46
Pgiti ) 12 50
NI | 4

* ND, not determined; PS, petfonmance status; ER, estogen iocupiorn
P, progesicrone recepion

trastuzunmab monotherapy. The 111ER2 siatus was confirmed
using immunohistochemistry (111C) 3+ or Muorescence in sit
hybridization (FISH)- positive utilizing core needle bivpsy (CNB)
samples of the tumor tissue. All the patients were treated with
trastuzumab (4 mg/kg on day | and thereafter at n dose of 2
mglkg weekly), and 24 patients were evaluated, The response
to trastuzumab therapy was evilunted based on a CT scan,
magnetic resonance imaging (MRI) or ultrasound examination
of the wumor before and 8 weeks after treatment and was
classified according to the Respunse Bvaluation Criteria in Solid
Tumors, Plasma samples were oblained immediately before
trastuzumab treatment, centrifuged and stored al =A0 “C. The
sludy was approved by the Institutional Review Boards of the
National Cancer Center Hospital, Kinki University Hospital and
Shikoku Cancer Center Hospital, and written Informed consent
was obtained from all the patients.

FUTBS Activity Assay. The method used (o perform the FUTH
activity assay has been previously described ™ Brielly, the
fluorescent subsirate (GnGn-bi-Asn-PABA, Figure IA) was
purchased fromm Peplide lostilute, Inc, (Osaka, Japan). The
standard mixwure for measuring FUTH activity contained 50 uM
ol substrate, 200 mM of MES (pl1 7.0), 1% Triton X, 500 uM of
GDP-Fucose and 23 ul. of the plasma sample in a final volune
ol 50 gl.. The reaction mixture was incubated al 37 '€ for 6 h,
and the reaction was siopped by heating at 100 “C for 1 min.
The sample was then centrifuged at 15 000g for 10 min, and
the supernatant (5 L) was used for the analysis. The produet
was separaied using high-performance liguid chromatography
(HIPLE) with w TSK-gel DDS-B0TM column [4.6 150 mm)
fution was performed at 55 C with a 20 mM acetate bulfer,
pll 4.0, containing 0.1% butanol, The fluorescence of the
column clute was detected using o luorescence photomeler
(TITACTH Fluoreseence Spectraphotimmeler 650 100.0). The
excitation and vmission wavelengths were nhserved al 320 and
400 nm, respeetively. The product wrea was used Lo caleulate
the enayme activity (U1 B all the patients. The enzyvime
wetivities were analvzed an duplicate
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Figure 2. {A) Reaction pathway of a:L lucosidase (FUCA) activity.
The substrate (4-nitrophenyl-a-L-fucopyranoside) is defucosylated
by FUCA and the products are detected. FUCA activity is
measured using spectrophotometer. The enzyme activities were
analyzed in duplicate. (B) Plasma FUCA activity and clinical
response. Res, responder group (complete response | partial
response); nonRes, nonresponder group (stable disease | pro-
gressive disease). n.s.: not significant, (C) Plasma FUCA activity
and clinical response. PD, progressive disease group; nonPD,
nonprogressive diseasa group. n.s.: notsignificant. (D) Kaplan - Meier
curve for progression-free survival (PFS) of trastuzumab treat-
ment. Patients with a high plasma FUCA activity (4.3 > U/L)
exhibited a significantly prolonged PFS (p < 0.05).

FUCA Activity Assay. The standard mixiure for measuring
a-L fucosidase activity contained 20 ul. of the plasma sample,
2 mM ol 4-nitrophenyl-a-t-lucopyranoside (Sigma, St. Louis,
M), and 50 mM of clirate buffer (pl 4.5) in a final volume of
150 wul. in a 96-well microplaie. The mixture was incubated at
47 °C for 3 h, and ihe reaction was stopped by the addition of
100 ul. of 0.4 M borate buffer (pH 9.8). The vptical density was
measured at 405 nm, One unit of enzyine was defined as (he
amount of enzyvine reguired o produce 1 mmol of product per
minute at 37 ‘C. The enzyme activities were analyzed in
duplicate,

Purification of Plasma N-Glycan. Twenty-seven microliters
ol plasma sample was dissolved in 83 mM ammonium
bicarbonate and 10 mM pu-dithiothreitol (Sigma-Aldrich, St
Louis, MO) in a final volume of 60 wl.. The mixture was
incubated at 60 C for 30 min, and 10 ul of 123 mM
Indoacetamide (Wako Pure Chemicals Co., Tokyo, Japan) was
wdded, After incubation for | h at room temperature in the
durk, 400 units of trypsin (Sigma-Aldrich) was added (o the
mixture. The mixture was incubated at 37 -C for 2 h, and
the reaction was stopped by heating at 90 for 5 min, Flve
units of peptide N-glycosidase F (Roche Diagnostics, Man-
nheim, Germany) was idded, and the mixture was incubated
al A7 C overnight, The internal standard (mannononaese-
di- (AN-aeetyl-n-glucosamine), Sigma-Aldrich) was added, and
N-glvean was purified from the mixiure using BlolGlyco
(Sumitomo Rakelite, Co., Tokyo, lapan) according o the
manufaciure’s protoeal

Mass Spectrometry Analysis. [he purilicd samples were
concentrated. and 0.5 nl of the sample solution was applicd
1 i sanmple plate trget, then obxed with 0.5 0l ol ihe imatris
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solution. 2, 5-Dibydroxybenzoic acid (Aldrich) was dissolved
In 50% acctonitrile using the matrix solution. Afier the samples
had dried, MALDI-TOF-MS was perfonmed using a Voyager-
DE STR Workstation (Applied Biosystems) in reflector, positive
ion made. The nuimber of laser shots was 300 2 shots and
the mass range acyuired was 700-5000 Da. The N-glycan
structure was achieved using the GlycoSuite nnline ditabase,
proteome System. The MALDI-TOE-MS spectra data was
exporied using Voyoger Biospectrometty Workstation ver 5.1,
Data Explorer Software (Applicd Biosystemn).

Statistical Analysis. The statistical analyses of the enzyme
activity assays and the clinical vutcome were performed using
the Swident’s r-lest by StatView version 5 software (SAS Insti
e, Inc., Cary, NC). Progression-free survival curves were
estimated using the Kaplan—-Meler method (StatView). All
plasma N-glycans peaks obtained from MALDI-TOF-MS were
normalized using an internal standard (imannononaose-di-(N-
acetyl-u-glucosamine)). The normalized datis was impaorted into
BRB Array Tools software ver. 3.2.0 (hitp:/ /linus neinib.gov/
BRE-ArrayTools.iuml), developed by Dr. Richard Simon and
Dr. Amy Peng. N-Glyean peaks were selected for analysis if the
peak was observed in over 50% of the patients (> 12 patients);
finally, 31 peaks of N-glycan were selected. A statistical analysis
comparing the N-glyean peaks Lo response Lo treatiment or PFS
was performed. A pvalue of =0.05 was considered significant.

Patient Characteristics. Twenty-four patlents were evaluated
in this study. The mean patient age was 60 years (range 2876
years). Seventy-one percenl (17/24 pts) of the patients had
received prior adjuvant chemotherapy, and 5% (14/24 pts) of
the patients had received prior radiotherapy. Almost all the
patients had a performance status (P5) of 0 or 1 (23/24 pis), and
the metastatic sites and hormone receplor stas were shown
(Table 1). Table | summarizes the clinical features of the patients.

Plasma FUT8 Activity and Clinical Outcome. Plasma FUTH
activity was measured using reverse-phase HPLC with a
fluorescent substrate (Figure 1A). A representative ehttion
pattern of FUTS activity in the plasina sample is shown in
Figure 18. The elution times of the substrate and product were
15 and 27 min, respeclively. The product area was calculated
to determined the overall catalytic activity. The average FUT8
enzyme activily wis 2.0 + 1.3 LJ/1 (average £ S1); range, 0.5 1o
5.0 U/1), Regarding the clinical outeome, the FU'T8 catalytic
activities of responders (CR, complete response; PR, partial
response, #1 = 1) and nonresponders (SD, stable discase; PD,
progressive disease, n = 21) were 1.6+ 0.7 /L. and 20 + 1.4
LI/L, respectively. The activities of the PD and non-PD groups
were 19 £ 1.2 /L and 2.0 £ 14 /L, respectivily. No
signiflicant correlations between FUTS activity and the clinical
respunse (o trastuzumab were seen (Figure 1C,D). Also, no
signilicant correlations were seen between FUTH activity and
progression-free survival (PES, data not shown). These resulls
suggest that plasma FUTS activity Is not a useful biomarker
for this population

Correlation of Plasma FUCA Activity and PFS. Plasma FUUA
activity was examined using spectrophotometer and 4-nitro-
phenyl-a-L-fucopyranoside (Figure 2A). The average FUCA
cnzvime activity was 6.1 £ 2.0 LVL faverage + SEX; range, 1.5 1o
9.7 WL The activities ol responders, nonresponders, the PD
group and the non-PD group were 72 £ 0.6, 549 £ 22,55 &
I #and 634 4 22 101, wespectively. No sigailicant correlations
Between FHCA activity and the clinical iesponse m aasizamib
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Table 2. List of Predominant Oligosaccharides in Patient
Serum Samples®

measured

MS (mi/ 2} putative structune

1286.6 ND

1300.6 (Hex)2 (HexNAc)2 (Deoxyhexose)2

1445.5 (Hex)2 1 (Man)3itieNAc)2

1657.6 (Hexi3 1| (Man)3(GlcNAc)2

1701.6 NI

17237 [HexNACZ 1 Deoxyhextise) 1 F (Man)d(GleNAc)2

1739.7 (Hex)1 (HexNAc)? | (Man)3{GlcNAc)2

1841.7 (Hex) | (HexNAc)! (NewAc)! + (Man)3(GleNAg)2

18057 (Hex) 1 (HexNAc)2 (Deoxyhexosel! |
{Man)3(GleNAc)2

190).7 (1Mex)2 (HexNAc)2 1 (Man)GleNAc)2

1926.7 (HexNAc)3 (Decxyhexose)l + (Man)3(GleNAc)2

2047.8 (Hex)2 (HexNAc)2 [Deoxyhexose)l |

(Man)3(GleNAc)2

200880 (Hex)1 (HexNAc)d (Deoxyhexase)) |
(Man)3(GleNAc)2

21214 (Mex)1 (HexNAe)l (Devayhexose)d |
(Man)3{GleNAc)2

22068 (11ex)2 [HexNAC)2 (NeuAcH] | IMan)MGIleNAg)2

22208 (HexNAc)3 (Deoxyhexose)d | (Man)3GleNAc)2

2352.9 (Hex)2 (HexNAc)2 (Deoxyhexose)l (NeuAc)l 4
(Man)3(GlcNAc)2

2489.9 (Hex)5 (HexNAc)! (NeuAc) ! | (Man)3(GleNAc)2

24939 [Hex)1 (HexNAcks (Deoxyhexose)l
(Man)31GIicNAc)2

24979 (Hex)2 (HexNAc)2 (Deoxyhexose)2 (NeuAc)! 4
(Man)3(GlcNAc)2

25114 (Hex)2 (HexNAc)2 (NeuAc)2 + (Man)3(GlcNAc)2

25199 {1ex)4 (HexNAc)2 (Deoxyhexose)2 +

(Mani3(GleNAc)2

25279 (Hex)1 {(HexNAc)3 (Deoxyhexose)d |
[(Man)3{GlcNAc)2

25339 (Hex)5 (HexNAc)2 (Deoxyhexose) |l |
(Man)3(GleNAc)2

[Hex)3 (Deoxyhexose)é | (Man)3(GleNAe)2
2556.0 (Hex)2 (HexNAc)d (Deoxyhexose) | (NeuAc)) 4
(Man)3(GleNAc)2
2572.0 (Hex)3 (HexNAc)3 (NeuAc)l | (Man)3(GleNAc)2
2658.0 (Hex)2 (HexNAc)2 (Deoxyhexose) | (NeuAc)2 +
(Man)3(GleNAc)2
2748.0 (Hex)2 (HexNAc) (Deoxyhexose)3 4
(Man)3{GlcNAc)2
{Hex)2 (HexNAc)! (Deoxyhexose)3 (NeuAc)2 |
(Man)3(GlcNAc)2
2061.1 (Hex)2 (HexNAcIE (Deoxyhexosell |
(Man)3(GlcNAc)2
(Hex)2 (HexNAc)3 (Deoxyhexose) | (NeuAc)2 +
Man)3{GleNAc)2
2877.1 (Hex)3 (HexNAc)3 (NewAc)2 4 (Man)3(GleNAc)2
(Hex)! (HexNAc)] (Deoxyhexose)5 (NeuAc)2 4
(Man)3(GleNAc)2
3in2.2 (Hex)3 (HexNAC)E (NeuAc)d | (Man))GIcNAC)2

*ND: o detenimind

were ubserved (Figure 20,0). Howvewer, progression-free suivival
[PFS) was significantly langer In the high FUCA activity group
(=42 W) than in the low I'UCA activity group (p = 0.05,
Figure 2D0). Although plasma | UICA activity was nol correladed
with the elinleal response o trastuzumab, it may be useful as
a biomarker for predicting the PES of for trastuzomab treatment

Low Expression of Plasma 2534 m/z N-Glycan Correlated
with Unfavorable Clinical Outcome. Wy vallecied plasma
N-glyveans using glycoblotting-bused glvean enrichment”!

0 Jowmal of Proteome Research « Vol ooo No wg XX0X(
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and measured their MALDETOE-MS peaks. Thirty-one major
peaks of N-glycan, nbserved in aver 50% of the patients, were
identified {Table 2). Representative data are shown in Figure
A (left panel). A statistical analysis comparing each peak with
the clinical oulcome revealed that the expression of plasma
250 miz N-glycan was significantly lower in patients with
progiessive diseuse (PD) (p < 005, Figure 4A). Low expres-
sion of 2534 miz N-glycan discriminaled between PD and
non-PD with 75% sensitivity and A2% specificity. The expres-
sions of plasma 2534 m/z N-glycan in the PD and non-PD
groups were 43 £ B and 161 £ 116 (% of cootrol),
respectively. Representative data of 2534 m/z N-glycan from
six patients are shown in Figure 3 (right panel), In addition,
patients with a low expression (nol detectable at 2534 m/z)
of plasma 2534 m/zN-glycan exhibiled a significanily short
PFS (p < 0.05, Figure 4B). These results suggest that a low
plasma 2534 mi/z N-glycan level is associnted with a poor
clinical outcome and that plasma 2534 m/z N-glycan may
he a predictive blomarker in hreast cancer patients treated
with trastuzumahb.

In this study, we investigated prediciive bivmarkers of
response lo (rastuzumab monotherapy in breast cancer
patients, focusing on the processes of fucosylation and
glyeasylation, Shah et al. reporied that serum PUCA activity
levels varied in normal, precancerous, and malignant condi-
tions, and suggested that serum FUCA activity might be a
useful marker for garly delection and for monitoring treat-
ment response in oral cancer patients.™ We found that a
higher plasma FUCA activity level was currelated with a
favorable PIS, but that the plasma FUTE levels was not
correlated with clinical response and PPS in breast cancer
patients who received trastuzumab treatment, Although the
precise mechanisims responsible for our results remain
unclenr, we speculaied that the resulting plasma FUTH level
was not correlated with the clinical outcome because FUTB
catalytic aclivity occurs strictly in the Golgi apparatus and
requires GDP-fucose. On the other hand, the FUCA enzyme
has two isoforms, FUCAI (fucosidase, alpha-v- 1, tissue) and
FUCA2 (fucosidase, alpha-i.-2, plasma). Because FUCA2 Is
secreted into the plasma,® il may influence the phenotype
of cancer cells, thereby expluiniog its correlation with clinical
outcome. Indeed, the mRANA expression of FUCAZ was higher
and that of FUCA| was lower in blopsy specimens of gasiric
cancer, counpared with paired noncancerous gastric mucosa
(data not shown).

Many researchers have reported new methods for perfurm-
ing glycan structural analyses using mass spectrometry > Our
method of examining N-glycan profiles utilizes only small
umount of plasma sample, making Il easy to analyze clinical
samples. Several reports have demonstmmted that analyzing the
glycan structures of proteins In human sera can reveal novel
tumor markers in concer.'" ™ Kyselova el al. reported that
several N-glyean structures appear (o indicate cancer progres-
sion in breast cancer, suggesting that N-glycan profiling of
serum may be o useful appioach for staging the progression
of cuncer ™ An et al reported that oligosacchatide profiling
dita using serw samples from patients with ovardan cancer
patients and normal controls demonsirited the presence of
severnl unigue senum glycan mivkers in all the poticnis but
b i e soemal simpales. ™ They meniioned it one major
achvannitigge ol this appoareh is tad the glycans can be examined
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Figure 3. Representative data of plasma N-glycan profile measured using MALDI-TOF-MS (left panel). Twenly-seven microliters of

plasma sample was used for the analysls. The mixture was trypsinized and reacted using N-glycosidase F. Int
was purified using glycablotting-based glycan enrichment. The purified samples were measured using

was added, and the mixt

MALDI-TOF-MS in reflector, positive ion mode. The number of laser shots was 300

i N-glvcan siandard

2 shots, and the mass range acquired was

700 5000 Da. The N-glycan structure was determined using the GlycoSuite online database, proteome System, All the plasma N-glycans
peaks obtained from MALDI-TOF-MS were normalized using the internal standard. The identified 2534 m/z N-glycan peaks are shown
in six plasma samples (right panel). a, 2634 m/z PD, progressive disease.
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Figure 4, Plasma 2534 nm¥z N-glycan and clinical outcome. (A)
Expression of plasma 2534 m/z N-glycan and clinical response.
The expression of plasma 2634 mis N-glycan was significantly
lower (p < 0.05) in patients with progressive disease (PD). (B)
Kaplan—Meier curve of high (detectable) or low (not detectable)
plasma 2634 m/z N-glycan groups for progression-free survival
|PFS) after trastuzumab treatment. The patients with a low
expression of plasma 25634 m/z N-glycan exhibited a significantiy
shorter PFS (p < 0.05).

using a serum samples, and cancer biopsy specimens are not
needed. In the present study, when the plasma N-glycan
profiles of breast cancer patients were examined using MALDI-
TOF-MS, 2534 m/z N-glycan was found to be correlated with
clinical response and PFS. The estimated structure of the
identified 2534 m/z N-glyean is (Hex)5(HexNAc)2(Deoxvhexose) |
+ (Man)3{(leNAc)2 according to a database (hutp://an.expasy.
urgl tools/glycomod/). The experimental confirmation of the
predicied structure of 2534 mlz Is very important. Althuugh
we no longer have enough plasma samples to determine the
experimental confirmation of strociure, we plan o examine
2534 N-glycan in clinical samples to give the experimentil
confirmation in the future prospective study. This N-glyean has
also been found in plasma samples from patients with pancreas
cancer, pancreatitis and obstructive bile duet disease (data not
shown). We are now investgating the biological mechanisin
of this N-glvean modilication

In conclusion, we demonstrated that plasina FUCA activity
and plasma N-glvean are correlated with the clinieal outcome
of breast cancer pativnis trewted with trastuzamab. N-Glyean
profiles ruise the possibility of identifying novel predictive
hiomurkers for antibody therapy, although a validation siudy
with o larger sample size Is needed. Our resulis show the udlity
ol ghveosylation analysis for clinical eancer therapy and provide
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a novel insight into biomarker studies using glyeubiological
tnods in the field of breast cancer.
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End. 2.

f psy prior to ck therapy provides an opportunity
for studying blomarkers to predict overall survival in gastric
cancer patients, This prospective study was performed to identify

blomarkers in patients with unresected gastric cancer.
Fifty-nine cases of chemotherapy-nalve metastatic gastric cancer
were enrolled in this study. A microarray analysis was performed
using 40 biopsy samples to Identify candidate genes whose
xpressions might be correlated with the overall survival. After
adjusting for clinical covariates based on a multivariate analysis, the
Identified genes were validated using real-time reverss transcrip-
tion polymerase chain reaction (RT-PCR) analysis In 19 indepen-
dent validation samples. Ninety-eight candidate genes whose
1 Jmﬂ‘. 11
using a microarray analysis based on a
proportonal hazards model (P < 0,005). Multivariate analysis was
performed to assess 10 of these genes, and the results yielded a
statistical significance level for DACHT and PDCDE. We further
evaluated these two genes in independent samples using real-time
RT-PCR and found that lower mRNA expression lavels of PDCDS
were correlated significantly with a poor overall survival. We
identified PDCD6 as a prognostic blomarker in patients with
unresected gastric cancer using endoscopic blopsy samples. Our
PCR-based single gene prediction strategy successfully predicted the
overall survival and may lead to a better understanding of this
disease subgroup. (Cancer Sci 2008; 99: 2193-2199)

ver the past two decades, various anlicancer agents have

been examined for their efficacy against gastric cancer,
including 5-fluorouracil (5-FU) and 5-FU-based drugs, taxanes,
CPT-11 and cisplatin, all administered either as monotherapy
or in combination regimens:’ however, the median survival
time (MST) of these palients remains at only approximately
7 months.%” In a recent randomized phase III trial examining
oral 8-1 monotherapy and cisplatin plus irinotecan combination
therapy, the response rates to both S-1 and to the cisplatin plus
irinotecan combination therapy were approximately 50%, indic-
ating that around hall of the patients did not respond to
chemotherapy,*™ and the MST in both the arms was less than
1 year.™ Thus, the prognosis of patients with gastric cancer
remains poor.

The commonly recognized prognostic factors in cases of
unresectable gastric cancer are the performance status, presence/
absence of liver metastases, presence/absence of peritoneal
metastases and the serum levels of alkaline phosphatase.™ Many
molecular biomarkers have been also investigated for their
potential to predict the outcome in hypothesis-based studies.
Several studies have shown that the mRP?nA levels and i 0~

gastric cancers treated with fluorouracil are associated with the
response and survival, in addition, the excision repair cross-
complementing (ERCC)1 gene ﬂ:{uulion level has been shown
to be associated with the cli oulcome in patients reated
with cisplatin.!"®!V HER2 expression has also been reported
to be a ostic marker in cases of differentiated gastric
cancer.""*'¥ Mutation of p53 and high p53 protein expression,
and high expression levels of lasminogen activator,
xanthine oxidoreductase, claudin-4, vascular endothelial growth
factor, interleukin-8 and cyclin E have all been comrelated with
poor survival."* " In terms of epigenetic alterations, reduced
expression of acetylated histone H4 or DNA methylation of
CDH1 and RAR-P have been shown to be correlated with tumor
invasiveness and the tumor metastasizing fean

On the other hand, the recent introduction of the microarray
technology has enabled significant genes to be identified almost
throughout the genome using a hypothesis-free approach. The
possibility of performing genome-wide searches is a major
advantage, and such searches may be the only way to discover
genes that would otherwise be unlikely to even be suggested as
candidates. In gastric cancer, biopsy samples of the
lesions can be easily obtained by prior to treatment;
however, few ive biomarker studies using endoscopic
biopsy samples to predict patient outcome have been performed
to date. Therefore, we conducted a prospective study to identify
biomarkers for predicting survival in patients with unresected
metastatic gastric cancer.

Materlals and Methods

Patients and samples. The eligible subjects in this study were
patients with histologically confirmed, untreated and metastatic
stage IV gastric cancer between 20 and 75 years of age.
Additional inclusion criteria included an Eastern Cooperative
Oncology Group performance status of 0-2. The exclusion
criteria included history of prior chemotherapy or major surgery.
All patients received chemotherapy using a 5-FU-based
(5-FU alone, S1 alone, 5-FU + methotrexate, 5-FU + cisplatin,
or 81 + cisplatin) or a CPT-11 plus cisplatin regimen. Sixty-five
gastric cancer patients were enrolled in the study. Of these, two
were excluded because of insufficient RNA quantities extracted
from their biopsy specimens, and four were excluded because of
the poor RNA quality. Thus, samples from the remaining 59
patients were analyzed. The survival time was followed after the
patients were initiated on chemotherapy. This study was approved

histochemical staining intensity of thymidylate synthase (TS) in
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the Institutional Review Board of the National Cancer Center
ldpiul.lndwﬁminfamedmlwomm&mﬂllhc
patients

:ndacuﬁ: hbu: y samples collected were immediately
placed in an R lization solution (Isogen; Nippongene,

Tokyo, Japan) and stored at -80°C, Other biopsy samples
obtained from the same location were reviewed by a pathologist
to confirm the presence of tumor cells. The RNA extraclion
method and the quality check protocol have been described

Mwmwmwulwﬁinlulym3
and enrollment was completed in November 2006 at the
National Cancer Center Fifty-nine gastric cancer samples
were evaluated in this study. The samples were divided into a
training set (n=40) and a validation set (n=19; 2:1) using
computer-generated randomization (Microsoft Office Excel,
Microsoft, Redmond, WA, USA). A microarmay analysis was
performed using the training set of 40 samples, and candidate
genes whose expressions were comrelated with the overall survival
were identified. Multivariate analysis was performed to adjust
the expression of 10 of these candidate genes for clinical features.
Finally, the significant genes were evaluated in an independent
set of 19 samples and survival was predicted using the results of
real-time reverse transcription polymerase chain reaction (RT-PCR)

analyses.
Real-time RT-PCR. Real-time RT-PCR was performed for 10
004392); EGFR

genes: DACHI (dachshund homol -

[ growth factor receplor, 005228); MTIX (metallo-
: 3-monooxygenase/
-monooxygenase activation protein, epsilon poly-
NM_006761); GPXJ (glutathione peroxidase 3,
Nhme PDCD6 cell death 6, NM_013232);
WDR33 (WD repeat domain 33, NM_018383); Cldorfd3
(chromosome 14 open reading frame 43, NM_194278), MYLIP
(myosin regulatory light chain interacting protein, NM_013262);
and GKAP! (G kinase anchoring protein 1, NM_025211).
Glyceraldehyde 3 phosphate dehydrogenase (GAPD, NM_002046)
expression Jevels in the subsequent
gmﬂm yses. RNA was converted to cDNA using a
p RNA PCR Core kit (A Biosyﬂms.?oﬂchilE

CA). The transcripts were using the Power SYB
Green PCR Master Mix (Applied Biosystems) and 7900HT Fast
Real-time PCR system (Applied Biosystems) and reported
relative to the GAPD expression levels. The PCR conditions
were as follows: one cycle of denaturation at 95°C for 10 min,
followed by 40 cycles at 95°C for 15 s and 60°C for 60 5. To
the target genes, the following pri were purchased
(Yotsukaichi, Japan): DACHI-FW, 5-AAG GGC
TGC TAA AGC AAT CAG G-3', and DACHI-RW, 5°-CTT TGT
GGC AAA GCG ACA TTA GG-3, EGFR-FW, 5-GGT GCG
AGT AGC ATT ATG A-3, and EGFR-RW, 5-AAA
CCT AAC TAG CTG AAT C-3'; MTIX-FW, 5-TTG
ATC GGG AAC TCC TGC TTC T-¥', and MT1X-RW, 5-ACA
CTT GGC ACA GCC GAC A-3"; GPX3-FW, 5"-ATG CCT ACA
GGT ATG CGT GAT TG-¥, and GPX3-RW, 5"-TGC AGG CAC
ACA GAT GGT ACA-3"; PDCD6-FW, 5-TCA AGG CCA GAC
TAG ATC AGC CTA A-¥, and PDCD6-RW, 5-GCT GGG
ATG AGG CAC ATG AC-3"; YWHAE-FW, 5-GGC AGA ATT
CAC AA-3, and YWHAE-RW, 5-ACC TAA GCG
AGG CGT TG-3'; WDR33-FW, 5-ATG CAT GGG
TG TIT C-¥, and WDR33-RW, 5-GGC TGA
GG MCACTACT Cl4orf43-FW, 5-CAG ACT
AAG CCT AAC TCC ATA-¥, and Cl4orf43-RW, 5-CAA
TGT TCC TGT GCT CTG-3"; MYLIP-FW, 5"-ACG TCT
TGC CAA CGC ACA C-¥', MMYIJP RW, 5-CAG TTC
G. ACATGCCAAGTCBI’ GKAPI1-FW, 5°-TTG CGA
TIC GG TC

ACT

g5

22
8%

b
£28

38235
qﬁgn

258

A
A GCA TC-3', and GKAPI-RW, 5-GCC
ATC CAC TTG TAA-3"; GAPD-FW, 5-GCA

AA
ATA AGT
GC

8

CCG TCA AGG CTG AGA AC-3, and GAPD-RW, §-ATG GTG
GTG AAG ACG CCA GT-3'.

Oligonuclectide microarray study. The microarray procedure
was performed according to the Affymetrix protocols (Santa
Clara, CA). In brief, the total RNA extracted from the tumor
samples was analyzed using an Agilent 2100 Biosnalyzer
(Agilent Technologies, Waldbronn, Germany) for quality check,

synthesized using the GeneChip 3'-Amplification
Reagents One-Cycle ¢cDNA Synthesis Kit (Affymetrix). The
labeled cRNA were then purified and used for construction of
the probes. Hybridization was performed using the Affymetrix
GmeChlpHG-UlSS Plus 2.0 amay for 16 h at 45°C. The signal
intensities were measured using a GeneChip Scanner3000
(Affymetrix) and converted to numerical data using the GeneChip
Operating Software, ver. | (Affymetrix).
Statistical analysis. The microarray analysis was performed
using the BRB Array Tools software ver. 3.3.0 (ht!p:m.inm
nci.nih.gov/BRB-ArmrayTools.html) developed by Dr Richard
Simon and Dr Amy Peng. In brief, a log base 2 transformation was
applied to the raw microarray data, and global normalization
was used (o calculate the median over the entire amay. Genes
were excloded if the percen
exceeded 20%. Genes that passed
then considered for further analysis. We computed a siatistical
level (P < 0.005) for each gene based on a univariate
'!‘oadju:tl p::ﬁ::]- DACHI, EGFR, MTIX,
the ex of 10 (

YWHAE, GPX3, PDCD6, Wnﬁ.eina Cldorf43, MYLIP and
GKAPI) for clinical features (age, sex, performance status [PS],
number of melastatic sites, received ), clinical
data and the normalized microarray ion data of the 10
genes were imported into SAS software ver. 9.1.3 (SAS Institute,
Cary, NC, USA) and a Cox model was constructed
for multivariate analysis against each of the variables. The study
groups were divided into two groups based on each of the clinical
ruhnu.up(cﬁuzﬁsm).lc(mﬂewhnd:).mwcrzl).
number of metastatic sites (<3 or =3), chemotherapy (5-FU-
based or CPT11 + CDDP) and expression levels of 10 genes).
P < 0,05 was considered significant.

Results

Identification of 98 candidate prog
microarray analysis, The unlw.rim anal of clinicn! features
including age (<65 or 265 years), sex, PS (0 or 21), number of
metastatic sites (1, 2 or 23) and received chemotherapy (5-FU-
based or CPT11 + CDDP) were performed for 40 microarray
samples (Table 1). There were no significant differences between
any of the two groups divided mdmglnl]ﬂ. sex, number of
metastatic sites or received ch ; however, significant
differences were noled between the two groups divided
according to PS (P = 0.048).

To identify the candidate prognosis-related genes from m&ll
over 47 000 transcripts, a microamray analysis was performed for
a training set of 40 samples. A total of 21 308 genes passed the
filtering criteria and were further analyzed. Ninety-cight genes
were significantly cormrelated with survival, according to a Cox
proportional hazards model (P < 0.005) (Table 2). Fifty-nine genes
were protective genes (hazard ratio, <1), and 39 were risk genes
(hazard ratio >1).

A heat-map of the expression values of the 98 selected genes
com the unfavorable prognosis group (survival time,

days) and favorable prognosis group (survival time,
2180 days) is shown in Fig. 1. Genes are plotied via hierarchical
clustering.

Multivariate analysis of prognosis-related genes. Of the 98 candi-
date genes, we prioritized those that: (i) were selected by
overlapping probes; (ii) were novel genes; or (iii) had a lower

doi: 10.1111/).1349-7006.2008 00935 x
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Table 1. Univariate analysis of clinical feste
Variable No. of patients  MST (days) Pvalue (log-rank test)
Age (years)
265 16 235 0454
<65 24 250
Sex
Male 29 243 0926
Female 1" 267
Ps
21 24 182 0.048
] 16 309
Metastasis
.2 10 137 0.102
23 30 261
Chemotherapy
5-FU-based % 245 0.594
CPT11 + CDDP 14 240

MST, median survival time; PS, performance status.

P-value according to a Cox proportional hazards model. We
selected the following 10 of interest for real-time RT-PCR
analysis: DACHI, EGF‘Ig. MTIX, YWHAE, GPX3, PDCDG,
WDR33, Cl4orf43, MYLIP and GKAP1.

To adjust for relevant clinical covariates against these 10
genes, we performed a multivariate analysis (Table 3). The
results of the multivariate analysis revealed that high DACHI
expression and high PDCDG6 expression were significantly
correlated with the favorable outcome (¥ = 0.0134 and P = 0.0015,
respectively). We therefore considered that the DACHI and
PDCD6 expressions were independent tic markers from
the resuits of the multivariate analysis. Results of microarray
data and patient survival in the training set of 40 patients
are shown in Fig. 2. The Ka method was used for
DACHI and PDCD6. The low PDCD6 and DACHI expression
groups had significantly poorer outcomes (F <0.0001 and
P =0.0045),

Validation using real-time RT-PCR in independent samples. The
mRNA expression levels of DACHI and PDCD6 were
quantified using real-time RT-PCR in 19 independent samples to
validate the results of the microarray. While the ex on
levels of DACHI were not correlated with survival, of
PDCDG in i sam) were significantly correlated
with the survival (P=0.007) (Tabled4). The
method was used to estimate the overall survival using the
median value (Fig. 3a). All quantified expression Ievci: of
real time RT-PCR data are shown as Fig. 3(b). The mRNA
expressions of PDCD6 varied by approximately 25 fold (range,

Fig. 1. Heat map of expression values for
microarray  identifying 98 genes whose
expressions were correlated with survival, The
hierarchical clustering of the 98 genes
comparing the unfavorable prognosis group
(survival time, <180days) and favorable
prognosis group (survival time, 2180 days) |s
shown. The blue or red colors of each block
represent the normalized gene expression
levels, Each row represents a sample, and each
column represents a gene. The 10 genes
included in the multivariate analysis (Table 3)
are shown.

Yamada ef al.

0.98-25.1). The low PDCD6 qu{:sim groups had significantly

poorer outcomes (F = 0.0018). concluded that PDCD6 was
a valuable gene for predicting the survival in patients with
gastric cancer, These results indicate that our PCR-based single
gene prediction sirategy using endoscopic biopsy samples could
successfully predict the overall patient survival.

Discussion

Several studies have identified prognostic biomarkers in cases of
gastric cancer using microarray analysis. Hasegawa ef al. identified
12 genes that were associated with lymph node melastasis. ™
Hippo eral. identified several genes associated with lymph
node metastasis, including Oct-2, and genes associated with the
histological type, including liver-intestine cadherin.®” These
studies introduced a novel direction in which microarray
analysis could be used to predict postoperalive recumrences.
Inoue ef al. selecled 78 genes that were differentially expressed
between aggressive and nm—lguﬂve cancers and constructed
a system. et al. found that high

L18 levels were associated with prolonged overall
and disease-free survival ™ They also found thal phospholipase
A2 group A expression in gastric adenocarcinoma was associated
with prolonged survival and less frequent metastasis.”” Chen
et al. demonstrated a survival prediction model consisting of
three genes (CD36, SLAM, PIM-1I) that was capable of predicting
poor mlgood survival in 23 (76.7%) of 30 newly enrolled
patients.™ Most of these studies used surgical specimens lo
predict postsurgical survival and were conducted retrospectively.
Thos, we think that our present prospective study is unique in
that we used endoscopic biopsy samples to predict the survival
time in patients with unresectable gastric cancer. In patients with
unresectable cancer, endoscopic biopsy samples may be the
most appropriate specimens available non-invasively for microarray
analysis. Although tumor helerogeneity may pose problems
when biopsy samples are used as representative tissue specimens
and further investigation is required, we believe that endoscopic
biopsy samples should continue to be used for microurray
analyses. Current clinical study has been confronted with a
number of obstacles. Microarray analysis for clinical studies, in
particular, has been hampered with botilenecks such as RNA
quality, the extremely large number of genes to be analyzed, an
immature analytical tool or m and so on. There are
two Lypes of obstacles: controllable obstacles and uncontrollable
ones., One uncontrollable obstacle is a complex chemotherapy
regimen. It is easy (o say that a clinical biomarker study should
be performed in one particular regimen. Chemotherapy regimen
has, however, progressed and become more sophisticated in a
short range of time. This study was prospective clinical study
and was largely followed by a guideline, Recommendations
for Tumor Marker Prognostic Studies (REMARK). To minimize

Untavorahle

Favorable

98 prognosis-relaled genes
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Table 2. Prognosis-related genes identified using microarray analysis

Pvalue l‘lnw ratio Description Gene Probe sat Pass PCR
0.0002 18 Epidermal growth factor rauptnr EGFR 201984 s at 2 PCR 1 01
0.0005 0.1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 54 DDX54 219111 s _at 2 01
0.0005 0.5 Chimerin (chimaerin) 2 CHN2 213385 at i 01
0.0005 6.1 Ubiquitin-like d i taining CTD phosphatase 1 usLcet 271413 4 02
0.0006 0.5 PTK2 protein tyrosine kinase 2 PTK2 241387_at 5 02
0.0008 A Derl-like domain family, member 2 DERL2 218333 _at 6 02
0.0008 05 Leucine rich repeat containing 14 LRRCT4 32062_at 7 02
0.0009 45 WD repeat domain 33 WDR33 222763 s at PCR B 02
0.0009 0.1 Rhomboid domain containing 3 RHBDD3 217622 _at 9 02
0.001 03 Myndu regulatory light duh interacting protein MYUP 228098 s.at 3 PCR 10 02
0.0013 47 14 open g frame 43 Cldorfd3 225980_at PCR 11 D2
0.0013 02 m Co-Tepressor BCOR 2395 at 12 a2
0.0013 0s MAD1 mitotic arrest deficient-like 1 (yeast) MADILY 233921 s at 13 02
0.0013 49 Ch 14 open reading frame 109 Cl4orf109 213246 _at 14 02
0.0014 42 Hypothetical protein LOC124512 LOC124512 225808 at % 02
0.0014 5.0 Ring finger protein 167 RNF167 212047_s_at 16 02
0.0014 06 Hypothetical LOC25845 LoC25845 225457 _s_at 17 02
0.0014 42 General transcription factor I, | GTFA 232710t 18 03
0.0014 0.2 Rho guani leotide change factor (GEF) 10like ARHGEF10L 1570511 _at 19 03
0.0014 03 G kinass anchoring protein 1 GKAPY 229312 s _at PCR 20 03
0.0015 19 Glutathione peroxidase 3 (plasma) GPX3 214091 5 a2t 2 PCR 21 03
0.0016 05 Dachshund homolog 1 (Drosophila) DACH1? 1567101 _at 2 PCR 22 03
0.0016 03 Diacylglycerol um. theta 110kDa DGKQ 226605_at 23 03
0.0017 06 lated antigen 112 HCAN12 218345_at 24 03
0.0018 35 H diator of IINA poly Il transcription, subunit 31 MED31 222867 _s_at 25 03
homaolog
0.0018 69 Tyrosine 3 ¥g fryptophan 5 ygenase  YWHAE 210317_s_at PCR 26 03
activation proteln, epailon polpesitid
0.0018 0.1 KH domain containing, RNA binding, signal transduction ~ KHDRBS1T 201488 _x_at 27 03
associated 1
0.0019 03 Solute carrier family 25 (mitochondrial carrier; Graves SLC25A16 210686_x_at 28 03
di t igen), ber 16
0,0019 49 Hypothetical protein LOC51255 LOCS51255 223064 _at 3 03
0.002 0.2 Cyelin L2 /4 similar to Aurora kinase A-interacting protein  CCNL2 Il LOC643556 222999 s at 30 03
0.002 74 Lectin, lunnou-bhdhg. 1 LMAN1 2124629 _at 31 o3
0.002 02 Erythrocyte ane protein band 4.1 like 4A EPB4TLAA 228259 s at 32 03
0.0022 02 KIAAD999 protein KIAAD999 204155_5_at 33 03
0,0022 05 ELOVL family member 7 ELovL? 227180 _at 34 03
0,0023 40 Churchill domain containing 1 CHURCY 233268 s at 35 04
00024 40 Yippee-like 2 (Drosophila) YPEL2 227020_at 36 04
0.0024 59 Hermansky-Pudlak syndrome 1 HPS1 210112_at 37 04
0.0025 03 Hypothetical protein LOC285831 LOC285831 228857 _at 38 04
0.0026 35 CDC37 cell division cycle 37 homolog (Saccharomyces cpcary 219343 _at 39 04
cerevisiae)-like 1
0.0026 2.1 Ankyrin repeat and SOCS box-containing 9 AsB9 205673 _s_at 40 04
0.0026 02 Hypothetical gene supported by AK125149 LOC401577 239247 _at 41 05
0.0026 03 TBCY domain family, member 23 TBC1D23 236755 _at 42 05
0.0026 03 MRNA full length insert cDNA clone EUROIMAGE 2362292 235505 s _at 43 05
0.0026 04 Dehydr freductase (SDR family) ber 8 DHR58 217989_at 44 05
0.0026 04 Nudolr rluptnr coactivator 2 NCOA2 242369 _x_at 45 05
0.0026 0.2 MRNA; cDNA DKFZp667E0114 (from clone DKFZp667E0114) 235660_at 46 05
00027 04 Transforming, acidic coiled-coil containing protein 1 Tacct 242290_at 47 05
0.0027 02 POV domain, class 2, ranscription factor 1 POU2F1 1562280_at 48 05
0.0027 29 p2 H{CDKN1A)-activated kinase 6 PAKS 1555310_a_at 0.5
0.0027 0.5 Mannesyl (alpha- 1.3-)-91ympmhln MGAT4A 226039 _at 50 05
=1,4-N-acetylglh isozy A
0.0027 5.1 Zinc finger CCCH-type mmhlnn 'Il ZC3H4 204216_s_at 51 05
0.0028 0.5 Acyl-CoA synthetase short-chain family member 2 ACSS2 235805_at 52 05
0.0028 03 Programmed cell death 6 PDCD6 222380 3 at PCR 53 06
0.0029 38 ERGIC and golgi 2 ERGIC2 226422 at 54 06
0.0029 04 Erylhrucyu membtane pmu'h band 4.1 like 5 EPB4ILS 225855_at 55 06
0.003 6.5 14 open g frame 32 Cldorfi2 212644 5 at 56 06
2198 dot: 10.11117).1349-7006.2008 00835 x
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Table 2. (Continued)

Pvalue Hazard ratio Description Gene Probe set Pass PR
0.0031 0.2 Transcribed locus 239437 _at 57 1.8
0.0031 03 DOT1-like, histone H3 methyl i (S. cerevisiae) poTIL 231297 _at 58 19
0.0031 22 Transcription elongation factor A (S)-like 8 TCEALS 224819 _at 59 19
0.0031 03 Laminin, f 1 LAMB? 236437 _at 60 20
0.0032 27 FK506 binding protein 5 FKBPS 224840 _at 61 20
0.0033 05 Integrin, « 6 ITGA6 244665 _at 62 21
0.0034 a7 COMM domain containing 9 COMMDS 218072_at 63 22
0.0034 0.2 Eukaryotic translation initiation factor 4 y, 3 EIFAG3 201936_s_at 64 23
0.0035 05 235616_at 235616 _at 235616_at 65 26
0.0036 19 Metallothionein 1X MTIX 204326 _x_at PCR 66 26
0.0036 27 Peroxiredoxin 5 PRDXS 1560587 _s_at 67 27
0.0037 03 Core-binding factor, runt domain, o subunit 2; CBFA2T2 207625_s_at 68 27
translocated to, 2
0.0037 04 Transcribed locus, moderately similar to XP_531878.2 230168_at € 27
0.0038 03 Zinc finger protein 346 ZNF346 236267 _at 70 23
0.0038 2.0 Metallothionein 1H-like protein #/ hypothetical protei LOC645745 W 211456_x_at n 29
LOCE50610 LOCE50610
0.0039 0.2 Hypothetical protein DKFZp58611420 DKFZp58611420 213546_at 72 34
0.0039 20 Adrenergic, f-2-, receptor, surface ADRB2 206170_at 73 33
0.0039 03 CTD-binding SR-like protein rA9 KIAAT 542 234952 s _at 74 35
0.0039 26 Peroxiredoxin 5 PRDXS 222994 _at 75 36
0.004 0.2 ATPase, H* transporting, lysosomal 42kDa, V1 subunit C1 ATPSVICI 226463 _at 76 38
0.004 8.0 XK, Kell blood group complex subunit-related family, XKR8 218753 _at 77 38
member 8
0.004 03 Cnput 2 apopmb-r-hhd cystein peptidase CASP6 242323 at 78 40
0.0041 04 factor Xl (H factor) F12 205774_at 79 40
0.0041 03 C.nhl.l'h, Y 1’ CENTG2 240758 _at B0 42
0.0042 0.6 LR8 protein LRE 220532 _s_at 81 42
0.0042 0.2 WD repeat domain 42A WDR42A 243318 _at 82 45
0.0042 26 m:m d!lrl'lll tetramerisation domain containing 14 KCTD14 219545 _at 83 47
0.0043 8 6-Fh lactonase PGLS 218388 _at 84 49
0.0044 38 B-nml'u 6. RNA binding protein (Drasophila) BRUNOL6 227775_at 85 49
0.0044 23 Zinc finger protein 415 ZNF415 205514 _at 86 50
0.0045 05 HIR histone cell cycle regulation defective homolog A HIRA 240451_at 87 5.1
(5. cerevisiae)
0.0046 05 Cardiolipin synthase 1 CRLS1 241741 _at 88 59
0.0046 03 c-mer proto-oncogene tyrosine kinase MERTK 233079_at 89 6.1
0.0047 02 Additional sex combs like 2 (Drosophila) ASXL2 218659 _at 90 &5
0.0047 EY Platelet endothelial aggregation receptor 1 PEART 228618_at 91 63
0.0047 03 Core-binding factor, runt domain, a subunit 2; translocated CBFA2T2 238549 at 92 74
to, 2
0.005 06 Lysosomal associated protein transmembrane 4 LAPTM4B 208029 s at 93 B0
Pass, number of lapped probes; PCR, the genes that were subsequently examined using real-time RT-PCR.
Training samples Training samples
g 14 PDCD6 § 1 DACH?
3 08 S o8
-E 0.6 Sadit i E 0.6 4 High-Ar
- g . ighe-Arr iy
[+ ]
S 04 B 4 ]
E E L Ar
E 0.2 4 Low-Array 3 02 ow-Array ~
s |, g |
o 0 < 0.0001 o 0 4 P=0.0045
0 100 200 300 400 5{‘0 600 700 800 0 100 200 300 400 500 600 V0O 80O
Days Days
Fig. 2. Results of microarray data and patient survival in Ihv ining sat of 40 pat The Kaplan—Meier method was used for DACHI and
PDCDE. The patients were divided into high and low by median values. The low PDCD6 and DACHT expression g

significantly poorer outcomes (P <0.0001 and P=0.0045). ngh-Arrly, group with high expression levels as determined by signal int.ml'b; nf
microarray data. Low-Array, group with low expression levels as determined by signal intensity of microarray data.
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Validation samples
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Table 3. Multivariate analysis of prognosis-related genes

Unfavorable L+ * &

Variable Hazard ratio 95% confidence interval Pvalue
Age (265) 178 0.570-5.559 03212
Sex (male) 326 0.732-14.489 0.1210
Performance status (21) 236 0.687-8.078 D.1728
Metastasis (23) 1.58 0,450-5.561 04739
Chemotherapy (5-FU) 148 0.402-5.475 0.5541
DACHT 038 0.175-0.817 0.0134
EGFR 14 0.992-2.001 0.0553
MTIX 07 0.317-1.600 oA
YWHAE i 0.401-9.061 0.4169
GPX3 162 0.869-3,007 0.1293
PDCDE 0.06 0.010-0.334 0.0015
WDR33 1.38 0.268-7.067 0.,7017
Cldarfdi 0.64 0.122-3.407 0.6045
MYLIP 0.67 0.221-2.042 0.4826
GKAPT 3 0.751-7.106 0.1440
Cox regression model was performed for multivariate analysis agai
each of the variables.

the uncontrollable factors, we aimed o avoid controllable factors
with our best efforts. In this sense, we believe that the
study bas succeeded in stratifying potential controllable variables.

Based on the results of the series of analyses conducted in the
current study, we validated PDCD6 as a molecular biomarker of
the prognosis in gastric cancer.

PDCD6, also known as ALG-2 (apoptosis-linked genei)
was first identified in a study on T-cell apoptosis conducted by
Vito ef al™ PDCD6 encodes a calcium-binding protein llul
belongs to the EF-hand protein family. 'lhemrud
participates in T-cell receptor-, Fas- and glucocorticoid-induced

cell death and cell pml;renllon The stimulation of

cells to enler the cell cycle is thought to drive the cellular apoptotic
and the presence of additional survival or pro-apototic

signals determines whether a cell proliferates or commits suicide.

P sat
95% confidence limits
Genes Hazard ratio ——— Pvalue
PDCD6* 0.29 0.12 = on 0.007
DACH1 0.79 0.56 1.13 0.199
* P<0.05.

Krebs ef al. indicated that the deregulation of such an obvious!

delicate balance could lead to pathol ments, suc
as cancer.”” Detailed biological fun of PDCD6 genes in
gastric cancer is still unclear. The speculated function may lead

us to hypothesize thal the expression is generally downregulated
in cancer.
Our ultimate goal is to use real-time RT-PCR or immunohis-
tochemical examination to identify patients with a poor prognosis
to undertaking chemotherapy. We are now planning a
arge-scale prospective study based on the evidence obtained in
tbecmmtsmdy
In conclusion, we identified prognostic biomarkers in patients
with unresected gastric cancer, and our PCR-based single gene
prediction strategy successfully predicted the overall survival of
patients with gastric cancer. Our findings may provide a novel
insight into the treatment of gastric cancer and may lead to a
better understanding of this disease subgroup.
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Immunohistochemical expression of PTEN and phosphorylated
Akt are not correlated with clinical outcome in breast cancer
patients treated with trastuzumab-containing neo-adjuvant

chemotherapy
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Abstract The loss of PTEN and phosphorylated Akt
(pAkt) expression is thought to be involved in the mecha-
nism leading to trastuzumab resistance in patients with
HER2-positive breast cancer. We retrospectively performed
immunohistochemical analyses for estrogen receptor, pro-
gesterone receplor, HER2/nen, PTEN, pAkt, and pS3
expression in tumor specimens obtained before and after
trastuzumab-containing neo-adjuvant chemothernpy. The
intensity of staining was evaluated for each biomarker, and
the correlations between the immunohistochemical profiles
and the clinical outcome were analyzed. The changes in the
immunohistochemical profiles between specimens obtained
before and after trastuzumab-containing neo-adjuvant che-
motherapy were evaluated for patients with residual tumors.
The present study included 44 patients with breast cancer
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who received trastuzumab-containing nec-adjuvam che-
motherapy. Seventeen patients achieved a pathological
complete response. The patients were positive for PTEN
and pAkt (PTEN = 14%, N = 6/44; pAkt, B0%, N = 35/
44). The expression of both PTEN and pAkt were not cor-
related with pathological complete response. Persistent
HER2/neu over-expression after neo-adjuvant chemother-
apy was significantly associated with recurrence. Among 27
patients with residual cancer, the percentages of patients
with HER2/neu-positive or pAkt-positive tumors were low,
but PTEN expression was elevated. The present study
suggested that neither the immunohistochemical expression
of PTEN nor the expression of pAkt was associated with the
clinical outcome of trastuzumab-containing neo-adjuvant
chemotherapy. Except among patients with pathological
complete remission, the persistenl over-expression of
HER2/neu may be a poor prognostic factor.

Keywords Breast cancer - Neoadjuvant chemotherapy
pAkt - PTEN - Trastuzumab

Introduction

Breust cancer remuins the major cuuse of death from cuncer
among woman throughout the world, Most breast cancers are
thought to be systemic diseases ut the time of diagnosis, and
recurrence as o result of sub-clinical micro-metastasis is
common. Recent advances in multidisciplinary approaches
for treating breast cancer, including both neo-adjuvant che-
motherapy and adjuvant chemotherupy, have played
important roles in improving the survival rate [ 1]. A previous
study revealed that patients who achieved a pathological
complete response (pCR) had longer relapse-free survival
periods than patients without pCR after neo-adjuvant
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chemotherapy [2]. This study suggested that the chem
otherapeutic response al the primary lesion may be corre-
lated with the chemotherapeutic response of micro-
metastases; therefore, the selection of a chemotherapeutic
regimen that best enables pCR may improve both the
relapse-free and overall survival rates.

The epidermal growth factor receptor/HER family is
involved in cell proliferation, differentiation, and survival.
HER2/neu over-expression and HER2/neu amplification
are widely known markers of aggressive tumor behavior,
and a poor clinical outcome in breast cancer palients are
observed in approximately 20-30% of breast cancer
patients [3]. Trastuzumab, a monoclonal antibody against
HER2/neu, has been shown to have a significant efficacy in
both adjuvant and metastatic settings [4, 5]. Recently, a
randomized phase II trial revealed that trastuzumab-
containing  neo-adjuvant  chemotherapy  significantly
improved the pCR rate, compared with neo-adjuvant che-
motherapy alone, in patients with HER2/neu-positive
breast cancer [6].

Immunohistochemistry and fluorescence in situ hybrid-
ization (FISH) are currently available methods for
identifying patients who are likely to benefit from trast-
uzumab; however, trastuzomab is ineffective in some
patients and progression may still occur. Currently, the
possible mechanisms of trastuzumab-resistance include the
down-regulation of p27; the activation of insulin-like
growth factor receptor (IGF-1R); the loss of expression of
PTEN, pAkt, or the interaction HER receptor family; the
masking of HER2/neu by membrane-associated glycopro-
tein mucin-4; angiogenesis; or antibody-dependent cellular
toxicity [7]. These hypotheses remain controversial, and
some studies that have assessed IGF-1R and p53 levels in
clinical samples have reported negative results [8, 9].

PTEN is a dual phosphatase that mainly dephosphoryl-
ates position D3 of membrane phosphatidylinositol-3, 4, 5
triphosphate (PI3, 4, 5P3) and is a negative regulator of
pAkt. Recently, Nagata et al. suggested that PTEN acti-
vation contributes to trastuzumab-induced tumor inhibition
and that the loss of PTEN predicts trastuzumab resistance
in patients with breast cancer [10]. The authors also vali-
dated their hypothesis in 47 metastatic breast cancer
patients treated with a taxane-plus-trastuzumab therapy,
revealing a statistically significant difference in the clinical
response [10]. To test this hypothesis in patients with
HER2-positive pnmary breast cancer, we compared the
relationship between clinical outcome and the expression
of immunohistochemical profiles, including those of p53,
hormone receptors, PTEN, and pAkt, in patients receiving
trastuzumab-containing neo-adjuvant chemotherapy. In
addition, we investigated the changes in these profiles
using specimens obtained before and after trastuzumab-
containing nec-adjuvant chemotherapy.

3% Humana Press

Patients and methods
Patients

A 1otal of 229 patients with breast cancer were treated with
neo-adjuvant chemotherapy between January 1999 and
January 2006 at the National Cancer Center Hospital.
There were 49 patients who were classified as having
HER2/neu-positive breast cancer (HER2/neu 3+ or HER2/
neu 2+ and FISH-positive) and who received trastuzumab-
containing neo-adjuvant chemotherapy. Of these, we
identified 44 patients with adequate tumor lissue samples
available for retrospective research, Trastuzumab was
administered initially using an intravenous loading dose of
4 mg/kg, followed by weekly infusions of trastuzumab
(2 mg/kg) in combination with weekly paclitaxel therapy.
The dosages of the neo-adjuvant chemotherapy regimens
were followed as: CEF therapy (cyclophosfamide. 500 mg/
m?, i.v. on day |; epirubicin, 100 mg/m?, i.v. on day 1;
SFU, 500 mg/m’, i.v. on day 1; 21-day cycles), AC therapy
(doxorubicin, 60 mg/m®, i.v. on day |; cyclophosphamide,
600 mg/m’, i.v. on day 1; 21-day cycles). AT therapy
(doxorubicin, 50 mg/m?, i.v. on day 1: docetaxel, 60 mg/
m’, i.v. on day |: 21-day cycles), and weekly paclitaxel
therapy (80 mg/m’, i.v. on day |; 7-day cycles).

Tissue samples and microscopic and
immunohistochemical analysis

Tissue samples were obtained from core-needle biopsy
specimens before neo-adjuvant chemotherapy and from
surgical specimens (mastectomy or lumpectomy) aller neo-
adjuvant chemotherapy. All hematoxylin-eosin stained
core-needle biopsy specimens were reviewed by a pathol-
ogist (K. T.), and tissue sample were confirmed to contain
adequate amounts of cancer tissue for use in the present
study.

After surgical treatment, the pathologist evaluated the
pathological responses of all the specimens using hema-
toxylin-eosin staining slides. pCR was defined as the
complete disappearance of invasive cancer cells in
the primary tumor and the axilla. We also evaluated the
immunohistochemical changes in biomarker expression in
the 27 patients who did not achieve pCR,

The pathological and immunohistochemical examina-
tions were conducted by the same pathologists (K. T. and
K. §.), who were blinded to the clinical stawuses of the
patients. Formalin-fixed, paraffin-embedded tissue samples
were sectioned 4-pm thick and mounted on charged slides,
Immunochistochemical staining of p53 (clone DO7; Dako,
Glostrup, Denmark), ER (clone 1D5; Dako), and PgR
(clone PgR636; Dako), were performed using the strepto-
avidin=biotin method, and were considered to be positive if
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10% or more of the nuclei in the invasive component of the
tumor was stained [R, |1]. The HER2/neu status, as
assessed using Herceptest (Dako), was scored on a scale of
0-3+, according to the Dako scoring system. Clone 6H2. 1
(Dako) and clone 14-5 (Dako) were uscd for immunohis-
tochemical staining of PTEN and pAkt, respectively. For
PTEN and pAkt, the slides were pretreated using heat-
induced epitope retrieval and target retrieval solution, pH
9.0 (S2368; Dako), at 95-99°C for 40 min and then cooled
for 20 min at room temperature. Immunohistochemistry
was performed using the specified detection systems
(ChemMate; Dako). Finally, the slides were incubated in
DAB + substrate/chromogen solution (K3468; Dako) for
10 min, rinsed in diluted water, counterstained with
hematoxylin, and mounted. Negative controls, in which the
primary antibody was omitted, were also included in each
run, Primary lung cancers and the stroma of endometria
with a strong staining pattern (3+) were used as positive
controls for PTEN, while primary lung cancer with a strong
staining pattern (34) was used as a positive control for
pAkt in each run. The positive staining for PTEN was
defined as cytoplasmic staining, which was same as inter-
nal control such as peripheral nerve. Positive staining for
pAkt was defined as distinct cytoplasmic staining, which
was recognized by low power fields. We defined cases with
a score of 0 as being negative for PTEN and pAKT in the
statistical analysis.

Statistical analysis

The Kaplan-Meier method was used to estimate the
recurrence-free survival and the overall survival. Recur-
rence-free survival was measured from the first day of
treatment until recurrence or the final day of the follow-up
period without recurrence; Overall survival was measured
from the first day of treatment until death or the final day of
the follow-up period. The relationships between the
expression of the biomarkers (p53, estrogen receptor,
progesterone receptor. HER2/neu, PTEN, and pAkt), and
the clinical outcomes of the patients were compared using
the Chi-square test, the Fisher-exact test, and the log-rank
test. All the statistical analyses were performed using SPSS
12.0J (SPSS Inc., Chicago, IL, USA), and the significance
level for the results was set at 0.05 (two-sided).

Results

The present study included 44 patients. The patient's
clinical characteristics are summarized in Table |. Eigh-
teen patients received CEF therapy followed by weekly
paclitaxel/trastuzumab therapy, 11 patients received AC
therapy followed by weekly paclitaxel/trastuzumab

2N

Table | Puatient characteristics

Characteristics Vilue
Median age (mnge) 57 (33-78)
Side (cightflen) 2123
Median ECOG perfi ¢ stalus 0
Menopausal status
Pre-menopuuse 15 (34%)
Post-menopanse 29 (66%)
Median clinical tumor size (range) 50 mm (20-120)
Number of patients with clinical lymph 23 (52%)
node swelling
UICC-TNM staging
A 15 (34%)
1B 13 (30%)
ma 10 (23%)
mBe 6 (13%)

therapy, 8 patients received AT therapy followed by
weekly paclitaxelftrastuzuab therapy, and 7 patients
received weekly paclitaxel/trastuzumab therapy. None of
the patients had progressive disease during neo-adjuvant
chemotherapy. The median time between the last admin-
istration of neo-adjuvant chemotherapy until surgery was
5 weeks. Among 28 patients who had undergone a mas-
tectomy, 9 patients received adjuvant radiotherapy. Sixteen
patients received breast-conserving surgery followed by
adjuvant radiotherapy. Nine paticnts received adjuvant
hormone therapy.

After primary treatment, 12 patients developed recurrent
digease: 3 loco-regional recurrences and 9 systemic recur-
rences. The sites of first relapse included six lung
metastases, five liver metastases, three brain metastases,
three loco-regional metastases, one bone metastasis. and
one lymph node metastasis. Five patients died as a result of
disease progression. The 5-year survival rate was 84%, and
the 5-year recurrence-free survival rate was 65%.

Of the 44 patients, |7 patients achieved pCR. The
median pathological rumor size of the patients with non-
pCR was 15 mm (range. 0-100 mm). Significant differ-
ences in recurrence-free survival but overall survival were
seen between patients with or without pCR (log-rank test,
P = 0.016, 5-year recurrence-free survival rate; 86% vs.
52%, p = 0.086, 3-year survival rate; 100% vs. 77%,
respectively). The relationship between pCR and the results
of immunohistochemical staining of the biomarkers before
neo-adjuvant chemotherapy are summarized in Table 2.
None of the biomarkers examined in the specimens
obtained at the time of diagnosis were significantly asso-
ciated with either pCR or recurrence (Chi-square test,
Fisher-exact test, P > 0.1).
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Table 2 Relanonship between pCR and immunohistochemical pro-
files in specimens ut the time of diagnosis (Chi-squure test and Fisher-
exacl lest)

Table 3 Relationship between recurrence and immunohistochemical
profiles in residual tmor speci i after
chematherapy (Chi-square test and Fisher exact test)

1
juvant

Varables Total (%)  pCR P-value
e pCR Non-pCR
(=17 (=27

Grade* 0.99
| 4 (9 I 3
23 40 (91) 16 24

ps3 0.680
Negative 25 (5T 9 16
Positive 19 (43) 8 1

ER 0.065
Negative 39 (89) 13 16
Puositive 5(11 4 |

PgR 0273
Negative 41 (93) 17 24
Positive im ] i

ER and/or PgR 0402
Negative 37 (85) 13 24
Positive 7 (15 4 3

FTEN 0.186
Negative 38 (R6) 13 25
Positive 6 (14) 4 2

pAkt 0.275
Negative 9(20) 5 4
Positive 35 (BO) 12 23

Abbreviations: pCR pathological complete response
* Grade was defined using hematoxylin-ensin staining

The relationship between recurrence and the results of
immunohistochemical staining in the surgical specimens
obtained after neo-adjuvant chemotherapy are summarized
in Table 3. Only a persistent HER2/neu-positive status in
the surgical specimens obtained after neo-adjuvant che-
motherapy was significantly associated with recurrence
(Fisher-exact test, P = 0.008), and the expressions of the
other biomarkers were not associated with recurrence.

The proportions of changes in the immunohistochemical
profiles before and after neo-adjuvant chemotherapy are
summarized in Fig. 1. The changes in the immunohisto-
chemical profiles were not correlated with clinical outcome
(data not shown).

Discussion
This study demonstrated that clinical outcome, including

pCR, recurrence, was not correlated with the immunohis-
tochemical profiles of p53, estrogen recepior. progesterone
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Variables Recurmence P-value
Rec" (n = 11)  Non-rec (n = 16)

Grade" 0.618
| | 4
2-3 10 12

ps3 0.411
Negative 3 12
Positive 5 &

ER 0.99
Negative i 14
Positive | 2

PeR 0.99
Negative I 15
Positive 0 |

ER and/or PgR 0.624
Negative {4 13
Posilive | 3

HERZ2/neu 0.008
Negative 0 R
Positive I 8

PTEN 0.391
Negative 13
Positive E]

pAkt 0.453
Negative 5 5
Positive 6 4]

Ahbreviations: Rec recurrence

* Grude was defined using wylin-eosin E

" Twelve patients had recurrences in the present study. One patient
with pCR was excluded in this statistical analysis

receptor, PTEN, or pAkt in specimens oblained before
trastuzumab-containing neo-adjuvant chemotherapy.
Interestingly, there were 38 patients with negative PTEN
expression and 13 patients who achieved a pCR in the
present study, Although we had hypothesized that the loss of
PTEN and pAkt expression would influence the clinical
outcome of trastuzumab-containing therapy, such as the rate
of pCR, the results of the present study did not support our
hypothesis, which had been based on the results of Nagata
et al’s stady [10]. One explanation for this contradiction is
that the neo-adjuvant chemotherapy used in the present
study contained cylotoxic agents plus trastuzumab. HER2/
neu over-expression is reportedly associated with sensitivity
to anthracycline-containing chemotherapy [12]. Therefore,
cytotoxic neo-adjuvant chemotherapy including anthracy-
cline may be a confounding factor in evaluations of the
impact of the loss of PTEN. There are also multiple
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Fig. | Proportions of changes in the | profiles
of specimens obtained before and after neo-adjuvant chemotherapy in
patients with non-pCR (1 = 27). Abbrevistions: G, grade; HR,
hormune receptor positive for ER and/or PgR: HER, HER2/neu

hypotheses regarding the mechanism(s) of primary or
acquired resistance to trastuzumab [13]. Thus, the mecha-
nism of trastuzumab-resistance may be difficult to explain
using only one hypothesis.

The limitations of this study included the small sample
size and the considerable heterogeneity in the chemother-
apy treatment regimens. However, the majority of the
patients had received chemotherapy that had included both
an anthracycline and a mxane, and the treatment outcome
among the patients was considered representative,

More essentially, the negative results might be attrib-
utable to the antibodies used for PTEN and pAkt detection
or to a technical problem related to the immunohisto-
chemistry studies. The loss of PTEN and pAkt expression
has been reported to occur at various frequencies, [14-16]
and the high frequency of the loss of PTEN and pAkt
expression observed in the present study was the same as
that in previous studies [14, 16]. The monoclonal antibody
used in this study, 6H2.1, has been reported to be the only
antibody correlated with the presence of molecular altera-
tions in PTEN and to be associated significantly with
immunostaining for pAkt; thus, we considered 6H2.1 to be
the most suitable antibody for detecting the inactivation of
PTEN, compared with the three other known antibodies
[17]. In addition, 6H2.1 has been shown to have the same
reactivily as the antibody that was used to analyze the loss
of PTEN expression in a previous study by Nagata et al
[10]. The immunohistochemical staining experiments in
the present study were prudentially performed using both
positive and negative controls. according to the methods
described in a previous study [18]. and we believe that any
technical problems that may have occurred were of a
limited nature.

Another recent study has described a patient cohort that
received single-agent trastuzumab in o neo-adjuvant
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setting; in this previous study, no relationship between
wmor response and pAkt expression was reported [19].
Although the different definition of response among
patients with operable breast cancer and those with meta-
static discase, that is clinical tumor regression and
pathological eradication of the tumor, may be one possible
explanation for the conflicting results among the studies. At
any rate, it is difficult 10 make any conclusions regarding
the role of the loss of PTEN and pAkt expression based on
these limited data sets [ 14, 19], and the exploration of the
PI3 K signaling pathway may not lead to a simple break-
through in our understanding of trastuzumab resistance.

Although changes in the immunohistochemical profiles
were frequently observed, such changes may not be useful for
predicting clinicul outcome. A previous study reported that
neo-adjuvant chemotherapy had a minor, but significani (8%),
effect on hormone status [20]. However, the HER2/neu status
reportedly remained unchanged after neo-adjuvant chemo-
therapy; thus, HER2/neu expression was regarded as a stable
phenotype [20, 21]. Conversely, other studies have reported
that the HER2/neu status changed in 15-25% of patients, und
the hormone receptor status changed in 26-42% of patients,
after nco-adjuvant chemotherapy [22, 23], Most HER2/neu
status changes tend to represent down-regulation [23]. The
frequency of changes in immunohistochemical profiles and
their influences on clinical outcome are still controversial in
neo-adjuvant chemotherapy settings. In addition, these studies
included only patients (reated without trastuzumab, so the
influence of trastuzumab on HER2/neu expression is uncer-
tain, The results of the present study suggest that the HER2/
neu status may be altered and down-regulated by the addition
of trastuzumab thempy to neo-adjuvant chemotherapy.
Further studies on the effects of treatment on immunohisto-
chemical profile changes, tumor cell biology, and/or
trastuzumab resistance are needed.

In present study, persistent HER2/neu over-expression in
the surgical specimen after trastuzumab-containing neo-
adjuvant chemotherapy was associated with recurrence in
patients without pCR; this observation may hold a clue to
solving the mechanism of resistance to trastuzumab therapy.
Previous studies have demonstrated that the down-regulation
of target molecules, as shown by immunohisiochemical
staining in specimens obtained before and after neo-adjuvant
chemotherapy, was significantly associated with both the
tumor response and RFS, while persistent expression wus
associated with relapse [24, 25]. In addition, a recent study
revealed that a shon period of administration, such as
3 weeks of trastuzumab therapy, did not lead to the down-
regulation of HER2/neu and did not result in any chunges in
expression level [ 19). Concerning these results, the cancer
cells with persistent HER2neu over-expression after
3 months of trastuzumab treatment may be truly resistant to
trastuzumab.
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In the coming era of molecular-targeted drugs, multiple

options of largeted therapy is becoming an increasingly

important problem [7,

13]. However. the selection of

appropriate candidates for trastuzumab therapy, which has

now become a

“classic” targeted therapy, still requires

more investigation.
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Abstract

Background and purpose  Cytochrome P450 3A4 (CYP3A4)
converls an anticancer prodrug, irinotecan, to inactive
metabolites such as APC. However, the contribution of
CYP3A4 genetic polymorphisms to irinotecan pharmacoki-
netics (PK) and pharmacodynamics (PD) is not fully eluci-
dated, In paclitaxel-administered cancer patients, an
association of CYP3A4*I6B harboring the low activity
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allele *16 [S54C > G (Thr1855er)] has been shown with
altered metabolite/paclitaxel area under the plasma concentra-
ton-time curve (AUC) ratios, suggesting a possible impact of
*168 on the PK of other drugs. In this study, the effects of
CYP3A4 haplotypes including * 168 on irinotecan PK/PD were
investigated in irinotecan-administered patients.

Methods The CYP3A4 genotypes for 177 Japanese cancer
patients who received irinolecan were defined in terms of
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