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Abstract This retrospective descriptive study assessed cervical-cancer patient survival at the

National Cancer Institute (NCI) of Thailand. All patients with cervical cancer, admitted to the
NCI during the period 1987-2005, were included in the study. A total of 318 patients who met

the study criteria were selected. The mean age of the patients was 52.24 years. Most of the

cervical cancers were FIGO stage IIB. Our findings revealed that the 5-year overall survival

rate for patients who received treatment at the NCI was 64.9%. The 5-year survival rates were

88.6% for stage I, 63.7% for stage 11, 41.2% for stage 111, and 33.3% for stage IV. In conclusion,

we found that the survival rates of cervical-cancer patients who received treatment at the NCI

were comparable to, or better than, those in other Asian countries. (Thai Cancer J 2010, 30:

87-93.)

Keywords: cervical cancer, long-term morbidity, survival
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Introduction

Globally, cervical cancer is the se-
cond most common cancer in women with
approximately 500,000 new cases and 280,000
deaths each year!. An estimated age-adjusted
incidence rate of cervical cancer is 48 per
100,000 women'?. It is estimated to account
for 18.6% of female cancers and 80% of these
occur in developing countries. During 1998 to
2000, it was the second most common cancer
among women in Thailand, with an age-
adjusted of incidence rate is 24.7 per 100,000
women’.

The mortality rate of cervical cancer
is approximately 40% to 50%?*, since most
patients present with an advanced-stage and
the cervical cancer is still limited for screen-
ing. Treatment of this cancer comprises
surgery, concurrent chemoradiation and radio-
therapy. The National Cancer Institute is the

largest cancer center in Thailand and started

‘ 87-93-pc14.pmd 88

treating this cancer in 1987. However, no data
of survival of the patients with cervical can-
cer at our institute were previously reported.
Therefore, in this study, the 5-year overall
survival rate for patients with cervical cancer
who received treatment at the National Can-
cer Institute, Thailand was assessed using data

from the registry.

Materials and Methods

This retrospective descriptive study
assessed cervical-cancer patient survival at the
National Cancer Institute (NCI) of Thailand.
All patients with cervical cancer, admitted to
the NCI during the period 1987-2005, were
included in the study and their survival was
analyzed up to 2010. This study was approved
by the Ethics Committee of the National Can-
cer Institute.

The patients' clinical and pathological

data were collected from the medical records.

20/11/2558, 20:29
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A total of 318 patients with histologically con-
firmed cervical cancer were identified in 2005.
The staging of cervical cancer was done us-
ing the International Federation of Obstetrics
and Gynecology (FIGO) 1997 staging system.
The patients' data including age, marital sta-
tus, parity, occupation, underlying disease,
stage, histological types (from the histological
report), and treatment modality were collected.
The following dates were recorded: first diag-
nosis of cervical cancer, initial treatment, treat-
ment completion, recurrence, last visit and
death. The main outcome was 5-year overall
survival.

A follow-up examination was per-
formed at the Gynecological Oncology Unit
and Radiation Therapy Unit. Patients were
scheduled for follow-up every two months in
the first year, every three months during the
second year and every six months thereafter.
Follow-up data such as date of last visit and
disease status at the time of the last contact
were also noted. All patients were followed
until death or lost to follow up. The overall
survival was defined as the time from first
diagnosis to death or the date of last follow
up.

The descriptive statistics were used
for demonstrating demographic data results,
expressing as mean, and range. Survival curves
were estimated by the Kaplan-Meier method
and compared using the log-rank test by
univariate analysis. A P-value of less than 0.05

was considered statistically significant.

89
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Results

From 1987 to 2005, a total of 3563
patients with cervical cancer were registered at the
Gynecological Oncology Unit, National Cancer
Institute, representing 74.9 percent of the gyneco-
logical cancer registry at the National Cancer
Institute. Among these patients, 318 cases met the
study criteria and were the core data set for the
analysis. The patients' general characteristics are
shown in Table 1. The mean age of the patients
was 52.24 years, ranging 27 to 82 years. Most cases
(50.7%) aged 31 to 50 years. Majority of the
patients were housewives. Most of them (69.18%)
were married. The mean parity was 3.35, ranging
from 0 to 10. The patients mainly had no
underlying disease.

Stage and cell types are shown in Table 2.
Most of the cervical cancers (53.77%) were stage
II. Squamous cell carcinoma was the most
common histological cell types (79.56%). Other cell
types were clear cell carcinoma (two cases) and
endometrioid carcinoma (one case). The main
treatment modality (53.77%) was radiotherapy with
or without concurrent chemotherapy.

The 5-year overall survival was 51.2%
when analyzed in all 318 patients. Among these,
35% of cases had not received any treatments at
our institute because some patients declined
radiotherapy and some moved to receive treatment
atother cancer centers. However, the 5-year overall
survival rate for the rest of the patients who
received treatment at the National Cancer Institute
was 64.9%. The survival rates were significantly

different for each stage (p < 0.001), they were

20/11/2558, 20:29
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88.6% for stage I, 63.7 % for stage 11, 41.2% for
stage III, and 33.3% for stage IV (Figure 1).
Approximately a half of the patients (154/318)
died between 2005 and 2010, and cervical cancer
was the cause of death in 77.27% (Table 2).

Volume 30 No.3 July-September 2010

Late complications of the treatment com-
prised hemorrhagic cystitis (8.9%), hemorrhagic
proctitis (8.9%), vaginal stenosis (4.4%), chronic
bone pain (6.7%), but no cases of chronic leg edema

were found at five years after the treatment.

Table 1 General characteristics of the patients (n=318)

Characteristics Number of patients Percent
Age (years) 318 Mean 52.24
Range 27-82
Occupation
Farmer 43 13.52
Sales 41 12.89
Housewife 119 3742
Employee 109 3428
Other 6 1.89
Marital status
Single 9 2.83
Married 220 69.18
Divorce & 2799
Parity 318 Mean 3.35
Range 0-10
Underlying disease
No 218 68.55
Yes 100 3145
1.0+
0.5 -
= T - "\__1' B LStage 11
2 | e SRR
2 0.6 Y
5 L
n 1
= L Stage III
P 54l |
] Stage IV
>
0
0.2
0.0
O.(IDO ZO.IDO 40?00 6D.‘DD BOTOD

Time (months)

Figure 1 Overall survival in cervical cancer by stage
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Table 2 Stage, cell type, treatment and course of death in the cervical cancer (n=318)

Characteristics Number of patients Percent
Stage
I 56 17.61
-1A1 11 3.46
-1A2 2 0.63
-IB1 39 12.26
-IB2 4 1.27
II 171 53.77
-IIA 11 346
-1IB 160 50.31
11 # 2642
-lA 9 2.83
-11IB 75 23.58
v 7 220
-IVA 4 1.26
-IVB 3 0.94
Cell type
Squamous cell carcinoma 253 79.56
Adenocarcinoma 46 1447
Adenosquamous cell CA 13 4.09
Small cell neuroendocrine 3 0.94
Others 3 0.94
Primary treatment
Surgery 31 9.75
Radiotherapy 171 53.77
Chemotherapy 4 1.26
No treatment in NCI 112 3522
Course of Death
Disease related 119 3742
Non - disease related 35 11.01
Alive 164 51.57

Discussion
A total of 3563 patients with cervical
cancer had visited the National Cancer Institute for
over 18 years (1987-2005), with the 300 to 400 new
cases per year. The mean age of cervical cancer
patients was 52 years, ranging 27 to 82 years. Most

cases aged 31 to 50 years old that was younger

91

than those in the FIGO 1985 report’. Since women
of this age-group are working, cervical cancer has
a significant economic impact in Thailand. Fijuta
M, et al® presented hospital-based data of cervical
cancer, of which the mean age was 58.7 years.
These findings, together with our data, suggest that

age at first diagnosis of cervical cancer in Asia is

20/11/2558, 20:29
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younger than that in the Western countries. This
may be explained by factors that increase the risk
of HPV infection and progression to cervical
cancer such as differences in sexual behavior, age
at first sexual intercourses and number of sexual
partners along with limited cervical cancer screen-
ing coverage in these countries.

Most cervical cancer patients were
married (69.18%) which is consistent with the
etiology of cervical cancer through HPV infection.
Nevertheless, about 2.83% of our cohorts of
cervical cancer patients were single. This finding
was unexpected because HPV is a sexually-
transmitted disease”®. Surprisingly, the Japanese
study had a similar finding; 8% of their cohorts of
cervical cancer patients were single. A possible
explanation is that single women may be afraid of

vaginal examination and may avoid cervical cancer

Volume 30 No.3 July-September 2010

screening, thereby increasing their risk for cervical
cancer.

The mean parity was 3.35, ranging from 0
to 10. High parity is associated with increased risk
for cervical cancer. Misra JS et al’ demonstrated
that the frequency of cervical cancer progressively
rose with increasing parity and became statistically
significant in women who had more than three
children.

The 5-year overall survival rate for cervi-
cal cancer patients who received treatments at our
institute in 2005 was 64.9%. The survival for early
stage was better than that for advanced stage. Our
study data were comparable to, or better than, those
in other Thai institutions or other Asian countries,
except South Korea'®'? (Table 3). The late
complications of treatments in this study were

comparable to other studies'>!.

Table 3 The 5-year survival rate of cervical cancer by extension of disease.

Countries Overall survival rate (%)
National Cancer Institute, Thailand 64.9
The Gambia, Africa'®2010 22
Uganda, Africa'® 2010 13
China 2010 67
India'® 2010 46
Philippines'® 2010 37
Singapore'® 2010 66
South Korea'® 2010 79
Turkey'° 2010 63
CostaRica'® 2010 53
Germany'' 2007 63.1
Thailand' (Chiang Mai, Khon Kaen, Lumpang, and Songkhla) 2010 61
Thailand'> Ramathibodi Hospital 1990 5349
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Cervical Cancer Survival at the NCI, Thailand

Conclusion

The 5-year overall survival rate for
cervical cancer patients who received treat-
ment at the National Cancer Institute was
64.9%, comparable to, or better than, those in
other Asian countries. The 5-year survival
rates were higher for the cases treated at early
stages compared to those treated at advanced

stages.
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1139 In99uA9ayn (nasopharyngeal carcinoma, NPC) Lﬂuisﬂﬁwuﬂ@aLmuﬂuﬁmmzﬁﬂﬁmmqﬁm
mmimmiimuﬁwmﬂmmﬂ"lmﬂ f3eeudiAnuaINUaaNeNugNssHaesiiu glutathione S-transferase
Mu1 uaz Thetal (GSTM1 waz GSTT? polymorphisms) FaRaadastunsnanfulnTlunnvatefise
ansnenzdaiutiadendesnsnmilssiantsifalsnnzide uazanansald GSTMI uay GSTTY polymorphisms
ﬁLﬂuﬁqﬂﬁmqﬁuﬁqﬂﬁmmiﬁmu:L?qiéw’ WHNN3ASIAUN GSTMT uax GSTTT polymorphisms Taeialadaeaa
conventional polymerase chain reaction (C-PCR) &uﬁﬁ’mwﬁ'ﬁfﬁ@u wazFadldnaiuiy agldwsnzdniu
msasnathapssazamaunnls Wuilaqruldfiiamuaimenmaiite Weansadugoans\43amsmsmauuy
multiplex PCR (M-PCR) ﬁq&uf?m;ﬂixmﬁmmﬂWiﬁnmﬁtﬁ@ﬁwuﬁ%mmqu GSTM1 waz GSTT1
polymorphisms Lugilae NPC 69235 M-PCR udouBeufeunanisnsaildiunanisnsadaeda C-PCR lneld
DNA @arinl#an peripheral blood leukocyte 2995198 NPC 411491 80 Sefansaann GSTMY uaz GSTTT
polymorphisms [GSTM1 normal genotype (GSTM1+), GSTM1 null genotype (GSTM1-), GSTT1 normal
genotype (GSTT1+) waz GSTT1 null genotype (GSTT7-)] #1838 M-PCR ua¥3s C-PCR HAN13AN®A
WUdINMIATIAUT GSTMT Az GSTTT polymorphisms 69833 M-PCR Tugilae NPC ynaeliinanseiuds
C-PCR (K = 1.0) wananilfianudnnisnsann GSTMI uaz GSTTY polymorphisms #3838 M-PCR
Lifimandudeu samise wazilszndand as C-PCR @ndae anuanisdnagUiddnnisasean GSTMT uay
GSTT1 polymorphisms #agia8 M-PCR Widede Lm:ﬁmwmmmudwf{uﬁmmﬁmﬂﬁmméﬁﬂumjuﬁmmm
NPC & (a1rarslsanzif 2553;30:94-103.)
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Detection of GSTM1 and GSTT1 Polymorphisms in Nasopharyngeal Carcinoma Patients by

Multiplex PCR Assay
by  Danai Tiwawech', Somjin Chindavijak’, Yaninee Jarratwisarutporn® and Takafumi
Ishida*

'Research, *Otolaryngology and*Pathology Division, National Cancer Institute, Bangkok 10400,
Thailand. *Unit of Human Biology and Genetics, Department of Biological Sciences, School of
Science, University of Tokyo, Tokyo, Japan.

Abstract Nasopharyngeal carcinoma (NPC) is a common cancer and a serious public-health

problem in Thailand. Glutathione S-transferase Mul and Thetal gene (GSTMI and GSTTI) are
involved in the prevention of cancer, by encoding GSTM1 and GSTT1 enzymes to detoxify
various electrophiles derived from environmental carcinogens. GSTM1 and GSTTI polymor-
phisms are reportedly associated with several malignancies and can be used as a genetic risk
marker for cancer. Nevertheless, GSTMI and GSTT1 polymorphism detection using the conven-
tional polymerase chain reaction (C-PCR) assay is complicated and time-consuming, and thus
unsuitable for mass screening. A faster multiplex PCR (M-PCR) assay has been developed to
help overcome these problems. The present study aimed to establish the M-PCR assay for
GSTM1 and GSTTI polymorphism detection in NPC patients, and confirm the results of the new
assay with the C-PCR assay. Eighty DNA samples, extracted from the peripheral blood leuko-
cytes of Thai NPC patients, were examined for GSTMI and GSTTI polymorphism [GSTM1
normal genotype (GSTM1+), GSTM1I null genotype (GSTM1-), GSTTI normal genotype (GSTTI+),
and GSTTI null genotype (GSTTI-)] by M-PCR and C-PCR assays. The GSTMI and GSTTI
polymorphism-detection results in all NPC cases by M-PCR assay agreed with the C-PCR assay
(k = 1.0). In addition, the M-PCR assay was a simple, faster, and less costly method for GSTM1
and GSTTI polymorphism detection than the C-PCR assay. The present study suggests that
GSTM1 and GSTTI polymorphism detection by M-PCR assay is a reliable and suitable tool for
screening high-risk NPC groups. (Thai Cancer J 2010;30:94-103.)

Keywords: glutathione S-transferase M1, glutathione S-transferase T1, polymorphisms,

nasopharyngeal carcinoma, multiplex PCR
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f28N13911 PCR WAy gel electrophoresis U84
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F79?UN GSTMT WAL GSTT1 polymorphisms fingl
35 M-PCR lugtlae NPC Wifimannindena la
@1 AZAIN 790659 wazlszudn lnafinsFay

W uNanI1InIan LN UNAan1IM9aRqe3a C-PCR
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ADYNINFINE

=2 -if Y & A .

nngAnE Rl g aen19 (peripheral

blood leukocytes) 1a4g1laelFFun1saladenig
wensudadnlly NPC uazagszndnanisinmii
ANTUNZITIWMITIF AU 80 3181 ARUTEIAE
lfaanrudunenangiaaynaaneuniaziany
‘wanieLiLAaeEng EDTA blood A149u 3 Hadams
aniuuenilinlaen11998nan EDTA blood
paein191n lUTuAANNEY 2500 rpm 11w 20 WA
wazthldadannan iUl ugududagamn

-40°1 aundnazinllld

N38NA DNA

Wdnaena19189Eio8 NPC )n3exn
arim DNA é’fmnﬂﬂ%ﬁﬂmzﬁﬁ@gﬂ QuickGene
DNA whole blood kit S uazA?a3aTA DNA U
QuickGene-810 (FUJIFILM Corporation, Eﬁlﬂ;u)
ImﬂﬂﬁﬂﬁmuﬁmuzﬁﬁLLuumﬁumﬁwm AN
disdiuaes DNA Raralafirnadewinty 40 ng/u
arnifuth DNA flafaldsanae o lugud

wiangouugd -40° aundnaziinlldnm

A15A5I3%1 GSTM1 polymorphisms A2835
C-PCR

39 C-PCR \ilemsaam GSTM1 poly-
morphisms AALUAINIANITURY Nazar-Stewart

waza?” Tneld primers 2 144 Aa 5'-GAA CTC
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CCT GAA AAG CTA AAG C-3' az 5'-GTT GGG
CTC AAA TAT ACG GTG G-3' Tneifinn3vn co-am-
plification 489 human beta-globin gene (beta-
globin) 3axluldnelaeld primers 2 &4 A 5'-AAC
TTC ATC CAC GTT CAC C-3' uar 5-GAA GAG
CCAAGGACAGGTAC-3'

11 PCR reaction mixture 50 i [37.7 Ll
Y991 NFUABIATI+5 LI 999 PCR buffer 13
l\/lgC|2+5 pla8s dNTP+1 pl 489 20 pmole 184
primers WAazidu+0.3 pl 2189 Tagq DNA poly-
merase+1 Wl 229 DNA template] 14/ incubate
ﬁfqmuqﬁ 94°1 wnW 5 wrAneun1svn PCR
AnHurinNsfnNE 91 DNA Aalilsunsadad]
oA 94%1 WL 10 FWNT, 58°1 W 20 AU
WAT 72°% WU 45 AUNTIS1uanTause 40 381
pdaen s liTignmndl 72°0 Wi 5 w7

PCR product 199 GSTM1 #ilgazilumnn
215 base pair (bp) Lﬁ@fii’]umﬁ‘ﬁ’] gel electro-
phoresis 1 agarose gel (2.5%) wazgiaa DNA
ﬁfmﬁﬂm Gel Star® Nucleic Acid Gel Stain
(1:4000, Lonza, anigawdnn) lun19vin PCR 9N
ﬂ%ﬂ% beta-globin iU internal positive control
(PCR product #211m 268 bp), 14 DNA mmc}’ﬁ'ﬁ
GSTM1+ iU positive control Lazldinnduans

miaiilu negative control (317 1)

ATSASIANT GSTT1 polymorphisms A2835
C-PCR

N3 C-PCR \ilemsaann GSTTY poly-
morphisms #nllaIN1a1n3aees Abdel-Rhaman
wazAs” tneld primers 2 WU Aa 5'-TCT CCT

TACTGG TCC TCA CAT CTC-3' uaz 5'-TCA CCG
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GAT CAT GGC CAG CA-3' 1atiiin19v1 co-
amplification 489 beta-globin $axlsaeineld
primers 2 du A8 5'-AAC TTC ATC CAC GTT
CAC C-3' har 5'-GAA GAG CCA AGG ACA GGT
AC-3'

11 PCR reaction mixture 50 pl [37.7 Ll
YDA UADIATIH5 pl 489 PCR buffer T
MgCl+5 i 923 dNTP+1 [ 983 20 pmole 183
primers wAazidu+0.3 W 189 Tagq DNA poly-
merase+1 Ll 723 DNA template] 11l incubated ﬁ
94°% 1114 5 UNTINeUANIYA PCR aNnvisinnng
{finanan DNA auldsunsumilewtunisyi c-
PCR 189 GSTM1

PCR product 984 GSTT7 l&azilunn
480 bp L'fi‘ﬂthum?ﬁ’} gel electrophoresis Tu
agarose gel (2.5%) wazgiaan DNA ﬁaﬂﬁ”m’] Gel
Star® Nucleic Acid Gel Stain (1:4000, Lonza, a413g
a3n) lunnsn PCR nnm%ﬂ% beta-globin {14
internal positive control (PCR product 111, 268
bp), 14 DNA m@qﬁj‘?‘iﬁ GSTT1+ ilu positive
control LL@Z@L‘fﬁ’mﬁ]&u@mﬂ%\uﬂu negative control

(311 2)

N19M3IIVNT GSTM 1 LLaL GSTT1 polymor-
phisms A9835 M-PCR

lun19v1 M-PCR ”L%ﬁ{fﬁmz{%%gﬂ
REDExtract-N-AmpTM Blood PCR kit (Sigma,
UszinAaessiuil) 1y master mixture reagent
uald primers 4 14 Af 5-GAA CTC CCT GAA
AAG CTA AAG C-3' llaz 5'-GTT GGG CTC AAA
TAT ACG GTG G-3' (Am5umnsaan) GSTM1)”
WAL primers: 5'-TCT CCT TAC TGG TCC TCA CAT
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CTC-3' waz 5'-TCA CCG GAT CAT GGC CAG
CA-3' (@1ufumsaann GSTT1)?® Taaiin1vn co-
amplification 289 beta-globin faxlddaalag’ld
primers 2 1§14 Aa 5'-AAC TTC ATC CAC GTT CAC
C-3'uar5'-GAA GAG CCA AGG ACA GGT AC-3'

11 PCR reaction mixture 20 ul [6 pl
m@nﬁmzﬁ“u @‘ﬂQﬁ;V\‘J+1O Ll 1839 master mixture
reagent+0.5 Wl 189 20 pmole 184 primers
usiazidu+1 199 DNA template] 11l incubated
ﬁ@mugﬁ 94° 1111 5 wniineun1svi PCR anntiu
¥nnsdfinsIuan DNA sallsunssmilensunsg
11 C-PCR 983 GSTM1

PCR product 289 GSTM1 Way GSTT1
FlFaziaunm 215 bp uaz 480 bp Lﬁ@ﬂiﬁuﬂ%‘ﬁ’]gel
electrophoresis 1 agarose gel (2.5%) kazdian DNA
ﬁm‘ﬁ’m’\ Gel Star® Nucleic Acid Gel Stain (1:4000,
Lonza, auigeiadn) Tun1svin M-PCR nnm%ﬂ%
beta-globin il internal positive control (PCR pro-
duct #aue 268 bp), 14 DNA m@qsﬁlﬁ GSTM1+/
GSTT1+ (double normal genotype) LU positive

control uazldinnauaasafilu negative control

(gﬂ‘ﬁ' 3)

ASILASITHNNSERR

AR AN s AN En 1T
A1 kappa (K) Wasuifiuanumileutu (agree-
ment) $¥M9N9R8N1IMIIALUL M-PCR ay C-PCR
NN9ANUIUNIAT K WaT 95% confidence interval
(95% Cl) PhlFaunadadl K = (Po-Pe) / (1-Pe) uay
95% Cl = K + [1.96 x standard error 18441 K 1178
SE (k)] fatiile Po = dndauaeanistansuiilgann

n197449iNe (observed agreements), Pe = A UL
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o dl U v = o U =® o/
nsganFuildainnisananisalld (agreements 0.8 A sandulslnunats e Avsuansuluaana

expected by chance) uaz SE(K) = square root  (lauiuaes 2 38 wazuINA1 K = 0.81-1.0 AB

984 [Po(1-Po) / n(1-Pe)’] MnAN K = 0.0-0.4 Aa 1 sansulupanumieuiuiluetnanaeaia 2 35%°

gansUluANNMNa U8 2 38 MNNAN K = 0.41-
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3 <4 S 6

S —  a— w4 708 hp

S 715 hp

NNIRNTI_UT GSTM1 polymorphlsms faeRs C-PCR 114BJ‘1J']$J NPC PCR product 183 GSTM1
Wae beta-globin wmmﬂwummm 215 uaz 268 bp AINANAL N@mﬁ?mwwimuﬁmw 1 Pa
negative control (u’m@ummm\i), °ij'a<1‘1/1 2 @'ﬂ positive control (GSTM1+), 7097 3 LAY 6 AD
gilaeifimanany genotype Wl GSTM+, 1097 4 waz 5 Aa filaefingaany genotype 1l GSTM1-
uaz M Aa 100 bp size marker

3 4 S S
- — - < 480 hp

——— . < 768 bp

N19AgIAU GSTTT polymorphisms faei3a C-PCR lugftlael NPC PCR product 184 GSTT1 uay
beta- glob/n %W?Q@WUN"HHWW 480 AT 268 bp mmmm‘u mmimfawlrﬁmmw 1 ﬂﬂ negatlve
control (mﬂ@ummm\ﬂ) fnm‘w 278 posmve control (GSTT1+), 7099 3 WAL 6 AD mﬂqwmfmwu
genotype dlu GSTT1-, dash 4 uaz 5 Aa Qﬂfmwmmwu genotype dlu GSTT71+ waz M Aa 100
bp size marker

2 3. 4k Betuai el 12 13 14 15

— — — — — =450 b
— — — .-----“--- -_

N13ATIANN GSTMT ey GSTTT polymorphisms wWianriu #qens M-PCR Tugilas NPC PCR
product 189 GSTM1, GSTT1 Wa¥ beta- g/ob/n wmfmwummm 215, 480 LAY 268 bp AINANAL
m@m?mmm"l,mmmm 1,6,7, 10 uaz12 Aa mﬁqwmmwu genotype il GSTM1-/GSTT1-,
1899 2 An mﬂqawmmwu genotype \{lu GSTM1+/GSTT1+, mqm 3,5, 8, 9 uaY 13 An
mﬂfmwmq@wu genotype dlu GSTT1+, 1099 4 uaz 11 Ae m‘ﬂfm‘wm%wu genotype ilu
G”STMH, ﬂ@;‘m 14 An positive control (GSTM1+/GSTT1+), a7 15 AB negative control
(1HNAUABIATI) LAz M Af 100 bp size marker
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WLLEL) 1 HER-2/neu Lflufatied AdaaunanisnaLauesianisinmdas Herceptin n1sAn®IUY
f?mqﬂi:mﬁlﬁ@ﬂiuﬁumﬂ% quantitative real-time PCR (qPCR) lun1sAsa I NN UL 9E Y
HER-2/neu lugilaanzifausinuu wazi BenFeunadildannaa gPCR, chromogenic in situ hybridization (CISH)
Az immunohistochemistry (IHC) lusiaadrahaafiuresdiloanziiufuaaiuau 30 918 ANN1sANEN
wudndeunziianilna IHC flu 2+ uaz 3+ & 22 918 a0 8 sedlua negative (0) ¥ida 1+ YaNaNT
Fawudnafildainda CISH uar qPCR IndiAasiulnany positive 15 $18Uaz negative 12 318
leuBeuifiennail#anaa CISH Az qPCR MA3 IHC WU4133 qPCR #n8n70AT9anLnaLins1 I unsty
HER-2/neu 1#31nn37138 CISH luduilenzSeiidiua IHC 2+ Tanagida qPCR vrazlddmiumsaan
nMstiinauauresiiu HER-2/neu Tugdthonzfadununida CIsH fldlunulszan @19a9slranzife
2553:30:104-111.)

'AIATTINENTINEN ADIUNNE ANERT AIAINTRINMNANENAY
AU ANART NENINANE ADTUNTTIUNIT R
* ANV UNENEINGY NPUNNY

104

‘ 104-111-pc14.pmd 104 20/11/2558, 20:35 ‘



nsiUSeuLiieuisnisnsianidn HER-2/neu TugUenzi5ouanng

Sz 1Sauaisde wazame 105

Determination of HER-2/neu Gene Amplification in Breast Cancer Using Real-Time

Quantitative PCR and Comparison with Immunohistochemical and Chromogenic In-Situ

Hybridization Results

by  Preecha Ruangvejvorachai', Sunanta Chariyalertsak?, Wichai Purisa?, Songkhun Vinyuvat®
!Department of Pathology, Faculty of Medicine, Chulalongkorn University, *Genetics Section,
Research Division, National Cancer Institute, 3Institute of Pathology, Bangkok, Thailand

Abstract HER-2/neu status is used as a marker for Herceptin®therapy. The aim of this study was to

evaluate the usefulness of quantitative real-time PCR (qPCR) in determining the HER-2/neu
amplification status of breast cancer, by comparing qPCR, chromogenic in-situ hybridization
(CISH) and immunohistochemistry (IHC) results from the same samples. Thirty breast carcino-
mas were examined using the three methods. Twenty-two tumors were 2+ or 3+ with IHC, while
eight samples were either completely negative or 1+. Fifteen positive and twelve negative cases
were detected by both CISH and qPCR, which led to similar results. Comparison of CISH and
qPCR together with IHC showed that qPCR was more sensitive in detecting HER-2/neu gene
amplification in tumors scored as 2+ with IHC. In conclusion, qPCR may serve as useful alterna-
tive to CISH for detecting HER-2/neu gene amplification in breast-cancer patients. (Thai Cancer
J2010;30:104-111.)

Keywords: HER-2/neu gene, real-time quantitative PCR, chromogenic in-situ hybridization,

breast cancer
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ANTANANUIUE W HER-2/neu gaLilufavnune
(predictive factor) NNIABLAUBIAANITFNBIALY

gAY, anti-estrogen, Herceptin® (Trastuzumab)*’

FOtIUNNTMIRUIGNINTBY HER-2/neu Mua1dein
aqfludsandusanisnaLnun1F N RmNIzaN
N13M9ANINTLAR908N1B91LsRA1 HER-
2/neu #2838 immunohistochemistry (IHC) waz
N19MTIANINITLANANUIUIBE Y HER-2/neu
pa83 fluorescence in situ hybridization (FISH)
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Immunohistochemistry
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Chromogenic In Situ Hybridization
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NI UHIEIA section AWIA 3 m 319 section LW
superfrost-plus slide ﬁﬂﬁ’LLﬁdLLﬁfgﬁﬂﬂ depara-
ffinize WY rehydrate wialasli CISH heat treat-

ment solution &9 incubate 7 98°% 114 waterbath
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WU 15 WA Ba9ann preheat WA 1N section
wnelealshiudag proteinase K mnusiag dehydrate
dumeusielliflunns denature MW7 94-95°1
uag hybridize iy HER-2 probe IEICITER
Hybridizer (Dako, Denmark) LLZ’Q’Q%Q%N%HH?{
runnH 37°1 414 section WAWNU AT BN
Aneningld Polymerized Horse Radish Peroxi-
dase technique ANNAENNIERNARE diaminben-
zidine Whalasun counterstain fagl hematoxylin

NN3EUHAN NSNS W WIR B HER-2/
neu MANATLUZUN (Test Interpretation Guide)
?{LLuumﬁ”mmﬁﬁm fati diploid: T/ld 1-2 qp
(dots) seflapasalumagnzifanInnInfesas 50
polysomy: WU 3-5 4n setiandnalumaduziss
NINNdnFeuaz 50 low amplification: WU 5-10
Qmw’?@@qmﬁmuﬁuLﬂuﬂ@juLﬁﬂj (small cluster)
M’?éﬂwu%mwmmmmzﬂ@:mﬁﬂjmuﬁuﬂglu
TaARedaeataduzifaninndnfeaas 50 high
amplification: Wux1NN31 10 4 Wealungulney
(large cluster) u’?‘r@ﬁ%@mummﬁmLmznfojmmm
ugjduiueg lulisiadaaaqgaquziianinnan
¥paiay 50 AU diploid WAz polysomy liutlana
1l negative e laifinnsifinsuaueesii (non-
amplified) 491 low amplification Lag high
amplification Aad1finnifins uIngasEiy (ampli
fied)

N15ASARI18Y HER-2/neu A8 Real-
time qPCR Mnduiiadentsiu
NSAAAGELEUE
MEweRlFlunnsinmnilataanidede
mﬁ‘umuﬁ@Lﬁlﬂﬂﬂﬁﬁ'Elxiwwﬂwmﬁﬂfmmﬁq
Wnusilumedesty deilduneulanagiliil o

UaanTuLe Nl anns WL (formalin-fixed, paraffin-

T ‘ 104-111-pci4.pmd 107
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embedded tissue) 184E1la8NFR section TUIA
10 um a1uau 2-4 weuldluvaan 1.5 mi B
xylene 1.2 ml udaaeinvaen shvaaaiildlltug
HUUNNTRY 5 U AINIEY 14000 saUEEUT
LeNdIULUeaNAINNABA A4 pellet AEEae ab-
solute ethanol 1.2 ml udawemaen sinldtu@n
m%ﬁqmmﬁﬁmmu 5 W17 A2NAL5Y 14000 8L
FaUNTILEE19E98 ethanol AnA%Y 1FaEng
flFunnanfy Cell Lysis Solution 600 W WaY
Proteinase K solution 3 il (Bio-Rad) n@aumaali
incubate 7l 55°1 wianLELNY Uszanas 12 ol
LA9LFAN RNase A Solution (Bio-Rad) 3l incubate
figaumgiesunn 15 wnil wenaduieaanain
dlaidelaald AquaPure DNA lIsolation Kit
(Bio-Rad) mmﬁmumbﬁlLLuumrqumyIﬂm

v A

mUFununewed lilne l4ATes spectrophoto-

meter udarn AW lUiuNFa i -40°0 aund

al

Real-Time Quantitative PCR
NIATIAMNEU HER-2/neu fneidd Real-
time gPCR H{iﬂmzﬁ"%%gﬂ iQ™ Supermix
LL@&LVﬁIm Real-time gPCR (Bio-Rad, CA, USA)
ﬁﬁlqﬁ%umuimmgﬂﬁqﬁﬂ?émngmﬁwﬁ@ﬂ%”lumi

run PCR Aa 25 p dsznausiag iQ™ Supermix

£ o

(Bio-Rad Laboratories, CA, USA) €4d reaction
buffer, nucleotides, Wae Tag polymerase o
Lm?rﬂmmﬁmuzﬁwﬁLLuumﬁumﬁﬁm LA
forward WAY reverse primers, probes, “:Tﬂﬂa;u
wazALeeaaly reaction mixture (mmqﬁ' 1 WARd
AP nucleotide LazANNENTULDS primers LAz
probes 1’7;1%) A13RaanunuiiuazGudas
Fumen paeluusiazsaL (cycle) Fatsvnaudat de-

naturation 9 95°% 10 1% annealing AUy
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58°1 1 1T SuauTanaa 50 sau udane 1l

@mmﬁ@mmﬁ' 40°
AN9ENURANSNAWILTDEY HER-2/

neu ImeA3 gPCR TunsAnEniliuuy relative

quatification"" lfn1gA1uunIUTNNL (copy

]
o o

7 30 aUun 3 n3ngIAN-AuEg18% 2553

number) 22483 F2e35 delta-delta-Ct'™ Fauily
n7BaufisuAn Ct 1e9duiinvnng (HER-2/neu)
iU reference gene (RNase P) FAilg > 2 fold
faq7ilu amplified (positive) 81 <2 fold 11lu

non-amplified (negative)

APNA 1 WAAIAIAU nucleotide kazANNdNd U89 primers waz probes Nl

Oligonucleotide

Sequence

HER-2 FP(5 pmol)
HER-2 RP(5 pmol)
HER-2 Probe(5 pmol)
RNaseP FP(2.5 pmol)
RNaseP RP(2.5 pmol)

RNaseP Probe(2.5 pmol)

5'-CCA GGA CCT GCT GAA CTG GT-3'

5-TGT ACG AGC CGC ACATCC-3'

HEX-CAG ATT GCC AAG GGG ATG AGC TAC CTG-BHQ
5'-AGATTT GGA CCT GCG AGC G-3'

5'- GAG CGG CTG TCT CCA CAA GT-3'

Cy5- TTC TGA CCT GAA GGC TCT GCG CG -BHQ

FP = forward primer, RP = reverse primer

NanN1SANYI
ANNNTAFIAMNEW HER-2/neu tAaRs
IHC, CISH waz gPCR Tugilaeuzidausinunanuau
30 378 WU9138 IHC U score 0 9138 1+ AU
8 $18 2+ AWK 9 978 wazdan 13 Fednau
3+ FUNATIIEAINAE CISH WUNNTHNaL9Y
(amplified) 984984 HER-2/neu Tugilasianiaw 16

318 AT non-amplified 14 978 TeRaN SN AR

138 gPCR AaWU amplified 17 918 WA non-am-
plified 13 718

AN3ER 2 UdAInN T BEUiENaAnsI
8y HER-2/neu M1&a N33 CISH uaz qPCR
FUHARIEANAR IHC WU9n @ score 2+ Taea IHC
3% gPCR 1fua amplified @a1uauuINNIn?s CISH
(4 918 kAT 3 318 ATNAAL) duft score 0 via8 1+

U = o zl/ aal
way 3+ Lnamiaunuiadadns

PN 2 WaNNIMIIAN1 HER-2/neu Tneidd IHC, CISH waz gPCR

IHC gPCR CISH
Score AUIU Non-amplified Amplified Non-amplified Amplified
0 wsa 1+ 8 7 1 7 1
2+ 9 5 4 6 3
3+ 13 1 12 1 12
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a o

Y1
Tusz ez A0INA A N Ul B
IR RUEY HER-2/neu UAZHANART
dulisfiurAe HER-2/neu receptor WUINRLNLAN
A NI RN IUIUAZN TN AN LIRS
sexiefinish Herceptin® 1114501

o

fuasnziialneanizuzifasiunnudfilon
fifinnsmeLaunssianisnEae Herceptin® L&A
snidudfifinisuanseantes HER-2/neu protein 4
visefinsii s uInesiiu HER-2/neu Fatiy
ANIATINENIZ8Y HER-2/neu Ataiueinaaiiu
dadity luflaquiinismeaant HER-2/neu
FldiuetnunsanaAeds immunohistochemistry
(IHC) M lun1gMTIaANINITUAAIRBNTRY HER-2/
neu protein WA¥A3 FISH @115uldlun1smsan
ANTLRN IRy HER-2/neu'™"® H933 IHC
WazAT FISH lAeNun195us89a1n29AN1T811N3
wazen (FDA) resanigawiniluldlunismaaa
PANIZ28Y HER-2/neu Lﬁ@‘*ﬁqﬂumﬂﬁfam’gﬂw
fiazfuniasnendae Herceptin® CISH fiflu@n
F2uileR FDA mfamm“g@Lm?ﬂﬁi”uafml,ﬁ@ﬂmaﬂﬂﬁ.
2008 Wildmsaaumngu HER-2/neu NALNUASE FISH
157 w9138 FISH axiluisuinsgiu (gold stan-
dard) F4lunn3nsamEiY HER-2/heu WsRRigeq
indasiiasaruns Bniayaannsiifiifianm
Faal@zunisiinifluacneg wananniualadi
flandaeds FISH ldanunsofuldldunwie 2-3
#lanef (flasandnglasadudidenann e
vdnilnyuasnepnanildedfiaueds cIsH lu
n13RsaanINIsIRNsuIuaesiiy HER-2/neu
NAUNUAR FISH Tnafidladfidiaudaeda CISH

Juanu1saiulannes wazeuNafanded

‘ 104-111-pc14.pmd 109
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9an99A1Ia9IHAN (light microscope) Tun1s@N

¥
= o K

UAurfR4aaal433 CISH lunnsnsaaninisuiiy
ANUINL9E HER-2/neu Wnuaa FISH

B quantitative real-time PCR (gqPCR)
{uaandeawla (sensitivity) g9 wiiffunnipidue
= - @ A X A a )
viraanfiaueiatluiliatiadannsniiy (formalin-
fixed, paraffin-embedded tissue) e aLandas)

¥
Y aalayq

Agnunsaldnaanlalaedsil’ gpcr aqdludn

a o

aa KX Aoy
'Jﬁ‘Vlu\‘Wmmeﬂ’mﬁﬂ‘ﬁ’m%:uﬁmﬂ‘gﬂummm@

PP

ME HER-2/neu?>? \iiasanniiludandng azman
samdanaslildasiusunn 1 nsad (nonradioac-
tive) AamaneiiazldlunsdfiReutlszan (routine
dﬂl va o Y o

laboratory) Tunns@nuilanizfRde lawmun
aal a Y  aa
8MTANITU HER-2/neu #9898 qPCR wuv
relative quatification

lutlaqiunnsmssana HER-2/neu finisu
Fae3a IHC anauli 3+ wamedninsiieaIuu
90981 HER-2/neu fae agldandlufesnngay

%

$in8iRa FISH'™ wignuanssiantly 2+ fasnagau

S o Y

fufuA8R8 FISH H918914NU319%949975 LENA

2128 1 EN1TATIAUINITLNN

ALELERLSGITRIGRRER
o A LA A ) ]
AUIUIBIEUNANNUTEDD (reliable) NINNGN
n1gATanINIThandaana1edlls@iu (protein
overexpression) FarfluLiers semiquantitative
method WHaN138 CISH 11 ldluntsmsaanmin
HER-2/neu waaul3a e unafuas IHC wudn
al v [ U v 1 o/ 29130
HpruaenndesiuAoudregaduiu’®® Tunns
AnwinuANaanpdaaiulun1smnani HER-
2/neu 3¥19N993 IHC waz CISH Tasimnudni 2+ way
3+ AANNADAARDITUIREAT 44 WAT 92 AINAAL

A A R e N e G
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o a

lunsAnedAzgadenudnds gPCR

A1N1TOMTIANUNNTANANUIULRGE W HER-2/neu
1#n1nnd1338 CISH lunguiiloafidug IHC 2+
WAZLNeLTE UL UNANNTATIATENGN9AE CISH
WAz gPCR wudnedesinliinanseiufaaaz 90
(27/30) Inaiflua amplified (positive) 15 3181 WAL
non-amplified (negative) 12 918l Fanad be ey
$E9ULRY Kulka J wazAnue’
aqu
A A = X d | aa
WHANAITUIAINWANITAN I WLTR913T
gPCR HudgNau1saldlun smsaaninisiis
AUIUVBSE HER-2/neu Tanutlszan (routine
detection) NAUNYAE FISH 1138 CISH
= (=)
NARNTINUIZNA
a o/ dsl Yas o
nuAdeilifunsatayuszanMann
nINNITUNNE  NIENINAI81TUGY UszanTin.a.
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nsaLaaanan (ellagic acid)
a o [ = a o lﬁl
neaeaatanaaLluansinalueasuils
4w Y - v o L
Anvldlunaldvateaiadulunaiung da
o . o s
azlaanln wafsues adu anseiueds uavsnaiuesds
AINTILINUNIFIRLNLINNTALBAAIANTUNIAN
NTYLUAUAITN LN U RTNYBIANTLOAAALNUTRY
(ellagitannin) Teagluanmg aseanIaunuTuil
Tdaunsafiavgnaaisdnguaadls usazaiuiso
druaannfean ldneunazgnuuaizeluan 14
wunvelasldifunsaeaanan’ nnsdnmtae 13
ana1adAINHgan Inudeuseiulsznin 800 mg
1p9NaUTina’in (pomegranate extract)
sznavsitiaaaiauniili 330.4 mg LaznNIA
LAANAN 21.6 mg WAIATEZALIAINIABARIAN b
PANANINUINTZAUIBINTALBAAIANNH AN

k7

dindugeanlunananimedn 33 ng/ml luanuu

=

?izgmm 1 dalug anmsAnEnganaanLdniiag
TlilldRasldnsaieaaraniflufaiinisdanim
AN RN UsYAUTe AN A LN URLTLATY
MNa1115°° Pe9un1ae ludndnaansnuan
lel¥dninnaniiunsnieaaianieineaindae
3N uRNINTR [“Cl warmsadnsziuans
AINA1 I TARLBINARARINITUAZ ILTAR LD
A& @nuasannsutszniulyl 30 wi azwudnd
ﬂ?mmmm"qmimﬁzgqLL@:%Wﬂmaﬁéf\mz&m
azaneglwaagaasan llugiduoan 12 dalas
atielsfmuiiledaszfuansdanannlunanasn
LmﬂuL"ﬂ@Lﬁﬂ (peripheral tissues) WULFNN DN
Entiswiny wenannilfanuandnaateaanan
anunsndinguaduzifeanld (Caco-2 cells) 14
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@aﬂuwmﬁtﬁ'@u (epithelial cell) 28983832/
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ANsnaNsi3NAa benzo (a) pyrene (BP) waz benzo
(a) pyrene-trans-7,8-diol (BP 7,8-DHD) fu#Ns
Wugnesnvisesaue (DNA) 1#5aaay 46-50 uay
faaaz 60-70 AINAIAL u@nmﬂﬁuﬁqﬁqwﬁf"’u&q
NILLAUNNSAILTIOATH 8 S BP WA BP 7,8-DHD
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Tunnsdudeansmunuelades BP udadsanunsg
gmimulmf cytochrome P-450-dependent
monooxygenases aryl hydrocarbon hydroxylase
(AHH) waziaulmsd 7-ethoxycoumarin-O-deethy-
lase (ECD) dafuenlnMiAgadastunsyuaunis
wunueATNIesans w1 luadinsAlulad
189Uy’ u@n@ﬁﬂ&uﬁqﬁqwéluﬂwa*ﬁu&am‘zmu
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wowload microsomal cytochrome P-450 VRILHIAR
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ANLINTALAARIANATNIFOEUENNTZUIUNG
UNUDATNUDS 7,12-dimethylbenz(a)anthracene
(DMBA) Taisaianiaswindunazliaiuisoan
a d’l e 6 dl dl o v
nsiatlesanliludninaaasignniiaciison
ANTNBNZLTIAINA19 " UBNANNUNUINYRINTA
AAIAN 1NN UTIN L UIUN TN N LD AT N YD

o

asnanziielnanislidudaeuleiuda el
$18191UNNTATETNUIINTALEARIAN AN T LT
N3 ureateulad glutamate-cysteine ligase
(GLCL) waziaiuldsd glutathione synthetase
Tufuresdnsnanesdan deevulnieaaqily

wiflunisafrearsngmninlan (glutathione)

|
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WanaaaNsiE'? 9189uN193 98 NaTUAYLIY
ANNANINULIINTALAARIANATNITNAANITLAA

latlaulaseandiadis (lipid peroxidation) wazl

v
v o

a o v 4 a o 43
Winszauaenga inlauldidunaain’ fadu
@ o A o = va o Ry
azmulddnsaeaaianiuilnmuantimiduansid
qw%ﬁmmiﬁ@mféa (anticarcinogenic property)
NE124NIALRAATIANIUNIFFI AR

[~3 v = 1 v [
nzfaldtnnsAnmes1andneaansludmndnaans
Tnanism masdnAnian1ad asuwlasunans
srezauNaneluEaaNzL3e (multistep carcino-
genesis) AMNNANITANHINLINNTIALBAAIAN
arunsadudaniaaiyaastauilenziialivany
416 Wi d18170TuTenNNAANSITIIRIaen

dl dl o v .

DIMINYNLNULIUIAIUATT N-nitrosomethylben-
zylamine (NMBA)™ flugfannsifinnzifeaesaud
gmuﬁmﬁw@fwma 4-nitroquinoline-1-oxide
(4-NQO)" fufansifianziielanngniuiiasi
Aa2dNT 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK)'™ wazfiuganisifianziiaioniad

gnwtianiindasans 3-methylcholanthrene (MCA) "
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WANAINUUTINUIINIALBAAIANATNITNG UL
nsasryrestauilasaniazuzifalaiiialdans
PdudINNTNANZIS (tumor promoter) A8 12-O-
tetradecanoylphorbol-13-acetate (TPA)"® agindls
Aanulaisnaeunisidundandaiulnanudn
nnsldnsaeaatanludninaans 1 dalug new
N1INARBUAEANIN AT 3-methylcholanthrene
daspFasadUmainudnlignnsadusanisiin
. X U
Aauillasanld™ suidanaiuayunimaass
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- @ o P = o o
iasNzisan l&Tegninilaninfaaans azoxyme-
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de e Xy a 4 .
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NARDUNNAINNWANFT

NIALAARTEN NEENUBYNADATE WAz
qNSATuNZLS
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590941919
nzifaudansateaanandainmuantisiiuanssiou
BULABATE ansfudaaduzifeiasmiaai
Waadmeuwuuazneninda (apoptosis) Inany
innsmeaananiiaaadidu 10 pg/m Ty
maﬁm@%@%mzﬁﬁ Tnuansnsadudenszuay
nsiinlatlalefeandindy uaznsaeaanand
Tlugasmauidindu 12.5-100 pg/ml s
nsasnyiiulnressaduzifalutesdnAemas
KB unzimad CAL27 #mausifanay 26-88 611190
dudataduzndeald HT-20, HCT116, SW480 uaz
swe20 léausisenay 1-87 uardudamaduzids

slangnuNin (22Rv1) 1iFsusifenay 64-94 Taei
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qm%r’l,umiﬁuézqmaﬁmﬁmxmﬂ‘%umwmm
dduaeansaieaatanild uananniifanudn
nsaeaaIaNTiAYNdNdl 100 pg/ml anmnsn
Wi laaduz5ean1d HT-29 uay HCT116
mauuueznenlniaiienaseulnaldiaad 2
5T $ENUNNTANEIMTINLIANNTALOAANAN
ANNNTDABNTNARNIZIARN L5 1 (Caco-
2 cells) tnelivnanasadUniuaziiniamiianii
Wiaasmewuuaznanindaannnieluemas (intrin-
sic pathway) mﬂﬂ’]i‘ﬁﬂ‘kﬂiﬂiauﬁhx‘i“‘]ﬁLﬁ?;l%’ﬁ‘ﬂ\i
nudnsaleaananasllnanisudnseanues cyclin
A, cyclin B1, Bel-X wazwiiaal9iinnsddes
cytochrome ¢ lultlnnanadn lun1ensadnunsm
LBARNANANNNT0 RN M9 TA R sLTAL
wyaetluszaz S phase wazddlinszdunenian
aaaiawnlad caspase 9 Uaz caspase 3* 91UANE

o

~ o = o A o o .
nmludneziptaiunanislfaisainainedu
JamA1A1N (muscadine grapes) WU3NE1FANA
o 1 dl o £ s @ o 9
FananadnisaniaqinlFiaasnzisaan 14
(Caco-2 cells) pranuuazwanindanliaas
ARATUAUAY FINTINNTNLANATTINVBAUTAR T4
Fuiusiuiudiulssnauaesansananiiun 14
AJ @ G| 1 dld a G| [
NegaLTanludiuninsaeaataniiuasAlsznay
#an?" uanaintuanuIdenilaluiad N5
n7znnzildanay (T24) wudnnsaeaananiile
VIANIIANEIRLTAR LD NANINTR TAsuiien
i liradvgnagluszar GO/G1 wanaInidy
NITFUNNTUANIBBNTBEY P21 UAT p53 HHAAA
NMTLARIRaNTBITY Cyclin dependent kinase 2
a aa X - o =
waztiNweARdReedaulEsd caspase 82 Hsneanu
AL RINUINNIALBARIANAINIDLAN LA AFL B

‘ﬂ@%@ﬂﬁﬂsuperoxide dismutase (SOD), catalase
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(CAT) waz glutathione peroxidase (GPX) Tutas
Tusuanasaesuyuanamas (V79-4 chinese
hamster fibroblasts) lummzﬁﬂimL@@@ﬂaﬂLﬁﬁH%
ihlFiiannsanerestasuuuaznenindaluisas
mzéqm:@ﬂ (human osteogenic sarcoma; HOS)
Tnanszsunisuansaanaeslishiu Bax uazienlsd
caspase 3% AINTILUNTIRUAINALEAS LI
WindegmuantiRsesnsaieaananiunisiiu
ma‘ﬁmwaﬂ@%mum:maﬁuéﬁLsﬁ@ﬁuu?‘qim
witah frasuzienne ez neninia

HATANNIALAAATIANFAAN TN ULA

'
¥

nanldsiiunvutihndeansnaluaas (cell sig-

=3 oA

naling proteins) ANL41NNL9NTWA NNIAN©A
< . A an? o o da
nilanudndlaldinannuaiuindeiesAlsznay
o A a A Ao v o
PANAAANIAAANAUNUTUNNAMNLTNTY 50 mg/L
neageurutasNziiaanld (Caco-2 cells) Wu311N
AnuafuANg1NITnann1sudntaanaaqianlasl
cyclooxygenase 2 (COX-2) %ﬂgﬂmﬁmﬁ’lﬁaﬂ
tumor necrosis factor-alpha (TNF-oC) IpnaFasaz
79 uananiudeannsadudanismnugnedinm
229115714 p65 subunit WaZAANNIALAUA LA UR
NF-kappaB response element 16 6.4 191 Tu
A A o a o« A

YULNUANARDLAEINIALAAANANENENALINSLALIANL
1 el 24 Z// o 1

dlsifinala wananiudadsnasunuding
WuhnanaTeilesflsznaueeensaleaaiansaniy
ansauansadudaneavninaguluines 3-
lawa (PI3K) fudeniadinmyneammaasissiu
MAPK, Akt, NF-kappaB, IKK-alpha NN
I-kappaB-alpha €Ul Ki-67 Way proliferating cell
nuclear antigen (PCNA)? 8n9113aemidenudnngs
WwARIANTUTeETN NI AR TRUTAL LAY

nszuaunsANugneannueelilshiu mitogen-
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activated protein (MAP) kinases, c-jun N-terminal

(UNK)1,2 a2 p38 ﬁﬁlwammﬁﬁﬂﬂgﬁﬂmuﬁﬁf;ﬁﬁ

Wiiannsaeaestasusiduuuasnannda®
wanaINnIAeaaIanaslANua Aty

1 4

Ay o G o = ' aa
QV]»LQﬂ@’]QNqLL@QﬂﬂQN?WﬁQWHWUQﬁ%I?@WN

e

(urolithins) @awluuunualasainnssaaaraniae
wueRFeluanld ansaduduaadnsisaan 4 e
ad 4 o . - -

Ange Wawsaumauiueaanaunuiiu uaznan
waanan” uananitanuandnylsanudeanuns
fusananiinuedeulmaiazlsnmg (aromatase)
LAZELIEINTHLN AN U UL DT AR NZTILF N

(MCF-7) l#anfae®

NSALEAANRINULAZNSIEINNSYRIEN LY
snwlsanziSe

UANANNRETIR I UNLIINIALBAANAN
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A ' =

o o d o o
anunsoilasundasaansifannesaa AN
) A o ae \

(chemoresistance) LaznaagaTNaTNe1 (radiore-
sistance) Mlgagssananalosianisgninans
FasieARLa TR e Ll uRdanilanuan
NIALEAAIANLATIABSANY (curcumin) @1N19
fugannsinaureaewlsd glutathione s-trans-
ferases TuflulaultaMimnudAyuaznudnag
L X S o e oo
Wingeaulugadanziianmnesesniaiingg

nsnaaasnilsluasuzifanuagn (Hela cells)
wudnsaeaataniamdude 100 pmol/L sau
AuFa@unauun (gamma radiation 6 Gy) @14190
w21 19inn54519 reactive oxygen species
(ROS) inxnTRlBEadHa T U uiumas
ArLAN® neateaananiliisaniunsaisilugna
annsnwasngranulnaniswtisni iaaduzise

WiRLADAT17 (HL-60 acute myeloid leukemia cells)
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ANELLL NN INTA AT AN 70 i3 19T
m@l,mmfaﬂmmmiﬁm%ﬁqLeﬁ@a’ﬁmﬁ (differen-
tiation markers) UBUTARNLLIUIALRDAUITIA
Fanann® gmsunsAnenludninaansilines
leaaanaznLdndnismilaailiin ROS gelu
adiewtesaniy lagd ROS avifindwile
nagaausaNiunisldansfedneuazdalinam
Iaaddeuitiotuniy wanainiidanudansa
l@aaIaNaIN1T01leeiuN12e oxidative stress
Twaadaulndefanndudegnnaszduganans
S ludninaaesiithiensaduzdeldgnangls
JusnAdasananalénsadaueaiinaeaewlas
superoxide dismutase (SOD), catalase, gluta-
thione peroxidase (GSH-Px) waz glutathione
reductase (GR) wudranaslufeuitesantu
PAIANNNARBLAENTALBAAIANTINALNTLTANT

o alo

20 | 3 P = = .
F9@Fne® atelafimuliinisAnmuilenudn
nsataaataniuldlddnaluniaiinvisean ROS
A aui o ~= 4 s
Walwsquduimiedsu (quercetin) daifuans
nadueadnadaniie® wanainidelinisdnm
Tnanininsaeaananundaelunisinegilos
Teanzifasiangnuniniagliisaniuanaiitinig
wudnseeanianazdeaanpaiuisueseai
o o v ] AI 1 =3
niinlugihelilaaanizetnisdiaaannioziin
= ° . L =< 3
\@ame196 (neutropenia) Tuglag Tausidanissen
Heuesgiley (overall survival) WenfseumeuAy
naui e aiitnnetians ez liipuuansa

ﬁ’u32
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tory activity) IEWLIINIALRAAIANATINITNAANNT
uanseanasaeulmdansz prostaglandin E2
1oun cyclo-oxygenase-2 (COX-2), microsomal
PGE synthase-1 (mPGEs-1) Wag cytosolic phos-
pholipase A2 alpha (cPLA2 alpha) ﬁgﬂmﬁmﬁﬁ
Tnuanslaldindusamlss (lipopolysaccharide)
Tugadinlula™ uazandeyaludbdnasasdony
AnndnimeaesiiuL L BuTE sy naudaadns
BIMNIFN) %ﬂﬁmﬁmm:‘ﬂwﬁﬂum%‘uj 39Nz
laaaIAnUAsIaN NSt 1 dm T aaeaiily
NZITNUARARIUNTAEA1INBNZLTY N-nitrosome-
thylbenzylamine (NMBA) WUINHILL SR
anansofudaReuiesenléfisanay 24-56 uay
anaunsadudaReuniseldietenay 31-64 1ile
WRaudeuiunguasuey nalnnisdudaduna
11a1nn1sldannisade DNA adduct anseey
cyclooxygenase-2 WaZ inducible nitric oxide
synthase™ uﬂﬂmnﬁmmﬂamaﬂﬁqﬁqwﬁu
nsudanisairanaenidental (antiangiogenic
property) Wnufewiinsentulagnislydud
N19Y11971a84 vascular endothelial growth factor
(VEGF) waz platelet-derived growth factor (PDGF)
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