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Abstract. Teratocarcinoma-derived growth factor 1 (TDGFI)
is a member of the epidermal growth factor-cripto FRLI cryptic
protein family and is involved in the activation of several
different signaling pathways during embryonic development
and cellular transformation. Previous reports show that TDGFI
regulates the activation of several signaling pathways and
controls cellular transformation in embryonic status, whereas
its significance in colorectal cancer (CRC) is not yet fully
understood. The present study comprised 55 patients who
underwent surgery for CRC, as well as two cell lines derived
from human CRC. The correlation of gene expression with
clinical parameters in patients was assessed. The biological
significance of TDGFI expression was evaluated by knock-
down experiments in the cell lines. Seventeen of 55 (30.9%)
cases exhibited a higher TDGFI expression in cancerous
regions than in marginal non-cancerous regions. Patients
with high TDGF1 expression were statistically susceptible to
a recurrence of the disease, and showed poorer disease-free
survival than those with low expression. The assessment of
TDGF1 knock-down in the 2 cell lines demonstrated that the
siRNA inhibition resulted in a statistically significant reduction
in cell growth and invasion. In conclusion, the present data
strongly suggest the usefulness of TDGFI as a predictive
marker for metachronous metastasis in CRC patients.

Introduction

Cancer is a prominent malignancy in many developed
countries, including the United States and Japan (1,2). The
incidence of colorectal cancer (CRC) has increased
significantly in recent years in concert with the changing
lifestyle (3). The major cause of death from CRC is liver
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metastases (4). Although treatment has recently improved, it
fails in approximately one-third of patients, who require an
alternative strategy (2). Thus, useful predictive markers are
needed for CRC patients.

Tumor-promoting oncogenes and tumor Suppressors
control cell proliferation through CRC cell cycle arrest (1,5,6).
Identifying additional genes responsible for the development
and progression of CRC, as well as-understanding their clinical -
significance would improve diagnosis and treatment of the
disease. The characterization of key molecules is particularly
promising for the development of novel approaches to treat
gastrointestinal tumors.

The human teratocarcinoma-derived growth factor 1
(TDGF1I) gene is a member of the epidermal growth factor-
cripto FRLI cryptic gene family and was initially isolated from
human teratocarcinoma (7). TDGF1I is expressed in several
types of human tumors and has been detected by immuno-
histochemistry in the breast, stomach, colon, pancreas, and lung
(8-16). For gastric cancer, the combined expression of TDGFI
and E-cadherin is reported as a prognostic factor (16).

We investigated the importance of the TDGF1 gene by
analyzing it in 55 consecutive paired cases of CRC and non-
cancerous regions as well as in 2 CRC cell lines. We propose
that TDGF1 expression is important for prognostic evaluation
and suggest that TDGF] could be a novel marker for CRC
prognosis.

Materials and methods

Clinical tissue samples. The study comprised 55 consecutive
patients who underwent surgery for CRC at Osaka University
from 2003 to 2004. Primary CRC specimens and adjacent
normal colorectal mucosa were obtained from patients after
written, informed consent was confirmed in accordance with
the institutional ethics guidelines. The surgical specimens were
fixed in formalin, processed through graded ethanol, embedded
in paraffin, and sectioned with hematoxylin and eosin. All
specimens were frozen immediately in liquid nitrogen after
resection and kept at -80°C until RNA extractions. After
surgery, patients were followed up with a blood examination
including the tumor markers serum carcinoembryonic antigen
(CEA) and cancer antigen (CA19-9), as well as imaging
modalities, such as abdominal ultrasonography, computed
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tomography, and chest X-ray every 3-6 months. Clinico-
pathological factors were assessed according to the tumor-
node-metastasis (TNM) criteria classification of the Inter-
national Union Against Cancer (UICC) (17).

Cell lines and culture. Two cell lines derived from human
CRC, HCT116 and LoVo, were used in this study (18,19).
They were maintained in Dulbecco's minimal essential
medium containing 10% fetal bovine serum and antibiotics
at 37°C in a 5% humidified CO, atmosphere. For siRNA
inhibition, double-stranded RNA duplexes targeting human
TDGF1I, (5'-AAGACUUUAGAAAUGGCCAUGAUCC-3Y
5'-GGAUCAUGGCCAUUUCUAAAGUCUU-3', 5-UUUA
CUGGUCAUGAAAUUUGCAUGA-3'/5-UCAUGCAAAU
UUCAUGACCAGUAAA-3', and 5'-UGGACGAGCAAAU
UCCUGAUGGCCC-3'/5'-GGGCCAUCAGGAAUUUGCU
CGUCCA-3"), as well as negative control siRNA (NC) were
purchased in the Stealth RNAI kit (Invitrogen, Carlsbad, CA,
USA). CRC cell lines were transfected with siRNA at a
concentration of 20 pmol/l using lipofectamine RNAIMAX
(Invitrogen), incubated in glucose-free Opti-MEM (Invitrogen),
treated in accordance with the manufacturer's protocols, and
analyzed by proliferation assay. All siRNA duplexes were
used together as a triple transfection. The number of cell
cultures was measured by counting cells with a CellTac kit
(Nihon Koden, Tokyo, Japan). siRNA knockdowns were
performed in the two CRC cell lines to evaluate proliferation
and invasion under TDGF! suppression. Each cell line with
siRNA was compared to the wild-type and a negative
control. Values were expressed as the mean =+ standard error
of mean (SEM) from five independent experiments.

RNA preparation and quantitative real-time reverse transcrip-
tase-polymerase chain reaction (RT-PCR). Total RNA was
prepared using TRIzol reagent and a PureLink RNA Mini kit
(Invitrogen) in accordance with the manufacturer's protocols.
RNA was reverse transcribed with SuperScriptIII (Invitrogen),
and a 119-bp TDGF1 fragment was amplified. Two human
TDGF1I oligonucleotide primers for the PCR reaction were
designed as follows: 5'~AGATGGCCCGCTTCTCTTAC-3'
(forward), 5'-CAGGTATCCCCGAGATGGAC-3' (reverse).
The forward primer is located in exon 1 and the reverse primer
is located in exon 2. PCR was performed with primers specific
to the glyceraladehyde-3-phosphate dehydrogenase (GAPDH)
gene. The GAPDH primers 5'-TTGGTATCGTGGAAGGAC
TCA-3' (forward) and 5'-TGTCATCATATTGGCAGGTT-3'
(reverse) produced a 270-bp amplicon. cDNA from the human
reference total RNA (Clontech, Palo Alto, CA, USA) was used
as a source of positive controls. Real-time PCR monitoring was
performed using the Light Cycler FastStart DNA Master
SYBR-Green I kit (Roche Diagnostics, Tokyo, Japan) for
TDGF1 and GAPDH cDNA amplification. The amplification
protocol consisted of 35 cycles of denaturation at 95°C for 10
sec, annealing at 60°C for 10 sec, and elongation at 72°C for
10 sec. The products were then subjected to a temperature
gradient from 55 to 95°C at 0.1°C s*! with continuous fluores-
cence monitoring to produce product melting curves. The
expression ratio of mRNA copies in tumor and normal tissues
was calculated and normalized against GAPDH mRNA
expression.
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Proliferation and invasion assays. To assess the cell prolife-
ration after 48 h of siRNA transfection, they were grown for
another 48 h. The cell viability was determined utilizing Cell
Counting kit consisted of WST-8 (Dojin, Tokyo, Japan).
WST-8 (10 pl) was added to the 100 u1 medium containing
each supplement above, and the absorbance was read at 450 nm
using Microplate Reader (Model 680XR, Bio-Rad Labora-
tories, CA). All the experiments were performed at 50-80% cell
confluence, and the results were confirmed in five independent
experiments. The values were expressed as a ratio/control
(every parental cell).

Cell invasion were assessed with CytoSelect Cell Invasion
Assay according to the protocol of the manufacture (Cell
Biolabs, San Diego, CA) after 48 h of the transfection. Cells
(1.0x10°%) in DMEM were placed on each 8.0-um pore size
membrane insert in 96-well plates. DMEM with 10% FBS was
placed in the bottom wells. After 24 h, cells that did not invade
were removed from the top side of the membrane chamber
and completely dislodge the cells from the underside of the
membrane by tilting the membrane chamber in the Cell
Detachment Solution (Cell Biolabs). Lysis Buffer/CyQuant
GR dye solution (Cell Biolabs) were added to each well, the
fluorescence of the mixture was read with a fluorescence plate
reader at 480/520 nm. The values were expressed as a ratio/
control (every parental cell).

Statistical analysis. The variable data are expressed as mean +
SEM. The relationship between TDGF1 expression and clinico-
pathological factors was analyzed with the x* test. Kaplan-
Meier survival curves were plotted and compared with the
generalized log-rank test. Univariate and multivariate analyses
were performed to identify prognostic factors using a Cox
proportional hazard regression model. The Wilcoxon rank test
was used to compare differences in TDGFI siRNA among the
cell lines. All tests were analyzed with JMP software (SAS
Institute, Cary, NC, USA). Differences with p<0.05 were
considered statistically significant.

Results

Expression of TDGF1 in clinical tissue specimens and clinico-
pathological characteristics. We performed quantitative real-
time RT-PCR with paired primary and adjacent non-cancerous
CRC regions. RT-PCR on 55 paired clinical samples showed
that 17 of these cases (30.9%) exhibited higher levels of
TDGFI1 mRNA in tumors than in paired normal tissues.
TDGF expression was calculated by dividing TDGF1/
GAPDH expression. For clinicopathological evaluation the
experimental samples were divided into 2 groups according to
expression status. Patients with values more than the median
TDGF1 expression value (median, 1,960) were assigned to the
high-expression group and the others were assigned to the low-
expression group. Clinicopathological factors related to the
TDGF1I expression status of the 55 patients are summarized
in Table I. The results indicated that TDGF1 expression was
correlated with lymphatic invasion (p=0.041), venous invasion
(p=0.010), and metastasis (p=0.052). To examine the corre-
lation with metastasis, which indicated a poor prognosis, the
data were divided into monochronous and metachronous
metastasis groups, and TDGF1 expression was evaluated for
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Table I. Clinicopathological factors and TDGFI mRNA
expression in 55 colorectal cancers.

565

Table II. Metastasis and TDGFI mRNA expression in the 55
patients.

Factors High Low P-value Factors High Low P-value
g g
expression expression expression expression
n=27 (%) =28 (%) n=27 (%) n=28 (%)

Age (years) Monochronous metastasis
=68 11(40.7) 16(57.1)  0.222 Absent 24 (88.9) 25(89.3) 0.052
<68 16 (59.3) 12 (42.9) Present 3(11.1) 3(10.7)

Gender Metachronous metastasis
Mal 14 (5.8 17 (60.7 0.507 Absent 17 (70.8) 24 (96.0) 0.017

ale (G1.8) ©0.7) 0. Present 7(292)  1(40)
Female 13(48.2) 11(39.3)
i X Underlined values indicate statistical significance.

Histological grade
Wel/Mod 23(85.2) 25(89.3) 0.648
Others 4 (14.8) 3 (10.7)

Tumor size g ™
>50 mm 10(37.0) 17 (60.7) 0.079 % 80 4
<50 mm 17 (63.0)  11(39.3) E & -

Tumor invasion § o1 s Low expression (1=28)
Tis 1(37)  6(14) 0051 E » High expromion (#=27)
T1 00) 4(143) &

T2 6(222)  5(17.9) 6o 1 2 3 4 5 6
T3 17 (63.0) 10(35.7) Year
T4 311 3(10.7) Figure 1. Overall survival rates of colorectal cancer patients based on TDGF. 1
. mRNA expression status. The overall survival rate was lower in the TDGFI
Lymph node metastasis high-expression group than the low-expression group (p=0.144).
NO 17 (66.7) 20 (71.4) 0.702
N1-2 9(33.3) 8 (28.6)

Lymphatic invasion 9
Absent 4(148) 11(393) 0041 k1 ©
Present 23(852) 17 (60.7) E

g & P=0,008*

Venous invasion
Absent 11(40.7)  21(75.0) 0010 Eowy L Low expression (5=28)
Present 16 (59.3) 7 (25.0) % 20 High expression (n=27)

Metastasis § 0 e pe——

MO 17 (63.0) 24(85.7)  0.052 = 0 1 2 3 ¢ 5 6
MI 10(37.0)  4(143) b
Figure 2. Disease-free survival rates of colorectal cancer patients, exclusive
uicc stage of monochronous metastasis, based on TDGFI mRNA expression status.
0 1@3.7 6(21.4 0.133 The disease-free survival rate was significantly lower in patients whose
3.7 (21.4)
I 4 (14.8) 8 (28.6) sam&)les highly expressed TDGFI mRNA than those with lower expression
' ' (p=0.008).
oA 7(25.9) 5(17.8)
IIB 2(74) 13.6) each factor (summarized in Table II). The results indicated
HIA 137 00 that TDGF1 expression was significantly correlated with
1B 2(74) 2(7.1) metachronous metastasis (p=0.017).
aic 0(0) 2(7.1)
I\Y% 10 (37.0) 4(14.3) Relationship between TDGF1 expression and prognosis. Post-

Statistically significant values are underlined. Wel, well differentiated
adenocarcinoma; Mod, moderately differentiated adenocarcinoma;
Others, poorly differentiated adenocarcinoma and mucinous carci-

noma.

operative overall survival was shorter in patients with
elevated TDGF1 expression (p=0.144) than in those with lower
expression. The median follow-up was 4.16 years (Fig. 1). We
also evaluated disease-free survival based on the relationship
between TDGF I expression and metachronous metastasis after
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Table III. Univariate and multivariate analyses for disease-free survival in 49 patients with curative surgery (Cox proportional

hazards regression model).

Factors Univariate analysis Multivariate analysis
RR 95% CI P-value RR 95% CI P-value

Age (years)

<68/>68 1.84 0.45-9.01 0.391
Gender

Male/female 2.17 0.62-18.62 0.192
Histological grade

Por-others/well-mod 713.31 - 0.241
Tumor size (mm)

250/<50 3.34 0.76-22.91 0.110
Tumor invasion

T3-4/Tis-2 3.02 0.69-20.70 0.145
Lymph node metastasis

N1-2/NO 4.21 0.99-17.85 0.051
Lymphatic invasion

Present/absent - - 0.014 - - 0.067
Venous invasion

Present/absent 2.53 0.59-10.72 0.196
TDGFI mRNA expression

< Median/> median 10.42 1.84-195.08 0.005 7.78 1.37-146.02 0.017

Statistically significant values are underlined. RR, relative risk; CI, confidence interval; Wel, well differentiated adenocarcinoma; Mod,
moderately differentiated adenocarcinoma; Por, poorly differentiated adenocarcinoma; Others, poorly differentiated adenocarcinoma and

mucinous carcinoma.

A B
1 ,., i 1.5 } A A A A A
| 11
o 2 i {
‘S 05 - g |
0 o i IR, .....c.c 0 e W— T e
NC si RNA NC s RNA
c D
1 i N S R R 1 LS . e —————— N ’
e | g Y
= I 2 o5 |
o .. M 0. NN
NC si RNA NC siRNA

Figure 3. In vitro assays with siRNA inhibition in the two colorectal cancer
cell lines. A proliferation assay was performed in two colorectal cancer cell
lines (A, HCT116; B, LoVo). There were significant differences between
NC and TDGF1 siRNA in LoVo (n=5, *p=0.008). An invasion assay was
performed in them (C, HCT116; D, LoVo). There were significant differences
between NC and TDGF1 siRNA in HCT116 (n=5, “p=0.009). In vitro assays
showed differences in the ratio with control (untreated) cells. Values are
means and SEM. NC, negative control.

curative surgery in 49 patients except stage IV at the time of
primary operation. The disease-free survival rate was signifi-
cantly lower in patients with elevated TDGF1 expression
(p=0.008; Fig. 2) than in those-with lower expression. Table III
shows the univariate and multivariate analyses of factors related
to metastatic-free survival in 49 patients. The univariate ana-
lysis revealed that TDGFI expression (p=0.005) and lymphatic
invasion (more than maximum repetition, p=0.014) were
significantly correlated with post-operative metastasis. The
multivariate regression analysis indicated that inclusion in
the TDGF1 high-expression group (relative risk, 7.78; 95%
confidence interval, 1.37-146.02; p=0.017) was an independent
predictor of metastatic-free survival.

In vitro assessment of TDGF1 expression knock-down. Two
CRC cell lines were chosen for the proliferation and invasion
study. A significant reduction in TDGF1 by siRNA was also
confirmed by quantitative real-time RT-PCR. The proliferation
study was confirmed by seeding the cells (1.0x10%) in 6-well
dishes and culturing them for 48 h to determine proliferation.
The results showed significant differences in HCT116 and
LoVo cell numbers between NC and TDGF1 siRNA (n=5,
p<0.05, Fig. 3A and B). In the invasion study, the results
showed significant differences in DLD-1 and LoVo between
NC and TDGFI siRNA (n=5, p<0.05, Fig. 3C and D).
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Discussion

TDGF1, also known as CRYPTO, Crypto-1, or CR-1, is
expressed in various cancer tissues of different species
( 16,20-23). Previous in vitro and in vivo reports show that
TDGF] regulates signaling pathways and cellular mecha-
nisms as an oncogene (23-26). In mammary tumor, 7TDGF. 1
is associated with molecular mechanisms that contribute to
the loss of adherent junctions, referred to as epithelial-
mesenchymal transition, which plays an important role in
cancer invasiveness and metastasis and might cause a poor
prognosis (25-28). The combined expression of TDGF1 and
E-cadherin by immunohistochemistry indicates a poor
prognosis in gastric cancer (16).

The present study showed that TDGFI expression is an
independent predictive factor for metachronous CRC meta-
stasis, and the siRNA inhibition experiment demonstrated the
functional relevance of expressed TDGFI in the CRC cell
lines. To the best of our knowledge, this is the first report to
show that TDGF1 is a predictive marker for CRC metastasis,
supported by the functional relevance to cell growth and
invasion.

It can be useful to identify the necessity for intensive
follow-up and adjuvant therapy by predicting CRC recurrence
and metastases after curative surgical resection (29-31). Our
clinicopathological analysis revealed that CRC patients with
high TDGF1 expression had a poorer prognosis for disease-free
survival than the low-expression group. The results indicated
that TDGF] is a good predictor for metachronous metastasis,
and patients can be followed-up by curative surgical inter-
vention. It is essential to prevent metachronous metastasis
during gastrointestinal cancer therapy. Several adjuvant chemo-
therapies are helpful in particular disease stages, especially in
CRC, and indicate the usefulness of a less invasive surgical
approach for CRC (31-36). For these cases, a predictive infor-
mative marker for tumor recurrence, which is independent from
traditional TNM classification and collectively contributes to
diagnoses and treatments is very important. While improve-
ment in preoperative and postoperative treatments such as
chemotherapy and radiotherapy combined with surgery have
contributed to a reduction in the recurrence and metastasis of
CRC, half of the cases ultimately metastasize despite
systemic chemotherapy followed by surgery (37). Adjuvant
chemotherapy for CRC is desirable in highly suspicious
metastatic cases. In these cases, an analysis of TDGFI may be
useful to predict and treat patients with a poor prognosis.
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Abstract. As recent technological innovations make it possible
to clarify the concordant relationship between genomic
alterations and aberrant gene expression during the progression
of colorectal cancer (CRC), we aimed at identifying new
overexpressing genes with genomic amplification on the
responsible loci in CRC. The candidate gene was found using
cDNA microarray and array-based comparative genomic
hybridization (CGH) analysis after laser microdissection
(LMD) in 132 Japanese CRC. We focused on SUGT], which
is associated with the assembling of kinetochore proteins at
the metaphase of the cell cycle, with significant association
between genetic alterations and expression. SUGTI mRNA
expression was evaluated in 98 CRC cases to determine the
clinicopathological significance of SUGTI expression. The
mean level of SUGTI mRNA expression in tumor tissue
specimens was significantly higher than in non-tumor
tissue. The high SUGT]I expression group was characterized
by a significantly elevated frequency of recurrence and a
significantly poorer prognosis than the low expression group.
There was a significant association between poor prognosis
of CRC cases and the overexpression of SUGT! with genomic
amplification of the loci concordantly. The amplification of
SUGT1 might give rise to promote the transcription of the
gene directly subsequent to the progression of CRC cases
with worsening prognosis.

Introduction

The morbidity and mortality rates of colorectal cancer (CRC)
in the United states and Europe have decreased recently
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(1,2), yet further studies are required to better understand this
disease. Recent technological innovations now permit us to
clarify DNA copy number alterations in CRC by using high
resolution, array-based comparative genomic hybridization
(array CGH), resulting in the definition of a specific pattern
of DNA gains or losses (3-7). Tsafrir et al reported a correlation
between gene expression and chromosomal aberrations in
CRC using array CGH and ¢cDNA microarray analysis (8).
Their study focused on particular chromosomal regions and
genes that are frequently gained and overexpressed (e.g., 7p,
8q, 13q and 20q) or lost and underexpressed (e.g., 1p, 4, 59,
8p, 14q, 15q and 18). Based on these data, they identified
genetic alterations which had prognostic significance.

From a technical point of view, it is easier to handle
genomic DNA than mRNA, as the latter is fragile, and
unstable. Therefore, we sought to identify genes whose
impact could be determined by assessment of genomic copy
number. We employed cDNA microarray analysis to identify
candidate molecular markers that play a significant role in
the progression of CRC by comparing resected cancer cells
and the corresponding non-malignant cells extracted by
means of laser microdissection (LMD) (9-11). Then, we
performed cDNA microarray and array CGH analysis after
LMD in a large scale study of Japanese CRC patients to
identify new genomically amplified genes and determine the
impact of their presence.

In the present study, we focused on a gene at 13q that is
known to be frequently amplified (6,8,12) and shed light on
the overexpression of SUGTI (suppressor of G2 allele of
SKP1:13q14.3). We examined its expression and determined
the correlation of gene with genomic amplification with CRC
outcome. Originally, SUGTI was identified as a protein
activating the kinetochore and SCF ubiquitin ligase complexes
via interaction with Skpl protein, which plays a crucial role
in cell cycle regulation (13). The present study clarifies the
clinical significance of the expression of SUGT1 in human
CRC cases.

Materials and methods

Laser micro-dissection. The tissues from a series of 132
patients with CRC were collected for laser micro-dissection
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(LMD; Leica Laser Microdissection System, Leica Micro-
systems, Wetzlar, Germany) as previously described (14).
For LMD, 5 pm frozen sections were fixed in 70% ethanol
for 30 sec, stained with hematoxylin and eosin and
dehydrated as follows: 5 sec each in 70, 95 and 100% ethanol
and a final 5 min in xylene. Sections were air-dried, then
micro-dissected by LMD. Target cells were excised, =100 cells
per section, and bound to the transfer film, and total DNA
extracted.

¢DNA microarray. We used the commercially available Human
Whole Genome Oligo DNA Microarray Kit (Agilent Techno-
logies, Santa Clara, CA, USA). A list of genes on this cDNA
microarray is available from http://www.chem.agilent.com/
scripts/generic.asp?lpage=5175&amp;indcol=Y &amp;prodco
1=Y &prodcol=N&indcol=Y &prodcol=N. Cyanine (Cy)-
labeled cRNA was prepared using T7 linear amplification as
described in the Agilent Low RNA Input Fluorescent Linear
Amplification Kit Manual (Agilent Technologies). Labeled
cRNA was fragmented and hybridized to an oligonucleotide
microarray (whole human genome 4x44K Agilent G4112F).
Fluorescence intensities were determined with an Agilent
DNA microarray scanner and were analyzed using G2567AA
Feature Extraction Software Version A.7.5.1 (Agilent Techno-
logies), which used the LOWESS (locally weighted linear
regression curve fit) normalization method (15). This micro-
array study followed MIAME guidelines issued by the Micro-
array Gene Expression Data group (16). Further analyses were
performed using GeneSpring version 7.3 (Silicon Genetics,
San Carlos, CA, USA).

Array-CGH. Array-CGH was performed using the Agilent
Human Genome Microarray Kit 244K (Agilent Technologies).
The array-CGH platform is a high resolution 60-mer oligo-
nucleotide-based microarray containing ~244,400 probes
spanning coding and non-coding genomic sequences with
median spacing of 7.4 and 16.5 kb, respectively. Labeling
and hybridization were performed according to the protocol
provided by Agilent (Protocol v4.0, June 2006). Arrays were
analyzed using Agilent DNA microarray scanner.

Array-CGH data analysis. The raw signal intensities of tumor
DNAs were measured with Human Genome CGH Micro-
array 244K (Agilent Technologies) which were then trans-
formed into log ratios to reference DNA with ‘Feature
Extraction’ software (v9.1) of Agilent Technologies. The log
ratio was thereafter used as the signal intensity of each probe.
One hundred and thirty samples from different patients were
subjected to circular binary segmentation (CBS) after median
normalization (17). An R script written by us was used for
the median normalization, whereas an R program implemented
in the ‘DNA copy’ package of the Bioconductor project
(http://www.bioconductor.org) was used for the CBS analysis.
Instead of all of the CGH probes, 13,403 probes from
chromosome 4 (NCBI Build 35) were analyzed in this study.
An absolute log2 ratio >0.263 was used as the threshold for
the gain or loss in DNA copy number for each probe.

Clinical samples. The tissues from another series of 98 CRC
patients with information about clinicopathological features
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including prognosis were collected at Kyushu University
at Beppu and affiliated hospitals between 1993 and 1999.
Resected tumor and paired non-tumor tissue specimens were
immediately cut from resected colon and placed in RNA
Later (Takara, Shiga, Japan) or embedded in Tissue Tek
OCT medium (Sakura, Tokyo, Japan), frozen in liquid
nitrogen and kept at -80°C until RNA extraction. The median
follow-up period was 3.0 years. Written informed consent
was obtained from all patients and the study protocol was
approved by the local ethics committee.

Total RNA extraction and first-strand cDNA synthesis.
Frozen tissue specimens were homogenized, and the total
RNA was extracted using the modified acid-guanidine-phenol-
chloroform method as described previously (18,19). Total
RNA (8.0 pg) was reverse transcribed to cDNA using M-MLV
RT (Invitrogen Corp. Carlsbad, CA, USA).

Quantitative RT-PCR. The primer sequences for SUGT]
mRNA were as follows: sense, 5'-CTG ACT AAG GCT
TTG GAA CAG AA-3'; antisense, 5'-CTG TAA AAG TTT
CTA GGG CAG CA-3'". Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control and
GAPDH primers were as follows: sense, 5-TTG GTA TCG
TGG AAG GAC TCT A-3'; and antisense, 5'-TGT CAT
ATT TGG CAG GTT-3'". Real-time monitoring of PCR
reactions was performed using the LightCycler™ system
(Roche Applied Science, Indianapolis, IN, USA) and SYBER-
Green I dye (Roche). Monitoring was performed according to
the manufacturer's instructions, as described previously (20).
In brief, a master mixture was prepared on ice, containing
1 pl of cDNA, 2 ul of DNA Master SYBER-Green I mix,
50 ng of primers and 2.4 yl of 25 mM MgCl,. The final
volume was adjusted to 20 ul with water. After the reaction
mixture was loaded into glass capillary tubes, quantitative
RT-PCR was performed with the following cycling conditions:
initial denaturation at 95°C for 10 min, followed by 40 cycles
of 95°C for 10 sec, annealing at 62°C for 10 sec and extension
72°C for 10 sec. After amplification, products were subjected
to a temperature gradient from 67 to 95°C at 0.2°C/sec, under
continuous fluorescence monitoring, to produce a melting
curve of products.

Data analysis for quantitative RT-PCR. We used LightCycler
Software version 3.5 program (Roche Molecular Biochemicals)
to calculate the cycle numbers. After proportional baseline
adjustment, the fit point method was employed to determine
the cycle in which the log-linear signal was first distinguishable
from the baseline. This cycle number was used as the crossing
point value. A standard curve was produced by measuring the
crossing point of each standard value and plotting it against
the logarithmic value of concentration. Concentrations of
unknown samples were calculated by plotting their crossing
points against the standard curve and dividing by GAPDH
content. GAPDH expression confirmed no differences
between tumor and normal tissue.

Immunohistochemistry. Immunohistochemistry studies of
SUGT1 were performed on formalin-fixed, paraffin-embedded
surgical sections obtained from patients with CRC. Tissue
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Figure 2. Concordant amplification of SUGT! expression and copy number
alteration in the flanking regions of SUGTI. There is a significant association
between genetic alterations and expression of SUGT! (correlation
coefficient: 0.665, p<0.0001). The x-axis indicates the normalized SUGT1
expression value of cDNA microarray and y-axis CGH signal intensity
(average log2 ratio) in the flanking regions of SUGT]I.

immunohistochemistry of resected colon cancer specimens
using an anti-SUGT1 antibody. SUGT1 staining was remark-
ably stronger in colon cancer tissues than in corresponding
normal tissues. SUGT1 expression was localized to the cell
cytoplasm (Fig. 3B and C).
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Clinicopathological significance of SUGTI mRNA in CRC
cases. We divided the 98 CRC cases into two groups according
to the median tumor (T)/normal (N) ratio of SUGTI mRNA
expression level as determined above. Thus, 49 cases were
placed in the high SUGT! expression group and 49 cases in
the low SUGT] expression group. The association between
clinicopathological features and SUGT! mRNA expression is
summarized in Table L. In the high SUGT! expression group,
the frequency of recurrence was elevated compared to the
low SUGT1I expression group (p=0.03). Univariate analysis
identified SUGT! expression, tumor size, depth of tumor
invasion, lymph node metastasis, lymphatic invasion and
venous invasion as prognostic factors for 5-year overall
survival following surgery. Variables with p-values <0.05 by
univariate analysis were selected for multivariate analysis
using Cox's proportional hazards model. SUGTI expression
[relative risk (RR): 1.55, confidence interval (CI) 1.00-2.47,
p=0.04] was found to be a significant factor affecting 5-year
overall survival following surgery in multivariate analysis
(Table II). Analysis of 5-year overall survival curves showed
that patients in the high SUGTI expression group had a
significantly poorer prognosis than those in the low expression
group (p=0.04) (Fig. 4).

Discussion

In the present study, we performed cDNA microarray and
array CGH analysis after LMD in a large scale study of 132
Japanese CRC cases. Because chromosome 13q is reportedly
amplified in CRC, we focused on the gene SUGT]I that had

A
p=0.0009
[ |
107 12410.88 1.8941.69
9 .
= & :

Q 77 .

3T ¢

k&) "

S .

I 3
2 4
11 y X . S
U ‘2“ ' xJ

N T
(n=98) (n=98)

%100

Figure 3. SUGT expression in CRC. (A) SUGTI mRNA expression in cancer and non-cancer tissues from CRC patients as assessed by real-time quantitative
PCR (n=98). Horizontal lines indicate mean value in each group (T, cancer tissue; N, non-cancerous tissue) (B and C). Immunohistochemical analysis of CRC
patient samples with SUGT! antibody. The majority of staining occurred in cancer cells (original magnification: B, x40; C, x100).
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Table I. SUGTI mRNA expression and clinocopathological factors.

Tumor low expression Tumor high expression
(n=49) (n=49)
Factors No. Jo No. % p-value
Age (mean + SD) 65.7+1.8 67.1 1.8 0.58
Sex
Male 31 63.3 28 57.1 0.53
Female 18 36.7 21 42.9
Histological grade
Well 14 28.6 23 46.9 0.08
Moderately, poorly 35 714 26 53.1
Size
<50 mm (small) 23 46.9 17 34.7 0.21
>51 mm (large) 26 53.1 32 65.3
Depth of tumor inavasion®
m, sm, mp,ss 17 34.7 14 28.6 0.51
se, si 32 65.3 35 71.4
Lymph node metastasis
Absent 31 63.3 24 49.0 0.15
Present 18 36.7 25 51.0
Lymphatic invasion
Absent 32 65.3 28 57.1 0.41
Present 17 34.7 21 429
Venous invasion
Absent 42 85.7 42 85.7 1.00
Present 7 14.3 7 14.3
Liver metastasis
Absent 45 91.8 47 95.9 0.39
Present 4 8.2 2 4.1
Peritoneal dissemination
Absent 48 98.0 46 93.9 0.29
Present 1 2.0 3 6.1
Distant metastasis
Absent 44 89.8 44 89.8 1.00
Present 5 10.2 5 10.2
Recurrence )
Absent 42 85.7 33 67.4 0.03
Present 7 14.3 16 32.6
TNM staging
1,11 31 63.3 23 46.9 0.10
I, IV 18 36.7 26 53.1

*Tumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se), and invasion of
adjacent strucures (si).
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Table II. Results of univariate and multivariate analysis of clinicopathlogical factors for 5-year overall survival.

Univariate analysis

Multivariate analysis

Factors RR? 95% CI® p-value RR 95% CI p-value
Age (<65/>66) 0.81 0.54-1.18 0.26 “ - -
Sex (male/female) 0.98 0.65-1.43 0.92 - - -
Histology grade (well/mod and poor) 1.23 0.83-1.91 0.33 - - -
Tumor size (<50 mm/>51 mm) 1.57 1.06-2.33 0.02 1.37 1.06-2.42 0.02
Depth of tumor invasion

(m, sm, mp,ss/se, i) 1.92 1.30-2.82 0.001 1.56 1.03-2.39 0.04
Lymph node metastasis 2.30 1.51-3.80 <0.001 2.02 1.29-3.40 0.002
(negative/positive)

Venous invasion (negative/positive) 1.91 1.25-2.84 0.004 1.77 1.12-2.71 0.02
SUGTI1 mRNA expression (low/high) 1.47 1.00-2.21 0.04 1.55 1.00-2.47 0.04

*RR, relative risk; ®CI, confidence interval. “Tumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss),

penetration of serosa (se), and invasion of adjacent strucures (si).
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Figure 4. Kaplan-Meier 5-year overall survival curves for CRC patients
according to the level of SUGTI mRNA expression. The overall survival rate
for patients in the low expression group was significantly higher than that for
patients in the high expression group (p=0.04, log-rank test). Low expression
group (broken line, N=49). High expression group (unbroken line, N=49).

significant correlation between array CGH and cDNA
microarray to determine its impact on progression of CRC.
The ability to perform high-resolution genome-wide DNA
copy number analysis on array CGH analysis allowed us to
directly determine changes in DNA copy number in CRC. In a
previous study, Platzer et al showed that chromosomal
amplifications were observed frequently in CRC metastasis
(7p, 8q, 13q and 20q), but increased expression of genes
within these amplicons was rare (12). Tsafrir et al showed
that particular chromosomal regions are frequently amplified
and overexpressed (e.g., 7p, 8q, 13q and 20q) in the majority

of metastatic samples (8). The methodologies used in those
studies might have caused the discrepancy between their
results. In addition, we recommend that the microdissected
cells extracted from CRC tumors should be applied for array
CGH analysis to avoid bias in the quantity and quality (5,6).
It is possible that the reported discrepancies between the
amplified genetic regions and the transcriptional levels are
not only characteristic of the genes themselves, but also due
to technical errors. Lassmann et al and Kim et al used micro-
dissected samples and demonstrated a positive association
between array CGH and cDNA microarray data for BRCA2
at the 13q locus (6) and CAMTA! at the 1p locus (5) (p<0.0001
and p=0.009, respectively). In our large scale study using
microdissected samples, we confirmed their findings of a
significant relationship between gene dosage and expression
level.

Our focus on the SUGTI gene demonstrated a strong
correlation between array CGH and cDNA microarray. The
expression of SUGTI in CRC was significantly higher in
tumor tissues compared to normal tissues, as demonstrated
by both quantitative RT-PCR and immunohistochemical
analysis (Fig. 3). Furthermore, we found that the frequency of
disease recurrence after surgery in the high SUGTI expression
group was significantly elevated in comparison to that in the
low expression group (p=0.03) (Table I). Thus, the high
SUGT!1 expression group had a significantly poorer prognosis
than those in the low expression group (p=0.04) (Fig. 4).
Furthermore, SUGT! expression was an independent and
significant prognostic factor for survival (Table II).

The association between poor clinical outcome and over-
expression of SUGT1 may be explained as follows. Interaction
of SUGT1 with HSP90 is required for the assembly of the
human kinetochore from late S phase to G2/M phase (21).
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Furthermore, depletion of SUGT1 sensitizes HeLa cells to
the HSP90 inhibitor, 17-allylaminogeldanamycin (17-AAG),
which is currently in clinical trials (22). 17-AAG is thought
to exert antitumor activity by simultaneously targeting several
oncogenic signaling pathways. The study also revealed that
overexpression of SUGT! might restore the localization of
kinetochore proteins and chromosome alignment in cells
treated by 17-AAG. Thus, overexpression of SUGT1 reduced
tumor cell susceptibility to chemotherapy. In this regard, we
performed adjuvant chemotherapy in half of the CRC
patients with lymph node metastasis after the curative
operation. We speculate that differing susceptibility to chemo-
therapy may correlate with SUGTI expression levels. Our
data will be reported at the conclusion of clinical follow-up.

In conclusion, in a large scale study of Japanese CRC,
array CGH analysis and cDNA microarray after LMD showed
that the novel gene SUGTI can be useful for determining
prognosis in CRC. Our results indicate that this method of
analysis might uncover additional genes indicative of patient
prognosis.
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Abstract

We here report a 43-year-old male patient with minute
liver metastases from a rectal carcinoid. Hepatic nodules
were diagnosed during surgery, although they were not
diagnosed by preoperative computed tomography or
ultrasound examination. The rectal carcinoid was resected
together with liver metastases and the patient has had
no disease recurrence for 5 years following postoperative
treatment of hepatic arterial infusion chemotherapy (HAIC)
using 5-fluorouracil (5-FU) and oral administration of
1-hexylcarbamoyl-5-fluorouracil (HCFU). In 2003, a health
check examination indicated presence of occult blood in
his stool. Barium enema study revealed a rectal tumor in
the lower rectum and colonoscopy showed a yellowish
lesion with a size of 30 mm in diameter. Pathological
examination of the biopsy specimen indicated that
the rectal tumor was carcinoid. Although preoperative
imaging examinations failed to detect liver metastases,
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2 min nodules were found on the surface of liver during
surgery. A rapid pathological examination revealed that
they were metastatic tumors from the rectal carcinoid.
Low anterior resection was performed for the rectal
tumor and the pathological report indicated that there
were 4 metastatic lymph nodes in the rectal mesentery.
The patient received treatment by HAIC using 5-FU plus
oral administration of HCFU and survived for 5 years.
We also review world-wide current treatments and their
efficacy for hepatic metastases of carcinoid tumors.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

It is reported that the incidence of liver metastasis from
gastrointestinal carcinoids is 16.7% (155 of 928) and the
mean life span is approximately 2 years once liver metastasis
is diagnosed“'zl. With progress in treatments such as
hepatic-artery embolization, radio-frequency thermal
ablation, liver transplantation and others, the life span has
been improved recently™. We report here a case of rectal
carcinoid in a 43-yeat-old male with minute liver metastases
that were diagnosed during surgery although preoperative
computed tomography (CT) and ultrasonography us)
examination did not detect them. We employed hepatic
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WBC 6830/ 4L AST 211U/L
RBC 506x10%/ L ALT 211U/L
Hb 154 g/dL T.Bil 0.4 mg/dL
Ht 44.4% TP, 6.7'g/dL
Pit 20.2x10*/ L Alb 39g/dL
CRP <0.2mg/dL
Na 140 mEq/L
K 42 mEq/L CA19-9 <5.0U/mL
Cl 107 mEq/L CEA 1.0ng/mL
BUN 14mg/dL
Cr 0.8 mg/dL Urine 5-HIAA 1.3mg/L

5-HIAA: 5-Hydroxy indole acetic acid.

arterial infusion chemotherapy (HAIC) using 5-fluorouracil
(5-FU) and systemic administration of the oral 5-FU
derivative 1-hexylcarbamoyl-5-fluorouracil (HCFU) as post-
opetative adjuvant therapy. The patient eventually survived
5 years after surgery without disease recurrence. Although
the standard therapy for liver metastasis from carcinoid
tumors has not been established in the world, several
attractive strategies are currently provided, being reviewed
together in this report.

CASE REPORT o

A 43-year-old male patient entered our hospital in March
2003 because of a positive occult blood test on his stool
samples. Through a barium enema study, a rectal tumor was
suspected. He presented no catcinoid syndrome symptoms
such as flushing, diarthea, pellagra, cyanosis, and others.
The results of blood test and level of 5-hydroxy indole
acetic acid in the utine was within the normal range (Table 1).
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Figure 1 Preoperative colono-
scopy and image examinations.
A: Colonoscopy showed an elevated
yellowish lesion with a slight central
depression of which size was 30 mm
in diameter, in the lower rectum;
B: A tumor was present on the
right wall of the lower rectum by
computed tomography (CT) scan;
C: Abdominal CT failed to show any
obvious abnormalities in the liver; D:
No obvious lesions were detected in
the liver by ultrasonography.

Colonoscopy

Colonoscopy showed an elevated yellowish lesion in the
lower rectum of 30 mm in diameter and with a slight
central depression (Figure 1A). Pathological examination
of biopsy samples revealed that this was a carcinoid
tumor (data not shown).

Image examinations

CT scanning showed a tumor on the right wall of the
lower rectum (Figure 1B). Abdominal CT failed to show
any obvious abnormalities in the liver (Figure 1C). No
obvious lesions were detected in the liver by abdominal
US (Figure 1D).

Operation

During surgery, we petceived 2 min nodules through hand
palpation of the sutface of left liver lobe (S2 and S3). The
nodules were hard and white and were both 2 mm in
diameter. A rapid pathological examination revealed that
the tumors were metastatic carcinoid (Figure 2A and 2B).
Other hepatic abnormalities wete not detected by intra-
operative US. Low antetior resection of ‘the rectum and
partial resection of the liver (S2 and S3) were petformed.
The metastatic tumors were very small, indicating eatly
phase metastases, and it was therefore likely that other latent
metastases might be present in the liver. During surgery,
we made preparation to carry our HAIC as a post-operative
adjuvant chemotherapy, i.. ligation of the right gastric
artery and cholecystectomy to prevent the side effects such
as gastric ulcer and cholecystitis, associated with HAIC.

Histopathological examination
Following staining of the primary rectal tumor with
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Table 2 Hepatic resection for gastrointestinal carcinoid

THMOrS

Figure 2 Histopathology of liver metastasis and primary
tumor. A: Histopathology of a hepatic nodule (Magnification:
x 20). Asection was stained by hematoxiline & eosin (H&E)
solution; B: Magnified image of (A) (Magnification: % 100):
The tumor cells were homogeneous and spherical, forming
ribbon-like structures, which was compatible with the
carcinoid tumor; C: Resected rectal tumor. A loupe image;
D: Histopathology of the rectal tumor (Magnification: % 100):
Identical histopathological features to that of liver metastasis
were confirmed.

Table 4 Hepatic artery chemoembolizadion and hepatic artery

embolization for metastatic carcinoid tumors

Author n 5-year survival rate (%) Ref. Authdr % Chemotherapy .~ Ref,
Chamberlain et al (2000) 14 78 g HACE : b
 Nave et al (2001) 21 48 1l Hajarizadeh et al (1992) 50.0 (4/8) 5-FU e
Norton et al (2003) 13 77 el Ruszniewski etal (1993) 33.3(6/18) DOX S
Sarmiento ef al (2003) 120 62 0 Therasse et al (1993) - 35.2(6/17) DOX gl
Kimeet al (1999) 125.0 (4/16) CDDP, DOX ol
Roche et al (2003) 428 (6/14) DOX
Table 3 Liver cransplantacion for gastrointestinal carcinoid : ‘T(";Z}?:f
LHMOLS HAE ‘ -
Carrasco et al (1983) 83.3 (5/6) Lt
Author n 5-year survival rate (%) Ref. Hanssen et al (1989) 71.4.(5/7) 1]
Le Treut et al (1997) 15 69 i Moertel et al (1994) 169.6(16/23) B
Lehnert (1998) 36 50 9] Wangberg et al (1996) 425 (17/40) B
Coppa et al (2001) 9 70 i Eriksson et al (1998) 37.9 (11/29) el
Loewe ef al (2003) 72.7 (16/22) =l
Total 55.1
(70/127)

hematoxiline and eosin, histopathological examination
showed homogeneous spherical cells, forming ribbon-like
structures, compatible with the carcinoid tumor (Figure 2C
and D). The tumor penetrated into the muscular propria
without evidence of venous invasion or lymph duct inva-
sion. There were 4 lymph node metastases within the rectal
mesentery.

Post-operative adjuvant therapy

On the 35th day after surgery, a catheter was inserted from
the left subclavian artery and the tip was set along common
hepatic artery by the radiologists. HAIC using 5-FU started
via the subcutaneous port. A dose of 1250 mg 5-FU was
administered every week, and a total of 21 HAICs wete
petformed. In addition, oral 5-FU, HCFU (Carmofur:
300 mg/d) was administered for one and half years as the
lymph node metastases were positive. The patient was alive
after 5 years without disease recurrence.

[ 4
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HACE: Hepatic arterial chemoembolization; HAE: Hepatic arterial
embolization, CR: Complete response; PR: Partial response; CDDP:
cisplatin; DOX: Doxorubicin; HAIC: Hepatic arterial infusion chemotherapy.

DISCUSSION

The 5-year survival rate of colorectal carcinoid is 72%-98%.
However, once distant metastasis occurs the prognosis
becomes poor[“]. In cases with liver metastasis, the 5-year
survival rate is reported to be 19%-38%"". In Japan,
most colorectal carcinoids are located in the rectum,
mainly within 10 cm from the dentate line (80% of
rectal carcinoids)”. Carcinoid tumors originate from the
endocrine cells that produce certain amines and peptides.
These cells are originally located in the deep mucosa.
Once neoplastic changes occur, the tumor looks like a
submucosal one following expansive growth.
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Table 5 Reports of HAIC for hepatic metastasis of carcinoid tumor in Japan (1993 ~ 2006)

Age (yr)/ Agents Combined therapy Effects Ref.
Gender 5FU MMC ADM CDDP MTX VP16 FAR

69/M o o o 5 PR Pl
70/F 0 o - IR il
2/M 0 o 3 PR 1
65/F ) 0 % PR pg
56/M o 5-FU CR el
52/M o o DSM PR 1o
42/F o MTX +5-FU CR ot
3 cases 0 o DSM PR 1l
68/M o S PR ]
57/M 0 o o DSM PR i)
49/F o - CR e

5-FU: 5-Fluorouracil; MMC: Mitomycin; ADM: Adriamycin; CDDP: Cisplatin; MTX: Methotrexate; VP16: Etoposide; FAR: Farmorubicin; DSM: Degradable
starch microspheres; CR: Complete response; PR: Partial response; IR: Incomplete response.

With deeper invasion, the metastatic rate becomes
cotrespondingly higher. The most frequent metastatic sites
are lymph nodes and liver, followed by bone and lung, It is
reported that the frequency of lymph node metastasis was
0% when the tumor is localized in mucosa, 5.3% in T1,
53% in T2 and 85.7% in T3". Saito ¢ 2" also reported a
relationship between tumor size and incidence of lymph
node metastasis. When the tumor diameter is 6 to 10 mm,
the metastasis rate is 0.7%, 11-15 mm: 23%, 16-20 mm:
55.6%, and > 21 mm: 66.7%.

There is a report that even 5mm-sized primary carci-
noid tumor cause liver metastasis suggesting that a detailed
examination of liver is essential before surgery”, US and
CT scans are both standard modalities for detection of
liver metastasis. Chiti ez a/” reported that the diagnostic
sensitivity and specificity was 82% and 92%, respectively
for US, and 73% and 93% for CT scans. In the case of
the current patient with 2mm-sized liver metastatic lesions,
preoperative abdominal US and CT failed to detect them,
although such minute nodules could be easily perceived
by hand palpation owing to their solidity. Therefore, intra-
operative palpation of the liver sutface is particularly
important and should be done very carefully.

If the liver metastases are completely resected, surgery
is the most effective therapy. The surgical indications
include uni-lobar hepatic metastases, and multiple
tumors expanding to both hepatic lobes with assurance
of complete respectability based on good liver function.
However, as approximately 90% of hepatic metastases are
found to be multiple lesions in both hcpatic lobes, complete
resection is a rare event in practice. The efficacy of
hepatic resection for the gastrointestinal carcinoid tumors
is summarized in Table 2",

Liver transplantation is an alternative treatment and
widely adopted in patients with liver metastases from
carcinoid tumors. The 5-year overall survival rate ranges
from 50%-70% (Table 3)"**, Lehnert" reported that the
5-year survival rate was 50% in 36 patients undergoing
liver transplantation. He pointed out that the patients
with ext:ra—he&)atic disease worsened the whole prognosis.
Coppa ¢t al” proposed that selection of patients with

(44

TEE

Beishideng™  WJGS | www.wjgnet.com

92

non-resectable metastastic neuroendocrine tumors for
liver transplantation should be performed based on the
Milan criteria: young patients < 50 years with confirmed
by histology, with < 50% of the liver replaced by
metastases, with a primary tumor (originating from the
gastrointestinal tract) drained by the portal venous system,
an absence of extrahepatic disease and stable disease
during the pretransplantation period. They reported that
the selected 9 cases who satisfied the criteria had a 70%
5-year overall survival rate and a 53% 5-year disease free
survival rate.

Treatments by somatostatin analogues, such as inter-
feron and octreotide have been reported. According to
the findings, tumor shrinkage was a rare event although
the systemic symptoms due to the carcinoid tumor were
lessened® 2,

Since liver metastases from carcinoids display an abun-
dant tumor vascularity, hepatic arterial chemoembolization
(HACE) or hepatic arterial embolization (HAE) are
employed in western countries. The efficacy of HACE,
in which doxorubicin is often used as a principal drug, is
25%-50% (Table 4, upper column)™?". Partial response
or complete response) cases were reported with HACE
treatment. On the other hand, HAE was able to achieve the
higher efficacy of 70%-80%, and appears to confer better
therapeutic effects than HACE as a whole (Table 4, the
lower column) B

In Japan, HAIC is often used™, As shown in Table 5%,
continuous 5-FU infusion accompanied by other chemo-
therapeutic drugs is the basic treatment scheme and
conferred favorable effects. Based on these reports, we
employed HAIC using 5-FU infusion for the current case.
Recently, degradable starch microspheres (DSM) have also
been used in combination with HAIC*****), The anti-
tumor efficacy when using DSM is attributed to transient
obstruction of hepatic artery and subsequent blood
reperfusion, which causes high local concentration of
chemo-agents during the early phase and induces free radical
oxygen as a late effect™.

As well for primary hepatocellular carcinoma, radio-
frequency ablation (RFA) therapy is also applicable to
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liver matastatic lesions from catcinoid tumors. The most
approptiate application is in cases where tumor size is less
than 3 cm in diameter. Hellman e# o/ reported that RFA
treatment was petformed in a group of 21 patients with a
total of 43 carcinoid metastatic liver nodules. Therapeutic
efficacy was obsetved in 15 patients, including 4 cases who
attained complete ablation.
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