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Table II. Eighty-five genes expressed in the cancer patient-derived colonocytes but not in the healthy volunteer-derived
colonocytes.

No. Gene symbol Gene title Entrez gene ID  No expression '
in the PB
1 JUND jun D proto-oncogene 3727
2 TPT1 tumor protein, translationally-controlled 1 7178 *
3 RPLAL ribosomal protein 141 6171 *
4 RPS11 ribosomal protein S11 6205 *
5 RPS29 ribosomal protein S29 6235 *
6 RPL38 ribosomal protein 1.38 6169 *
7 SEPP1 selenoprotein P, plasma, 1 6414 *
8 RPL23 ribosomal protein L23 9349 *
9 B2M B-2-microglobulin 567 *
10 CFL1 cofilin 1 (non-muscle) 1072 *
11 RPL31 ribosomal protein L31 6160 *
12 RPS3A ribosomal protein S3A 6189
13 TMSB10 thymosin, B 10 9168 *
14 RPL39 ribosomal protein L.39 6170 *
15 HMGB1 high-mobility group box 1 3146
16 CEACAMS6  carcinoembryonic antigen-related cell adhesion molecule 6 4680
(non-specific cross reacting antigen)
17 ATP1B1 ATPase, Na*/K* transporting, B 1 polypeptide 481 *
18 RPS20 ribosomal protein S20 6224 *
19 ARF6 ADP-ribosylation factor 6 382 *
20 RPS21 ribosomal protein S21 6227 *
21 EIF5A Eukaryotic translation initiation factor SA 1984 *
22 RPL30 ribosomal protein L.30 6156 *
23 EEF1Al eukaryotic translation elongation factor 1 o 1 1915 *
24 RPL23A ribosomal protein 1L.23a 6147 *
25 LOC56902  putatative 28 kDa protein 56902
26 RPL27 ribosomal protein L27 6155 *
27 SFN stratifin ‘ 2810 *
28 CEACAMS  carcinoembryonic antigen-related cell adhesion molecule 5 1048 *
29 RPS24 ribosomal protein $24 /// ribosomal protein S24 6229 *
30 MARCKS Myristoylated alanine-rich protein kinase C substrate 4082 *
31 PDEAC _ phosphodiesterase 4C, cAMP-specific (phosphodiesterase E1 dunce 5143
_ - homolog, Drosophila)
32 LOC651423  similar to mitogen-activated protein kinase kinase 3 isoform A 651423
33 RPS10 ribosomal protein S10 ' 6204
34 CEP27 centrosomal protein 27 kDa 55142
35 ILIRN interleukin 1 receptor antagonist 3557 *
36 SLC35E1 solute carrier family 35, member E1 79939
37 RPS27 ribosomal protein S27 (metaliopanstimulin 1) 6232 *
38 RPS19 ribosomal protein S19 6223 *
39 RPS16 ribosomal protein S16 6217 *
40 MORF4L2  mortality factor 4 like 2 9643 *
41 RPL22 ribosomal protein L.22 6146 *
42 RPS2 ribosomal protein S2 6187 *
43 RPLP2 ribosomal protein, large, P2 6181 *
44 RPL7A ribosomal protein L7a 6130
45 RPL7 ribosomal protein L7 6129
46 RPS18 ribosomal protein S18 6222 *
47 HNRPH1 Heterogeneous nuclear ribonucleoprotein Hi (H) 3187 *
48 ZNF160 zinc finger protein 160

90338
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No. Gene symbol Gene title Entrez gene ID No expression
in the PB

49 RPS25  ribosomal protein S25 6230 *
50 PGF Placental growth factor, vascular endothelial growth factor-related protein 5228
51 SPG21 spastic paraplegia 21 (autosomal recessive, Mast syndrome) 51324
52 RPL9 ribosomal protein L9 6133 *
53 PLEKHAS Pleckstrin homology domain containing, family A member 5 54477
54 PRR11  prolinerich 11 55771
55 CTNNB1 catenin (cadherin-associated protein), 8 1, 88 kDa 1499
56 NFKBIA nuclear factor of x light polypeptide gene enhancer in B-cells inhibitor, a 4792 *
57 GTSEl  G-2 and S-phase expressed 1 51512
58 ATP8B1  ATPase, Class I, type 8B, member 1 5205
59 TMED2  transmembrane emp24 domain trafficking protein 2 10959 *
60 RPS4X ribosomal protein S4, X-linked 6191
61 MUC3B  mucin 3B, cell surface associated 57876
62 TTLL12 tubulin tyrosine ligase-like family, member 12 23170
63 FTL ferritin, light polypeptide 2512 *
64 TSPAN13 Tetraspanin 13 27075 *
65 PTP4A2 protefn tyrosine phosphatase type IVA, member 2 8073 *
66 EGLN3  egl nine homolog 3 (C. elegans) 112399 *
67 ROCK2  Rho-associated, coiled-coil containing protein kinase 2 9475
68 NDRG1  N-myc downstream regulated gene 1 10397 *
69  GTPBP1 GTP binding protein 1 9567 *
70 CAPZA1l capping protein (actin filament) muscle Z-line, a 1 829 *
71 RPL13  ribosomal protein L13 6137 *
72 CIDEC  cell death-inducing DFFA-like effector ¢ 63924 *
73 SIRT3 sirtuin (silent mating type information regulation 2 homolog) 3 23410

(S. cerevisiae)
74 LAPTM4A lysosomal-associated protein transmembrane 4 a 9741 *
75 NOS1 nitric oxide synthase 1 (neuronal) 4842 *
76 COQIO0B coenzyme Q10 homolog B (S. cerevisiae) 80219 *
71 SAT spermidine/spermine N1-acetyltransferase 6303 *
78  Clorfl07 chromosome 1 open reading frame 107 27042
79 TXN thioredoxin 7295 *
80 SLC7A1  solute carrier family 7 (cationic amino acid transporter, y* system), 6541

member 1
81 SLC1A7 solute carrier family 1 (glutamate transporter), member 7 6512
82 VIL2 villin 2 (ezrin) ' 7430 *
83 NTRK2 neurotrophic tyrosine kinase, receptor, type 2 4915
84 GSTA1  Glutathione S-transferase Al 2938
85 PTP4A3  protein tyrosine phosphatase type IVA, member 3 11156

(+) Genes that were expressed in the cancer patient-derived colonocytes but not in either the healthy volunteer-derived colonocytes or the

peripheral blood (PB) mixture.

peripheral blood, and squamous cells are potentially good
markers for the screening of colorectal cancer from the feces.
To identify effective genes for fecal RNA-based screening,
we first compared 10 gene expression profiles of 6 early
colorectal cancer tissues (2 Dukes stage A and 4 Dukes stage
B cases), 3 advanced cancer RNA mixtures (6, 6, and 7 Dukes
stage C or D cases), and a normal colorectal mucosa RNA

mixture (6 cases). Of 14,564 genes, 2,926 were identified as
genes which were not detected in the normal mucosa but
detected in at least one of the above 9 cancer samples. Among
these 2,926 cancer-specific genes, 205 genes, which were
expressed in all of the 3 advanced cancer mixtures, were
identified; however, only 3 genes were found to be expressed
in all of the 6 early cancers. The cause of these results may
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Figure 1. Results of RT-PCR of 7 genes (PAP, REG1A, DPEEP], SLC21A12, REG1B, SFRP4, and STK 12) selected by microarray analysis on 30 colorectal
cancer tissues and on a peripheral blood mixture (PB). By microarray analyses, we first identified 15 genes which were expressed not in the normal colorectal
mucosa mixture or in a peripheral blood mixture but in more than 4 of 6 early cancers (Dukes stage A or B) and in all of 3 advanced cancer mixtures (Dukes
stage C or D). Next, we examined the frequency of the expression of these 15 genes in 30 colorectal cancer tissues (10 Dukes stage A, 12 Dukes stage B, and
8 Dukes stage C or D cancers), and selected, by RT-PCR, 7 genes (PAP, REG1A, DPEP1, SLC21A12, REG1B, SFRP4, and STK12) as the frequently

expressed genes at any stage of colorectal cancer.

be that the expression profile of early cancer varies from case
to case. Of 14,564 genes, we were able to select 65 genes
which were expressed not in the normal colorectal mucosa
mixture but in more than 4 of the 6 early cancers and in all of
the 3 advanced cancer mixtures.

Considering bleeding by nonmalignant diseases such as
hemorrhoids, which often give false positives in fecal colorectal
cancer screening, we selected 15 genes from the 65 genes,
because the expression of all the other 50 genes was detectable
in a peripheral blood mixture of 58 healthy volunteers when
a highly sensitive nested RT-PCR analysis with outer and
inner primer sets was performed (data not shown). Next, we
examined the frequency of the expression of these 15 genes
in 30 colorectal cancer tissues (10 Dukes stage A, 12 Dukes
stage B, and 8 Dukes stage C or D cancers), and selected, by
RT-PCR, 7 genes (PAP, REG1A, DPEP1, SLC21A12,
REGI1B, SFRP4, and STK12) as the frequently expressed
genes at any stage of colorectal cancer (Fig. 1). By RT-PCR,
we lastly checked the expression of these 7 genes in RNA
samples of the colonocytes of 15 healthy volunteers, which
were isolated from the feces by FMCI (23). No mRNA expr-
ession of 3 genes (PAP, REG1A; and DPEP1) was detected
in the colonocyte samples of all the 15 healthy volunteers;
however, the other 4 genes (SLC21A12, REG1B, SFRP4, and
STK12) were found to be expressed in some samples (data
not shown). This fact may be due to the contamination of anal
squamous cells, which were dissociated from the anus and
survived in the feces, because our gene selection process can
minimize the effect on the contamination of lymphocytes, red
blood cells and dissociated normal colorectal epithelium.
Under the above criteria, only 3 genes were selected as the
final candidates for the fecal RNA-based early detection of
colorectal cancer.

Marker gene selection by comparison of expression profiles
between healthy volunteer- and cancer patient-derived
" colonocytes from the feces. Next, we obtained and compared
5 gene expression profiles of 4 colonocyte RNA samples
(CF15, CF17, CF18, and CF25), which were isolated from
the feces of 4 colorectal cancer patients by FMCI, and a
colonocyte RNA mixture (HVF) of 7 healthy volunteers. Of

14,564 genes, the number of detectable genes in 5 colonocyte
samples, CF15, CF17, CF18, CF25, and HVF is 768, 603,
772, 459, and 326, respectively. The number of detectable
genes in the colonocyte is approximately 6.5% of that (11,343)
in the colorectal cancer tissue. The major reason seems to be
that most colonocytes are not in the cell division cycle but are
resting, because the detectable gene number (1,535) in the
peripheral blood composing such resting cells was also small.
Unexpectedly, 716 (93%), 553 (92%), 712 (92%), and 424
(92%) of the above detectable genes (768, 603, 772, and 459)
in the the colonocytes of the cancer patients were not expressed
in those of the healthy volunteers. The huge difference of the
colonocyte expression profiles between the colorectal cancer
patients and the healthy volunteers might lead to success in
gene selection for fecal RNA-based early detection of colorectal
cancer. Eighty-five genes, whose expression was found in 3
or 4 of the 4 colorectal cancer patient samples (CF15, CF17,
CF18, and CF25) but not in the HVF, were identified (Table II).
Of these 85 genes, 29 (34%) were found to encode ribosomal
proteins (RPLs or RPSs). In the course of a series of studies, it
is predicted that normal mucous cells will die and be exfoliated
during turnover and that the colorectal cancer cells will survive
for a long time in the isolation processes as well as in the
feces (22,23). Therefore, protein synthesis in the cells would
be maintained actively for cancer cell survival under these
conditions. The FMCI can minimize the contamination of both
lymphocytes and red blood cells because the FMCI contains
the enrichment process of epithelial cells such as colorectal
cancer cells, the contaminated anal squamous cells, and a few
living cells dissociated from the normal colorectal mucosa by
MACS (23). Therefore, expression status in the peripheral
blood is not needed for the gene selection process for fecal
RNA-based screening; all of the 85 genes are expected to be
good markers if the colonocytes are isolated by FMCI.

RT-PCR and focused microarray analyses of 9 selected genes
in 30 colonocyte RNA samples. Next, we performed RT-PCR
of the first 3 identified genes (PAP, REG1A, and DPEPI) in
the colonocyte RNA samples which were prepared from 23
curable colorectal cancer patients (Dukes stages A-C) and 7
healthy volunteers. The 23 colorectal cancer patients were 8
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Figure 2. Results of RT-PCR of 9 genes (PAP, REG1A, DPEEP1, SEPP1, RPL27A, ATP1B1, EEF1A1, SFN, and RPS11).in the colonocyte RNA samples
from 23 curable colorectal cancer patients and 7 healthy volunteers. We performed RT-PCR of the first 3 identified genes (PAP, REGI1A, and DPEP1) in the
colonocyte RNA samples which were prepared from 23 curable colorectal cancer patients (8 Dukes stage A, 6 Dukes stage B, and 9 Dukes stage C) and 7
healthy volunteers. Next, to test the power of the 85 genes, which were identified by colonocyte gene expression profiling, we randomly selected 6 (SEPP1,
RPL27A, ATP1B1, EEF1A1, SFN, and RPS11), and performed RT-PCR on the same samples. In total, RT-PCR of those 9 genes detected 18 (78%) of the 23
cancer patients, and 9 (64%) of the 14 early cancers (Dukes stage A or B) were detected; however, the expression of all of the 7 genes was hardly detected in
the 7 healthy volunteers (upper panel). The expression level of housekeeping genes such as ACTB (B-actin) was highly varied from sample to sample (lower
panel). KNS2 encoding kinesin 2 was selected, by microarray analyses, as a gene expressed constantly in any colonocyte RNA sample; however, the
expression level was also varied. Open circles indicate positive RT-PCR product, and numbers indicate the number of the positive genes in each sample.

with Dukes stage A, 6 with Dukes stage B, and 9 with Dukes
stage C cancers; 5 were right-sided and 18 were left-sided
cancers. Twelve (52%) of the 23 cancers were positive by
RT-PCR in at least one of the 3 genes whereas no positive
gene was found in any of the healthy volunteers (Fig. 2). To
test the power of the 85 genes, which were identified by
colonocyte gene expression profiling, we randomly selected
6 (SEPP1, RPL27A, ATP1B1, EEF1Al, SFN, and RPS11).
RT-PCR of these 6 genes detected 16 (70%) of the 23 cancers
as at least positive for 1 gene whereas no positive gene was
found in any of the healthy volunteers (Fig. 2). No or a quite
low signal of all the 9 genes was found in another RT-PCR
experiment with 8 healthy volunteers (data not shown). In
total, RT-PCR of those 9 genes detected 18 (78%) of the 23
cancer patients (Fig. 2). The 18 patients detected were 4 with
Dukes stage A, 5 with Dukes stage B, and 9 with Dukes stage
C cancers; 4 were right-sided and 14 were left-sided cancers.
Therefore, 9 (64%) of the 14 early cancers (Dukes stage A
or B), which have no lymph node metastasis, and show a good
prognosis, were able to be detected. Importantly, 4/5 (80%) of
the right-sided colorectal cancers were detected, which have
been reported to be very difficult to detect by any feces-based
molecular biological method, because most right-sided cancer-
derived colonocytes are severely damaged from remaining for
a long time in the feces.

For fecal RNA-based detection of early colorectal cancer,
quantitative real-time RT-PCR is thought to hardly apply in
the colonocyte because the expression level of housekeeping
genes was highly varied from sample to sample (Fig. 2). The
expressional variation could be explained by the difference

of the physiological condition of colorectal cancer cells and
anal squamous cells isolated from the feces by FMCI. All of
the 9 genes were selected as cancer cell- or cancer patient-
derived colonocyte-specific genes. Therefore, a negative or
positive assay was thought to be sufficient for fecal RNA-
based colorectal cancer detection. Accordingly, we developed
a multiplex RT-PCR-based microarray assay for evaluating the
above RT-PCR results and for providing an effective imaging
tool for mass cancer screenings (Fig. 3). The Cy3-labeled
cDNAs prepared by multiplex RT-PCR in a single tube were
hybridized with 9 gene sequences on a focused microarray,
which was manufactured by our previously developed Bubble
Jet Technology with a small modification (25). Hybridization
signals and the number of positive genes in the above 23 cancer
patient-derived colonocyte RNA samples and 7 healthy
volunteer-derived colonocyte RNA samples are shown in
Fig 4. In total, a high concordance was obseived between the
focused microarray and RT-PCR. The focused microarray
detected 18 (78%) of the 23 cancer patients. Ten (71%) of
the 14 early cancers (Dukes stage A or B) and 4 (80%) of the
5 right-sided cancers were detected.

Discussion

Although the number of samples examined in this study is
considered to be small, the evidence suggests that these
successful results could be obtained from the high-quality of
the RNA of the colonocytes, which were isolated by FMCI.
From a practical point of view for mass cancer screenings, it
is noted that the same number of colonocytes from fecal
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Figure 3. Schematic flow diagram of a focused micoarray assay. Marker mRNAs (PAP, REG1A, DPEPI, SEPP1, RPL27A, ATP1B1, EEF1Al, SFN, and
RPS11 mRNAs) were amplified and labeled with Cy3-dUTP by multiplex-RT-PCR among total RNAs from colonocytes isolated by FMCI (step 1) and
hybridized to focused micoarray (step 2), followed by fluorescence intensity scanning (step 3).
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Figure 4. Hybridization image of focused microarray analysis and the number of positive genes in 30 colonocyte RNA samples. The Cy3-labeled cDNAs
prepared by multiplex RT-PCR in two tubes were hybridized with 9 gene sequences (PAP, REG1A, DPEP], SEPP1, RPL27A, ATP1B1, EEF1Al, SFN, and
RPS11) on a focused microarray, which was manufactured by our previously developed Bubble Jet Technology with a small modification (25). Hybridization
signals and the number of positive genes (right) in the above 23 cancer patient-derived colonocyte RNA samples and 7 healthy volunteer-derived colonocyte
RNA samples are shown. In total, a high concordance was observed between focused microarray and RT-PCR. Ten (71%) of the 14 early cancers (Dukes
stage A or B) and 8 (89%) of 9 Dukes stage C cancers were detected by the focused microarray analysis. The number of positive genes in RT-PCR are in
parentheses (Fig. 2).
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materials 6 h to 3 days after evacuation can be obtained if the
feces are kept at 4°C (23). However, if conventional fecal RNA
preparation methods without the epithelial cell enrichment
process are used for colorectal cancer screening, we have to
consider the contamination of blood in the feces, which derives
from nonmalignant diseases. Considering the use of such
methods, to this end we further provided 56 genes, which
were expressed in the cancer patient-derived colonocytes
but not in either the healthy volunteer-derived colonocytes or
the peripheral blood mixture (Table II). This study suggests
that the fecal RNA-based method could be a promising
procedure for the detection of early or right-sided colorectal
cancers. We recently developed a very effective focused

microarray assay for detecting minimal gastric cancer cells in

peritoneal washings, demonstrating a specificity and sensitivity
equal to or better than cytology in two large specialist
hospitals with trained cytologists (26). Therefore, the focused
microarray assay could provide an effective imaging tool for
mass screening, and our extensive gene list provides useful
markers.
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Abstract

It has been recently reported that NK012, a 7-ethyl-10-hydroxy-
camptothecin (SN-38)-releasing nanodevice, markedly enhan-
ces the antitumor activity of SN-38, especially in hypervascular
tumors through the enhanced permeability and retention
effect. Renal cell carcinoma (RCC) is a typical hypervascular
tumor with an irregular vascular architecture. We therefore
investigated the antitumor activity of NK012 in a hypervascular
tumor model from RCC. Inmunohistochemical examination
revealed that Renca tumors contained much more CD34-
positive neovessels than SKRC-49 tumors. Compared with CPT-
11, NK012 had significant antitumor activity against both bulky
Renca and SKRC-49 tumors. Notably, NK012 eradicated rapid-
growing Renca tumors in 6 of 10 mice, whereas it failed to
eradicate SKRC-49 tumors. In the pulmonary metastasis
treatment model, an enhanced and prolonged distribution of
free SN-38 was observed in metastatic lung tissues but not in
nonmetastatic lung tissues after NK012 administration. NK012
treatment resulted in a significant decrease in metastatic
nodule number and was of benefit to survival. Our study shows
the outstanding advantage of polymeric micelle-based drug
carriers and suggests that NK012 would be effective in treating
disseminated RCCs with irregular vascular architectures.
[Cancer Res 2008;68(6):1631-5]

Introduction

Passive targeting of the drug delivery system is suited to
combating the pathophysiologic characteristics present in many
solid tumors: hypervascularity, irregular vascular architecture,
potential for secretion of vascular permeability factors, and the
absence of effective lymphatic drainage that prevents efficient
clearance of macromolecules. These characteristics, unique to solid
tumors, are believed to be the basis of the enhanced permeability
and retention (EPR) effect (1). Polymeric micelle-based anticancer
drugs have recently ‘been developed (2, 3), and some were put
under evaluation for clinical trials (4, 5).

7-Ethyl-10-hydroxy-camptothecin (SN-38), a biological active
metabolite of irinotecan hydrochloride (CPT-11), has potent
antitumor activity, but has not been used clinically because it is
a water-insoluble drug. It has been recently shown that novel
SN38-incorporated polymeric micelles, NK012, have the potential
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to allow effective sustained release of SN-38 inside a tumor and
possess potent antitumor activities especially in a vascular
endothelial growth factor (VEGF)-secreting hypervascular tumor
(6), because the supramolecular structures of NKO12 which enable
SN-38 to accumulate in the target tissue are based on the EPR
effect (1).

Renal cell carcinoma (RCC) is a typical hypervascular tumor
with an irregular vascular architecture. We therefore conducted an
investigation to determine whether NK012 would be effective in
treating RCC by using established .RCC tumor models with
pulmonary metastasis.

Materials and Methods

Drugs and cells. CPT-11 was purchased from Yakult Honsha Co., Ltd.
SN-38 and NK012 was prepared and supplied by Nippon Kayaku Co., Ltd.
(6). Five human RCC lines (SKRC-49, Caki-1, 769P, 7860, and KU19-20) and
murine Renca cells were maintained in DMEM or MEM supplemented
with 2 mmol/L glutamine, 1% nonessential amino acids, 100 units/mL
streptomycin and penicillin, and 10% FCS.

In vitro growth inhibition assay. The growth inhibitory effects of
NKO012, SN-38, and CPT-11 were examined with a 3-(4, 5-dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide (MTT) assay, as described previously (6).

In vivo growth inhibition assay. The animal experimental protocols
were approved by the Committee for Ethics of Animal Experimentation,
and the experiments were conducted in accordance with the Guidelines
for Animal Experiments in the National Cancer Center. Athymic nude mice
(3-4 wk old) were maintained in a laminar air flow cabinet under aseptic
conditions. 10" RCC cells were s.c. injected into the backs of the mice.
NKO12 at doses of 10 mg/kg/d or 20 mg/kg/d and CPT-11 at doses of
15 mg/kg/d or 30 mg/kg/d were given iv. on days 0 (when tumors were
allowed to grow until they became massive in size, around 1.5 cm), 4, and 8.
Tumor volume was determined by direct measurement with calipers and
calculated as n/6 X (large diameter) X (small diameter)?.

Assessment of treatment effects of NK012 on murine pulmonary
metastasis model. A total of 1 X 10° Renca cells were inoculated into
male BALB/c mice via the tail vein. The mice were randomly divided into
three groups of 10. NK012 at dose of 20 mg/kg/d and CPT-11 at dose of
30 mg/kg/d were given iv. on days 0 (7 d after inoculation), 4, and 8. After
that, the mice were sacrificed, their lungs were stained intratracheally with
15% India black ink solution, and the number of metastatic nodules in
each mouse was counted. To determine the effect of NK012 on survival, an
identical experiment to the one described above was done. After treatment,
mice were maintained until each animal showed signs of morbidity (ie.,
over 10% weight loss compared with untreated controls), at which point
they were sacrificed. Kaplan-Meier analysis was done to determine the
effect on time to morbidity, and statistical differences were ranked
according to a Mantel-Cox log-rank test using the StatView 5.0 software
package.

Histologic and immunohistochemical analysis. Histologic sections
were taken from Renca tumor tissues. After extirpation, tissues were fixed
with 3.9% formalin in PBS (pH 7.4), and the subsequent preparations and
H&E staining were performed by Tokyo Histopathological Laboratory Co.,
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Table 1. /n vitro growth inhibitory activity of SN-38, -
NKO012, and CPT-11 in RCC lines (MTT assay) - ‘

Cell line ICso (pmol/L)
SN-38 NKO12* CPT-11

SKRC-49 0.0064 £ 0.005 0.011 + 0.008 4.14 + 045
Caki-1 0.0062 + 0.009 0.032 + 0.006 845 + 0.85
769P 0.015 £ 0.007 0.085 + 0.014 34.54 + 3.76
7860 0.031 + 0.007 0.12 £ 0.012 28.14 + 1.21
KU19-20 0.10 £ 0.006 034 + 0.014 3265 + 125
Renca 0045 + 0.005 0.0096 + 0.008 2.26 + 0.05

*The dose of NKO12 is expressed as a dose equivalent to SN-38,

Ltd. Monoclonal anti-CD34 antibody (HyCult Biotechnology) was used to
detect the tumor blood vessels. CD34-positive neovessels were counted in
10 high-power fields (X 400) by two independent investigators who operated
in a blinded fashion.

Assay for free (polymer-unbound) SN-38 in lung tissues. The Renca
pulmonary metastasis model described above was used for the analysis of
the biodistribution of NK012 and CPT-11. Ten days after Renca inoculation,
NKO012 (20 mg/kg) or CPT-11 (30 mg/kg) was given iv. to the mice. The
mice were sacrificed at 0, 24, 48, and 72 h after administration, and lung
samples were taken and stored at —80°C until analysis. We prepared
control mice without Renca inoculation as the nonmetastatic model;
NKO012 was administrated as well, and lung samples were stored. Samples
were then homogenized on ice using a Digital homogenizer (luchi) and
suspended in the mixture of 100 mmol/L glycine-BCl buffer (pH 3)/
methanol (1:1, v/v) at a concentration of 5% w/w. Proteins were precipitated
with an ice-cold mixture of 1 mmol/L H3PO,/MeOH/H,0 (1:1:4, v/v/v}
containing camptothecin as an LS. The sample was vortexed for 10 s and
filtered through a MultiScreen Solvinert (Millipore Corporation), and the
concentration of free SN-38 in the aliquots of the homogenates (100 L) was
determined using the high-performance liquid chromatography method (6).

Statistical analysis. Data were expressed as mean + SD. Significance of
differences was calculated using the unpaired ¢ test with repeated measures
of StatView 5.0. P < 0.05 was regarded as statistically significant.

Results and Discussion

We first evaluated in vitro cellular sensitivity of RCC lines to
SN-38, NK012, and CPT-11. The ICs, values of each agent for RCC
lines are shown in Table 1. NK012 exhibited higher cytotoxic effect

against each cell line compared with CPT-11 (96-fold to 406-fold
sensitive).

It is essential to elucidate the correlation between the
effectiveness of micellar drugs and tumor hypervascularity and
hyperpermeability. Gross evaluation of those RCC tumors s.c.
injected into the backs of mice revealed that Renca tumors were
more reddish and grew faster than SKRC-49 tumors, and immu-
nohistochemical examination showed that Renca tumors
contained much more CD34-positive neovessels than SKRC-49
tumors (Fig. 1).

We allowed the tumors to grow until they became massive,
around 1.5 cm, and then initiated treatment. A striking decrease
in Renca tumor volume was observed on day 15 in mice treated
with NK012 at 20 mg/kg/d compared with the untreated control
(Fig. 24). Renca bulky masses completely disappeared on day 21 in
6 of 10 mice treated with NK012 at 20 mg/kg/d. On the other hand,
Renca tumors in mice treated with CPT-11 at 30 mg/kg/d were not
eradicated and rapidly regrew after a partial response at day 15.
An approximate 10% body weight loss occurred in mice treated
with NKO012 20 mg/kg, compared with the untreated controls, but
there was no significant difference in comparison with tumor-free
mice treated with NKO012, suggesting that the decrease in body
weight was likely to be due to tumor shrinkage rather than toxic
effects. We next compared the antitumor activities of the NK012
and CPT-11 treatment in SKRC-49 and Renca tumors. The SKRC-49
tumor volume in mice treated with NK012 at 20 mg/kg/d on day 21
was over 70% smaller than in the untreated controls on day 21
and ~ 50% smaller than in mice on day 0 (Fig. 2B). However, the
SKRC-49 tumors were not eradicated in mice treated with NK012.
Considering that equivalent in vitro growth inhibitory effects by
NKO012 were observed for SKRC-49 and Renca cells (Table 1),
our results suggest that the antitumor activity of NK012 in vivo
might be affected by tumor environment factors, such as tumor
vascularity.

We next examined the distribution of free SN-38 in the
metastatic or nonmetastatic (no inoculation of Renca cells) lung
tissues after administration of NK012 or CPT-11. In the case of
NKO012 administration in mice with lung metastasis, free SN-38 was
detectable at the concentration of >100 ng/g in metastatic lung
tissues with a typical microvascular architecture (Fig. 34) even at
72 hours after administration, whereas the concentrations of free
SN-38 in nonmetastatic lung tissues after NK012 administration
were much lower than those in metastatic lung tissues after
treatment with NK012 (significant at 24, 48, and 72 hours; P < 0.05;

A Renca SKRC-49 B
oo %

Figure 1. Comparison of tumor

CD34-positive vessels (HPF)

_____
3

) iye

Renca

angiogeneses of Renca and SKRC-49 in
athymic nude mice. A, representative
photographs of massive tumors developed
from Renca and SKRC-49 at 28 d

after s.c. injection (inoculation).
Immunohistochemical (CD34, x400)
examinations for each tumor are shown.
B, tumor neovascularization in each tumor
was quantified by counting CD34-positive
neovessels. Bars, SD. Experiments were
repeated twice with similar results.
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Figure 2. Growth-inhibitory effect of NK012 and
CPT-11 on bulky RCC tumors. l.v. administration
of NK012 or CPT-11 was started when the mean
tumor volumes of groups reached a massive
1,500 mm?. The mice were divided into test
groups as indicated. A, representative of each
group at day 15 in the Renca allograft model.
Arrows, Renca allografts (top). Time profile of
tumor volume in mice treated with NKO12 or
CPT-11 at indicated doses (bottom). Each group
consisted of 10 mice. Bars, SD. B, the .
comparison of antitumor activities of CPT-11 and
NK012 in SKRC-49 xenografts and Renca
allografts. Representative of mice treated with
NKO12 at day 0 and day 21. Experiments were
repeated twice with similar results. The mice at
day 0 in the photograph belong to the group in
the second experiment which started just at

day 21 of the first experiment. Arrows, tumor
grafts. The relative tumor volume values at day
21 to those at day 0 in each group set to 1
{bottom). Each group consisted of 10 mice.
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Day 0 Day 21 Day 0
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7 [+ <2 CPT-11 (30 mp/kg)
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Tumor voluma at day 21 (vs day 0)

Fig. 3B). On the other hand, the concentrations of free SN-38 after
administration of CPT-11 were almost negligible in metastatic lung
tissues at all time points (data not shown). These results strongly
suggest that SN-38 could be selectively released from NK012 and
maintained in metastatic Renca tumor tissues.

Deviating from the ordinary experimental pulmonary metastasis
prevention model, we initiated treatment 7 days after inoculation
(day 0) when multiple lung nodules derived from Renca were
observed in all mice in our preliminary study (Fig. 44). On day 21,
there was no significant difference between the mean number of

metastatic nodules in the control group (287 £ 56 nodules, r = 10)
and in the group receiving CPT-11 treatment (236 *+ 59 nodules,
n = 10). Significant treatment effects were found, however, in the
group receiving NKO12 treatment (32 £ 18 nodules, n = 10) on
day 21 compared with the control group on day 21 (P < 0.0001).
Notably, a dramatic decrease in metastatic nodule number was
observed in the NK012 treatment group on day 21 compared with
the control group on day 0 (126 + 23 nodules, n = 10, P < 0.001;
Fig. 44). Kaplan-Meier analysis showed that a significant survival
benefit was obtained in the NK012 treatment group compared with
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Figure 3. Pulmonary metastasis of Renca cells and lung tissue distribution of free SN-38 after administration of NK012 and CPT-11. A, gross appearances of
pulmonary metastasis observed 7 d after Renca inoculation (top). Multiple metastatic nodules and neovascularization in metastatic lung tumor lesion (bottom). B, time
profile of free SN-38 concentration in metastatic or nonmetastatic lung tissues in mice treated with NKO12 (20 mg/kg/d). Bars, SD. Experiments were performed

in tetraplicate.
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Flgure 4. Treatment effect of NKO12 on established pulmonary metastasis and survival. NK012 (20 mg/kg/d) and CPT-11 (30 mg/kg/d) were given i.v. to mice
with established pulmonary metastasis on days 0 (7 d after Renca inoculation), 4, and 8. A, gross and histologic appearances of pulmonary metastases at day 21 (top).
The metastatic nodules in each mouse were counted. Each group consisted of five mice. B, mice were maintained for 80 d after each treatment and survival was
assessed by a Kaplan-Meier analysis. Each group consisted of five mice. Experiments were repeated twice with similar results.

the control group (P < 0.001), but no significant survival benefit
was obtained in CPT-11 treatment group (P = 0.239; Fig. 4B).
Although no severe toxic effects were observed in any mouse
treated with NKO012, 3 of 10 mice treated with NK012 were
sacrificed during the observation period according to the
‘Guidelines for Animal Experiments because their body weights
had become 10% lower than .those of the other mice. However,
the sacrificed mice were a little bit smaller than others when they
started treatment, and they showed no disseminated lung
metastasis (data not shown).

Our results presented here strongly support recent findings
reported by us that the macromolecular drug distribution
throughout the tumor site was enhanced by the hypervascularity
and hyperpermeability, and subsequently higher antitumor activity
was achieved (6). We assume that conventional low molecular size
anticancer agents almost disappear from the bloodstream without
being subjected to the EPR effect before they can reach the target
organs (solid tumor). The clinical importance of angiogenesis in
human tumors has been shown in several reports indicating a
positive relationship between the blood vessel density in the tumor
mass and poor prognosis with chemoresistance in patients with
various cancers (7-9). Furthermore, recent reports showing that
anticancer agents were less active against VEGF-overexpressing
tumors (10, 11) may support the idea that low-molecular drugs are
not so effective in the treatment of solid tumors which are rich in
blood vessels.

Our study thus far has several limitations about clarifying
whether extensive angiogenesis in the tumor is an essential
determinant for the susceptibility to NK012. In our ongoing study,
we found that NK012 also has a striking antitumor activity against
some hypovascular tumor models of human pancreatic cancer

xenografts.” It also remains unclear whether NKO12 possesses
strong antitumor activity in other metastatic sites besides the lung.
It is known that the EPR effect is affected by various permeability
factors, such as bradykinin (12), nitric oxide (13). and various
cytokines independent of VEGF and hypervascularity (14). Among
solid tumors with rapid progression potential, irregularity occurs
not only in blood flow and vascular density, but also in the vascular
network and anatomic architecture (15, 16), suggesting that
EPR effect may be predominantly promoted in rapid-progressive
tumor phenotypes and influenced by organ-specific tumor
microenvironment. Hoffman and coworkers (17, 18) have devel-
oped a technique of surgical orthotopic implantation (SOI) with
more clinical features of systemic and aggressive metastases than
our conventional animal models. Further preclinical studies using
such models as SOI might clarify cancer phenotypes and metastatic
organs to which we can apply NKO12 more precisely.

The results of chemotherapy in RCCs have been disappointing,
as indicated by the low response proportions. However, clinical
trials using gemcitabine-containing regimens have been encourag-
ing, with major responses occurring in 5% to 17% of patients
(19, 20), suggesting the possibility that chemotherapy is promising
as a modality for RCC therapy if anticancer agents can be
selectively delivered, released, and maintained around tumor
tissues. Our current report highlights the advantages of polymeric
micelle-based drug carriers like NK012 as promising modalities
for treatment, rather than prevention, of disseminated RCCs with
abnormal vascular architecture. The results of our ongoing phase-I
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clinical trial and future phase-1I trials of NK012 in patients with
advanced solid tumors including RCC might meet or even exceed

our expectations.
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Abstract

The transcription factor p73 is a structural homologue of p53 and plays an important role in tumorigenesis, differentiation and develop-
ment. However, the regulation of p73 pathway has not been wholly understood. Here we reported that YY 1-silencing resulted in significant
reductions in the activities of the p73 promoters and the endogenous p73 expression level, conversely, overexpression of YY1 could induce
the activities of them. Furthermore, we showed that YY1 and E2F1 have synergistic effect on p73 promoter activity. The results of YY1-
silencing and E2F 1-silencing alone revealed that both factors are involved in the doxorubicin-induced activation of p73 promoter. Immu-
nofluorescence staining and co-immunoprecipitation assays demonstrated that cooperation of YY1 and E2F1 is concomitant with physical
interaction in nuclei. The results presented here suggested the cooperative transcriptional regulation of p73 by YY1 and E2F1, and might

provide a new regulation mechanism by the YY1 network on tumorigenesis, differentiation and development.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Yin Yang 1; E2F1; p73; Transcriptional activation; Synergistic effect

Yin Yang 1 (YY) is a multifunctional transcription fac-
tor that exerts its effects on genes involved in various bio-
logical processes via its ability to initiate, activate, or
repress transcription depending upon the context to which
it binds, directly or indirectly via cofactor recruitments [1-
3]. Today, YY1 is known to have a fundamental role in
normal biological processes such as embryogenesis, differ-
entiation, DNA replication, and cellular proliferation [3].
YY1-deficient embryos died at the time of implantation,
and furthermore, its heterozygote knockout mice displayed
significant growth retardation and neurological defects,
indicating that YY1 plays an indispensable role in embry-
onic development and neuronal differentiation [4,5].
Recently, the physiologic significance of YY1 activity has
also been reported to be associated with tumor biology

* Corresponding author. Fax: +81 3 5628 3770.
E-muil address: makoto-m@umin.ac.jp (M. Miyagishi).

0006-291X/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/).bbrc.2007.10.145

[3,5,6). It was known that YY1 is overexpressed in prostate
cancer and sarcoma. Therefore, it is helpful to explain the
cancer biological function of YY1 via studying its putative
interactions with cell cycle regulators, death genes, as well
as transcription factors and cofactors in the suppression or
progression of various malignancies.

P73 has initially been known as a homologue of p53.
They share relatively high sequence homology that includes
an N-terminal transactivating (TA) domain and a central
DNA binding domain. P73 has been reported to induce cell
growth arrest and apoptosis in some cell lines irrespective
of p53 status {7,8], and activate some p53 responsive genes,
such as bax, cyclin G, IGF-BP3, and 14-3-3c0 [9]. However,
despite these similarities, p53 and p73 also show some fun-
damental differences in mechanisms and responses to DNA
damage, and furthermore, in the phenotypes of their
knockout mice. P73-null mice showed some defects in ner-
vous system, which is not exhibited in p53-null mice
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[10,11]. On the other hand, p73-null mice do not develop
spontaneous tumor formation while p53 knockout mice
exhibit high susceptibility to tumorigenesis [3]. Further-
more, a very recent report showed that p73 could promote
cell growth in a synergistic manner with the proto-onco-
gene c-Jun, and conversely, silencing p73 resulted in the
reduction of growth rate and decrease of cyclin D1, indicat-
ing that p73 could act positively in tumorigenesis [12].
Therefore, p73 has a complex functions in biological pro-
cesses including apoptosis, differentiation, tumorigenesis,
and cell growth.

E2F1 has been identified as a regulation factor for p73
transcription. Pediconi et al. reported that responding to
certain DNA damages, E2F1, but not E2F2, E2F3, or
E2F4, can recruit the p73 promoter and efficiently and spe-
cifically activate its transactivation [13]. However, tran-
scriptional regulation factors of the p73 promoter,
excepting E2F1, remain unknown. Identification of other
regulators that might control p73 is needed to further
understand its functions and roles in tumorigenesis, differ-
entiation and development.

Here, we identified a transcription factor, YY1, as a
novel regulator of p73 transcription. Moreover, we showed
that YY1 cooperates with E2F1 to induce the transcrip-
tional activity of p73. Taken together, these findings not
only shed new light on the nature of YY1’s biological activ-
ities but also indicate the complex regulation mechanism of
p73 in diverse biological processes.

Materials and methods

Cell cultures and chemicals. The U20S, and HCTI116 cells were
obtained from the American Type Culture Collection; the SaOS2 cells
were from Riken Cell Bank (Tsukuba, Japan). The U20S and HEK293T
cells were maintained in Dulbecco’s modified Eagle’s medium (Sigma-
Aldrich) containing 10% fetal bovine serum (FBS, Invitrogen), The
HCTI116 and SaOS2 cells were maintained in McCoy's 5A medium
(Invitrogen) containing 10% FBS or 15% FBS, respectively.

Plusmids and constructs. Thelong human p73-Luciferase reporter, which
contains the p73 gene fragment —4052 to +438, was generously provided by
Prof. Levrero {(University of Rome ‘La Sapienza’, Rome, Italy) [13]. The
short human p73-Luciferase reporter (—-857 to +71) and the human p21-
Luciferase reporter were constructed by inserting each PCR products into
the BglII site and HindIII site of the pGL4 basic vector (Promega).

To generate the Flag-E2F1 expression vector, pcEF9-Flag-E2F1, the
coding regions of human E2F1 were amplified by PCR and inserted into
the HindIII and BamHI restriction sites of pcEF9 vector {14]. For the YY1
expression vector, the coding region of human YY1 was inserted into the
pcDNA3 vector (Invitrogen). For construction of the HA-YY 1 vector for
use in immunofluorescence staining, the YY1 coding region in pcDNA3-
YY1 was excised and inserted into the BamHI and EcoRI sites of
pcDNA3-HA. To construct the Flag-YY1 expression vector for use in co-
immunoprecipitation experiments, the Flag-YY1 coding region fragment
was generated by PCR using pcDNA3-YY1 as a template, and the PCR
product was again inserted into pcDNA3 vector predigested with BamHI
and EcoRI.

RNA interference. To construct siRNA expression vectors, oligonu-
cleotides with a hairpin, overhanging sequences and terminator were
synthesized, annealed and then inserted into the BspMI sites of the
pcENTROUS vector [15]. Based on the results of applying our algorithm
{16}, we identified the target sequences for YY1 and E2F1 genes: siYY1-1
(GCAAGAAGAGTTACCTCAG), siYY1-2 (GGCAGAATTTGCTAG

AATG), siE2F1 (GGCTGGACCTGGAAACTGA). We used a T7 siR-
NA expression vector, which contains a stretch of 7 thymine (Ts) termi-
nator sequences exactly downstream of the U6 promoter, as a control.

Transient transfection and luciferase assays. The U208 and HCT116
cells were transfected with the different p73 firefly luciferase reporters
along with indicated amounts of expression vectors and Renillua luciferase
expression vector (pRL-SV40, Promega) for transfection normalization.
For knockdown experiments, HCT116 and U20S were transfected with
siRNA expression vectors, and 24 h later selection was performed by
puromycin. The selected cells were transfected with p73-luciferase
reporters and pRL-SV40. FuGENES6 (Roche) were used for all transfec-
tions in U20S cells, and Lipofectamine™ 2000 (Invitrogen) for HCT116
cells. Forty-eight hours after transfection, luciferase assays were per-
formed in triplicate using the Dual Luciferase Assay System (Promega).
All relative luciferase activities were determined by calculating the ratio
between firefly and Renilla luciferase activities, and the results were shown
as means =+ SDs.

Reul-time RT-PCR analysis. The total RNA was isolated using TRI-
ZOL® Reagent (Invitrogen) and treated with DNase I (Qiagen) according
to the manufacturer’s instructions. The total RNA (1 pg) were then
reverse-transcribed using a QuantiTect Reverse Transcription Kit (Qia-
gen). Real-time PCR was carried out using an Applied Biosystems 7500
system (Applied Biosystems) and QuantiTect® SYBR Green PCR Master
Mix (Qiagen). All reactions were run in triplicate and expressional results
were normalized to actin. Data were expressed as means + SDs of tripli-
cate wells. The primer sequences are available upon request.

Western blotting analysis. The cells were lysed in whole-cell extract
buffer (50 mM Tris~=HCI, pH 7.3, 10% glycerol, 250 mM sodium chloride,
2 mM EDTA, 0.1% Nonidet P-40, and 1 mM NaF) with protease inhib-
itors (complete cocktail; Roche), and the lysate samples proteins were
electrophorated on 10% SDS-polyacrylamide gel and transferred to a
polyvinylidene fluoride (PVDF) membrane (Millipore). After blocking,
the membrane was incubated with indicated primary antibodies, and then
with horseradish peroxidase (HRP)-conjugated secondary antibody IgG
(Amersham Biosciences). Detections were performed with ECL Plus™
reagent (Amersham Biosciences). Antibodies used for western blotting
were a rabbit polyclonal anti-E2F1 antibody (C-20, Santa Cruz), a mouse
monoclonal anti-YY1 antibody (H-10, Santa Cruz), and a rabbit mono-
clonal anti-actin antibody (Sigma-Aldrich).

Immunofiuorescence staining. The U208 cells were seeded on cover-
slips in 6-well plates and transfected with plasmids encoding HA-YY1 and
E2F1. Forty-eight hours after transfection, cells were fixed for 20 min at
room temperature with 10x PBS containing 4% paraformaldehyde, and
permeabilized for 30 min in PBS containing 0.1% Triton X-100. After
blocking, cover-slips were incubated at room temperature for 1 h in a
1:250 dilution of rat anti-HA and a 1:50 dilution of rabbit anti-E2F1
{Santa Cruz). Slides were then incubated for 1 h with a 1/1000 dilution of
Alexa Fluor® 488 goat anti-rat IgG (H+ L) and a 1/1000 dilution of
Alexa Fluor® 568 goat anti-rabbit IgG (H + L) (Molecular Probes).

Co-immunoprecipitation. HEK293T cells were transfected with 10 ug of
pcDNA3-Flag-YY1 or pcDNA3 using LipofectamineTM 2000. Transfec-
ted cells were harvested 48 h post-transfection for Inmunoprecipitation—~
Western blotting. Cell lysates were solved in lysis buffer (10 mM HEPES,
pH 7.5, 100 mM KCl, 0.1% NP-40) with protease inhibitors on ice for
30 min and then cleared by centrifugation at 15,000 rpm. The supernatants
were incubated at 4°C for 1 h with protein G-beads in the presence of 3 pug
of anti-flag monoclonal antibody. Then, the immunoprecipitated proteins
were subjected to western blot analysis using anti-E2F1 antibody as
described above.

Results and discussion
YYli-silencing reduces the transcriptional activity of p73

Although YY1 is well known as a p53 inhibitor, recent
reports have implied that YY1 has p33-independent
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pathway(s) for cell cycle regulation and apoptosis [5,6]. To
elucidate novel pathways of YY1, we generated siRNA
vectors, siYY1-1 and siYY1-2, targeted against two differ-
ent sites of YY1 for knock-down experiments. The two
siRNA vectors were used to ensure elimination of off-target
effect of RNA1L. Western blot analysis of YY1 siRNA vec-
tors-transfected cells revealed that both siYY1-1 and
siYY1-2 could significantly suppress the endogenous level
of YY1 without affecting levels of E2F1 (Fig. 1A). Further-
more, using a p21 promoter/reporter construct, which is
essentially dependent on p53, we confirmed the ability of
the siYY1 vectors to functionally repress endogenous
YY1, which resulted in the up-regulation of p53, and sub-
sequently, the increase of p21 promoter/reporter activities
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(Supplemental Fig. 1). Thus, the siRNA vectors for YY1
used here were able to knockdown and block the endoge-
nous function of YY1 effectively and specifically.

Next, using a p73 promoter/reporter construct, we found
that in contrast to the case of the p21 promoter, Y'Y 1-silenc-
ing led to a significant reduction of p73 promoter activity in
both HCT116 cells and U20S (Fig. 1B and 1C). To further
confirm this finding, we performed real-time RT-PCR using
total RNA extracted from YYl1-silenced U20S cells. The
results showed that the reduction of p73 mRNA level was
observed in the YY1-silenced U20S cells (Fig. 1D), indicat-
ing that in contrast with p53, knockdown of YY1 was able to
reduce the transcriptional activity of p73. The results implied
the novel regulation of p73 by YY1.

B

120

2

£ HCTI6

S 100 -

Come

=}

4

£ 80

£

2

T 60

®

-

23

o 40

& i

‘e

2

2 B .

= N

o

o . "
siCont siYY1-1 siYY1-2

siRNAvectors

o

120

100

80

60

40

20

Level of p73 mRNA (% of control)

siYYI-1 siYYi-2
siRNA vectors

siE2F1

siCont

Fig. 1. The knockdown of YY1 reduces the transcriptional activity of p73. (A) HCT116 cells were transfected with siYY1-1 or siYY1-2 vectors or the
siCont vector, the Western blotting was performed for detection of YY1 and E2F1. NT: non-transfected cells. (B-C) The effect of YYl-silencing on p73
promoter-driven transcription in HCT116 cells and U20S cells. The indicated siRNA vectors-transfected HCT116 cells (B) and U20S cells (C) were co-
transfected with p73 luciferase (—4052/-+438)/reporter and Renillu luciferase expression vector (pRL-SV40). Dual luciferase activity assay was performed
48 h after transfection. (D) Expression of p73 mRNA in YY1, E2Fl-knocked down U20S cells, determined by real-time RT-PCR analysis.
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Effect of YY1 and E2FI overexpression on the transcription
activity of p73

Next, to assess the effect of YY1 overexpression and to
confirm that of E2F1, a well-known p73 regulator, on p73
promoter activity, we generated a YY l-expression vector
(pcDNA3-YY1) and an E2F1 expression vector (pcEF9-
Flag-E2F1), and confirmed their expressions by Western blot
analysis (Fig. 2A). Furthermore, the p53-inhibition activity
of exogenous YY1 was also confirmed by p21 luciferase/
reporter (Supplemental Fig. 2). Then, a different dose of the
pcDNA3-YY1 was co-transfected into U20S cells together
with the two p73 reporters (Fig. 2B). The results were in
agreement with those of knockdown experiments, as overex-
pression of YY1 led to the activation of the p73 promoter ina
plasmid-dose dependent manner. Similar results were also
obtained from Sa0S2 cells, a p53 deficient human osteocarci-
noma cell line (Fig. 2C), indicating that the YY 1-induced p73

S. Wu et al. | Biochemical and Biophysical Research Communications 365 (2008) 75-81

transcriptional activity is independent on p53 status. On the
other hand, overexpressing E2F1 by co-transfecting E2F1
expression vector with the p73 promoter (—4052/+438)/
reporter (Fig. 2D) or the p73 promoter (—857/+71)/reporter
(Supplemental Fig. 3) resulted in the significant induction of
both p73 reporters’ activities, as shown previously [13].
Moreover, YY1 overexpression in U208 cells resulted in
theincrease of endogenous p73 mRNA (Fig. 2E), similar with
the effect of doxorubicin (Fig. 2F), which has been known to
induce p73 activity via E2F1.

Collectively, the results from the knockdown and over-
expression experiments for YY1 clearly identified the previ-
ously unsuspected role of YY1, i.e., the possibility that
tumor activator gene YY1 up-regulates the transcriptional
activity of p73. Recently, other evidences showed that
spontaneous tumor formation did not develop in p73-null
mice, and infrequent p73 mutations or overexpression of
p73 protein was seen in a variety of tumors [17]; raising
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Fig. 2. The induction of p73 promoter activity by YY1 and E2F1. (A) Western blotting analysis of YY1 (upper panel) and E2F1 (lower panel) in HCT116
cells transfected with pcDNA3-YY1 or pcEF9-Flag-E2F1. (B) The effect of YY1 on the activities of p73 luciferase (—4052/+438)/reporter (left) or p73
luciferase (—857/+71)/reporter (right) in U20S cells, determined by dual luciferase assay 48 h after transfection. (C) The effect of YY1 on the activities of
p73 luciferase {—~857/+71)/reporter in SaOS2 cells. (D) The effect of E2F1 on the activities of the p73 luciferase (—4052/+438)/reporter in HCT116 celis.
(E) Expression of p73 mRNA in U20S cells transfected with pcDNA3-YY]1, determined by real-time RT-PCR analysis 12 h after transfection. (F)
Expression of p73 mRNA in U20S cells treated with doxorubicin (2 pM), determined by real-time RT-PCR analysis 24 h after treatment.
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the question of the function of p73 as a tumor suppressor
gene. A very recent work by Vikhanskaya et al. provided
a potential answer to this question [12]. They found that
p73 could promote cellular growth in a synergistic manner
with the proto-oncogene c-Jun through AP-1 up-regula-
tion, thus, p73 could positively act for tumorigenesis. Our
results were consistent with their results. Moreover, it has
also been reported that Yin Yang 1 is essential for oligo-
dendrocyte progenitor differentiation and B-cell develop-
ment [18,19]. Thus, our findings might also provide an
important clue for unveiling molecular functions and
mechanisms of YY1 and p73 pathway in neural differenti-
ation and development. Therefore, we next addressed how
YY1 regulates p73 gene transcription, specifically, whether
there is a relationship between YY1 and E2F1 in regulating
the transcriptional activity of p73.

The synergistic effect of YY1 and E2F1 on p73
transactivation

To examine whether there is cooperative regulation of
p73 promoter activity by E2F1 and YY1, we performed
co-transfection experiments using the p73 promoter
(—4052/4+438)/reporter, pcDNA3-YY1 and pEF9-E2F1
vectors. The U20S cells co-transfected with both
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E2F1-expression and YY1-expression vectors showed a
signification enhancement in the activity of p73 promoter
compared to cells transfected with either of the vectors
alone (Fig. 3A). Furthermore, in experiments with serial
doses of YY1-expression vector under the constant pres-
ence of pEF9-E2F1, we found that in the presence of
E2F1, the activity of p73 promoter increased in a dose-
dependent manner with increasing amount of pcDNA-
YY1 vector (Fig. 3B). These results demonstrated that
YY1 could induce the transcriptional activity of p73 in a
synergistic fashion with E2F1.

Previously, Schlisio et al. reported that E2F2 and E2F3,
the members of E2F family, could interact with YY1
through mediation of the RYBP protein on the cdc6 pro-
moter; they suggested that the interaction of E2Fs family
with YY1 might determine the specificity of E2F2/E2F3
or E2F1 for different promoters [20]. In this study, we
observed considerable cooperative transcriptional activa-
tion between E2F1 and YY1 on the p73 promoter. How-
ever, this functional interaction between YY1 and E2F1
might be not general, as the overexpression of YY1 did
not show any significant activation of other well-defined
E2F1-dependent promoters tested (DNMT1 and DHFR,
data not shown), suggesting that the promoter specificity
of E2F1 and E2F2/E2F3 is not simply determined by the
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Fig. 3. The synergistic effect of YY1 and E2F1 on the transcriptional activation p73. (A) The activity of p73 luciferase (—4052/+438)/reporter in U20S
cells transfected with mock vector, pcDNA3-Flag-YY1 (50 ng), pcEF9-Flag-E2F1 (1 ng), or both pcDNA3-YY1 (50 ng) and pcEF9-Flag-E2F1 (1 ng).
Dual luciferase assay was performed 48 h after transfection. {B) The activity of p73 luciferase (—4052/-+438)/reporter in U20S cells transfected with the
indicated amounts of pcDNA3-YY1 and the constant amount of pcEF9-Flag-E2F1 (I ng). (C) Immunofluorescence staining of YY1 and E2F1 in U208
cells. (D) Co-immunoprecipitation of E2F1 and YY1 in HEK293T cells. Cells were lysed and pulled-down with anti-Flag antibody.
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interaction with YY1, but might be determined by other
undefined factors interacting with E2Fs and/or the epige-
netic status of the promoters.

Co-localization and interaction between YY1 and E2FI

To understand the cellular and molecular mechanisms
of the synergistic effects between YY1 and E2F1 on p73
promoter activation, we first examined the subcellular
localization of YY1 and E2F1. As shown in Fig. 3C,
YY1 was largely colocalized with E2F1 in the nucleus.
Next, we examined the physical interactions between
YY! and E2F1 by performing co-immunoprecipitation
experiments. The results showed that E2F1 immunoprecip-
itated in cells transfected with the Flag-YY1-expression
vector, whereas no band was detected in cells transfected
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with the control vector (Fig. 3D). These observations
demonstrated the direct physical association between
YY1 and E2F1.

Role of YYI in DNA damage-induced transcriptional
activity of p73 promoter

As reported previously, the p73 promoter was activated
E2F1-dependently by doxorubicin, a DNA damaging agent
[13]. Therefore, we examined whether YY1 contributed to
doxorubicin-induced p73 transcriptional activation. YY1-
silenced cells showed significant reduction in the activation
of the p73 promoter induced by doxorubicin (Fig. 4A, B),
which was similar to that of E2F1-silencing cells.

Furthermore, p73 promoter activation by doxorubicin
treatment has been reported to be critically dependent on
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Fig. 4. Involvement of YY1 in transcriptional activation of p73 induced by doxorubsicin. (A, B) The activity of p73 promoter in the YY1-silenced U20S
cells under doxorubicin treatment. siYY1-1, siYY1-2 or siE2F1 vectors-transfected U208 cells were co-transfected with p73 luciferase (—4052/+438)/
reporter (A) or (—857/+71)/reporter (B} and pRL-SV40. Twenty-four hours after transfection, U208 cells were untreated or treated with doxorubicin
(2 uM), and 24 h later, dual luciferase assay was performed. (C) The effect of YY I-silencing on p73 promoter activity induced by E2F1 in U20S cells. The
indicated siRNA vectors-transfected U20S cells were co-transfected with p73 luciferase (—4052/4-438)/reporter and increasing amount of pcEF9-Flag-
E2F1. (D) Western blot analysis of E2F1 and YY1 in HCT116 cells treated by doxorubicin. (E) A model of the co-regulation of YY1 and E2F1 on p73.
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E2F1 [13]. Based on the interaction of E2F1 and YY1, we
next tested whether p73 promoter activation by E2F1 over-
expression also showed the YY1 dependency. The YY1-
knocked down cells were co-transfected with serial doses of
E2F1-expression vectors and the p73 reporter vector. As
shown in Fig. 4C, in YY1-silenced cells, the p73 promoter
activation induced by E2F1 was significantly reduced, which
was a comparable suppressive effect as that of doxorubicin-
treated cells, suggesting that the YY1 signal might be consti-
tutive during doxorubicin treatment. Together with the
results of Western blot analysis (Fig. 4D), which revealed
that only endogenous E2F1, not YY1 expression was
-induced by doxorubicin treatment, these data indicated that
cooperative action between the constitutive YY1 and the
inducible E2F1 contributes to the activation of the p73 pro-
moter under the treatment with doxorubicin. Furthermore,
YY l-silencing did not affect the expression of endogenous
E2F1 (Fig. 1A), which also strongly suggested that YY1
induces the transcriptional activity of p73 by cooperation
with E2F1, not via increasing E2F1.

Taken together, our results uncovered a novel function of
YY1 on E2F1-mediated p73 regulation. We summarized the
model in Fig. 4E. The fact that YY1 affects pS3 family mem-
bers opened up an attractive possibility that needs further
investigation, that is, YY1 might function as a key integrator
or modulator of various pathways in the network that
includes p53 family members and regulators concerned with
cancer progression, development and differentiation.
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A Novel Contrast Medium Detects Increased Permeability of Rat
Injured Carotid Arteries in Magnetic Resonance T2 Mapping Imaging
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Aém: Aim of this study was to directly detect increased permeability of vascular lesions by magnetic
resonance imaging.

Methods: A novel contrast medium with a mean hydrodynamic diameter of 100 nm was prepared
from monodispersed iron colloids mcorporated into micelles of block copolymers composed of poly-
ethylene glycol and polyammo acid. T2 mapping was apphed to differentiate the minimal shortening
of T2 relaxation time in balloon-injured rat carotid arteries.

Results: The novel contrast medium accumulated in deendothelialized arteries. T2 relaxation times
of injured and uninjured arteries were 50.6 9.5 ms and 26.9+2.4 ms, respectively (the mean=SD,
2 <0.01, n=5). The novel contrast medium, but not commercially available contrast media, short-
ened the T2 relaxation time of the injured artery to 35.5+9.7 ms (p <0.01, n =4).

Conclusion: A novel iron contrast medium enhanced the lesions with increased permeability. The
contrast medium in combination with T2 mapping may be useful to detect unstable atherosclerotic

plaques.
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Introduction

Non-invasive assessment of arteriosclerosis is im-
portant, and advances in magnetic resonance (MR)
imaging have made it possible to obtain high resolu-
tion and #n vivo visualization of atherosclerotic plaque
of complex composition™ ?. For the practical applica-
tion of MR imaging in the diagnosis of vascular le-
sions, improvement of techniques to analyze MR in-
formation and the development of contrast media are
necessary, along with improvement of equipment that
can be used to obtain information quickly?.

To improve the analysis of MR information, var-
ious techniques have been developed, including multi-
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ple contrast weighting®, MR direct thrombus imag-
ing” and black-blood technique® . T2 mapping is
potentially useful for this purpose. By integrating sig-
nals of various echo times, T2 mapping can detect
small differences in T2 relaxation time. T2 mapping
also gives consistent images regardless of magnetic field
intensity whereas other techniques that involve the T1
relaxation process are affected by the condition and
can give quite different images®. Recently, T2 map-
ping has been used to detect lesions in the brain?, car-
tilage'® ' and liver'? of humans and small animals,
and was found to sensitively detect small differences of
the T2 relaxation time between the lesions and normal
tissue; however, T2 mapping has not been applied to
vascular MR imaging.

Various contrast media have been developed to
detect vascular lesions. Superparamagnetic iron oxide
enhanced MR images of atherosclerotic lesions in rab-
bits'® and humans'¥. It has been speculated that this
contrast medium is phagocytosed by macrophages and
accumulates in the lesions. The limitation of this agent
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is that a high dose is necessary to obrtain good contrast
and accumulation takes time, up to 24 hours. Gado-
fluorine (Gd) detected macrophage-rich lesions of ath-
erosclerotic plaques'®. Other Gd-based contrast me-
dia have been developed to detect specific components
such as platelets, angiogenesis markers and fibrin, and
they have been used successfully to characterize pla-
ques?. Recently, Evans blue-conjugated Gd was re-
ported to enhance injured arteries'®.

In this study, we aimed to directly detect vascular
lesions with increased permeability for macromole-
cules. We made a novel contrast medium by develop-
ing a new iron oxide crystallizing technique using
block copolymer micelles as vehicles for drug deliv-
ery'” '® This drug delivery system has been used to
deliver adriamycin to cancerous lesions'?. It success-
fully accumulates adriamycin in the tumor by en-
hanced permeability retention effect?®. With this sys-
tem, the dose of adriamycin can be significantly re-
duced to obtain the same effect with less adverse ef-
fects. Similarly, our contrast medium apparently accu-
mulated at the vascular lesion with increased permea-
bility and successfully enhanced MR images of the le-
sion. We also found that T2 mapping is useful to de-
tect small changes in T2 shortening in vascular lesions
as well as the change induced by the accumulation of
contrast medium at the site of increased permeability.

Materials and Methods

Block Copolymers

Poly (ethylene glycol) -poly (aspartic acid) block
copolymer (CHs O (CH2 CH2 O)22 CH2 CH:2 CHa
NH-(CHCOCH:2 COOHNH)s:H was prepared as
reported previously'”. The molecular weights of wei-
ght-average (Mw) and number-average (Mn) deter-
mined by Gel permeation chromatography (HLC-8220,
TOSOH, Tokyo, Japan) were 17,560 and 15,990,
respectively. The polydispersity index (Mw/Mn) was
1.098. ‘

Novel Contrast Medium

Iron colloids were prepared by a new crystalliza-
tion technique. Briefly, iron chloride FeCls aqueous
solution (0.1 mmol Fe/L) was stirred at 3C for one
hour, aged at 50°C for four hours and then at 20T for
48 hours. The iron colloid (0.1 mmol Fe/L) and the
block copolymers (1 m§/ mL) were mixed at room tem-
perature for 24 hours?".

Characterization of the Novel Iron Contrast
Medium

Transmission electron microscopy was conducted

with a LEO9220MEGA (Carl Zeiss Japan, Tokyo, Ja-
pan). Dynamic light scattering was performed with a
Zetasizer nano S (Sysmex Japan, Tokyo, Japan). Relax-
ivity at 0.47 T was measured using a Minispec PC-20
spectrometer (Bruker Japan, Ibaragi, Japan). Two-pulse
inversion recovery and the Carr-Purcell-Meiboom-Gill
method were used for T1 and T2 measurements in
water at 25T.

Animals

Male Sprague-Dawley rats (six months old) were
obrained from Clea Japan Co. Ltd (Tokyo, Japan). All
animal experiments were performed according to the
protocols approved by the Committee for Welfare and
Ethics of Tokyo Medical and Dental University. Rats
were anesthetized with pentobarbitone (30 mg/kg). The
left carotid artery was injured with a 2F embolectomy
catheter as reported previously??. After three weeks, the
novel contrast medium (0.1 mmol Fe/kg) or ferumoxi-
de (10 mmol Fe/kg) was injected into the tail vein. Rats
were subjected to MR imaging under anesthesia with
1%-2% isoflurane.

Magnetic Resonance Imaging

MR images were obtained at 4.7 T with a Varian
INOVA200 (Varian Technologies Japan Ltd., Tokyo,
Japan) equipped with a quadrature coil. Carotid arter-
ies were examined at ten slices (thickness: 2 mm, gap:
1 mm, field of view: 60x60 mm and matrix: 256 %
256) by a standardized spin echo protocol. Six differ-
ent contrast-weighted images were obtained at each
slice: proton density-weighted (TR/TE=2,500/8 ms)
and a series of T2-weighted (TR/TE=2,500/12, 16,
20, 40, 80 ms). The images were obtained before and 1,
2, 4, 24 hours after injection of the contrast medium.

T2 Mapping

T2 relaxation time was calculated from these six
spin-echo images by fitting a nonlinear least-squares
curve to each voxel on the image, and a T2 mapping
image was constructed by the Image Math program in
Varian Browser software. The representation bar of T2
relaxation time was colored by Photoshop 7.0 (Adobe
Systems Inc.) using a Macintosh computer. T2 relax-
ation time of each voxel was displayed according to
the representation bar.

Histological Study

Rats were injected with Evans blue dye and per-
fused-fixed with 10% neutralized formalin. Paraffin-
embedded sections of the carotid artery were stained
with hematoxylin-eosin and Elastica van Gieson.



