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Fig. 51 Infectivity of Adex1CAlacZ (A) and AdAFPlacZ (B) in FU97 (@) and MKN28 (O)
cells. B-galactosidase activity was determined by X-gal staining at 24 h later.

4) Enhancer/promoter-specificity of adenovirus vectors

To examine the enhancer/promoter-specificity of vectors, FU97 and MKN28
were infected with AdAFPlacZ, and S-galactosidase activity was determined 24 h
later. X-gal staining revealed that B-galactosidase activity was evident in FU97
but not in MKN28 (Fig. 51B and Suppl. Fig. 3C). Since sensitivity to adenovirus
vectors of MKN28 exceeded that of FU97, it is considered that the lacZ gene was
driven by the AFP enhancer/promoter of the vector exclusively in the AFP-
producing cell line. When the vector was infected at 104, 103, 10%, and 10 MOI, 29.
67+1.86%, 9.6711.169, 4.001.00%, and 1.33£0.3395 of FU97 cells stained blue.
The positivity was low in comparison with the findings when Adex1CAlacZ was
infected, which suggested the difference in promoter activity between the AFP
enhancer/promoter and the CAG promoter.
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5) Cytotoxicity of AAAFPtk and GCV

FU97 was infected with AdAFPtk at 0, 10, 30, or 100 MOI, or exposed to 0, 1,
10, 102, 103, or 10* M of GCV. When the viable cells were counted 8 days later, 100
MOI of AdAFPtk and over 100 ¢M of GCV had severe cytopathic effects on the
cells, respectively (Fig. 52). Thus, we used AdAFPtk at 0.3, 3, 10, and 30 MOI, and
GCV at 0, 1, and 10 xM, in the following experiments.

6) Effects of the suicide gene therapy in vitro

Combined use of AdAFPtk (3, 10, and 30 MOI) and GCV (1 and 10 M) signifi-
cantly reduced the number of viable FU97 cells in comparison with findings when
AdAFPlacZ and GCV were combined (Fig. 53). These results suggest that trans-
duction of the HSVtk gene increased the cytotoxicity of GCV in the AFP-producing
cell line. In addition, the effects depended on the dose of either AAAFPtk or GCV.
Contrarily, no similar effect was evident regarding MKN28, even when AdAFPtk at
30 MOI and 10 M of GCV were used in combination (Fig. 54).

7) Summary and perspectives

Gastric adenocarcinoma producing AFP is one of the poor-prognostic neo-
plasms. In searches for new therapeutic strategies against AFP-producing gastric
cancer, we examined the efficacy of suicide gene therapy which has been effective
on AFP-producing hepatoma. The HSVtk gene was transduced into an AFP-
producing gastric adenocarcinoma cell line, FU97, using adenovirus vectors carry-
ing the constructed AFP enhancer/promoter element, followed by GCV administra-
tion. Expression of the transgene was evident in FU97 but not in an AFP-
nonproducing gastric adenocarcinoma cell line, MKN28, which meant that AFP
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Fig. 52 Cytopathic effects of AdAFPtk (A) and GCV (B) to FU97. Eight days later,
viable cells were counted and each ratio to that of cultured FU97 without
AdAFPtk or GCV were calculated.
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Fig. 53 Effects of suicide gene therapy. FU97 was infected with AdAFPtk (closed
columns) or control AdAFPlacZ (open columns) at MOI of 30 (A), 10 (B), 3 (C) or
0.3 (D) followed by GCV administration. At day 7 after addition of GCV, viable
cells were counted and each ratio to that of AdAFPtk infected FU97 without
GCV were calculated. *: p<0.05.

enhancer/promoter-specific transcriptional targeting was achieved by the vectors.
Viability of FU97 but not of MKN28 significantly decreased after the suicide gene
therapy in vitro.

Therapeutic application of the AFP enhancer/promoter-specific transfer of the
HSVtk gene followed by GCV administration against AFP-producing gastric cancer
deserves attention and further research.

Role of Matrix Metalloproteinases and Related Tissue Inhibitors
in Cancer Tissues

1. Clarification of the active gelatinolytic sites in human ovarian neoplasms
using in situ zymography (120)
1) Introduction
Matrix metalloproteinases (MMPs) are zinc endopeptidases required for degra-
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Fig. 54 No effect of the suicide gene therapy using AdAFPtk and GCV in MKN28, a
gastric adencarcinoma cell line without AFP producution.

dation of the extracellular matrix in tumor growth and invasion (121). Expression
of these enzymes in human malignant neoplasms has been studied immunohisto-
chemically (IH), by in situ hybridization (ISH) and using zymography (ZG) (122-
124). 'The matriolytic activity iz vivo exerted by MMPs is determined by multifari-
ous interactions among proteolytic activators and specific inhibitors such as tissue
inhibitors of MMPs (TIMPs) (125-127). Neither IH, ISH, or ZG pinpoints the
localization of matriolytic activity in vivo; IH detects MMPs by their antigenicity,
with both the proenzymatic and activated MMPs, as well as both the TIMP-bound
and -unbound forms, being stained equivalently. Similarly, ISH detects the loca-
tion of mRNA expression, but not the activity itself, and ZG detects matriolytic
activity of MMPs both in TIMP-bound and -unbound forms when gel electrophor-
esisisused. The methodological properties listed above limit our understanding of
the role of matriolytic activity iz vivo, since they do not identify cellular localiza-
tion of true matriolytic activity. The newly developed in situ zymography (ISZ),
using a gelatin film over unfixed frozen tissues, addresses this issue by detecting in
situ gelatinolytic activity on tissue sections (128, 129). ISZ detects the sum of the
following i vivo activities not saturated by TIMPs; a weak gelatinolytic activity
of the proenzymatic MMPs, a strong activity of the activated MMPs, and
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gelatinolytic activities of enzymes other than MMPs. We used ISZ to determine
the in situ localization of gelatinolytic activity in ovarian tumors and the adjacent
tumor stroma. Different grades or histologic subtypes of ovarian tumors may have
different in situ gelatinolytic activities, as has been suggested by IH, ISH, and ZG
(122-124). Thus, our important hypothesis as regards iz situ gelatinolytic activity
is that the location of activity may be variable, depending on histologic grades and/
or subtypes.

2) In situ zymography (ISZ)

ISZ detects the in situ gelatinolytic activity as areas unstained by Amido Black
10B. Treatment of the films with 100 mM of 1,10-phenanthroline suppressed the
unstained areas in all adenomas and borderline tumors, but it did not completely
suppress them in most of the adenocarcinomas. The unstained areas were dose-
dependently inhibited in preincubation of tumor tissues with CGS27023A (130); in
Case 4 (mucinous adenocarcinoma) and in Case 13 (clear cell adenocarcinoma),
gelatinolysis was considerably blocked at 50 ¢M of CGS27023A, and the activity
was almost completely inhibited at 100 M. Thus, the activity was attributed
mainly to MMPs.

The correlation between significant gelatinolysis and histological subtypes is
shown in Table 7. In normal ovaries, corpus luteum cells showed obvious
gelatinolysis (Fig. 55). Capillary endothelial cells and granulosa cells expressed
weak gelatinolysis. Primary oocytes and corpus albicans showed no gelatinolysis.
In four benign tumors, no complete or obvious gelatinolysis was seen, but in one
mucinous adenoma, a weak gelatinolysis was seen in the tumor cytoplasm.

Malignant neoplasms showed various gelatinolytic activities. In two clear cell
and four mucinous adenocarcinomas, the complete to obvious gelatinolytic activity
had pattern A (Fig. 56 A and B), which was not seen in those of serous adenocar-
cinomas or borderline tumors, although a scattered weak activity was seen in the
tumor cytoplasm of serous adenocarcinomas (5/6). In four mucinous and three
serous adenocarcinomas and one mucinous and one serous borderline tumors,

Table 7 Significant gelatinolysis in tissue specimens detected by i situ zymography.

Cellular and Tissue Localization of Gelatinolysis

Histology Tumor Tumor-Stromal Tumor Cystic

(no. of cases) Cytoplasm Junction Stroma Fluid
Mucinous Ca (6) 4/6 1/6 0/6 4/6
Serous Ca (6) 0/6 1/6 5/6 3/6
Clear cell Ca (6) 2/6 0/6 6/6 0/6
Mucinous borderline tumor (2) 0/2 1/2 0/2 1/2
Serous borderline tumor (2) 0/2 0/2 1/2 1/2
Mucinous adenoma (3) 0/3 0/3 0/3 0/3

Serous adenoma (1) 0/1 0/1 0/1 0/1
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Fig. 55 In situ gelatinolytic activity in a corpus luteum. Granulosa lutein cells (A: HE
staining) showed gelatinolysis (B: iz situ zymography).

pattern D was seen, and was usually stronger than that in the cytoplasm of tumor
cells lining the cysts. One mucinous and one serous adenocarcinoma and a
mucinous borderline tumor had gelatinolytic activity of pattern B (Fig. 56C and D).
Histologic examination revealed mucin prolapse into the stroma at the tumor-
stromal junction and silver staining showed a partially disrupted basement mem-
brane. Most serous and all clear cell adenocarcinomas expressed strong
gelatinolysis and had pattern C, especially where tumor cells were dispersed in the
desmoplastic stroma (Fig. 56E and F).

3) Immunohistochemistry (I1H)

IH showed that MMP-2, MMP-9 and MMP-7 were stained in the epithelial cells
and/or stroma of carcinomas and borderline tumors (Table 8). MMP-9 was also
positive in some capillary endothelial cells. In mucinous carcinomas and border-
line tumors, MMP-7 was positive in the epithelium (4/5). In one mucinous
adenocarcinoma, MMP-9 was stained both in the epithelium and junctional stroma.
Most mucinous carcinomas and borderline tumors showed weak and scattered
positivity for MMP-2 and/or MMP-9 in the epithelium. Two of three serous
adenocarcinomas stained for MMP-2 and MMP-9 both in tumor cells and desmo-
plastic stroma where tumor cells were diffuse, whereas papillary tumor nests with
a scant stroma showed weak or no staining. In two of five clear cell adenocar-
cinomas, MMP-9 and MMP-7 were positive in the tumor cytoplasms, especially
where tumor cells were dispersed. MMP-2 was positive in the hyalinized stroma in
one clear cell adenocarcinoma. Normal ovary and mucinous adenomas showed no
significant staining, except for staining for MMP-7 in the cytoplasm and for MMP-2
in the stroma in one mucinous adenoma.

4) Summary and perspective

Tissues from 26 human ovarian common epithelial tumors were examined to
determine where and how gelatinolytic activity was present, in relation to tumor-
stromal interaction and histologic types. For this purpose, we made use of i situ
zymography, a newly developed technique using gelatin-coated film. Gelatinolytic
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Fig. 56 Different gelatinolytic patterns shown with i situ zymography. Three different
patterns, cytopathic pattern (A and B), tumor-stromal junction pattern (C and D,
arrows indicate junction) and stromal pattern (E and F, S indicates stroma and
T indicates tumor), were observed. A, C and E are HE staining and B, D and F
are in situ zymography.

Table 8 Summary of immunohistochemical location of MMPs in ovarian tumors.

MMP-2 MMP-7 MMP-9
Tumor Tumor Tumor
Histology (no. of cases) Cytoplasm Stroma Cytoplasm Stroma Cytoplasm Stroma
Mucinous Ca (4) 1/4 0/4 3/4 0/4 1/4 1/4
Serous Ca (3) 2/3 2/3 2/3 0/3 2/3 2/3
Clear cell Ca (5) 1/5 1/5 2/5 0/5 2/5 0/5
Mucinous borderline tumor (1) 0/1 1/1 1/1 0/1 0/1 0/1
Serous borderline tumor (2) 1/2 1/2 1/2 0/2 1/2 0/2
Mucinous adenoma (2) 0/2 1/2 1/2 0/2 0/2 0/2

Normal ovary (1) 0/1 0/1 0/1 0/1 0/1 0/1
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activity was evident in ovarian carcinomas and in borderline tumors. Benign
tumors had no or only weak activity. Four tissue localization patterns of
gelatinolysis were identified: pattern A) tumor cytoplasm, pattern B) tumor-stromal
junction, pattern C) stroma, and pattern D) cystic fluid. Mucinous cystadenocar-
cinomas showed A and/or D patterns. One mucinous and one serous adenocar-
cinoma and one mucinous borderline tumor had a B pattern. Most serous and all
clear cell adenocarcinomas showed strong gelatinolysis of C pattern, especially in
the desmoplastic stroma, an area where the tumor cells were dispersed. Immuno-
histochemically in 12 adenocarcinomas and 3 borderline tumors, the tumor cyto-
plasm was positive for MMP-2 (5 cases), MMP-7 (9 cases) and MMP-9 (6 cases).
Stromal components were positive for MMP-2 in 5 and for MMP-9 in 3 cases, but
not for MMP-7. MMP antigens were mostly distributed in an almost identical
pattern with that seen with in situ zymography. In situ zymography clarified the
cellular localization of active gelatinolysis in human ovarian neoplasms, findings
that support the view that interaction between tumor and stroma is critical for
tumor growth. This newly developed method contributes to a better understanding
of biological features of ovarian malignancies.

2. Expression of matrix metalloproteinases and related tissue inhibitors in the
cyst fluids of ovarian mucinous neoplasms (131)

1) Introduction

MMPs are zinc endopeptidases required for degradation of the extracellular
matrix during normal embryogenesis and in tissue remodeling (132) and they also
play an important role in tumor growth, invasion and metastasis (121). MMPs are
classified according to substrate specificity, comprising collagenases (MMP-1, -8
and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-3, -10 and -11) and others
(133, 134). Studies on the expression of MMPs in human tumors have led to new
insights into biology of the lesions. At least focal disruptions of basement mem-
branes of epithelial ovarian tumor cells, as evidenced by histology and immunohis-
tochemistry for basement membrane materials, have been shown, and more impor-
tantly, the disruptions correlated with the expression of MMP-2 by tumor cells (135).
As the lysis of the basement membrane matrix is an initial step of cancer invasion
and metastasis, the expression of matrix proteinases by tumor cells has an obvious
importance in ovarian cancer biology. Expression of these enzymes in ovarian
cancers has also been shown in other studies (136, 137). Although the role of
proteolysis has been studied also in ovarian carcinoma cell lines and in ascites (138,
139), the relationship between species or activities of tumor-derived MMPs and
biologic aggressiveness of ovarian tumors has remained largely unclear.
Proteinases derived from tumor cells and secreted to the stroma play an important
role in the establishment of gross patterns of ovarian epithelial neoplasms and such
proteinases may be detected in cystic fluids without being intervened by normal
tissue-derived proteinases. Therefore, cystic fluids appear to be an appropriate
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source in analyzing specificity and interrelationship of tumor-derived enzymes with
proteolytic or anti-proteolytic activity. In addition, proteolytic activities in cystic
fluids have obvious implications, per se, in the event of rupture and dissemination
of cystic lesions. The aim of the present study, therefore, is to analyze species,
interrelationship and clinical significance of these enzymes in ovarian mucinous
tumors.

2) Detection of gelatinolytic activity in cystic contents and cytoplasm of
mucinous tumor cells by in situ zymography

In situ zymography clearly demonstrated gelatinolytic activity within cyto-
plasm of neoplastic epithelial cells (Suppl. Fig. 4). Matriolytic activity of mucinous
contents was even more intense. Malignant tumor cells exhibited a stronger
activity than benign ones did. There were scattered, weak activity in the tumor
stroma and the activity was not so intense as neoplastic cells and mucinous fluids.
The gelatinolytic activity was inhibited dose-dependently with a preincubation of
tumor tissues with CGS27023A. Gelatinolytic activity was blocked in more than
half of the tumor cells at 50 xM of CGS27023A and the activity was almost
completely inhibited at 100 xM.

3) Metalloproteinase activity in mucinous cystic fluids by zymography

The enzymatic activity in mucinous ovarian cystic fluids was examined using
gelatin and casein zymography. In gelatin zymography, 40 times dilution was
required to obtain unequivocal bands in all carcinoma/borderline fluids and in most
adenoma fluids, whereas in the fluids from 4 of the adenomas, 20 times dilutions was
sufficient. In casein zymography, all carcinomas/borderline fluids required 10
times dilution, and adenoma fluids required 2-5 times dilution. Gelatin zymogra-
phy was primarily concerned with two gelatinolytic enzymes with approximate
molecular masses of 92 and 72 kDa, which correspond to MMP-9 and MMP-2,
respectively. In gelatin zymography, the major concerns were trypsin and MMP-7
at 25/23 (140) and 29 kDa, respectively. Western blotting confirmed that the
activity at these molecular weights had antigenic determinants for MMP-9 (92 kDa),
MMP-2 (72 kDa), MMP-7 (29 kDa), and trypsin (25 and 23 kDa).

In all carcinomas and borderline fluids, both MMP-9 and MMP-2 activities
were clearly detected (Fig. 57). The MMP-9 band was also detactable in 12 of 15
adenoma fluids. When analyzed by densitograph, the pattern of these gelatinolytic
activities differed depending on degree of malignity. In carcinoma/borderline
fluids, both proenzymatic and activated MMP-9 (124) were detected. In one
mucinous carcinoma, the MMP-9 band was completely shifted toward the size for
the activated form, and no proenzymatic form was detected. Activated MMP-9
was detecyted in 7 of 15 adenoma fluids, although its presence was weak when
compared to the findings in carcinoma/borderline category. The frequency and
clarity of activated MMP-9 was the highest in the carcinoma category, followed by
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Fig. 57 Detection of MMP activity by gelatin zymography in the cyst fluids of ovarian
mucinous tumors. 92 kDa is MMP-9 and 72 kDa is MMP-2. *: activated MMP-9,
**. activated MMP-2. Lanes 1 and 2 are mucinous adenocarcinomas, lane 3 is
mucinous borderline tumor, and lanes 4 and 5 are mucinous cystadenomas.

the borderline category. MMP-2 activity was almost ubiquitously present through-
out the cystic lesions, including the control functional cysts. Activated MMP-2
was frequently evident and could appear in any histological category.

Trypsin and MMP-7 were detected in cystic fluids by casein zymography (Fig.
58). Both positive rates of trypsin and MMP-7 presence in carcinoma and border-
line fluids were higher than that of adenoma but not significant, statistically (Table
9). On the other hand, MMP-3 was detected in all carcinomas and borderline fluids
and the positive rate was statistically significant compared with that of adenoma
(p<0.01). In the control group, there was no evidence of the production of any
these caseinolytic enzymes.

4) Quantification of MMPs and TIMPs in mucinous cystic fluid by ELISA
The observed concentrations of MMP-2, MMP-9, TIMP-1 and TIMP-2 were
shown in Table 10. The concentration of MMP-9 was highest in mucinous car-

. 29kDa

25kDa
23kDa
19kDa

Fig. 58 Detection of MMP-7 and trypsin by casein zymography in the cyst fluids of
ovarian mucinous tumors. MMP-7 is detected at 29 kDa and its activated form
is 19 kDa. 25 and 23 kDa are trypsin type 2 and type 1, respectively. Lanes 1 to
4 are mucinous cystadenomas and lane 5 is mucinous borderline tumor.
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Table 9 Summary of the positive rates of MMP-3, MMP-7 and Trypsin in mucinous
cystic fluids.

Histologic category MMP-3 MMP-7 Trypsin
(number) positive rate(%) positive rate(%) positive rate(%)
Carcinoma (8) 100 62.5 375
Borderline tumor (3) 100 66.7 33.3
Adenoma (15) 53.3 40.0 13.3
Control cyst (7) 0 0 0

Table 10 Summary of TIMP and MMP concentrations in mucinous cystic fluids (ng/ml).

Histologic category (number) MMP-9 (range) = MMP-2 (range) TIMP-1 (range) TIMP-2 (range)
Carcinoma (8) 1968 + 2706¢ 1411 + 1697 17023 4+ 18213¢ 183 + 225
(300—6000) (200—4300) (5500—52000) (8—640)
Borderline tumor (3) 926 + 460 499 + 166 22183 + 8982¢ 70.7 £ 47.47
(480—1400) (384—1690) (16100 —32500) (18—110)
denoma (15) 423 £+ 720° 544 + 352 6563 + 51634 343 + 234¢
(0—2600) (35—1250) (1800—19000) (15—760)
Control cyst (7) 0.264 £ 0.452 1005 £ 1113 2777 += 933 186 £ 151
(0—0.95) (350 —23500) (1550 —4150) (15—760)

p<0.05in a vs b, c vs d, e vs d, and f vs g.

cinomas, followed by borderline tumors. TIMP-1 was highest in borderline tumors
and was also higher in carcinoma than it was in adenoma fluids. Both MMP-9 and
TIMP-1 concentrations were statistically higher in carcinoma/borderline fluids
than in adenoma fluids (p<0.05). Mucinous carcinomas were the highest level of
MMP-2 contents, although no significant difference was seen among the categories.
TIMP-2 was less prevalent in carcinoma/borderline fluids than in adenoma fluids.

The molar ratios of TIMP-1/MMP-9 and TIMP-2/MMP-2 were shown in Table
11. For TIMP-1/MMP-9, this ratio was lowest in mucinous carcinomas, followed
by borderline tunors. The TIMP-2/MMP-2 ratio was also lower in carcinoma/
borderline tumors than in adenomas.

5) Summary and perspectives

Expansion of ovarian cystic neoplasms often involves invasion to and destruc-
tion of extracellular matrix. We examined species, interrelationship and clinical
significance of MMPs and TIMPs in neoplastic cysts of ovarian mucinous tumors,

Table 11 Summary of TIMP/MMP molar ratios in mucinous cystic fluids.

Histologic category (number) TIMP-1/MMP-9 ratio (range) TIMP-2/MMP-2 ratio (range)
Carcinoma (5) 55.2 + 27.2(27.5—91.5) 1.21 + 1.21%0.04—3.09)
Borderline tumor (3) 104.1 + 96.2(40.7—214.8) 0.46 £+ 0.27°(0.16—0.68)
Adenoma (15) 1670.0 & 3414.7(4.3—12689.7) 2.54 + 1.5090.52—5.77)

Control cyst (7) 9591.5 + 603.4(0—10018.1) 0.90 = 0.64(0.52—1.05)
p<0.051in @ vs ¢, p<0.01 in & vs c.
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using zymography (in situ zymography, gelatin zymography and casein zymogra-
phy), enzyme-linked immunosorbent assay and western blotting. Matriolytic activ-
ity was demonstrated within cytoplasm of mucinous epithelial lining cells by i# situ
zymography, attributing the origin of intracystic matriolytic activity mainly to
these cells. The concentration of MMP-9 was statistically higher in mucinous
carcinomas (p<0.05) than in benign and borderline ones. TIMP-1, which combines
with MMP-9, was also higher (p<0.05) in malignancies than in benign ones. The
ratios of MMP-9/MMP-2 and the occurrence of activated forms of MMP-9 and
MMP-2 correlated with the degree of malignancy, whereas the molar ratios of
TIMP-1/MMP-9 and TIMP-2/MMP-2 were higher in benign ones. Expressions of
MMP-3 or trypsin in the fluids were frequently accompanied by activation of
MMP-7 and MMP-9. These observations verified the usefulness of ovarian cystic
fluids in the analysis of matriolytic activity of ovarian cystic neoplasms. In
addition, they support the concept that the presence and interactions of tumor-
derived enzymes with matriolytic and antimatriolytic activity are modulators of
growth pattern and biologic aggressiveness of cystic ovarian tumors.

3. Expression of matrix metalloproteinase in the fluids of renal cystic lesions
(141)
1) Introduction

Recent progress in radiological imaging system increased clinical approaches
to cope with asymptomatic renal lesions including benign cysts and renal cell
carcinomas. Available modalities include contrast media, rapid sequence CT and
MR imaging. Radiological approaches alone do not always diagnosis of cystic
renal lesions (142). According to the Bosniak classification (143), a certain extent
of malignant cystic disease is included in categories II and III (143, 144), and in such
cases surgical approaches may be required to determine adequate treatment.
Though cytology and serum tumor markers have also been studied, their value in
making a diagnosis is limited to cases of renal malignancy (145, 146).

Matrix metalloproteinases (MMPs) are zinc endopeptidases required to
degrade the extracellular matrix (132) in embryogenesis and tissue remodeling as
well as in tumor progression (121). MMPs are classified according to substrate
specificity. MMP categories include collagenases (MMP-1, -8 and -13), gelatinases
(MMP-2 and -9), stromelysins (MMP-3, -10 and -11) and others (121). Some species
of MMPs have been reported to play an important role in renal malignancies (147~
149). Although analyses of proteolytic molecules in blood plasma or homogenized
tumor tissues can explain in part the tumor progression, they are modified by
nonneoplastic fibroblasts, inflammatory cells and plasma derived MMPs (148, 150).
Recent studies showed that proteinases derived from tumor cells can be detected in
fluid of cystic lesions (120, 131), therefore cyst fluid can be used to analyze
matriolytic activity of the local lesions.

As hypothesized that matriolytic enzymes might be expressed in renal cyst fluid
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and would specifically reflect biological activities in accordance with malignancy.
We investigated the expression of MMPs in the cyst fluids of the kidney, using
gelatin zymography and enzyme linked immunosorbent assay.

2) Determination of metalloproteinases in cyst fluid of the human kidney

In gelatin zymography, two gelatinolytic enzymes of an approximate molecular
mass of 92kDa and 72kDa, corresponding to MMP-9 and MMP-2 respectively, were
the major concerns (Fig. 59). Western blotting confirmed that the proteolytic
bands were immunoreactive, and the patterns were identical. In gelatin zymogra-
phy, 20-50 times dilution was required to obtain unequivocal bands in all carcinoma
fluids, whereas in most benign cysts, 1-2 times dilution was sufficient. Zymogra-
phy was repeated for each case when the protein concentration was adjusted to 1-5
mg/dl until expressions of MMPs were confirmed. The MMP-2 band was detected
ubiquitously in all but two case of cystic renal disease and these proved to be benign
cysts of acquired cystic disease of the kidney (ACDK). MMP-9 was detected in 7
of 8 (87.5%) cystic renal cell carcinomas while 12 of 14 benign cysts were negative
for MMP-9 (p<0.01) (Table 12). The activated forms (131) of MMP-9 (88 kDa) and
MMP-2 (68 kDa) were not detected in any specimen (Fig. 59).

Case. No. 18 20

benign malignant

Fig. 59 Detection of MMP expression in cystic fluids of kidney diseases with cystic
formation. Case no. 10 and 11 are benign simple cysts, and case no. 18 and 20 are
cystic renal cell carcinomas.

MMP-9 (92kDa)—
MMP-2 (72kDa) —

Table 12 Positive rate of MMP-2 and 9 in renal cystic fluids determined on gelatin

zymography.
o . No. Matrix Metalloproteinase (%)
Clinicopathological Category No. Cases 9
Benign cyst, including simple cysts 14 12 (85.7) 2 (14.3)

+acquired cystic disease of kidney
Renal cell Ca, clear cell histology 8 8 (100) 7 (87.5), p < 0.01 vs. Cyst
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3) Concentration of MMP-2 and MMP-9 in renal cyst fluid determined by ELISA

The concentrations of MMP-2 and MMP-9 were statistically higher in cystic
renal cell carcinomas than in benign lesions (p<0.01, p<0.01, respectively) (Fig. 60).
In two benign cysts associated with ACDK, in which the MMP-2 band was not seen
in gelatin zymography, the concentration of MMP-2 was also undetectable.
MMP-2 concentrations in all but one benign cyst were lower than 100 ng/ml, while
in 7 of 8 malignant cysts they were higher than 100 ng/ml. MMP-9 concentrations
in malignant cyst fluids were between 1.0 and 400 ng/ml. All three Bosniak-IV
cases showed over 10 ng/ml, while most benign cysts were below detectable levels.
The highest concentration in benign cases was 7 ng/ml (Bosniak-I).

4) Summary and perspectives

Cystic lesions of the kidney are common conditions usually diagnosed accord-
ing to imaging studies. Although simple cysts are easy to diagnose, the preoper-
ative diagnosis of complicated cystic lesion can be difficult. There has been little
information on the biological activity of cyst fluid and the association with
clinicopathological findings. We analyzed the expression of MMPs in cyst fluids
of benign and malignant renal cystic lesions in an attempt to clarify matriolytic
activity in the cyst. Twenty-two cyst fluids from renal cystic lesions (14 benign
cysts and 8 cystic renal cell carcinomas) were included in this study. The presence
of MMP-2 and MMP-9 in fluids was examined using gelatin zymography and
ELISA. Expression of MMP-2 was ubiquitously observed zymographically except
for two benign cysts associated with ACDK. MMP-9 was detected in 7 of 8
carcinomas, but only in 2 of 14 benign cysts (p<0.01). Concentrations of both
MMP-2 and MMP-9 were significantly higher in cystic carcinomas than in benign
cysts (p<0.01, p<0.01, respectively).

Our data support the notion that matriolytic enzymes such as MMP-2 and

(ng/ml) (ng/ml)
300 0.01 " 400 0.0 ®
<0. <0.01
p " + p
32.8+40.8 194.8+92.7 60 -
2004 -
“‘ 40- 0.6+1.9 62.4+136.9 e Bosniak-I
[
100 % ® Bosniak-II
* 20- % A Bosniak-III
—0o— .
o me A o x Bosniak-IV
0 .: “. 0 -—ooooﬂ-— A
benign malignant benign  malignant
MMP-2 MMP-9

Fig. 60 Correlation of MMP-2 and 9 in renal cystic fluids on ELISA. Bars indicated
mean value.
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MMP-9 are expressed in cyst fluid of renal cystic diseases. There is a significant
difference of MMPs concentrations between benign cysts and cystic renal cell
carcinomas. Presence of these enzymes into cyst fluid may reflect aggressiveness
of cystic renal cell carcinoma. These observations contribute to a better under-
standing of biological behavior in human renal cystic changes.

10.

11.

12.

13.

References

Sugiura H, Ishikura H, Omi M, Kaji M, Iwai K, Kishimoto T, Takahashi T, Kimura C, Kato
H, Yoshiki T. Lymphokine-activated killer cytotoxicity against pancreas adenocarcinoma
cell lines and vascular endothelial cells. Pathol Int 44: 688-696, 1994.

Lotze MT, Matory YL, Ettinghausen SE, Rayner AA, Sharrow SO, Seipp CA, Custer MC,
Rosenberg SA. In vivo administration of purified human interleukin 2. II. Half life, im-
munologic effects, and expansion of peripheral lymphoid cells iz vivo with recombinant IL 2.
J Immunol 135: 2865-2875, 1985.

Rosenstein M, Ettinghausen SE, Rosenberg SA. Extravasation of intravascular fluid mediat-
ed by the systemic administration of recombinant interleukin 2. J Immunol 137: 1735-1742,
1986.

Thijs LG, Hack CE, Strack van Schijndel R]J, Nuijens JH, Wolbink GJ, Eerenberg-Belmer A]J,
Van der Vall H, Wagstaff J. Activation of the complement system during immunotherapy
with recombinant IL-2. Relation to the development of side effects. ] Immunol 144: 2419-2424,
1990.

Aronson FR, Libby P, Brandon EP, Janicka MW, Mier JW. IL-2 rapidly induces natural
killer cell adhesion to human endothelial cells. A potential mechanism for endothelial injury.
J Immunol 141: 158-163, 1988.

Damle NK, Doyle LV, Bender JR, Bradley EC. Interleukin 2-activated human lymphocytes
exhibit enhanced adhesion to normal vascular endothelial cells and cause their lysis. J Im-
munol 138: 1779-1785, 1987.

Kotasek D, Vercellotti GM, Ochoa AC, Bach FH, White JG, Jacob HS. Mechanism of
cultured endothelial injury induced by lymphokine-activated killer cells. Cancer Res 48: 5528~
5532, 1988.

Ishikura H, Takahashi C, Kanagawa K, Togashi M, Koyanagi T, Yoshiki T. Susceptibility
of renal tubular cells to lymphokine-activated killer (LAK) cells: application of culture system
using a collagen gel matrix. Virchows Arch B Cell Pathol Incl Mol Pathol 63: 115-121, 1993.

. Gallagher G, Stimson WH, Findlay J, al-Azzawi F. Interleukin-6 enhances the induction of

human lymphokine-activated killer cells. Cancer Immunol Immunother 31: 49-52, 1990.

Ellis TM, McKenzie RS, Simms PE, Helfrich BA, Fisher RI. Induction of human lymphokine-
activated killer cells by IFN-alpha and IFN-gamma. ] Immunol 143: 4282-4286, 1989.
Stotter H, Custer MC, Bolton ES, Guedez L, Lotze MT. IL-7 induces human lymphokine-
activated killer cell activity and is regulated by IL-4. J Immunol 146: 150-155, 1991.
Takahashi T, Ishikura H, Iwai K, Takahashi C, Kato H, Tanabe T, Yoshiki T. Cytokine
regulation of cell-to-cell interactions in lymphokine-activated killer cell cytotoxicity in vitro.
Cancer Immunol Immunother 36: 76-82, 1993.

Iwai K, Ishikura H, Kaji M, Sugiura H, Ishizu A, Takahashi C, Kato H, Tanabe T, Yoshiki
T. Importance of E-selectin (ELAM-1) and sialyl Lewis(a) in the adhesion of pancreatic



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Cancer Pathobiology 75

carcinoma cells to activated endothelium. Int J Cancer 54: 972-977, 1993.

Yang J, Richards J, Bowman P, Guzman R, Enami J, McCormick K, Hamamoto S, Pitelka D,
Nandi S. Sustained growth and three-dimensional organization of primary mammary tumor
epithelial cells embedded in collagen gels. Proc Natl Acad Sci USA 76: 3401-3405, 1979.
Blay JY, Bertoglio J, Fradelizi D, Chouaib S. Functional interactions of IL2 and TNF in the
differentiation of LGL into LAK effectors. Int J Cancer 44: 598-604, 1989.

Crump WL, 3rd, Owen-Schaub LB, Grimm EA. Synergy of human recombinant interleukin 1
with interleukin 2 in the generation of lymphokine-activated killer cells. Cancer Res 49: 149~
153, 1989.

Lindemann RA, Singh KP, Shau H, Gupta RK. The effects of staphylococcal protein A on
human lymphokine-activated killer cell induction. Cancer Immunol Immunother 33: 97-102,
1991.

Luger TA, Krutmann J, Kirnbauer R, Urbanski A, Schwarz T, Klappacher G, Kock A,
Micksche M, Malejczyk J, Schauer E, et al. IFN-beta 2/IL-6 augments the activity of human
natural killer cells. J Immunol 143: 1206-1209, 1989.

Ostensen ME, Thiele DL, Lipsky PE. Tumor necrosis factor-alpha enhances cytolytic activ-
ity of human natural killer cells. J] Immunol 138: 4185-4191, 1987.

Froelich CJ, Guiffaut S. Induction of lymphokine activated killer cells in serum-free medium.
J Immunol Methods 86: 205-211, 1986.

James K. Interactions between cytokines and alpha 2-macroglobulin. Immunol Today 11:
163-166, 1990.

Chouaib S, Bertoglio J, Blay JY, Marchiol-Fournigault C, Fradelizi D. Generation of
lymphokine-activated Kkiller cells: synergy between tumor necrosis factor and interleukin 2.
Proc Natl Acad Sci U S A 85: 6875-63879, 1988.

Parmiani G. An explanation of the variable clinical response to interleukin 2 and LAK cells.
Immunol Today 11: 113-115, 1990.

Varki NM, Viswanathan B, Vu T. Endothelial cells enhance spontaneous metastasis of
human lung carcinoma cells in athymic mice. Cancer Lett 51: 251-257, 1990.

Luscinskas FW, Cybulsky MI, Kiely JM, Peckins CS, Davis VM, Gimbrone MA, Jr. Cytokine-
activated human endothelial monolayers support enhanced neutrophil transmigration via a
mechanism involving both endothelial-leukocyte adhesion molecule-1 and intercellular adhe-
sion molecule-1. J Immunol 146: 1617-1625, 1991.

Graber N, Gopal TV, Wilson D, Beall LD, Polte T, Newman W. T cells bind to cytokine-
activated endothelial cells via a novel, inducible sialoglycoprotein and endothelial leukocyte
adhesion molecule-1. J Immunol 145: 819-830, 1990.

Martin-Padura I, Mortarini R, Lauri D, Bernasconi S, Sanchez-Madrid F, Parmiani G,
Mantovani A, Anichini A, Dejana E. Heterogeneity in human melanoma cell adhesion to
cytokine activated endothelial cells correlates with VLA-4 expression. Cancer Res 51: 2239~
2241, 1991.

Phillips ML, Nudelman E, Gaeta FC, Perez M, Singhal AK, Hakomori S, Paulson JC.
ELAM-1 mediates cell adhesion by recognition of a carbohydrate ligand, sialyl-Lex. Science
250: 1130-1132, 1990.

Walz G, Aruffo A, Kolanus W, Bevilacqua M, Seed B. Recognition by ELAM-1 of the
sialyl-Lex determinant on myeloid and tumor cells. Science 250: 1132-1135, 1990.

Lauri D, Needham L, Dejana E, Tumor cell adhesion to the endothelium. Vascular endoth-
elium: interactions with circulatory cells., ed. Gordon JI. 1991, Amsterdam: Elsevier. 111-128.



76

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

Takashi YOSHIKI

Murphy P, Alexander P, Senior PV, Fleming J, Kirkham N, Taylor I. Mechanisms of organ
selective tumour growth by bloodborne cancer cells. Br J Cancer 57: 19-31, 1988.

Baylor SM, Berg JW. Cross-classification and survival characteristics of 5,000 cases of
cancer of the pancreas. J Surg Oncol 5: 335-358, 1973.

Cubilla A, Fitzgerald P]J. Pancreas cancer. I. Duct adenocarcinoma. A clinical-pathologic
study of 380 patients. Pathol Annu 13 Pt 1: 241-289, 1978.

Takada A, Ohmori K, Takahashi N, Tsuyuoka K, Yago A, Zenita K, Hasegawa A, Kannagi
R. Adhesion of human cancer cells to vascular endothelium mediated by a carbohydrate
antigen, sialyl Lewis A. Biochem Biophys Res Commun 179: 713-719, 1991.

Magnani JL, Brockhaus M, Smith DF, Ginsburg V, Blaszczyk M, Mitchell KF, Steplewski Z,
Koprowski H. A monosialoganglioside is a monoclonal antibody-defined antigen of colon
carcinoma. Science 212: 55-56, 1981.

Rice GE, Gimbrone MA, Jr., Bevilacqua MP. Tumor cell-endothelial interactions. Increased
adhesion of human melanoma cells to activated vascular endothelium. Am J Pathol 133: 204~
210, 1988.

Kishimoto T, Ishikura H, Kimura C, Takahashi T, Kato H, Yoshiki T. Phenotypes correlat-
ing to metastatic properties of pancreas adenocarcinoma iz vivo: the importance of surface
sialyl Lewis(a) antigen. Int J Cancer 69: 290-294, 1996.

Kawarada Y, Ishikura H, Kishimoto T, Kato H, Yano T, Yoshiki T. The role of sialylated
Lewis antigens on hematogenous metastases of human pancreas carcinoma cell lines iz vivo.
Pathol Res Pract 196: 259-263, 2000.

Enzmann H, Edler L, Bannasch P. Simple elementary method for the quantification of focal
liver lesions induced by carcinogens. Carcinogenesis 8: 231-235, 1987.

Kaji M, Ishikura H, Kishimoto T, Omi M, Ishizu A, Kimura C, Takahashi T, Kato H, Yoshiki
T. E-selectin expression induced by pancreas-carcinoma-derived interleukin-1 alpha results
in enhanced adhesion of pancreas-carcinoma cells to endothelial cells. Int J Cancer 60: 712-717,
1995.

Omi M, Ishikura H, Ishizu A, Takahashi T, Kato H, Yoshiki T. Interleukin (IL)-6 as a
pancreas carcinoma-derived vascular permeability regulator iz vitro. Pathol Res Pract 192:
1107-1112, 1996.

Saito K, Ishikura H, Kishimoto T, Kawarada Y, Yano T, Takahashi T, Kato H, Yoshiki T.
Interleukin-6 produced by pancreatic carcinoma cells enhances humoral immune responses
against tumor cells: a possible event in tumor regression. Int J Cancer 75: 284-289, 1998.
Burrows FJ, Haskard DO, Hart IR, Marshall JF, Selkirk S, Poole S, Thorpe PE. Influence
of tumor-derived interleukin 1 on melanoma-endothelial cell interactions iz vitro. Cancer Res
51: 4768-4775, 1991.

Maruo N, Morita I, Shirao M, Murota S. IL-6 increases endothelial permeability n wvitro.
Endocrinology 131: 710-714, 1992.

Campbell WN, Ding X, Goldblum SE. Interleukin-1 alpha and -beta augment pulmonary
artery transendothelial albumin flux i vitro. Am J Physiol 263: 1L128-136, 1992.

Ishizu A, Ishikura H, Nakamaru Y, Takeuchi E, Kimura C, Koike T, Yoshiki T. Thy-1
induced on rat endothelium regulates vascular permeability at sites of inflammation. Int
Immunol 7: 1939-1947, 1995.

Wortis HH. Immunological responses of 'nude’ mice. Clin Exp Immunol 8: 305-317, 1971.
Kawarada Y, Ishikura H, Kishimoto T, Saito K, Takahashi T, Kato H, Yoshiki T. Inhibitory
effects of the antiangiogenic agent TNP-470 on establishment and growth of hematogenous



49.

50.
51.

52.

53.

54.

55.

56.

o7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Cancer Pathobiology 77

metastasis of human pancreatic carcinoma in SCID beige mice iz vivo. Pancreas 15: 251-257,
1997.

Kato H, Ishikura H, Kawarada Y, Furuya M, Kondo S, Yoshiki T. Anti-angiogenic treat-
ment for peritoneal dissemination of pancreas adenocarcinoma: a study using TNP-470. Jpn J
Cancer Res 92: 67-73, 2001.

Folkman J. Tumor angiogenesis. Adv Cancer Res 43: 175-203, 1985.

Ingber D, Fujita T, Kishimoto S, Sudo K, Kanamaru T, Brem H, Folkman J. Synthetic
analogues of fumagillin that inhibit angiogenesis and suppress tumour growth. Nature 348:
555-557, 1990.

Yamaoka M, Yamamoto T, Ikeyama S, Sudo K, Fujita T. Angiogenesis inhibitor TNP-470
(AGM-1470) potently inhibits the tumor growth of hormone-independent human breast and
prostate carcinoma cell lines. Cancer Res 53: 5233-5236, 1993.

Yanase T, Tamura M, Fujita K, Kodama S, Tanaka K. Inhibitory effect of angiogenesis
inhibitor TNP-470 on tumor growth and metastasis of human cell lines iz vitro and in vivo.
Cancer Res 53: 2566-2570, 1993.

Tanaka T, Konno H, Matsuda I, Nakamura S, Baba S. Prevention of hepatic metastasis of
human colon cancer by angiogenesis inhibitor TNP-470. Cancer Res 55: 836-839, 1995.
Holmgren L, O’Reilly MS, Folkman J. Dormancy of micrometastases: balanced proliferation
and apoptosis in the presence of angiogenesis suppression. Nat Med 1: 149-153, 1995.
Yamaoka M, Yamamoto T, Masaki T, Ikeyama S, Sudo K, Fujita T. Inhibition of tumor
growth and metastasis of rodent tumors by the angiogenesis inhibitor O-(chloroacetyl-
carbamoyl)fumagillol (TNP-470; AGM-1470). Cancer Res 53: 4262-4267, 1993.

Tsujimoto H, Hagiwara A, Osaki K, Ohyama T, Sakakibara T, Sakuyama A, Ohgaki M,
Imanishi T, Watanabe N, Yamazaki J, et al. Therapeutic effects of the angiogenesis inhibitor
TNP-470 against carcinomatous peritonitis in mice. Anticancer Drugs 6: 438-442, 1995.
Kanai T, Konno H, Tanaka T, Matsumoto K, Baba M, Nakamura S, Baba S. Effect of
angiogenesis inhibitor TNP-470 on the progression of human gastric cancer xenotransplanted
into nude mice. Int J Cancer 71: 838-841, 1997.

Mori S, Ueda T, Kuratsu S, Hosono N, Izawa K, Uchida A. Suppression of pulmonary
metastasis by angiogenesis inhibitor TNP-470 in murine osteosarcoma. Int J Cancer 61: 148~
152, 1995.

Shishido T, Yasoshima T, Denno R, Sato N, Hirata K. Inhibition of liver metastasis of
human gastric carcinoma by angiogenesis inhibitor TNP-470. Jpn J Cancer Res 87: 958-962,
1996.

Mysliwski A, Szmit E, Szatkowski D, Sosnowska D. Suppression of growth of Bomirski Ab
melanoma and its metastasis in hamsters by angiogenesis inhibitor TNP-470. Anticancer Res
18: 441-443, 1998.

El-Rifai W, Powell SM. Molecular and biologic basis of upper gastrointestinal malignancy.
Gastric carcinoma. Surg Oncol Clin N Am 11: 273-291, viii, 2002.

El-Rifai W, Powell SM. Molecular biology of gastric cancer. Semin Radiat Oncol 12: 128-140,
2002.

Schena M, Shalon D, Davis RW, Brown PO. Quantitative monitoring of gene expression
patterns with a complementary DNA microarray. Science 270: 467-470, 1995.

Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster analysis and display of genome-wide
expression patterns. Proc Natl Acad Sci USA 95: 14863-14868, 1998.

Covell DG, Wallqvist A, Rabow AA, Thanki N. Molecular classification of cancer: unsuper-



78

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

Takashi YOSHIKI

vised self-organizing map analysis of gene expression microarray data. Mol Cancer Ther 2:
317-332, 2003.

Rumelhart DE, Harrinson RF, Kennedy RL. Learning representations by back-propagating
errors. Nature 323: 533-536, 1986.

Khan J, Wei JS, Ringner M, Saal LH, Ladanyi M, Westermann F, Berthold F, Schwab M,
Antonescu CR, Peterson C, Meltzer PS. Classification and diagnostic prediction of cancers
using gene expression profiling and artificial neural networks. Nat Med 7: 673-679, 2001.
Furey TS, Cristianini N, Duffy N, Bednarski DW, Schummer M, Haussler D. Support vector
machine classification and validation of cancer tissue samples using microarray expression
data. Bioinformatics 16: 906-914, 2000.

Brown MP, Grundy WN, Lin D, Cristianini N, Sugnet CW, Furey TS, Ares M, Jr., Haussler
D. Knowledge-based analysis of microarray gene expression data by using support vector
machines. Proc Natl Acad Sci USA 97: 262-267, 2000.

Yeung KY, Ruzzo WL. Principal component analysis for clustering gene expression data.
Bioinformatics 17: 763-774, 2001.

Alter O, Brown PO, Botstein D. Singular value decomposition for genome-wide expression
data processing and modeling. Proc Natl Acad Sci U S A 97: 10101-10106, 2000.

Whitney AW. A direct method of nonparametric measurement selection. IEEE Trans
Comput 20: 1100-1103, 1971.

Degroeve S, De Baets B, Van De Peer Y, Rouze P. Feature subset selection for splice site
prediction. Bioinformatics 18 Suppl 2: S75-S83, 2002.

Bo T, Jonassen I. New feature subset selection procedures for classification of expression
profiles. Genome Biol 3: RESEARCHO0017, 2002.

Yano T, Ishikura H, Kato H, Ogawa Y, Kondo S, Yoshiki T. Vaccination effect of
interleukin-6-producing pancreatic cancer cells in nude mice: a model of tumor prevention and
treatment in immune-compromised patients. Jpn J Cancer Res 92: 83-87, 2001.

Kawano M, Hirano T, Matsuda T, Taga T, Horii Y, Iwato K, Asaoku H, Tang B, Tanabe O,
Tanaka H, et al. Autocrine generation and requirement of BSF-2/IL-6 for human multiple
myelomas. Nature 332: 83-85, 1988.

Inoue K, Okabe S, Sueoka E, Sueoka N, Tabei T, Suganuma M. The role of interleukin-6 in
inhibition of lung metastasis in subcutaneous tumor-bearing mice. Oncol Rep 7: 69-73, 2000.
Porgador A, Tzehoval E, Vadai E, Feldman M, Eisenbach L. Immunotherapy via gene
therapy: comparison of the effects of tumor cells transduced with the interleukin-2, interleukin-
6, or interferon-gamma genes. ] Immunother 14: 191-201, 1993.

Biemer JJ. Malignant lymphomas associated with immunodeficiency states. Ann Clin Lab
Sci 20: 175-191, 1990.

Kawada M, Ikeda H, Takahashi T, Ishizu A, Ishikura H, Katoh H, Yoshiki T. Vaccination
of fusion cells of rat dendritic and carcinoma cells prevents tumor growth iz vivo. Int J Cancer
105: 520-526, 2003.

Steinman RM. The dendritic cell system and its role in immunogenicity. Annu Rev Immunol
9: 271-296, 1991.

Young JW, Koulova L, Soergel SA, Clark EA, Steinman RM, Dupont B. The B7/BB1 antigen
provides one of several costimulatory signals for the activation of CD4+ T lymphocytes by
human blood dendritic cells iz vitro. J Clin Invest 90: 229-237, 1992.

Inaba K, Witmer-Pack M, Inaba M, Hathcock KS, Sakuta H, Azuma M, Yagita H, Okumura
K, Linsley PS, Ikehara S, et al. The tissue distribution of the B7-2 costimulator in mice:



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Cancer Pathobiology 79

abundant expression on dendritic cells in situ and during maturation i vitro. ] Exp Med 180:
1849-1860, 1994.

Paglia P, Chiodoni C, Rodolfo M, Colombo MP. Murine dendritic cells loaded in vitro with
soluble protein prime cytotoxic T lymphocytes against tumor antigen iz vivo. ] Exp Med 183:
317-322, 1996.

Mayordomo JI, Zorina T, Storkus W], Zitvogel L, Celluzzi C, Falo LD, Melief CJ, Ildstad ST,
Kast WM, Deleo AB, et al. Bone marrow-derived dendritic cells pulsed with synthetic tumour
peptides elicit protective and therapeutic antitumour immunity. Nat Med 1: 1297-1302, 1995.
Bakker AB, Marland G, de Boer AJ, Huijbens RJ, Danen EH, Adema GJ, Figdor CG.
Generation of antimelanoma cytotoxic T lymphocytes from healthy donors after presentation
of melanoma-associated antigen-derived epitopes by dendritic cells i vitro. Cancer Res 55:
5330-5334, 1995.

Song W, Kong HL, Carpenter H, Torii H, Granstein R, Rafii S, Moore MA, Crystal RG.
Dendritic cells genetically modified with an adenovirus vector encoding the cDNA for a model
antigen induce protective and therapeutic antitumor immunity. ] Exp Med 186: 1247-1256,
1997.

Specht JM, Wang G, Do MT, Lam JS, Royal RE, Reeves ME, Rosenberg SA, Hwu P.
Dendritic cells retrovirally transduced with a model antigen gene are therapeutically effective
against established pulmonary metastases. ] Exp Med 186: 1213-1221, 1997.

Wang J, Saffold S, Cao X, Krauss J, Chen W. Eliciting T cell immunity against poorly
immunogenic tumors by immunization with dendritic cell-tumor fusion vaccines. J Immunol
161: 5516-5524, 1998.

Celluzzi CM, Falo LD Jr. Physical interaction between dendritic cells and tumor cells results
in an immunogen that induces protective and therapeutic tumor rejection. J Immunol 160:
3081-3085, 1998.

Nair SK, Snyder D, Rouse BT, Gilboa E. Regression of tumors in mice vaccinated with
professional antigen-presenting cells pulsed with tumor extracts. Int ] Cancer 70: 706-715, 1997.
Nestle FO, Alijagic S, Gilliet M, Sun Y, Grabbe S, Dummer R, Burg G, Schadendorf D.
Vaccination of melanoma patients with peptide- or tumor lysate-pulsed dendritic cells. Nat
Med 4: 328-332, 1998.

Ribas A, Bui LA, Butterfield LH, Vollmer CM, Jilani SM, Dissette VB, Glaspy JA, McBride
WH, Economou JS. Antitumor protection using murine dendritic cells pulsed with acid-eluted
peptides from iz vivo grown tumors of different immunogenicities. Anticancer Res 19: 1165~
1170, 1999.

Liau LM, Black KL, Prins RM, Sykes SN, DiPatre PL, Cloughesy TF, Becker DP, Bronstein
JM. Treatment of intracranial gliomas with bone marrow-derived dendritic cells pulsed with
tumor antigens. ] Neurosurg 90: 1115-1124, 1999.

Boczkowski D, Nair SK, Snyder D, Gilboa E. Dendritic cells pulsed with RNA are potent
antigen-presenting cells i vitro and in vivo. ] Exp Med 184: 465-472, 1996.

Nair SK, Boczkowski D, Morse M, Cumming RI, Lyerly HK, Gilboa E. Induction of primary
carcinoembryonic antigen (CEA)-specific cytotoxic T lymphocytes iz wvitro using human
dendritic cells transfected with RNA. Nat Biotechnol 16: 364-369, 1998.

Stuhler G, Walden P. Recruitment of helper T cells for induction of tumour rejection by
cytolytic T lymphocytes. Cancer Immunol Immunother 39: 342-345, 1994.

Gong J, Chen D, Kashiwaba M, Kufe D. Induction of antitumor activity by immunization with
fusions of dendritic and carcinoma cells. Nat Med 3: 558-561, 1997.



80

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Takashi YOSHIKI

Gong J, Chen D, Kashiwaba M, Li Y, Chen L, Takeuchi H, Qu H, Rowse GJ, Gendler SJ, Kufe
D. Reversal of tolerance to human MUCI antigen in MUCI transgenic mice immunized with
fusions of dendritic and carcinoma cells. Proc Natl Acad Sci USA 95: 6279-6283, 1998.
Lespagnard L, Mettens P, Verheyden AM, Tasiaux N, Thielemans K, van Meirvenne S,
Geldhof A, De Baetselier P, Urbain J, Leo O, Moser M. Dendritic cells fused with mas-
tocytoma cells elicit therapeutic antitumor immunity. Int J Cancer 76: 250-258, 1998.
Akasaki Y, Kikuchi T, Homma S, Abe T, Kofe D, Ohno T. Antitumor effect of immuniza-
tions with fusions of dendritic and glioma cells in a mouse brain tumor model. ] Immunother
24: 106-113, 2001.

Gong J, Avigan D, Chen D, Wu Z, Koido S, Kashiwaba M, Kufe D. Activation of antitumor
cytotoxic T lymphocytes by fusions of human dendritic cells and breast carcinoma cells. Proc
Natl Acad Sci USA 97: 2715-2718, 2000.

Kugler A, Stuhler G, Walden P, Zoller G, Zobywalski A, Brossart P, Trefzer U, Ullrich S,
Muller CA, Becker V, Gross AJ, Hemmerlein B, Kanz L, Muller GA, Ringert RH. Regres-
sion of human metastatic renal cell carcinoma after vaccination with tumor cell-dendritic cell
hybrids. Nat Med 6: 332-336, 2000.

Kikuchi T, Akasaki Y, Irie M, Homma S, Abe T, Ohno T. Results of a phase I clinical trial
of vaccination of glioma patients with fusions of dendritic and glioma cells. Cancer Immunol
Immunother 50: 337-344, 2001.

Gong J, Nikrui N, Chen D, Koido S, Wu Z, Tanaka Y, Cannistra S, Avigan D, Kufe D.
Fusions of human ovarian carcinoma cells with autologous or allogeneic dendritic cells
induce antitumor immunity. J Immunol 165: 1705-1711, 2000.

Omote Y, Hosokawa M, Komatsumoto M, Namieno T, Nakajima S, Kubo Y, Kobayashi H.
Treatment of experimental tumors with a combination of a pulsing magnetic field and an
antitumor drug. Jpn J Cancer Res 81: 956-961, 1990.

Tokuda K, Abe H, Aida T, Sugimoto S, Kaneko S. Modification of tumor blood flow and
enhancement of therapeutic effect of ACNU on experimental rat gliomas with angiotensin II.
J Neurooncol 8: 205-212, 1990.

Harada H, Ishikura H, Nakagawa I, Shindou J, Murakami M, Uede T, Koyanagi T, Y oshiki
T. Abortive alloantigen presentation by donor dendritic cells leads to donor-specific toler-
ance: a study with a preoperative CTLA4lg inoculation. Urol Res 28: 69-74, 2000.

Nakaya H, Ishizu A, Ikeda H, Tahara M, Shindo ], Itoh R, Takahashi T, Asaka M, Ishikura
H, Yoshiki, T. In wvitro model of suicide gene therapy for alpha-fetoprotein-producing
gastric cancer. Anticancer Res 23: 3795-3800, 2003.

Chang YC, Nagasue N, Abe S, Taniura H, Kumar DD, Nakamura T. Comparison between
the clinicopathologic features of AFP-positive and AFP-negative gastric cancers. Am J
Gastroenterol 87: 321-325, 1992.

Ishikura H, Kirimoto K, Shamoto M, Miyamoto Y, Yamagiwa H, Itoh T, Aizawa M.
Hepatoid adenocarcinomas of the stomach. An analysis of seven cases. Cancer 58: 119-126,
1986.

Springer CJ, Niculescu-Duvaz I. Prodrug-activating systems in suicide gene therapy. J Clin
Invest 105: 1161-1167, 2000.

Moolten FL. Tumor chemosensitivity conferred by inserted herpes thymidine kinase genes:
paradigm for a prospective cancer control strategy. Cancer Res 46: 5276-5281, 1986.
Moolten FL, Wells JM. Curability of tumors bearing herpes thymidine kinase genes trans-
ferred by retroviral vectors. J Natl Cancer Inst 82: 297-300, 1990.



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Cancer Pathobiology 81

Moolten FL. Drug sensitivity (“suicide”) genes for selective cancer chemotherapy. Cancer
Gene Ther 1: 279-287, 1994.

Nettelbeck DM, Jerome V, Muller R. Gene therapy: designer promoters for tumour target-
ing. Trends Genet 16: 174-181, 2000.

Kanai F, Shiratori Y, Yoshida Y, Wakimoto H, Hamada H, Kanegae Y, Saito I, Nakabayashi
H, Tamaoki T, Tanaka T, Lan KH, Kato N, Shiina S, Omata M. Gene therapy for
alpha-fetoprotein-producing human hepatoma cells by adenovirus-mediated transfer of the
herpes simplex virus thymidine kinase gene. Hepatology 23: 1359-1368, 1996.

Matsuda M, Watanabe A, Sawada H, Yamada Y, Nakano H, Iwai M, Iwai Y. Establish-
ment of an a-fetoprotein-producing cell line derived from gastric cancer. In Vitro Cell Dev
Biol Anim 35: 555-557, 1999.

Furuya M, Ishikura H, Nemori R, Shibata M, Fujimoto S, Yoshiki T. Clarification of the
active gelatinolytic sites in human ovarian neoplasms using in situ zymography. Hum Pathol
32: 163-168, 2001.

Coussens LM, Werb Z. Matrix metalloproteinases and the development of cancer. Chem
Biol 3: 895-904, 1996.

Kawano N, Osawa H, Ito T, Nagashima Y, Hirahara F, Inayama Y, Nakatani Y, Kimura S,
Kitajima H, Koshikawa N, Miyazaki K, Kitamura H. Expression of gelatinase A, tissue
inhibitor of metalloproteinases-2, matrilysin, and trypsin(ogen) in lung neoplasms: an im-
munohistochemical study. Hum Pathol 28: 613-622, 1997.

Nakopoulou L, Giannopoulou I, Gakiopoulou H, Liapis H, Tzonou A, Davaris PS. Matrix
metalloproteinase-1 and -3 in breast cancer: correlation with progesterone receptors and
other clinicopathologic features. Hum Pathol 30: 436-442, 1999.

Zeng 7S, Cohen AM, Guillem JG. Loss of basement membrane type IV collagen is associated
with increased expression of metalloproteinases 2 and 9 (MMP-2 and MMP-9) during human
colorectal tumorigenesis. Carcinogenesis 20: 749-755, 1999.

Gomis-Ruth FX, Maskos K, Betz M, Bergner A, Huber R, Suzuki K, Yoshida N, Nagase H,
Brew K, Bourenkov GP, Bartunik H, Bode W. Mechanism of inhibition of the human matrix
metalloproteinase stromelysin-1 by TIMP-1. Nature 389: 77-81, 1997.

Muskett FW, Frenkiel TA, Feeney J, Freedman RB, Carr MD, Williamson RA. High
resolution structure of the N-terminal domain of tissue inhibitor of metalloproteinases-2 and
characterization of its interaction site with matrix metalloproteinase-3. J Biol Chem 273:
21736-21743, 1998.

Albini A, Melchiori A, Santi L, Liotta LA, Brown PD, Stetler-Stevenson WG. Tumor cell
invasion inhibited by TIMP-2. J Natl Cancer Inst 83: 775-779, 1991.

Nakamura H, Ueno H, Yamashita K, Shimada T, Yamamoto E, Noguchi M, Fujimoto N,
Sato H, Seiki M, Okada Y. Enhanced production and activation of progelatinase A mediat-
ed by membrane-type 1 matrix metalloproteinase in human papillary thyroid carcinomas.
Cancer Res 59: 467-473, 1999.

Nakada M, Nakamura H, Ikeda E, Fujimoto N, Yamashita J, Sato H, Seiki M, Okada Y.
Expression and tissue localization of membrane-type 1, 2, and 3 matrix metalloproteinases in
human astrocytic tumors. Am J Pathol 154: 417-428, 1999.

MacPherson L], Bayburt EK, Capparelli MP, Carroll B]J, Goldstein R, Justice MR, Zhu L, Hu
S, Melton RA, Fryer L, Goldberg RL, Doughty JR, Spirito S, Blancuzzi V, Wilson D, O’'Byrne
EM, Ganu V, Parker DT. Discovery of CGS 27023A, a non-peptidic, potent, and orally active
stromelysin inhibitor that blocks cartilage degradation in rabbits. ] Med Chem 40: 2525-2532,



82

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Takashi YOSHIKI

1997.

Furuya M, Ishikura H, Kawarada Y, Ogawa Y, Sakuragi N, Fujimoto S, Yoshiki T.
Expression of matrix metalloproteinases and related tissue inhibitors in the cyst fluids of
ovarian mucinous neoplasms. Gynecol Oncol 78: 106-112, 2000.

Yasumitsu H, Miyazaki K, Umenishi F, Koshikawa N, Umeda M. Comparison of extracel-
lular matrix-degrading activities between 64-kDa and 90-kDa gelatinases purified in inhibitor-
free forms from human schwannoma cells. J Biochem (Tokyo) 111: 74-80, 1992.

Murphy GJ, Murphy G, Reynolds JJ. The origin of matrix metalloproteinases and their
familial relationships. FEBS Lett 289: 4-7, 1991.

Takino T, Sato H, Shinagawa A, Seiki M. Identification of the second membrane-type
matrix metalloproteinase (MT-MMP-2) gene from a human placenta cDNA library. MT-
MMPs form a unique membrane-type subclass in the MMP family. J Biol Chem 270: 23013~
23020, 1995.

Campo E, Merino M]J, Tavassoli FA, Charonis AS, Stetler-Stevenson WG, Liotta LA.
Evaluation of basement membrane components and the 72 kDa type IV collagenase in serous
tumors of the ovary. Am ] Surg Pathol 16: 500-507, 1992.

Autio-Harmainen H, Karttunen T, Hurskainen T, Hoyhtya M, Kauppila A, Tryggvason K.
Expression of 72 kilodalton type IV collagenase (gelatinase A) in benign and malignant
ovarian tumors. Lab Invest 69: 312-321, 1993.

Miyagi E, Yasumitsu H, Hirahara F, Minaguchi H, Koshikawa N, Miyazaki K, Umeda M.
Characterization of matrix-degrading proteinases and their inhibitors secreted by human
gynecological carcinoma cells. Jpn ] Cancer Res 86: 568-576, 1995.

Moser TL, Young TN, Rodriguez GC, Pizzo SV, Bast RC, Jr., Stack MS. Secretion of
extracellular matrix-degrading proteinases is increased in epithelial ovarian carcinoma. Int
J Cancer 56: 552-559, 1994.

Young TN, Rodriguez GC, Rinehart AR, Bast RC, Jr., Pizzo SV, Stack MS. Characteriza-
tion of gelatinases linked to extracellular matrix invasion in ovarian adenocarcinoma:
purification of matrix metalloproteinase 2. Gynecol Oncol 62: 89-99, 1996.

Koivunen E, Itkonen O, Halila H, Stenman UH. Cyst fluid of ovarian cancer patients
contains high concentrations of trypsinogen-2. Cancer Res 50: 2375-2378, 1990.

Harada H, Furuya M, Ishikura H, Shindo J, Koyanagi T, Yoshiki T. Expression of matrix
metalloproteinase in the fluids of renal cystic lesions. J Urol 168: 19-22, 2002.

Hartman DS, Davis CJ, Jr., Johns T, Goldman SM. Cystic renal cell carcinoma. Urology 28:
145-153, 1986.

Bosniak MA. The current radiological approach to renal cysts. Radiology 158: 1-10, 1986.
Siegel CL, McFarland EG, Brink JA, Fisher AJ, Humphrey P, Heiken JP. CT of cystic renal
masses: analysis of diagnostic performance and interobserver variation. AJR Am J Roent-
genol 169: 813-818, 1997.

Hayakawa M, Hatano T, Tsuji A, Nakajima F, Ogawa Y. Patients with renal cysts
associated with renal cell carcinoma and the clinical implications of cyst puncture: a study
of 223 cases. Urology 47: 643-646, 1996.

Hayakawa M, Nakajima F, Tsuji A, Asano T, Hatano T, Nakamura H. Cytokine levels in
cystic renal masses associated with renal cell carcinoma. J Urol 159: 1459-1464, 1998.
Kitagawa Y, Kunimi K, Uchibayashi T, Sato H, Namiki M. Expression of messenger RNAs
for membrane-type 1, 2, and 3 matrix metalloproteinases in human renal cell carcinomas. J
Urol 162: 905-909, 1999.



148.

149.

150.

Cancer Pathobiology 83

Lein M, Jung K, Laube C, Hubner T, Winkelmann B, Stephan C, Hauptmann S, Rudolph B,
Schnorr D, Loening SA. Matrix-metalloproteinases and their inhibitors in plasma and tumor
tissue of patients with renal cell carcinoma. Int J Cancer 85: 801-804, 2000.

Kugler A, Hemmerlein B, Thelen P, Kallerhoff M, Radzun HJ, Ringert RH. Expression of
metalloproteinase 2 and 9 and their inhibitors in renal cell carcinoma. J Urol 160: 1914-1918,
1998.

Poulsom R, Pignatelli M, Stetler-Stevenson WG, Liotta LA, Wright PA, Jeffery RE, Long-
croft JM, Rogers L, Stamp GW. Stromal expression of 72 kda type IV collagenase (MMP-2)
and TIMP-2 mRNAs in colorectal neoplasia. Am J Pathol 141: 389-396, 1992.



