Table 1. Plasma samples
n

No malignant tumors 17
<1 year 1"
>1 year 6
Neuroblastomas 756
Stage 1,2,45 3n
Stage 34 330
Unknown 54
MYCN amplification - 643
MYCN amplification + 97
Unknown 16
High TrkA expression 425
Low TrkA expression 159
Unknown 172
Mass screening 387
Sporadic 286
Stage 1,2,45 62
Stage 3,4 209
Unknown 15
MYCN amplification — 207
MYCN amplification + 73
Unknown 6
High TrkA expression 109
Low TrkA expression 13
Unknown B4
:‘I" -"P‘ ich ‘v '. “
Diploidyftetraploidy 136
Unknown 54
<18 months 10
>18 months 183
Unknown 2
Unknown 83
Hyperdiploidy/pentaploidy 379
Diploidy/tetraploidy 263
Unknown 114
<18 months 506
>18 months 242
Unknown 8

blocked with 300 puL. of 0.1% casein, 0.01% Microcide |
(aMReSCO) in PBS for 20 h at 37 C. Plasma samples (10 pL
each) were mixed with 100 uL. of 50 mM Tris HCL (pH 8.4),
0.5M KCl, 0.1% casein, 0.5% bovine serum albumin (BSA),
0.01% Microcide 1 and 0.1 pg/mL peroxidase-labeled chicken
antihuman MK antibody. Aliquots of 50 pL of this mixture were
added to wells prepared as described above, and further subjected
to chromogenic detection at optical density at 450 nm (OD,y)
using tetramethylbenzidine as the substrate, This assay system
shows linearity from 0 to 5 ng/mL of MK, and there is no cross-
reaction with pleiotrophin, a close homolog of MK.®
Statistical analysis. The Kruskal-Wallis test was used to evaluate
the statistical differences between stages. The Mann—Whitney
U-test was used to further evaluate the difference between the
two groups. The Mann—Whitney U-test was used for analysis of
the other prognostic factors. Survival time was measured from the
date of initial diagnosis to the date of death or last contact. The
Kaplan-Meier method was used to compare survival between
the groups defined by plasma MK levels, and survival differences
were analyzed using the log-rank test. All analyses were carried
out using StatView for Windows (ver. 5.0; SAS Institute, Cary,
NC, USA). P < 0.05 was considered statistically significant.
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Resuits

Plasma MK levels of NBL patients and the relationship of plasma
MK to established prognostic factors for NBL. The entire set of 756
NBL cases consisted of 387 cases found through mass screening,
286 sporadic NBL cases and 83 unknown cases (Table 1). Plasma
MK level of the NBL cases was 23-1 062 520 pg/mL, whereas
that of non-tumor controls was 146-517 pg/mL. (Fig. la). The
values of NBL cases were significantly higher than those of
controls (P < 0.0001). We set the cut-off value average + 4SD of
non-tumor controls at 900 pg/mL (Fig. 1a). The group of cases
with levels higher than 900 pg/mL was designated high MK,
whereas cases with lower than 900 pg/mL. were grouped into
low MK.

MYCN amplification, TRKA expression level, ploidy, stage
and age are well-known prognostic factors for NBL." The values
of each factor were determined for all 756 NBL cases. As shown
in Figure 1(b-f), MK levels were significantly correlated with
all the prognostic factors. Thus, MK levels were significantly
higher in MYCN-amplified cases (P < 0.0001, versus MYCN-
nonamplified), in cases with low TRKA expression (P < 0.0001,
versus high TRKA expression), in diploidy cases (P = 0.004), in
cases at stage 3 and 4 (P <0.0001, versus stage 1, 2, and 48)
and in cases older than 18 months (P < 0.0001, versus younger
than 18 months). These groups in which MK levels were high,
i.e. MYCN-amplified, low TRKA expression, diploidy, stage 3 and
4 and older than 18 months, are known to have a poor prognosis.
The data indicate close correlations between MK levels and
known !:rognosis factors and are consistent with our previous

)

Figure 2(a) shows Kaplan-Meier survival curves based on plasma
MK levels for all NBL cases. A high MK level was closely
associated with poor prognosis of NBL patients (P < 0.0001),
indicating that the MK level alone can be a ic factor for
NBL patients. It was interesting that a high MK level was associated
with poor is within the unfavorable NBL group based on
ploidy, i.e. diploidy (P = 0.02) (Fig. 2b). This was also the case
within favorable NBL groups, that is, groups with MYCN non-
amplification, age <18 months or high TRKA expression (P =0.02,
0.001 or 0.02, respectively), although the survival differences
between high MK and low MK were very small (data not shown).

Analysis for sporadic NBL cases. We examined 286 sporadic NBL
cases, among which prognostic information was available for
only 175. Plasma MK level was significantly higher in sporadic
NBL cases than in non-tumor controls (P < 0.0001) (Fig. 3a). It
was closely related to the values of two prognostic factors, i.e.
MYCN amplification and stage (P = 0.0005 and 0.003, respectively)
(Fig. 3b,c), but not to those of age, TRKA expression level and
ploidy (data not shown).

Kaplan-Meier analysis revealed that a high MK level was
comelated with poor prognosis in the sporadic NBL patients
(P =0.04) (Fig. 4a). The Kaplan-Meier data on MK was further
compared with those on known prognostic factors. Survival
based on ploidy exhibited a significant difference (P =0.025)
(Fig. 4b). MYCN amplification, TRKA expression level and stage
also showed significant differences (P = 0.003, 0.01 and 0.008,
respectively), whereas age could not be a prognostic factor for the
sporadic NBL cases examined (data not shown). The Cox hazard
ratio was 1.71 for MK level, 2.27 for ploidy, 2.70 for MYCN
amplification, 2.38 for TRKA expression and 1.84 for stage.

Discussion

In the present study, we first evaluated the plasma MK level
using the entire set of NBL cases including both the mass
screening and sporadic cases. As predicted from our previous
data," we found that MK level is correlated with established
prognostic factors (MYCN, TRKA, ploidy, stage and age). Since
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mass screening has been discontinued, sporadic NBL are the
major subject of therapy. We therefore further evaluated the MK
level of only the sporadic cases. Our study revealed that, within
sporadic cases, blood MK level alone could be a predictor of
prognosis. MK level was also significantly correlated with MYCN
amplification and stages.

However, blood MK level could not predict prognosis of
patients in the intermediate risk (MYCN non-amplification

and stage 3 or 4) (data not shown). It could not predict the prognosis

Duration (months)

-

estimated for the entire set of NBL cases (a)
cases with diploidy (b).

L)

of patients within the high-risk group or low-risk group either
(data not shown). This indicates that a single molecule may not
be for predi the is or judging the precise
status of NBL for the decision of therapy, since, like other
carcinomas, a complex of molecules is thou
carcinogenesis and development of NBL./™
blood markers predicting clinical outcome of neuroblastoma
patients; i.e. serum lactate dehy ferritin, neuron-specific
enolase, disialoganglioside GD2 and NM23H1.9*?% Therefore,
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Fig. 3. Analysis for ¢ neuroblastoma (NBL)
cases. Blood midkine (MK) levels of sporadic NBL
cases are shown. (3) MK level distribution of the
sporadic NBL patients through stages. Non—NDLs.
non-NBL controls. ****P < 0.0001. (b)

(MY .
(dmukﬁlmdmmmaorl
?};gtosao?anﬂm1 2 or 45 (Stage 1, 2, 45).

Fig.4. Kaplan-Meler curves for sporadic
neuroblastoma (NBL) cases. Cumulative survival
rates of sporadic NBL cases were com| based

F=0ng

pared
on the fol criteria. (a) Midkine (MK) low or o
high. (b) Diploid or triploid/pentaploid.

it is reasonable to expect that a combination of the plasma levels
of MK and other blood biomarkers will facilitate accurate
prognosis and accurate evaluation of tumor status. In addition,
many efforts are being made to identify molecular changes
associated with NBL with unfavorable prognosis."”"® Such
studies will provide other biomarkers for NBL.

It is interesting that MK levels of stage 4s were lower in the
present study than those in the previous stdy. Twelve cases
were only available for stage 4s in the previous study. In the
present study, 39 cases of stage 4s were available for the analysis
of the entire set of NBL (Fig. 1a) and 15 cases for the sporadic
NBL (Fig. 3a). Therefore, it is conceivable that midkine level
deduced in the present study is more reliable because of the
increased number of cases analyzed.

This is the first report indicating the plasma MK level as a

prognosis factor for a human carcinoma. MK is frequmlly and
I';' expressed in malignant tumors regardless of the tissue
similar to mutations in the p53 gene. An elevated serum

MK ‘level is also detected in more than 80% of human adult
carcinomas."® Although the MK level has not been evaluated as
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Tumor growth is suppressed by the knockdown of MK
expression."* MK is barely detectable in normal adult tissues.
Furthermore, the present study has established that high blood
MK level is closely related to poor prognosis, at least in NBL.
Therefore, our data also support the idea that MK is a candidate
molecular target for cancer therapy. Indeed, MK-deficient mice
carrying a MYCN transgene show delayed development of NBL
as compared with wild-type mice (Kishida and Kadomatsu,
unpublished data). A therapy targeting MK for NBL is currently
being studied in our laboratory.
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Vascular endothelial growth factor expression is
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In the present study, irinotecan (CPT-11) was highly effective not
only against the chemosensitive neuroblastoma (NB) xenografts SK-
N-ASnu and TNB9, but aiso against the multidrug-resistant NB
xenograft TS-N-2nu. SK-N-ASnu and TNB9 were significantly more
responsive to low-dose daily CPT-11 treatment than to intermittent
administration of one-third of the median lethal dose. For TS-N-
2nu, there was no significant difference in tumor growth inhibition
between the two treatment schedules. Treatment with CPT-11
alone could not completely abolish tumor growth in mice. For TNBS,
tumor regrowth seemed to resuit from an inability to regress host
vessels in the stroma during treatment and an inability to suppress
host-derived vascular endothelial growth factor (VEGF) expression
throughout therapy. In the multidrug-resistant TS-N-2nu, VEGF was
not suppressed by low-dose therapy with CPT-11, and neurofilament-
positive tumor cells escaped from apoptosis and were growth
arrested at G /G, phase. These findings suggest a mechanism for
the incomplete responsiveness of TS-N-2nu to CPT-11. Our data
demonstrate that diminished VEGF gene and protein expression is
closely correlated with tumor growth inhibition and inhibition of
angiogenesis by CPT-11 in NB xenografts. Our results further
suggest that a persistent blocker of stroma-derived VEGF will need
to be combined with CPT-11 to completely inhibit the growth of
chemosensitive NB, and that administration of CPT-11 at higher
doses will be required to inhibit the growth of multidrug-resistant
NB. (Cancer Sci 2008; 99: 1209-1217)

Nemb]astoma is one of the most common malignant solid
tumors in childhood. There have been significant advances
in the treatment of NB. However, the treatment resuits for
patients older than 1 year of age with disseminated disease and
those with MYCN-amplified NB are still unsatisfactory. Among
the newly developed antitumor drugs with therapeutic activity,
CPT-11 is promising for NB treatment."* CPT-11 is a semisyn-
thetic derivative of camptothecin,* and exerts antitumor activity
by inhibiting DNA topoisomerase L. Topotecan, a camptothecin
analog, has been shown to inhibit transcriptional activity and
protein accumulation of HIF-1ct in human glioma cells by a
DNA damage-independent mechanism, and to cause significant
tumor growth inhibition in glioblastoma xenografis.”® HIF-1 is
a transcription factor that plays a major role in cellular adaptive
responses to hypoxia. It is a heterodimer composed of the HIF-
la and HIF-1 subunits.” HIF-1p is expressed constitutively in
excess, whereas HIF-1a protein expression is regulated tightly
by tissue oxygen concentration. Under normoxia, HIF-lea is
degraded rapidly via the ubiquitin—proteasome pathway through
prolyl hydroxylation and binding of the von Hippel-Lindau
protein. This process is suppressed under hypoxia, allowing
increased stability of the HIF-l1a protein and transcriptional
activation with HIF-1B.“%'" It has recently been made clear that

dol: 10.1111/].1345-7006.2008. 00790 x
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under hypoxia, HIF- 1o accumulates, establishes a feedback IooF.
and is kept under control by transcription-dependent degradation.'?
Under normoxia, HIF-1a is expressed at low levels. Inhibitors
of transcription do not activate the feedback loop. However,
under hypoxia, HIF-lc iptionally activates its own
degradation independent of the prolyl hydroxylase and von
Hippel-Lindau pathway. Inhibitors of transcription dramatically
superinduce HIF-1o.

More than 60 genes involved in angiogenesis, glycolysis,
erythropoiesis, cell survival, and metastasis are activated by
HIF-1."" The growth and metastasis of solid tumors depends
largely on angiogenesis. One of the most i key molecules
in the regulation of neoangiogenesis is VEGF."* HIF-1a mediates
angiogenesis by induction of VEGE."*"

In NB, high VEGF gene expression correlates with stage IV
of the disease.""® High tumor vascularity is associated with dis-
seminated disease, MYCN amplification, unfavorable histology,
and poor outcome."*” Therefore, inhibiting VEGF expression
and interfering with angiogenesis may be a useful treatment
target for aggressive NB. To date, there have been no reports
investigating the relationship between tumor growth inhibition,
inhibition of HIF-1a and VEGF gene and protein expression,
and inhibition of histopathological angiogenesis in NB. Using
three human NB xenografts, we evaluated the antitumor activity
of CPT-11 administered intermittently at one-third of the LDy
and continually at low doses. We further investigated the relation-
ship between the inhibition of tumor growth, inhibition of
HIF-1oe and VEGF gene and protein expression, and inhibition
of histological angiogenesis by CPT-11 in chemosensitive and
multidrug-resistant NB xenografts.

Materials and Methods

Animals and human NB xenografts. Human NB xenografts des-
ignated TNB9 and TS-N-2nu were derived from stage IV NB with
80 and 13 copies of MYCN amplification in the adrenal gland of a
15-month-old boy and the adrenal of a 4-year-old girl, respectively.
Our preparatory studies confirmed that the original biological
characteristics of TNB9 and TS-N-2nu, particularly MYCN ampli-
fication status and chromosome findings, were retained after
serial transplantations. The SK-N-AS NB cell line, generously
donated by Dr Tohru Sugimoto (Kyoto Prefectural University of
Medicine), was maintained in RPMI-1640 medium supplemented
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E-mail: mkaneko@mad.tsukuba.ac.jp
bbreviations: CPT-11, i © HIF, hy ik
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) NF, neurcfila-
ment protein; NSE, neuron-specific enolase; RTW, relative tumor weight: SMA,
smooth muscle actin; TUNEL, terminal deoxy idyl ferase-med)
dUTP-biotin nick-end labeling: VEGF, vascular endathelial growth factor.
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with 10% fetal bovine serum (BioWest, Nuaille, France). SK N
AS cells have no MYCN amplilontion. The NIE xenograft
designated SK-N-ASnu wis genermted by ijecting =1 = 10"
cultured SK-N-AS cells subcutancously into the lank of Balby/
cAlcl-nu mouse (CLEA Jupan, Tokyo, Japan), and the tumor

generated was passaged several times before treatment.
Some small picces of minced wmor were implanted sub-
cutaneously with trochars into the unilateral or biliteral flanks

of 5-6-week-old male nude mice, Tremment began in rand-
omized groups of three o six mice when tumors reached
approximately 150 mg. Tumor size and mouse bodyweight were
measured every 4 days. The tumor weight was calculated according
to the formula:

tumor weight (mg) =a x b x 1/2,

where a is the length of the tumor and b is the width. The mean
RTW was calculated using the equation:

RTW = Wx/W0,

where Wx and WO are the mean tumor weight on days x and 0
(the initiation of treatment), respectively.

Drug sensitivity of three NB xenografts. Drug sensitivity of
SK-N-ASnu, TNB9, and TS-N-2nu was investigated for eight
antitumor drugs: cyclophosphamide, ifosfamide, cisplatin,
mitomycin C, vincristine, etoposide, pirarubicin, and CPT-11.
Experiments were carried out according to the protocol of
Battelle Columbus laboratories.*'* Each drug was suspended
according to the provider’s instructions, and administered
intraperitoneally except for pirarubicin, which was administered
intravenously. Drugs were administered to six nude mice per
group at the total LD, in three injections at 4-day intervals
(q4d x 3). Control mice were administered an equivalent volume
of vehicle (0.1 mL/10 g bodyweight) intraperitoneally. The MIR
was obtained by calculating the minimal ratio of RTW in treated
mice (RTWr) to that in control mice (RTWc) on the same day:

MIR = (1-RTWt/RTWc) x 100(%).

Tumor response was evaluated as highly effective (++), effective
(+), or ineffective (=) when tumor regression (RTW < 1.0) was
seen after treatment, when MIR was equal to or greater than
58%, and when MIR was less than 58%, respectively.

Low-dose administration of CPT-11. Besides the g4d x 3
schedule of LDy, % 1/3 per dose (conventional dose) for the
drug-sensitivity experiment, three treatment schedules at a
low dose (LD, x 1/30, 5.9 mg/kg per dose) were evaluated: (1)
intraperitoneal administration daily for 14 consecutive days
(quld) )i itoneal administration daily for 20 con-
secutive days (qd x 20); and (3) intraperitoneal administration
daily 5 days per week for 2 consecutive weeks followed by a 7-
day resting period, with one repetition ([(qd x 5)2]2).

Real-time
reaction. Total RNA wasprepamdfromfromnnnnurnssue
accordin, xz§ to the acid guanidinium—phenol-chloroform
method.** One microgram of each RNA sample was incubated with
oligo d(T),, and MuLV reverse transcriptase (Applied Biosystems,
Foster City, CA, USA) to yield cDNA. The expression levels of
the human HIF-I & and VEGF genes as well as murine HIF-la
and VEGF genes were measured at the cDNA level by the ABI
Prism 7700 Sequence Detection System (Applied Biosystems).
Human S-ACTN or murine S-ACTN was used as an internal
control gene. The specific primers used were hHIF-1a-f 5'-
CCAGTTACGTTCCTTCGATCAGT-3" and hHIF-1 a-r 5'-TTT-
GAGGACTTGCGCTTTCA-3’, hVEGF-f 5'-TACCTCCACCA-
TGCCAAGTG-3’ and AVEGF-r 5'-ATGATTCTGCCCTCCTC-
CTTC-3', hB-ACTN-f 5'-CAACCGCGAGAAGATGACC-3" and
hP-ACTN-r 5-CACAGCCTGGATAGCAACGTAC-3', mHIF-
Ta-f 5-CCAGTTACGTTCCTTTGATCAGT-3" and mHIF-1ar
5-GTAACTGTGCTCATACTTGGA-3', mVEGF-f 5'-AACGA-

1210

TGAAGCCCTGGAGT-3' and mVEGF-r 5’-CCGCATGATCTG-
CATGGT-3', mB-ACIN-f 5"-AGACTT! CGAGCAGGAGA'IGG—3'
and mB-ACTN-r 5-TCAGGCAGCTCATAGCTCTTC-3'. The
scquences of the TagMan probes were hHIF-la 5'-FAM-
CACCATTAGAAAGCAGTTCCGCAAGCC-TAMRA-3', hVEGF
5-FAM-TCCCAGGCTGCACCCATGGC-TAMRA-3’, kﬂ—ACT N
5"-FAM-TTTGAGACCTTCAACACCCCAGCCA-TAMRA-3’,
mHIF-1a 5'-FAM-CACCATTAGAGAGCAATTCTCCAAGCC-
TAMRA-3', mVEGF 5-FAM-TGCCCACGTCAGAGAGCAACAT-
TAMRA- 3' and mB-ACTN 5'-FAM-CACTGCCGCATCCTCT-
TCCTCCCT-TAMRA-3'. Twenty microliters of the polymerase
chain reaction mixture used for quantification contained template
c¢DNA, 1x gPCR Mastermix (Eurogentec, San Diego, CA. USA),
300 nM of each primer, and 200 nM of TagMan probe. Each
experiment was carried out in triplicate and repeated twice. The
thermal cycling conditions were: 50°C for 2 min, 95°C for
10 min, 45 cycles at 95°C for 15 s, and 60°C for 1 min.

Immunoblotting. Frozen tumor samples were crushed in liquid
nitrogen and homogenized in a sample buffer consisting of
125 mM Tris-HCI (pH 6.8), 20 mM dithiothreitol, 4% sodium
dodecylsulfate, 10% glycerol, and 0.5% protease inhibitor
cocktail (Complete Mini; Roche Applied Science, Mannheim,
Germany). The extracts were sonicated for 10 s and centrifuged
at 17 000g for 10 min at 4°C to remove debris. The protein
concentrations were determined using the Bio-Rad DC protein
assay (Bio-Rad Laboratories, Hercules, CA, USA). Samples
cmhmnmdnsmmwumsofp'mﬂn(w—?ﬂpg)msmnd
on 12.5% sodium dodecylsulfate-polyacrylamide gels, electroblotted
on polyvinylidene fluoride membranes (Immobilon-P; Millipore,
Bedford, MA, USA), and probed with antibodies. The primary
antibodies used were anti-HIF-1a clone Hla67 (Novus Biologicals,
Littleton, CO, USA) at a dilution of 1:1000, anti-VEGF clone
A-20 (Santa Cruz Bintwlmology. Santa Cruz, CA, USA) at a
dilution of 1:900, and anti-actin clone 20-33 (Sigma, St Louis,
MO, USA) at a dilution of 1:500, Bound antibodies were detected
with horseradish peroxidase-conjugated secondary antimouse
(Amersham Biosciences, Buckinghamshire, UK) or antirabbit
(Stressgen, Victoria, BC, Canada) antibodies, followed by an
enhanced chemiluminescence system (PerkinElmer Life Sciences,
Boston, MA, USA).

Immunochistochemistry and detection of apoptotic cells, Tumors
were fixed in 10% neutral buffered formalin for 24 h prior to
paraffin embedding. After deparaffinization, tissue sections were
heated at 121°C for 7-30 min either in 50 mM citrate buffer
(pH 6.0) for NSE and NF, or in 10 mM Tris buffer with 1 mM
ethylenediaminetetraacetic acid (pH 9.0) for aSMA and Ki-67
antigen. Endogenous peroxidase was blocked with 3% hydrogen
peroxide in methanol for 3 min at room tem . Anti-
NSE (Sigma) and monoclonal anti-Ki-67 antlgen clone MIB 1
(DakoCytomation, Carpinteria, CA, USA) were in their ready-
to-use forms. A monoclonal anti-NF clone 2F11 (Dako, Glostrup,
Denmark) and a monoclonal anti-cSMA clone 1A4 (Dako) were
used at dilutions of 1:100 and 1:50, respectively. The bound
antibodies were amplified using peroxidase-labeled polymer-
conjugated anumbbul or antimouse antibody (EnVision+ System;

). For the coloring reaction, 3,3’-diaminobenzidine
(Sigma) was used as the chromogen and nuclear counterstaining
was carried out with hematoxylin.

Apoptotic cells in tumor tissues were detected using the TUNEL
assay. After deparaffinization and rehydration, tissue sections
were covered with 20 pg proteinase K (Wako Pure Chemical
Industries, Osaka, Japan) per mL phosphate-buffered saline for
15 min at room temperature. After blocking of endogenous
peroxidase, slides were washed in 20 pg proteinase K per mL
(PBS) and immersed in TdT buffer (Takara Bio, Shiga, Japan).
The samples were then incubated with TdT enzyme (Takara) and
biotin-16-dUTP (Roche Applied Science) in the TdT buffer
containing 0.01% bovine serum albumin at 37°C for 1.5 h in
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Fig. 1. Maximal growth inhibition rates (MIR) =
and antitumor effects of eight drugs against E
three neuroblastoma xenografts. The MIR (%) 8
was obtained by calculating the minimal ratio of E
mean relative tumor weight (RTW) in treated =
mice (RTWt) over that in control mice (RTWe) on §
the same day. MIR = (1 - RTWHYRTWC) x 100.
The antitumor effect was evaluated as highly
effective (++) when tumor regression was seen
after treatment, effective (+) when the MIR was
equal to or greater than 58%, or ineffective (-)
and when the MIR was less than 58%. CDDP,  SK-N-ASmu  ++ b * ¥
cisplatin; CPA, cyclophosphamide; CPT-11; TNB9 ++ ++ -+ + P = - +—+
irinotecan; ETP, etoposide; IFM, ifosfamide; MMC, |
mitomycin C; THP, pirarubicin; VCR, vincristine. TS-N-2nu + - - - + - = 1
Table 1. Responses of three neuroblastoma xenografts to different irinotecan (CPT-11) schedules
CPT-11 "
Neuroblastoma xenograft TD, (days) Maximum decrease
Dose, schedule Total dose in bodyweight (%)
SK-N-ASnu 0 i} 95423
59 mg/kg, g4d x3 LDy, 355+ 2,6]" 9
5.9 mg/kg, qd <14 <lDg x1/2 >52.0 3
0 0 89119
o 59 ma/kg, qdd x3 LD,, i [153 +38 6
5.9 mg/kg, ([qd x5]2)2 LD, x2/3 ns| | l224+76 ] il 6
5.9 mg/kg, qd x20 LD,, %273 & 316427 ]‘ Ny 2
5.9 mg/kg, qd x14 <LDy, x1/2 25.0£2.1 4
0 o 10.2+26
To--2nu 59 ma/kg, qad x3 LD, 230424 }' 4
5.9 mg/kg, [(qd x5)212 LD, x2/3 n_i{n [ 16.6 +2.7 5
5.9 mg/ka, qd x20 LD, x2/3 *1212+43 8

Each treatment schedule of CPT-11 demonstrated significant tumor growth inhibition against three neuroblastoma xenografts (P < 0.01, Student's
t-test). qad x3, administration three times at 4-day intervals; ([qd x5]2)2, administration daily 5 days a week for 2 consecutive weeks, repeated;

qd x20, administered daily for 20 consecutive days; qd x 14, administered daily for 14 consecutive days. LD,,, the median lethal dose; TD,, mean
number of days required to reach two times the original tumor weight.

*P<0.01, **P < 0.001 by Student’s t-test. n.s., not significant.

a humidity chamber. Biotin-16-dUTP nucleotides incorporated
onto the free 3" OH ends of DNA fragments were detected using
the standard streptavidin-biotin complex immunoperoxidase
technique (Elite ABC reagent; Vector Laboratories, Burlingame,
CA, USA) with 3,3"-diaminobenzidine as the chromogen.
Statistical analysis. The responses of NB xenografts to CPT-11
were evaluated with respect to tumor growth delay by measuring
the mean number of days required to reach two times the
original tumor weight for individual tumors. Relative mRNA
expression levels for HIF-la and VEGF were expressed as the
mean + SD. Student’s t-test or Welch's r-test was used to assess
the significance of differences between the treatment groups.

Results

Antitumor effects of eight drugs on three NB xenografts.
Among the eight antitumor drugs examined, CPT-11 was the
most effective when administered at a conventional dose (LD, x
1/3 per dose) at 4-day intervals (Fig. 1). However, CPT-11 has not
yet been approved as a therapeutic drug against any pediatric
tumors, cyclophosphamide, ifosfamide, cisplatin, and etoposide

Kaneko et al.

are standard drugs for NB treatment. SK-N-ASnu and TNB9
were sensitive or highly sensitive to all of those drugs except
etoposide. TS-N-2nu was sensitive to cyclophosphamide, but
resistant to the other three drugs. CPT-11 alone was highly
effective against TS-N-2au, a multidrug-resistant xenograft.
No mice died during that experiment.

Responses of three NB xenografts to intermittent conventional-
dose and prolonged low-dose administration of CPT-11. Each treat-
ment schedule for CPT-11 demonstrated significant tumor growth
inhibition against the three NB xenografts (P < 0.01, Student’s
r-test) without resulting in substantial weight loss in nude mice
(Table 1).

Initially, the responses to CPT-11 for a conventional-dose
intermittent schedule (g4d x 3) and a low-dose prolonged schedule
(qd x 14) were compared in SK-N-ASnu. The results are presented
in Figure 2a and Table |. The low-dose qd x 14 schedule was
excellent for growth inhibition. Two out of the six tumors
treated with low-dose CPT-11 showed complete regression at
the end of therapy on day 52. Although the individual total dose
for CPT-11 was less than half of LDy, the low-dose qd x 14
schedule was much more efficacious than the conventional-dose

Cancer S5ci | June 2008 | vol. 99 | no.6 | 121
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g4d x 3 in which the LD, for CPT-11 was administered (P < 0.001,
Student’s r-test).

The relationship between administration schedules and tumor
responses to CPT-11 was further examined using chemosensitive
TNB9 and multidrug-resistant TS-N-2nu xenografts. TNB9
responded well to all four administration schedules for CPT-11
in the first 2 weeks of treatment (Fig. 2b). Low-dose daily CPT-
11 administration without a resting period resulted in a duration-
dependent suppression of tumor growth. The low-dose qd x 20
schedule was not only more effective than low-dose qd x 14
(P <0.001, Student’s r-test), but also the most effective of all
four schedules. It showed significant wumor growth inhibition
when compared to conventional-dose gdd x3 (P =0.0077,
Student’s r-test), which was as effective as low-dose qd x 14
(P =0.890, Student’s r-test). Low-dose ([qd x 5]2)2, in spite of
having the longest treatment period at 5 weeks, resulted in rapid
tumor regrowth during a 7-day resting period and showed no
significant growth delay when compared to conventional-dose
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< No treatment

0 No treatment

—e— Conventional dose, gdd x 3
—a— Low dose, [(qd x 5)2]2
—a— Low dose, qd x 20

—o— Low dose, qd x 14

Fig. 2. of (a) SK-N-ASnu, (b) TNBS,
and (¢) TS-N-2nu xenografts to irinotecan
(CPT-11). Mice were administered CPT-11
intraperitoneally for a conventional-dose (59 mg/
kg per dose) intermittent schedule, and for a
low-dose (59 mg/kg per dose) prolonged

—&— Conventional dose, gdd = 3

1 schedule, The arrowhead indicates the day
—8— Low dose, [(gd x 5)2]2 CPT-11 was administered. Tumor weight was
—®— Low dose, qd x 20 calculated according to the formula: tumor

weight (mg) = a x b* x 1/2, where a is the length
of the tumor and b is the width. Tumors were
measured every 4 days. The results are presented
as mean relative tumor weight £+ 5D to that on
day 0 when treatment was started.

g4dx3 (P =0.431, Student’s r-test) or to low-dose gqd x14
(P = 0.448, Welch's r-test) (Table 1). These results suggest that
CPT-11 administration on a low-dose prolonged schedule without
long resting periods is more effective against chemosensitive
NB compared with conventional-dose intermittent administration.

In the multidrug-resistant TS-N-2nu, no low-dose prolonged
schedule showed greater tumor growth inhibition than the
conventional g4d x 3 schedule (Table 1; Fig. 2¢). There was no
significant difference in growth delay between the conventional
g4d x 3 and low-dose qd x 20 schedules (P = 0.412, Student’s
r-test). Most tumors did not show increased response to low-
dose daily CPT-11 administration throughout treatment. The
conventional g4d x 3 schedule was significantly more effective
than the low-dose ([qd x 5]2)2, which hardly achieved tumor
regression after a 7-day resting period (P = 0.0029, Student’s
t-test) (Table 1). These findings suggest that CPT-11 administered
at a higher dose without a long resting period has successful
antitumor activity against multidrug-resistant NB.

doi: 10.1111/j.1349-7006.2008.00790.x
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Fig. 3. Quantitative reverse transcription—polymerase chain reaction gene expression analysis of (a,b) TNBS and (¢, d) T5-N-2nu xenografts. Relative
mRNA expression levels for (a,c) human (tumor-derived) and (b,d) murine (host-derived) hypoxia-inducible factor (HIF}-1a and vascular endothelial
growth factor (VEGF) in total RNA. Inhibiting phase, tumors on day 10 in TNBS, and on day 7 in T5-N-2nu. Regrowing phase, tumors on day 14
with conventional-dose treatment and on day 19 with low-dose treatment in TNB9, and on day 15 in T5-N-2nu. Results are presented as mean
relative expression level £5D to that in untreated tumors in inhibiting phase, *P < 0.05, **P <0.01, ***P<0.001; by Student’s r-test. n.s., not
significant.
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Fig. 4. Immunoblot analysis of hypoxia-inducible factor (HIF)-1c and vascular endothelial growth factor (VEGF) proteins in (a) TNB9 and (b) TS-N-
2nu xenografts, Inhibiting phase, tumors on day 10 in TNB9, and on day 7 in TS-N-2nu. Regrowing phase, tumors on day 14 with conventional-
dose treatment and on day 19 with low-dose treatment in TNB9, and on day 15 in T5-N-2nu. For protein loading controls, actin levels were

checked,

Human and murine HIF-1a and VEGF gene expression. We quanti-
fied human (tumor-derived) and murine (host-derived) HIF-1 & and
VEGF gene expression levels in TNB9 and TS-N-2au xenografts
(Fig. 3a—d). In the untreated TNB9, the tumor-derived human
HIF-1a gene expression level was decreased significantly according
1o the degree of tumor growth (day 10 vs day 14, P=0.0331,
Student’s 1-test; day 14 vs day 19, P =0.0182, Student's r-test),
whereas tumor-derived human VEGF gene expression was
increased significantly (day 10 vs day 14, P = 0,0061, Student’s
-test; day 14 vs day 19, P =0.0020, Student’s r-test) (Fig. 3a).
Both tumor-derived HIF-1a and VEGF genes in TNB9 treated
with CPT-11 were significantly downregulated regardless of the
administration schedule of CPT-11. Gene expression of umor-
derived HIF-la in tumors treated with conventional-dose
CPT-11 was reduced significantly compared to umors treated
with low-dose CPT-11 (P < 0,001, Student’s r-test). Suppression of
tumor-derived VEGF expression was maintained even after the
discontinuation of CPT-11 (Fig. 3a). Interestingly, host-derived
murine HIF-la¢ and VEGF genes in TNBY treated with
conventional doses of CPT-11 were upregulated in a compensatory
manner. Host-derived VEGF gene expression was not suppressed
throughout the course of treatment (Fig. 3b).

In the untreated TS-N-2nu, the gene expression levels of
tumor-derived human HIF-/ a as well as VEGF remained nearly
unchanged regardless of the degree of tumor growth (Fig. 3c).
Gene expression of tumor-derived HIF-]a in TS-N-2nu treated
with conventional doses of CPT-11 was upregulated to compensate
for inhibition of VEGF expression. VEGF gene expression was
not inhibited by the low-dose daily treatment with CPT-11.
Trearment with CPT-11 did not induce host-derived murine
HIF-1a or VEGF gene expression in TS-N-2nu (Fig. 3d).

These results demonstrate that in NB xenografts treated with
CPT-11, there is a close relationship between the gene expression
levels of tumor-derived VEGF and the degree of tumor growth
inhibition, regardless of the administration schedule. In TNB9Y,
host-derived HIF-1a and VEGF produced by the host stroma
throughout the course of CPT-11 therapy appear to be responsible
for rapid tumor regrowth. In contrast, in TS-N-2nu, host-derived
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HIF-1a and VEGF gene expression seem to contribute less to
tumor regrowth,

Hypoxia-inducible factor-1a and VEGF protein expression in NB
xenografts, In TNBY, HIF-1a protein was induced dramatically
during conventional-dose treatment with CPT-11, whereas VEGF
protein expression was inhibited (Fig.4a). HIF-lo protein
expression was reduced to a level almost as low as that observed
in untreated tumors after | week of conventional-dose therapy.
At that time, VEGF protein expression was still inhibited. Low-
dose daily CPT-11 treatment did not cause strong induction of
HIF-1e protein, although expression was not inhibited (Fig. 4a).
VEGF protein in tumor treated with daily low doses of CPT-11
was induced soon after the discontinuation of CPT-11.

In TS-N-2nu, HIF-la protein expression was not induced
strongly throughout CPT-11 treatment. Intermittent conventional,
but not low-dose daily, treatment with CPT-11 strongly inhibited
VEGF protein expression (Fig. 4b).

These findings demonstrate that strong induction of HIF-lo
protein with inhibition of VEGF protein expression in TNB9 is
caused by conventional-dose CPT-11 treatment, and that HIF-
1o protein expression is not always inhibited by low-dose daily
CPT-11 weamment. These results suggest that VEGF but not
HIF-1¢t protein expression is related to inhibition of tumor
growth.

Histology and immunohistochemistry. The anti-SMA antibody
reacts with the smooth muscle of blood vessels. Tumor endothelial
microvessels are completely covered by a layer of aSMA-
positive pencgnﬁ‘-" Therefore. we identified tumor vessels in
NB xenografts via aSMA immunostaining.

Untreated TNB9 contained poorly differentiated, NSE-positive
tumor cells with fibrovascular stroma (Fig. 5a, left panels). The
density of the vessels increased according to the degree of tumor
growth (data not shown). TNB9 treated daily with low doses of
CPT-11 showed obvious necrosis, calcification, and fibrosis. Nests
of NSE-positive tumor cells were scattered among the peripheral
fibrous capsules (Fig. 5a, middle panels). Immunostaining for
aSMA showed high vascularity in the stromal areas. Soon after
low-dose CPT-11 therapy, nests of viable tumor cells were

doiz 10.1111/.1348-T006.2008.00790.x
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g?.!. lrrununohinod'lemmktg of (a) TNB9 and
TSthnnunog CPT-11 treatment.
seclt'i‘o:u from without CPT-11
uum nlﬁhttlngphmandlnnywwkm
phase were stained using the immunoperoxidase
technique for specific i (NSE)
and a-smooth muscle actin (SMA). (Original
magnification, x60.) (a) Untreated TNBY9 con-
tained poorly differentiated NSE-positive tumor
cells with fibrovascular stroma (left panels). In
inhibiting phase, nests of NSE-positive tumor
cells were scattered among the peripheral fibrous
capsules. High mulurﬂy was observed in the
stromal areas (middie panels). In regrowing phase,
nests of viable tumor cells were dominant with
sparse necrotic areas, and tumor vascularity was
reduced (rigm panels), (b) Untreated T5-N-2nu
contained uniform NSE-positive tumor cell masses
intermingled with microvessels that had developed
in the fibroconnective stroma (left panels). In
tumors in inhibiting phase, the number of NSE-
positive cells was markedly diminished, and a
small number of large vessels was scattered

(right panels).

dominant with sparse necrotic areas, and tumor vascularity was
reduced (Fig. 5a, right panels).

Untreated TS-N-2nu contained uniform NSE-positive tumor
cell masses intermingled with microvessels that had developed
in the fibroconnective stroma (Fig. 5b, left panels). TUNEL-
positive apoptotic cells were seen sparsely in the tumor (data not
shown). In TS-N-2nu treated with conventional doses of CPT-
11, wide areas of necrosis, calcification, and stromal ingrowth
were observed. The number of NSE-positive cells was diminished
markedly, and a small number of large vessels was scattered
in the stromal area (Fig. 5b, middle panels). TS-N-2nu treated

Kaneko et al,

daily with low doses of CPT-11 showed limited areas of necrosis,
calcification, and connective tissue stroma. Large vessels were
seen in the stroma (Fig. 5b, right panels). TS-N-2au treated daily
with low doses of CPT-11 strongly expressed NF and contained
a large number of apoptotic cells. Immunohistochemical findings
for NF, TUNEL. and Ki-67 antigens in mirror sections of TS-N-
2nu treated daily with low doses of CPT-11 revealed that
NF-positive cells had escaped from apoptosis (Fig. 6a.b).
Furthermore, nearly all NF-positive cells were negative for
Ki-67 (Fig. 6¢,d), which indicated that they were arrested at the
Gy/G, phase.*
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Fig. 6. Immunohistochemistry for (a,c) neurofilament protein (NF), (b)
terminal deoxynucleoti transferase diated dUTP-biotin nick-end
labeling and (d) Ki-67 antigen in mirror sections of TS-N-2nu treated with
low-dose gd=15. (Original magnification, =x300.) (a,b) NF-positive cells
{arrows) escaped from apoptosis (arrowheads). (c.d) Nearly all NF-positive
cells (arrows) were negative for Ki-67 and arrested at G/G, phase.

Discussion

Most anticancer drugs cause DNA damage and inhibit tumor
cell proliferation. They are usually administered at high doses to
kill as many tumor cells as possible. However, standard chem-
otherapeutic drugs such as vincristine, bleomycin, adriamycin,
etoposide, 5-fluorouracil, carboplatin, paclitaxel. and cyclopho-
sphamide can target angiogenesis when the dose and frequency
of administration are optimized.”*** Continuous low-dose
chemotherapy with antitumor drugs was found to be more active
against endothelial cells in comparison to umor cells.”® Daily
administration of topotecan, a camptothecin analog, caused
significant tumor growth inhibition associated with a marked
decrease in angiogenesis concomitant with HIF-1ot inhibition in
glioblastoma xenografts.” SN-38, an active metabolite of CPT-
11, selectively inhibited endothelial cell proliferation and
significantly decreased both HIF-la and VEGF exgression of
glioma cells in a dose- and time-dependent manner.””

In our study, chemosensitive SK-N-ASnpu and TNB9 were
significantly more responsive to daily low-dose CPT-11 treatment
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Abstract Cystic neuroblastoma (CN) is an extremely rare entity, although neuroblastoma is the most
common solid tumor in infants. The radiologic diagnosis of CN is very difficult because of both the
rarity and minimum sohid component of the lesion. We describe herein the case of a 2-month-old girl
presenting with dysuria because of a large presacral mass. Imaging studies including ultrasonography,
computed tomography, and magnetic resonance imaging demonstrated a large septated cystic tumor
mimicking a cystic sacrococcygeal teratoma, which commonly occurs in the presacral region. The umor
was finally diagnosed as CN after surgical resection. This is the second case report of presacral CN in
the English literature. Cystic neuroblastoma should be considered in the differential diagnosis of
presacral cystic tumors in infants.

© 2008 Published by Elsevier Inc.

Neuroblastoma is one of the most common childhood
malignancies. Neuroblastoma usually presents with solid
masses and rarely forms cystic masses. The entity of cystic
neuroblastoma (CN) is almost exclusively located to the
adrenal gland and is rarely seen in other regions. We report
an extremely unusual case of presacral CN presenting as
urinary retention in a 2-month-old girl.
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1. Case report

A 2-month-old girl was referred to our hospital with
dysuria and abdominal distension. Physical examination
revealed marked distension of the lower abdomen because of
the urinary bladder filled with urine. Digital rectal examina-
tion disclosed a firm presacral mass behind, causing rectal
stenosis. Plain film demonstrated a hemispherical opaque
mass in the pelvic space with upward displacement of the
intestines (Fig. 1). Ultrasonography demonstrated massive
urinary retention and a large presacral cystic mass.
Computed tomography (CT) showed a large, presacral cystic
mass with septation and megacystis because of the com-
pressed urethra. This cystic tumor was 58 x 42 x 192 mm,
comprising 2 cystic lesions divided by fibrous septa and
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Fig. 1 A, Abdominal mdiography on admission. An opaque, hemispherical mass, which contains tumor as well as distended bladder, is
apparent in the pelvic space with upward displacement of the intestines. B, Abdominal T1-weighted MRI after uninary catheterization. Tumor
consisted of 2 cystic lesions. Fluid-fluid levels with different contrasts are clearly seen in this bilocular cystic mass. Fluid in the upper cystic
lesion shows relatively high-signal intensity. Reticular structures suggesting the presence of fibrin (arrow) are observed in the lower cystic part.

surrounded by a thin wall without any obvious solid
component or calcification. The dorsal wall of the cyst was
slightly enhanced by CT scan, but no tumor vessels were
demonstrated. Contents of the bilocular cystic tumor showed
fluid-fluid levels.

Findings of the CT scan were suggestive of cystic
teratoma or cystic lymphangioma, but inconclusive, so a
magnetic resonance imaging (MRI) was obtained. The cyst
fluid was intermediate-to-high intensity by a Tl-weighted
MR, and the reticular structure protruding from the posterior
wall of the cysts was read as blood (Fig. 1B).

The tumor was preoperatively considered as a cystic
sacrococcygeal teratoma, which is commonly seen in this
region, although no obvious adipose tissue or calcification
was detected. Laboratory findings were unremarkable.
Levels of tumor markers such as neuron-specific enolase
(NSE) and a-fetoprotein were within normal ranges. Urinary
levels of vanillylmandelic acid (VMA) and homovanillic
acid (HVA) were not analyzed.

The patient was brought to the operating room, and the
tumor was excised through an abdominosacral approach.
Briefly, the patient is positioned prone, and a 5-cm midline
incision was made over the sacrum and coccyx. When the
coccyx was separated from the surrounding tissue and
sacrum, the lower part of cystic tumor was easily visualized
and carefully separated laterally from the pelvic floor and
anteriorly from the rectum.

Half of the tumor could be dissected freely. However, the
tumor was large and adhered to the sacrum, so that it was
impossible to resect it further from the posterior approach.
Then with the patient supine, a transverse abdominal incision
was made. The bladder and uterus were freed anteriorly from

the tumor, and the tumor was fully removed from the sacrum
without any injury to surrounding organs (Fig. 2). There was
one vessel entering the posterior wall of the tumor, which
was ligated. The excised tumor comprised 2 cysts, containing
sanguinous and fibrinous exudates.

Pathologic result showed nests of neuroblastic cells in the
solid part of the cyst wall (Fig. 3A). Small, round tumor cells
with scant cytoplasm showed diffuse and dense infiltrative
growth within the fibrous walls. A delicate neurofibrillary
matrix center was seen with rosette formation. Calcification
was not observed. Tumor cells were positive for CD56/
neural cell adhesion molecule (NCAM), synaptophysin,

Fig. 2 Intaoperative view of mumor through the abdominal
incision. After dissecting retroperitoneal membrane, dark colored
cystic tumor was seen. Bladder and uterine tube were also detected
in front of tumor and anteriorly displaced by large tumor.
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