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Patients with extrahepatic cholangiocarcinoma (EHCC) have a poor prognosis;
postoperative survival depends on cancer progression and therapeutic resistance.
The mechanism of EHCC progression needs to be dlarified to identify ways to
improve disease prognosis. Stathmin1 (STMN1) is a major cytosolic phosphopro-
tein that regulates microtubule dynamics and is associated with malignant
phenotypes and chemoresistance in various cancers. Recently, STMN1 was
reported to interact with p27, an inhibitor of cyclin-dependent kinase complexes.
Eighty EHCC cases were studied using immunohistochemistry and clinical pathol-
ogy to determine the correlation between STMN1 and p27 expression; RNA inter-
ference to analyze the function of STMN1 in an EHCC cell line was also used.
Cytopl. STMN1 expression correlated with venous invasion (P = 0.0021) and
nuclear p27 underexpression (P = 0.0011). Patients in the high-STMN1-expression
group were associated with shorter recurrence-free survival and overall survivai
than those in the low-expression group. An in vitro protein-binding assay
revealed that cytoplasmic STMN1 bound to p27 in the cytoplasm, but not in the
nucleus of EHCC cells. Moreover, p27 accumulated in EHCC cells after STMN1 sup-
pression. STMN1 knockdown inhibited proliferation and increased the sensitivity
of EHCC cells to paclitaxel. STMN1 contributes to a poor prognosis and cancer
progression in EHCC patients. Understanding the regulation of p27 by STMN1
could provide new insights for overcoming therapeutic resistance in EHCC.

C holangiocarcinoma is associated with poor prognosis and
its incidence and mortality are increasing worldwide.'"
The S-year survival rate for cholangiocarcinoma is 10-40%.
Cholangiocarcinoma is defined as intrahepatic or extrahepatic
(EHCC), the latter of which consists of hilar or bile duct
tumors. Surgical therapy is the only effective curative treat-
ment for EHCC; postoperative survival is dependent on the
existence of invasion and metastasis.>* Thercfore, to improve
patient prognoses, we must understand the mechanism of can-
cer progression in EHCC.

Stathminl (STMN1) is a major cytosolic phosphoprotein that
regulates microtubule dynamics by preventing tubulin poly-
merization and promoting microtubule destabilization. STMN1
plays an important role in a variety of biological processes,
including carcinogenesis. STMNI is highly expressed in vari-
ous types of human malignancies and is therefore also known
as oncoprotein 18 (OP18). Morcover, STMNI expression cor-
refates with tumor progression and poor prognosis in the fol-
lowing cancers: breast cancer,”®” prostate cancer,® gastric
cancer.”!” hepatocellular carcinoma,'*'? oral squamous cell
carcinoma,"'¥ colorectal cancer,™'S" malignant mesotheli-
oma''® and urothelial carcinoma.'” Thus, STMN/ is a funda-
mental cancer-associated gene and a potential target for
diagnosis and treatment. To our knowledge, STMNI1
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expression in EHCC has not been reported; therefore, we
explored the role of STMN1 in EHCC.

STMNI regulates microtubule metabolism and contributes to
tumor progression. Baldassarre er al"® reported that STMN1
bound to p27 suppressed the function of p27 and enhanced the
proliferation of tumor cells. p27 was discovered as an inhibitor
of cyclin-dependent kinase (CDX) complexes in TGF (wrans-
forming growth factor) B-arrested cells and was classified as a
member of the Cip/Kip family of cyclin-dependent kinase
inhibitors (CKI.Y® The CKI associate with a broad spectrum
of cyclin-CDK complexes to negatively regulate progression
through the GI phase of the cell cycle. More recently, cyto-
plasmic p27 was shown to play a role in the regulation of cell
migration.?” However, there are still few reports that discuss
the relationship of STMN1 and p27 in malignancy. including
EHCC. Therefore, we examined the relationship between
STMNI! and p27 in EHCC.

The purpose of the present study was to clarify the function
of STMNI in EHCC cell lines in vitro, determine the clinical
significance of STMNI in primary EHCC and evaluate the
relationship between STMNI and p27. To this end, we per-
formed immunohistochemistry to evaluate the relationships
between STMNI, p27 and clinicopathological factors in clini-
cal EHCC samples. We also examined the in virro effects of
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SIRNA-mediated STMN1 suppression on the proliferation, che-
motherapeutic sensitivity and p27 expression in human EHCC
cell lines,

Material and Methods

Patients and samples. [munohistochemistry was performed on
80 EHCC patients who had undergone curative surgery in our
department between 1995 and 2011, Patients ranged in age from
43 to 94 years. Tumor stage was classified according to the
seventh wmor-node-metastasis (TNM) classification of the Union
for International Cancer Control (UICC).*" Forty-four (53%)
patients received adjuvant therapy following chemotherapy: 11
received UFT  (tegafur-uracil: Taiho Pharmaceutical, Tokyo,
Japan); nine received Gemeitabine (Eli Lilly and Company, India-
napolis, IN, USA); 21 received S-1 (TS-1; Taiho Pharmaceutical);
and three received Gemeitabine+S-1. All patients provided written
informed consent, as per institutional guidelines.

immunohistochemical staining. A 4-pum scction was cut from
paraffin blocks of EHCC samples. Each scction was mounted
on a silanc-coated glass slide, deparaffinized and soaked for
30 min at room temperature in 0.3% HyOp/methanot to block
endogenous  peroxidases. The sections were then heated in
boiled water and Immunosaver (Nishin EM, Tokyo, Japan) at
98°C for 45 min. Non-specific binding sites were blocked by
incubating with Protein Block Serum-Free (DAKO, Carpin-
teria, CA, USA) for 30 min. A mouse monoclonal anti-
STMNI (OPI8) antibody (Santa Cruz Biotechnology. Santa
Cruz, CA, USA) and a mouse monoclonal anti-p27 antibody
(Santa Cruz Biotechnology) were applied at a dilution of
1:100 for 24 h at 4°C. The primary antibody was visualized
using the Histofine Simple Stain PO (M) Kit (Nichirei. Tokyo,
Japan) according to the instruction manuval. The chromogen
3.3¢-diaminobenzidine tetrahydrochloride was applied as a
0.02% solution containing 0.0053% H,O, in 50 mM ammonium
acetate-citrate acid buffer (pH 6.0). The sections were lightly
counterstained with Mayer’s hematoxylin and mounted. Nega-
tive controls were established by omitting the primary antibody
and no detectable staining was evident. We previously con-
firmed that esophageal carcinomas express STMNI and p27;
therefore, esophageal carcinomas were used as a positive con-
trol (Figs S1-83).

Immunohistostaining results were evaluated as described by
Altan er al.?® The intensity of cytoplasmic STMNI. nuclear
p27 and cytoplasmic p27 staining was scored as follows: 0, no
staining; 1+, weak staining; 2-+ moderate staining; and 3+,
strong staining relative to the positive control (Figs S1-S3).
The percentage of nuclear-stained cells was calculated by
examining at least 1000 cancer cells in five representative
areas. Cytoplasmic STMNI. nuclear p27 and cytoplasmic p27
were scored as follows: 0, no staining; 1+, 1-10%; 2+, 11—
50%; and 3+, 51-100%. The score was defined as the percent-
age score multiplied by the intensity score according to the cri-
teria presented in Table S1 (0, L1+, 2+, 3+, 4+, 6+ and 9+).
The optimal cut-off point was defined as follows: grades 0, 1,
2, 3 and 4 were considered low expression, while grades 6 and
9 were designated as high expression. All samples were evalu-
ated by two observers (AW, TY). The Ki-67 labeling index
was used to calculate the percentage of cells with high nuclear
expression cells in approximately 1000 cells per sample. Y

Cell culture, The human EHCC cell line HuCCT-1 was used
in the present study. All cells were obtained from RIKEN
BRC through the National Bio-Resource Project of MEXT,
Tokyo, Japan. The cells were cultured in RPMI 1640 medium
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(Wako, Osaka, Japan) supplemented with 10% FBS and 1%
penicillin—streptomycin (Invitrogen, Carlsbad, CA, USA).

siRNA  transfection. STMN1-specific  siRNA  (Silencer
Pre-designed siRNA) was purchased from Bonac Corporation
(Fukuoka, Japan). HuCCT-1 cells were seeded in six-well,
flat-bottom microtiter plates at a density of | x 10° cells per
well in a volume of 2 mL and incubated in a humidified
atmosphere (37°C and 5% CO,). After incubation, 500 ul. of
Opti-MEM I Reduced Serum Medium (Invitrogen), 5 pL Lipo-
fectamine RNAI MAX (Invitrogen) and 5 pul. STMN I-specific
SiRNA (50 oM final concentration in each well) were mixed
and incubated for 20 min to form chelate bonds. The siRNA
reagents were then added to the cells. The experiments were
performed after 24-96 h of incubation.

Proximity ligation assay (PLA). HuCCT1 cells were sceded and
incubated on Chamber Stides (Lab-Tek II, Thermo Scientific,
Waltham, MA, USA) for 24 h. The cells were fixed with 4% para-
formaldehyde for 30 min and 100% methanol for 10 min. The
slides were then blocked in 4% bovine serum albumin (Millipore,
Biillerica, MA, USA) for 30 min and incubated for 48 h at 4°C
with the appropriate combinations of mouse, rabbit and goat anti-
bodics diluted 1:100 (STMNI rabbit antibody; Cell Signaling
Technology. Danvers, MA, USA; and p27 mouse antibody: Santa
Cruz Biotechnology) in antibody ditution solution (Olink Biosci-
ence, Uppsala, Sweden). After washing, the slides were incubated
with Duolink PLA Rabbit MINUS and PLA Mouse PLUS prox-
intity probes (Olink Bioscience) and a proximity ligation was per-
formed using the Duolink Detection Reagent Kit (Olink
Bioscience) according to the manufacturer’s protocol. Nuclei
were stained with Duolink In Situ Mounting Medium with DAPL
(Olink Bioscience). Images were acquired with an All-in-one Flu-
orescence Microscope (Keyence Corporation, Osaka, Japan).

Protein extraction and western blot analysis. Transfected cells
were incubated for 96 h. Total protein was extracted using the
PRO-PREP Protein Extraction Solution Kit (iNtRON Biotech-
nology. Sungnam, Kyungki-Do, Korea) and nuclear protein
was extracted with the NE-PER Nuclear and Cytoplasmic
Extraction Kit (Thermo Scientific. Kanagawa, Japan). The pro-
teins were separated on 4126 Bis-Tris Mini Gels (Life Tech-
nologies Corporation, Carlsbad, CA, USA) and transferred o
membranes using an iBlot Dry Blotting System (Life Technol-
ogies Corporation). The membranes were incubated overnight
at 4°C with mouse monoclonal antibodies against STMNI
(1:1000: Santa Cruz Biotechnology), p27 (1:1000; Santa Cruz
Biotechnology), B-actin (1:1000; Sigma, St Louis, MO. USA)
and Histone HI (1:1000; Santa Cruz Biotechnology). The
membranes were then treated with horseradish peroxidase-con-
jugated anti-mouse secondary antibodies and the proteins were
detected with the ECL Prime Western Blotting Detection Sys-
tem (GE Healthcare, Tokyo, Japan).

Proliferation assay. Cell proliferation was measured with the
Cell Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan).
At 48 hafter transfection, the HuCCT1 cells were plated (approx-
imately 5000 cells per well) in 96-well plates in 100 uL of med-
ium containing 10% FBS. Evaluations were performed at the
following time points: 0, 24, 48, 72 and 96 h. To determine cell
viability, 10 plL of cell counting solution was added to each well
and incubated at 37°C for 2 h. Next, the absorbance of each well
was detected at 450 nm using a xMark Microplate Absorbance
Spectrophotometer (Bio Rad, Hercules, CA, USA).

Paclitaxel assay. A water-soluble (etrazolium (WST)-8 test
and the Cell Counting Kit-8 (Dojindo Laboratories) were used
to evaluate paclitaxel sensitivity. At 48 h after transfection,
HuCCT! cells were seeded (10 000 cells/well) into 96-well

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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plates in 100 uL. medium containing 10% FBS prior o drug
exposure. After 24 h pre-incubation the cells were treated with
various concentrations of paclitaxel for 48 h. Then, 10 ubL
WST-8 reagent was added and the cells were incubated for an
additionat 2 h at 37°C. Viability was determined using color-
imetry by absorbance at 450 nm (xMark Microplate Absor-
bance Spectrophotometer). )

Statistical analysis. Data for the continuous variables are
expressed ‘as the mean £ SEM. Significance was determined
using Student’s t-tests and anova. Statistical analysis of the
immunohistochemical staining data was performed using the
chi-squared test. Survival curves were calculated using the
Kaplan—Meier method and analyzed with the log-rank test.
Prognostic factors were examined by univariate and multivari-
ate analyses using a Cox proportional hazards model. All dif-
ferences were deemed significant at P < 0.05 and all statistical
analyses were performed with 1wp software, version 5.01 (SAS
Institute Inc., Cary, NC, USA).

Results

Immunohistochemical staining of STMN1 and p27 in EHCC
tissues. STMN1 expression was evaluated using immunohisto-
chemistry in 80 EHCC samples. Thirty-three samples (41.2%)
were negative for STMNI expression (Fig. 1a) and 47 samples
(58.8%) were positive for cytoplasmic STMNI expression
(Fig. 1b). Nuclear p27 expression was also evaluated in these
samples. Twenty-five (31.2%) samples were positive for p27
expression (Fig. lc) and 55 samples (68.8%) were negative
(Fig. 1d). High STMN1 expression was associated with low p27
nuclear expression (P = 0.0011; Table 1). Cytoplasmic p27
expression was evaluated in the same EHCC samples; 43 (54.4%)
samples demonstrated high cytoplasmic staining for p27 expres-
sion (Fig. 1d), whereas 36 (45.6%) samples exhibited low p27
expression (Fig. Ic). High STMNI expression was associated
with high p27 cytoplasmic expression (P = 0.0063: Table 1).

STMN1 expression correlates with venous invasion and Ki-67
labeling index in EHCC tissues. The correlations between

@ 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
an behalf of Japanese Cancer Association.
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STMNI expression and clinicopathological findings arc shown
in Table 1. We considered the following factors: patient age,
patient gender, tumor stage, lymph node metastasis, lymphatic
invasion, venous invasion, nerve invasion, infiltrating type and
TNM stage (UICC 7th). " The results showed a correlation
between high STMNI expression and venous invasion
(P =0.0021). We also examined the association between
STMNI expression and the Ki-67 labeling index to evaluate
proliferation. High-STMNI-expressing patients had a signifi-
cantly higher Ki-67 labeling index in comparison to low-
STMN -expressing patients (P < 0.0001).

Prognostic significance of STMN1 expression in EHCC. The
prognostic significance of STMNI expression on postoperative
recurrence-free survival (RFS) and cancer-specific survival
(CSS) is shown in Figure 2. The STMNI1-positive group had sig-
nificantly poorer prognoses than the STMNIl-negative group,
regarding both RFS (P = 0.0222) and CSS (P = 0.0061). For
CSS, STMNI expression was prognostic for poor survival in the
univariate analysis (Table 2; P = 0.0044). Multivariatc analysis
also showed STMNI expression is prognostic for poor survival
(Table 2; P = 0.0163). Interestingly, other existing clinicopatho-
logical factors were not significantly and independently associ-
ated with shorter CSS, whereas STMN! expression in EHCC
remained more significant than the presence of lymph node
metastasis (Table 2; hazard ratio [HR]. 1.696; 95% confidence
interval [CI}, 1.10-2.76).

STMN1 and p27 cross-interact in cultured EHCC cells. To exam-
ine the protein complexes of STMNI and p27 in HuCCTl
cells, we performed PLA, which revealed the complexes as red
spots in the cytoplasm (Fig. 3a). Thus, STMN/ interacts with
p27 in the cytoplasm, but not in the nucleus, of EHCC cells.

siRNA-mediated STMN1 suppression and p27 expression in
HuCCT-1 cells. Two siRNA complexes were used to knock
down STMNI expression in HuCCT-1 cells. Suppression of
STMNI1 by siRNAI and siRNA2 was demonstrated using wes-
tern blotting 96 h after transfection (Fig. 3b). Next, we exam-
incd the cffect of STMNI knockdown on p27 expression.
STMNI depletion induced total p27 protein expression and

Fig. 1. Immunohistochemical staining of
stathmin1 (STMN1) and p27 in primary extrahepatic
cholangiocarcinoma (EHCC) samples. (a) Low STMN1
expression in a primary EHCC specimen (original
magnification, x400). (b) High STMN1 expression in
a primary EHCC specimen (original magnification,
x400). () High nuclear p27 expression and low
cytoplasmic p27 expression in a primary EHCC
specimen (original magnification, x400). (d) Low
nuclear p27 expression and high cytoplasmic p27
expression in a primary EHCC specimen (original
magnification, x400). Figures a, ¢ and b, d show
images from the same cases.
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Table 1. Clinicopathological characteristics of extrahepatic cholangio-
carcinoma patients according to stathmin expression

STMNT low STMN1 high
Factor expression expression Pvalue
(n = 33) (n = 47)

Age (years)
=65 13 18 0.9211
65 20 29

Sex
Male 23 35 0.6389
Female 10 12

Differentiation
Well 9 9 0.2563
Moderate 15 26
Poor 8 14

Tumor stage
T2 20 19 0.0745
T3-4 13 28

Ltymph node metastasis
- 19 27 0.9908
+ 14 20

Lymphatic invasion
- 7 4 0.1070
s 26 43

Venous invasion
- 12 a 0.002*
+ 2 43

Distant metastasis
- 32 45 0,7740
+ 1 2

Infiltration
o 0 2 0.1179
B 17 31
v 15 14

TNM stage (UICC)
0,1 1 11 0.3297
i, 1, v 22 36

Nuclear p27
High expression 17 8 0.001*
Low expression 16 39

Cytoplasmic p27
High expression 12 31 0.006*
Low expression 21 15

Ki-67 labeling 9.28 x 135 62.1 x 319 <0.0001*

index {mean + SD})

#p « 0,05. STMN1, stathmin1; TNM, tumor-node-metastasis; UICC,
Union for International Cancer Control.

also had a tendency to increase nuclear pl27 expression
(Fig. 3b).

Suppression of STMN1 reduces proliferation and sensitizes
EHCC cells to paclitaxel. We assessed the relationship between
EHCC proliferation and STMNI expression. WST assays
revealed that the proliferation of STMNi-knockdown cells was
significantly lower than in the parent and negative-control cells
(P < 0.01: Fig. 3¢). STMNI-knockdown cells were also signif-
icantly more sensitive to paclitaxel than the control cells
(P < 0.01; Fig. 3d).

Immunohistochemical staining of STMN1 and p27 in EHCC tis-
sues. STMN1 expression was evaluated using immunohisto-
chemistry in 80 EHCC samples. Overall, 33 (41.2%) EHCC
samples were negative for STMNI! expression (Fig. fa).
whereas 47 (58.8%) samples exhibited positive cytoplasmic

Cancer Sci | June 2014 | vol. 105 | no.6 | 693

Original Article
Watanabe et al.

staining for STMNI expression (Fig. th). Nuclear p27 cxpres-
sion was also evaluated in the 80 EHCC samples. Twenty-five
(31.2%) samples demonstrated positive nucleic staining for
p27 expression (Fig. lc), whereas 55 (68.8%) sumples were
negative for p27 expression (Fig. 1d). Moreover, the samples
exhibiting high STMN! expression were associated with low

27 nuclear expression (P = 0.0011; Table 1). In addition, p27
expression was also evaluated on each EHCC samples, 43
(54.4%) samples demonstrated high cytoplasmic staining for
p27 expression (Fig. 1d), whereas 36 (45.6%) samples were
fow staining for p27 expression (Fig. lc). The samples exhibit-
ing high STMNI expression were also associated with high
p27 cytoplasmic expression (P = 0.0063; Table 1).

STMN1 expression correlates with venous invasion and Ki-67
labeling index in EHCC tissues. The correlations between
STMNT1 expression and clinicopathological findings are dis-
played in Table 1. Regarding the clinicopathological findings,
we considered the following factors: patient age, patient gen-
der, tumor stage, lymph node metastasis, lymphatic invasion,
venous invasion, nerve invasion, infiltrating type and TNM
stage (UICC 7thy. The results revealed that STMNI-high
expression was correlated with venous invasion (2 = 0.0021).
In addition, we ecxamined the association between STMNI
expression and the Ki-67 labeling index to evaluate prolifera-
tion abifity. The STMN[-high-cxpression patients had a signifi-
cantly higher Ki-67 labeling index than the low-expression
patients (P < 0.0001).

Prognostic significance of STMN1 expression in EHCC. The
prognostic significance of STMNI expression on postoperative
RFS and CSS rates are displayed in Figure 2. The STMNI-
positive group had significantly poorer prognoses than the
STMN I-negative group, regarding both RFS (P = 0.0222) and
CSS (P = 0.0061). For CSS, STMNI! expression was a prog-
nostic factor for poor survival in the univariate analysis
(Table 2; P = 0.0044). In the multivariate analysis, STMNI
expression was also a prognostic factor for poor survival
(Tuble 2: P = 0.0163). Intcrestingly, other existing clinicopath-
ological factors were not significantly and independently asso-
clated with shorter CSS, whereas the detection of STMNI
expression in EHCC remained prognosticaily more significant
than the presence of lymph node metastasis with regard to
CSS (Table 2; HR, 1.696; 95% CI. 1.10-2.76).

STMN1 and p27 cross-interactinn EHCC cells in vitro. To exam-
ine the protein complexes formed between STMNI and p27 in
HuCCT1 cells, we performed PLA. As a result, the formations
of STMNI and p27 complexes were detected in the cytoplasm
as red spots (Fig. 3a). This result demonstrates that STMNI
interacts with p27 in the cytoplasm, but not in the nucleus, of
EHCC cells.

Effect of siRNA-mediated STMN1 suppression on p27 expres-
sion in HuCCT-1 cells. Two siRNA complexes were used to
knockdown STMNI expression in the HuCCT-1 cells. The sup-
pression of STMNI by siRNA1L and siRNA2 was demonstrated
using western blotting 96 h after transfection (Fig. 3b). Next,
we examined the effect of STMNT knockdown on p27 expres-
sion. The depletion of STMNI increased p27 expression on
total protein and also had a tendency to increase nuclear p27
expression (Fig. 3b).

Suppression of STMN1 reduces proliferation and sensitizes
EHCC cells to paclitaxel. We assessed the relationship between
the proliferative ability of EHCC cells and STMN! expres-
sion. The cellular proliferation ability was evaluated using the
WST assay, which revealed that the proliferation of STMN/-
knockdown cells significantly diminished compared with the

@ 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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STMNI fow expressaon {2 = 33}
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:n—l SYMNT high expression (5 = 47} ¥
a8 T [ ¥ ko i I B AR S s RN N
¢ : ! ’ ! * ¢ ’ ' * ! ¢ * ° : Fig. 2. Relationship between postoperative
Number at risk S5 uumberat risk e survival and stathmin1 (STMN1) expression. Kaplan—
STAENE fow STMNT fow Meier curves of the low-STMN1-expression and
BB o 6 s . PR 0w o s s 4 s 3 high-STMN1-expression groups are shown. (a) High
STt bigh STARYE iy STMN1 expression indicated a poor prognosis _for
e s 1w . s N . R - ¢ o R . s . R recurrence‘freg surviva} gP =0.0222). (b) Hrg_h
STMN1 expression also indicated a poor prognosis
Mean observation tem 699 (days) Mean observation term 74 (days) for cancer-specific survival (P = 0.0061).
Table 2. Univariate and mul iate lysis of prog! ic factors using the Cox proportional hazards model
Univariate analysis Multivariate analysis
Factor
RR 95% Cl P-value RR 95% Ci P-value
Age (<65/>66) 0.994 0.70-1.38 0.9720 - - ~
Sex (M/F) 0.753 0.49-1.09 0.1392 - - -
Tumor stage (T1-2/3-4) 2314 1.18-4.71 0.0131* 2031 0.97-4.39 Q.0577
Lymph node 1.742 1.23-2.50 0.0013* 1.48 1.02-2.20 0.0379*
metastasis {—/+)
Lymphatic invasion (—/+) 1.631 0.97-3.33 0.0649 - - -
Venous invasion {—/+) 1.619 1.02-2.97 0.0410* 1.039 0.59-1.99 0.898
Distant metastasis (—/~) 1.803 0.29-5.99 0.4582 - - -
Adjuvant therapy (—/+) 0.467 0.25-0.90 0.0242* 0.346 0.17-0.70 0.0035*
Nuclear p27 expression (~/+) 0.596 0.36-0.89 0.0011* 0.811 0.47-1.30 38.401
STMN1 expression {—/+) 1.688 1.16-2.58 0.0044* 1.696 1.10-2.76 0.0165*

*p = 0,05. Cl, confidence interval; RR, relative risk; STMN1, stathmini.

parent and negative-control cells (P < 0.01; Fig. 3c). More-
over, STMN!-knockdown cells exhibited significantly higher
sensitivity to paclitaxel than the control cells (P < 0.01;
Fig. 3d).

Discussion

In the present study, we demonstrated that high STMNI
expression is associated with poor prognosis in primary EHCC
samples. Morcover, high STMNI expression is related to low
nuclear p27 expression and high cytoplasmic p27 expression.
In the in vitro STMNI knockdown analysis, proliferative ability
was reduced and paclitaxel sensitivity was increased in trans-
fected cells compared with the control cells. In addition,
STMNI knockdown increased p27 cxpression.

In the immunohistochemical analysis, high STMN! expres-
sion correlated to poor RFS and CSS prognosis. Morcover,
based on the multivariate analysis of CSS, high STMNI
expression translated into an independent prognostic factor.
Some reports have also revealed that high STMNI expression
is related to poor prognosis in the following cancers: oral squa-
mous cell carcinoma;''® diffuse type gastric cancer;” colon
cancer; 'V hepatocellular cancer;'? and urothelial carci-
noma.'” The results of the present study are in agreement

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

with these previous reports. Therefore, STMNI is expected to
serve as a prognostic-predictive marker of EHCC.

In the present study, high STMN]1 expression was associated
with venous invasion in EHCC. Jeon er al.” reported this
association in diffuse type gastric carcinoma and showed that
in vitro STMNI1 suppression inhibited migration and invasion
in gastic cancer cells. Baldassare er al'® reported that
STMNI promotes invasion in sarcoma and regulates microtu-
bule stability following adhesion to the extracellular matrix.
STMINI also regulated invasion in hepatocellular carci-
noma."? Our results were consistent with these previous
reports and indicate that STMNT is associated with invasion in
EHCC.

Previous studies have examined the relationship between
STMNI and p27.%+*® Baldassarre er al.™® reported  that
STMNT1 bound to p27 in the cytoplasm of sarcoma cells and that
high-STMN I -expressing and low-p27-expressing cells demon-
strate increased proliferation and invasion ability. However, the
authors did not deseribe in detail whether cytoplasmic p27 regu-
lates STMNI function or whether cytoplusmic STMNT inhibits
the import of p27 into the nucleus. In our immunohistochemical
analysis of EHCC, high-STMN I-expressing samples exhibited a
significant tendency for low nuclear p27 expression and high
cytoplasmic p27 expression. Using a PLA assay, STMNI was

Cancer Sci | June 2014 | vol. 105 | no.6 | 694
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(a)

Fig. 3. (a) Stathmin] (STMN1) bound to p27 in the
cytoplasm of HUCCT1 cells. Primary STMN1 rabbit and
p27 mouse antibodies bound to STMN1 and p27
complexes were combined with secondary proximity
ligation assay probes. The interaction events are
visible as red dots (nuclear staining with DAPI). (©)so
(b} siRNA-mediated STMN1 suppression. STMN1 -

protein levels were measured using western blotting 45
after transfection with STMN1 siRNA. p27 expression
in STMN1 siRNA-transfected and untreated HuCCT-1
cells was assessed using western blotting of total and 38
nuclear protein. i-Actin was used as a loading control
for total protein and Histone H1 was used as a
loading control for nuclear protein. (¢) HuCCT-1 cells
were transfected with STMN1 SiRNA and WST-8
proliferative assays were performed and compared
with untransfected cells. (d) Paclitaxel sensitivity was
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shown to interact with p27 directly in the cytoplasm of HuCCT1
cells in vitro. Moreover, siRNA-mediated STMN/ knockdown
triggered increased p27 expression and the proliferative ability
of STMNI!-suppressed cells significantly diminished. Interest-
ingly, p27-degradation promotion has been reported in the cyto-
plasm but not in the nucleus during the GO-G1 transition. From
these results it is suggested that STMNI interacts with p27 in
the cytoplasm, inhibits the function of nuclear p27 via the degra-
dation of cytoplasmic p27 and leads to the progression of cancer.
S phase kinase-associated protein 2 (SKP2) gr{)motes p27 degra-
dation via the ubiquitin-proteasome system™® and p27 upregu-
lation fucilitated by a SKP2 inhibitor significantly suppresses the
cell eyele and results in lower proliferation potency.” There-
fore, p27 regulation by STMNI targeting might provide a prom-
ising therapeutic tool for several cancers including EHCC.

Some studies have examined the relationship between
STMNI expression and taxane anticancer drugs. STMNI over-
expression levels are associated with paclitaxel sensitivity in
ovarian cancer and breast cancer cells.®*® Tancu er al®”
reported that taxol and anti-STMN] therapy produced a syner-
gistic anticancer effect on a leukemic cell line. Moreover, Alli
et al'” also reported that STMN| overexpression increases the
rate of cell death, decreases microtubule polymerization, which
markedly decreases taxane binding, and prevents cells from
entering mitosis. In the present study. STMNI knockdown
increased paclitaxel sensitivity, which is consistent with previ-
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Enhanced expression of proapoptotic and autophagic
proteins involved in the cell death of glioblastoma induced
by synthetic glycans

Laboratory investigation

AuMaD Fariep, MLD., Pu.D.,! MuHAMMAD ZAFRULLAH ARIFIN, ML.D., Pu.D.,!
SHoco Isurvcu, M.D., Pu.D.,2 Hirovukt Kuwano, M.D., Pu.D.,> AND SHIN YAzZawa, PH.D.*

'Department of Neurosurgery, Faculty of Medicine, Universitas Padjadjaran-Dr. Hasan Sadikin Hospital,
Bandung, Indonesia; *Department of Neurosurgery, Faculty of Clinical Medicine, the University of Ryukyus,
Nakagami-gun, Okinawa: *Department of General Surgical Science, Faculty of Medicine, Gunma University,
Muaebashi; and "Tokushima Research lustitute, Otsuka Pharmaceutical Co. Ltd., Tokushima, Japan

Object. Glioblastoma is the most aggressive malignant brain tumor, and overall patient survival has not been
prolonged even by conventional therapies. Previously, the authors found that chemically synthesized glycans could
be anticancer agents against growth of a series of cancer cells. In this study, the authors examined the effects of gly-
cans on the growth of glioblastoma cells bath in vitro and in vivo.

Methods, The authors investigated not only the occurrence of changes in the cell signaling molecules and ex-
pression levels of various proteins related to cell death, but also a mouse model involving the injection of glioblas-
toma cells following the administration of synthetic glycans.,

Results. Synthetic glycans inhibited the growth of glioblastoma cells, induced the apoptosis of the cells with
cleaved poly (adenosine diphosphate-ribose) polymerase (PARP) expression and DNA fragmentation, and also
caused autophagy, as shown by the detection of autophagosome proteins and monodansylcadaverine staining. Fur-
thermore, tumor growth in the in vivo mouse model was significantly inhibited. A dramatic induction of programmed

cell death was found in glioblastoma cells after treatment with synthetic glycans.
Conclusions. These results suggest that synthetic glycans could be a promising novel anticancer agent for per-

forming chemotherapy against glioblastoma.

(hup:iitheins.orgidoilabst 10.317 120141 INS131534)

Key Worps
oncology

synthetic glycan

lignancy of the CNS, and patients with glioblas-
toma have an average life expectancy of | year
after the standard treatment of surgery followed by ra-
diation therapy.®*** Recently, clinical studies have shown

G LIOBLASTOMA is the most aggressive and lethal ma-

Abbreviations used in this paper: Akt = protein kinase B;
AMPA = a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid;
CPI = cell proliferation inhibition; HP-B-CD = hydroxypropyl-
fB-cyclodextring GalBChol = p-galactose B cholestanol; GChol =
GleNAcfChol: GGChol = GleNAcB13 GalfChol: GIeNAcp1.3
= N-acetyl-p-glucosamine f1.3; GluRl = glutamate receptor 1;
GluR4 = glutamate receptor 4; HO342 = Hoechst 33342; MDC =
monodansylcadaverine; mTOR = mammalian target of rapamycin:
PARP = poly (adenosine diphosphate-ribose) polymerase; PI3K =
phosphatidylinositol 3-kinase: Z-VAD-FMK = benzyloxycarbonyl-
Val-Ala-Asp(OMe)-fluoromethylketone.
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glioblastoma +  apoptosis *  autophagy =

that chemotherapy in addition to radiation therapy could
increase patient survival up to 2 years.* The continuing
problems caused by glioblastoma and the failure of con-
ventional therapy for this advanced invasive brain tumor
indicate that novel strategies and anticancer drugs are
critically needed to improve the prognosis.

Glioblastoma cells are naturally resistant to cell
death,’®? which has been considered to be attributable
to the activation of phosphatidylinositol 3-kinase (PI3K)
by growth factors and the subsequent hyperactivation of
its downstream targets, the serine/threonine kinases pro-
tein kinase B (Akt) and mammalian target of rapamycin
(mTOR). These targets are known to release a variety of

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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antiapoptotic signals, thereby promoting the proliferation
of the tumor cells.*** Growing evidence is accumulat-
ing that glioblastoma cells exploit glutamate for their pro-
liferation and migration ability. The released glutamate
may stimulate glioblastoma cell growth and migration
through the autocrine and/or paracrine activation of glu-
tamate receptors.®®?' In addition, the expression of Rho
GTPase family members has been demonstrated in a wide
variety of malignancies™>'®* and in high-grade glioma
as a hallmark of cell migration and as a predictor of the
clinical prognosis.#

Programmed cell death plays an important role dur-
ing tissue development and homeostasis. Aberrations in
this process result in the pathology of numerous disorders,
such as malignancy. Apoptosis is the most common form
of programmed cell death, but recently, alternative cell
death programs have received increased attention, with
autophagy proposed as an important nonapoptotic cell
death mechanism.5*

In our previous studies, using chemically synthesized
glycans consisting of sugar cholestanols with mono-, di-,
and trisaccharides attached to cholestanols, we showed
both strong inhibitory activity against the proliferation of
a series of mouse and human cancer cells from the di-
gestive system and antitumor effects in a mouse model
of peritoneal dissemination.®"5 The sugar cholestanols
added to the cell culture were rapidly taken up via the
lipid rafts/microdomains on the cell surface."” The uptake
of sugar cholestanols in mitochondria increased gradually
and was followed by the activation of apoptotic signals via
the caspase cascade, leading to apoptotic cell death 54415
Furthermore, the examination of sugar cholestanols in a
mouse model of peritoneal dissemination showed a dra-
matic reduction of tumor growth and a prolonged survival
time of the mice.”” The sugar cholestanols described in
our previous studies, therefore, appeared to have clinical
potential as novel anticancer agents. However, the cell
death pathways in malignant glioma cells induced by the
same compounds remain an open question. In this study.
we investigated the programmed cell death induced by the
sugar cholestanols in glioblastoma cells and its anticancer
effect on growth in nude mice.

Methods
Cell Lines and Culture Condition

Human glioblastoma cell lines, CGNH-89 and
CGINH-NM, were established as described previously.'*
The morphology of CGNH cells is epithelial and adherent
type, and their doubling time is 24 hours. CGNH cells were
established through resection from the tumor at the right
frontal lobe of female patients according to the explant
method by Nichols et al.’ It has been demonstrated that
the CGNH cells have glioblastoma morphological charac-
teristics, and they grow very fast (highly cellular) and are
relatively monotonous, while some are multinucleated gi-
ant cells with slight nuclear pleomorphism, marked atypi-
cal nucleus, and brisk mitotic activity."** The cells were
maintained at 37°C in DMEM (Nissui) supplemented with
10% fetal bovine serum (Invitrogen) and 3% L-glutamine
in a humidified atmosphere of 5% CO, in air. When they
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were confluent, the cells were exposed in 0.05% trypsin
and subcultured in the same growth medium.

Compounds

N-acetyl-p-glucosamine (GIcNAc) 1,3 p-galactose
(Gal) § cholestanol, or GGChol, and GleNAc B choles-
tanol, or GChol, were synthesized and prepared'®® as an
inclusion complexation with 20% of hydroxypropyl-f-cy-
clodextrin (HP-$-CD; BICO) and used for the experiment
as previously described *

Antibodies and Chemical Reagents

Anti-GluR1 (glutamate receptor 1) and GluR4 (glu-
tamate receptor 4) were obtained from Chemicon. Anti—
RhoA, RhoC, Beclin-1, and LC3 were obtained from
Santa Cruz Biotech, Inc. Anti-pAkt at ser473, pmTOR at
ser2448, p53 at serd6, Bel-2 family, caspase family, and
poly (adenosine diphosphate-ribose) polymerase (PARP)
were obtained from Cell Signaling. 3-Methyladenine (3-
MA; Sigma), was used as an inhibitor of autophagy. 3-MA
(30 mg) was dissolved with 1 ml dH,O to make a 200
mM stock solution and kept at room temperature. Ben-
zyloxycarbonyl-Val-Ala-Asp(OMe)-fluoromethylketone
(Z-VAD-FMK, or just Z-VAD; BD Biosciences). a general
caspase inhibitor, was used to inhibit apoptosis. Z-VAD
was dissolved in dimethylsulfoxide for a stock solution.
And | mM of 3-MA and 10 uM of Z-VAD were diluted
separately in DMEM to obtain the desired concentration.
The autofluorescent agent monodansylcadaverine (MDC;
Sigma) was introduced as a specific autophagolysosome
marker to analyze the autophagic process.® The fluores-
cence of MDC has been reported to be a specific marker
for autophagic vacuoles.! Monodansylcadaverine was dis-
solved in methanol (10 mg/ml) and used to observe au-
tophagy.

Cell Proliferation Inhibition and Nuclear Fragmentation
Assays

Cell proliferation inhibition with each compound was
conducted in the presence of serially diluted compounds
as described previously.®'* DNA binding dyes, Hoechst
33342 (HO342), in addition to propropidium iodidedium
iodide fluorescence, were used tor determination of apop-
tosis.”? Cells were exposed to HO342 (10 uM) and prop-
idium iodide (10 uM), and each fluorescence intensity was
examined using a fluorescence microscope with ultravio-
let excitation at 340-380 nm. The apoptotic index (Al)
was calculated as follows:

Al = apoptotic cell number + (apoptotic ccll number +
necrotic cell number + viable cell number) x 100%

Protein Extraction and Western Blot Analysis

All cells were harvested at approximately 80% conflu-
ent growth. Protein concentrations of the cell lysate were
determined with a bicinchoninic acid protein assay kit
(Pierce) using bovine serum albumin as a standard. Each
sample (50 ug protein/line) was run on a 5%-20% Rea-
dyGel (Bio-Rad) and the gel was then electrotransferred
to a hybond-enhanced chemiluminescence nitrocellulose
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membrane (Amersham Pharmacia Biotech). Changes in
expression levels of corresponding (apoptosis and autoph-
agy) proteins after treatment with sugar cholestanol were
analyzed by Western blotting; $-actin was used as a load-
ing control. Bunds on the membrane were detected using
an enhanced chemiluminescence detection system, and
horizontal scanning densitometry was performed using
Photoshop software (version 3.0, Adobe), and analyzed by
Quantity One software (BioRad).

Analysis of Autophagy

The analysis of autophagy was performed with the
aid of MDC and counted as previously described.? Au-
tophagic vacuoles were labeled with MDC, and the fluo-
rescent images were obtained with an epifluorescence
microscope (BX-50, Olympus). The quantification of
intracellular MDC accumulation was measured by fluo-
rometry. Cells (2 x 10Y) were incubated with 0.05 mM
MDC in phosphate-buffered saline at 37°C for 10 min-
utes and collected in 10 mM Tris-HCI, pH 8.0, containing
0.1% Triton X-100. Fluorescence was measured at a 380-
nm excitation wavelength with a 530-nm cemission filter,
using an MTP-600 microplate reader (Corona Electric).
Monodansylcadaverine expression was measured using a
relative unit to show the ratio of the amount on intensity
from fluorescence imaging.

Antitumor Effect of Sugar Cholestanols on Nude Mice
Injected With CGNH-89 Celis

The effect of sugar cholestanols on CGNH-89 cell
growth was evaluated quantitatively in a subcutaneous tu-
mor. Cell suspensions (2 x 107 cells/200 ul) were injected
subcutaneously in the flanks of 5- to 6-week-old nude
mice (Clea Laboratories). One hundred microliters of 2
umol of GChol dissolved in HP-B-CD was administered
intratumoraly 3 times (at 14, 15, and 16 days) after tumor
inoculation with a 27-gauge ncedle. The same treatment
of HP-3-CD without GChol was conducted as control. Tu-
mor volume was calculated as follows: (length x width?)/2.

At the end of each experiment, tumor tissues were
subjected to histological analysis. Five mice were used
for each group, and the experiment was approved by the
Animal Care and Experimentation Committee of Gunma
University. Experiments using patient tissues from glio-
blastoma cells were approved by the Ethical Committee
of Gunma University.

Statistical Analysis

Statistical analysis was performed using StatView
software (version 5.0, SAS Institute). Differences were
considered significant when p was < 0.05.

Results

Cell Proliferation Inhibition of Glioblastoma Cells by
Sugar Cholestanols

The effects of sugar cholestanols on the viability of
glioblastoma cells were cvaluated at various concentra-
tions. Sugar cholestanols such as GGChol and GChol
showed considerable inhibiting activities against the pro-
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liferation of glioblastoma cells in a dose-dependent man-
ner (Fig. 1). However, BChol itself, without the sugar moi-
ety, showed very low activity only at a high concentration
in CGNH cells {data not shown). The minimum concen-
trations of sugar cholestanols producing 50% cell prolif-
eration inhibition (CPly,) were determined in the glioblas-
toma cells, and no clear differences were observed (Table
1). The sugar cholestanols clearly induced cell death in
glioblastoma cells.

Nuclear Fragmentation

Nuclear fragmentation was clearly observed in CGNH
cells treated with GGChol but not in the control cells (Fig.
2 left). Staining of the glioblastoma cells (CGNH-89 and
CGNH-NM) with HO342 and propidium iodide indicated
that GGChol induced nuclear fragmentation (a hallmark
of apoptosis) in approximately 17% and 23% of the total
cells, respectively, and were counted as apoptotic (Fig. 2
right).

Western Blot Analysis of Caspase Cascade and PARP
Activation

Caspase signaling pathways consisting of a death re-
ceptor—dependent extrinsic pathway and death receptor—
independent intrinsic pathway were examined in the glio-
blastoma cells treated with GGChol. The expression levels
of active caspase-8 for the extrinsic pathway, caspase-9
for the intrinsic pathway, and caspase-3 were found to in-
crease in the CGNH-89 and CGNH-NM cells in a time-
dependent manner (Fig. 3). The expression levels of PARP,
one of the best biomarkers of apoptosis, were analyzed in
CGNH cells during the 24 hours after the treatment with
GGChol. The N-terminal fragment of PARP, possessing
an 89-kDa peptide cleaved from the full-sized PARP (116
kDa), was detected as early as 2 hours in the CGNH cells
after the treatment with sugar cholestanols (Fig. 3). These
results suggested that GGChol induced apoptotic cell
death through both extrinsic and intrinsic pathways.

Analysis of Autophagy, Apoptosis, and the Inhibition of
Both

We examined the changes in autophagy activ-
ity in both CGNH-89 and CGNH-NM cells treated with
GGChol. The treatment of both cell types with GGChol
induced not only apoptosis but also an autophagic re-
sponse (Fig. 4). In both cell types, the number of distinct
dot-like structures distributed within the cytoplasm or lo-
calized in the perinuclear regions was higher than in the
control (Fig. 4A and B, left). The level of MDC incarpo-
rated into the CGNH-89 and CGNH-NM cells was in-
creased L.4- and 1.5-fold, respectively, after being treated
with GGChol compared with that in the untreated cells
(Fig. 4A and B, right). The cell viability of glioblastoma
cells was reduced in the presence of GGChol up to 60%
but was restored after the addition of 3-MA and Z-VAD
to the culture medium (Fig. 4C). Our results showed that
3-MA and Z-VAD can block autophagy and apoptosis
from 17%-20% and 38%—41%, respectively. The combi-
nation of inhibitors against both autophagy and apoptosis
can fully block the cell death induced by GGChol (45%—
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Fie. 1. Line graphs showing the effect of sugar cholestanols on the viability of glioblastoma cells. The CGNH-89 and CGNH-
NM cells were treated with various concentrations of sugar cholestanols for 24 hours.

48% increase). When 3-MA and Z-VAD were added at
the same time to the cell culture, the cell viability in the
GGChol-treated cells was as high as that of the untreated
control cells. However, no effect was observed when either
agent was added individually to the cell culture (Fig. 4C).

Western Blot Analysis of the Bel-2 Family

The expression levels of Bel-2 family members,
consisting of both proapoptosis and antiapoptosis fac-
tors, were then analyzed in the CGNH cells treated with
GGChols. A slightly increased expression of Bax (pro-
apoptosis) was detected in the CGNH-89 and CGNH-NM
cells in a time-dependent manner, and a slightly decreased
expression of Bel-xL (antiapoptosis) was detected in the
same cells (Fig. 3). We also evaluated the expression level
of p53 (ser46), one of the initiators that activates Bax and/
or downregulates Bel-xL. Our results showed that glio-
blastoma cells treated with GGChol increased the expres-
sion of p53 (serd6) in a time-dependent manner (Fig. 3).

Western Blot Analysis of Autophagy

Using Western blot analysis and MDC staining, we
found that GGChol increased the expression of apoptosis-
related proteins and slightly increased the expression of
LC3-1I and Beclin-1 (Fig. 5). All these results suggest that
sugar cholestanols induced both apoptosis and autophagic
cell death in glioblastoma cells.

Western Blot Analysis of Survival Patlvways

The expression of survival signaling proteins was

TABLE 1: Minimum amounts of each compound producing 50%
cell profiferation inhibition of various cells*

CPlgg (M)
Compounds CGNH-83 CGNH-NM
GGChol 14.8 15.6
GChol 15.6 17.2
cholestanol >1000 >1000

* The 3(4,5-dimethylthiazol-2-yi)2,5-diphenyltetrazolium bromide (MTT)
assay was conducted after 24 hours of incubation under the presence of
each compound diluted from 500 uM to 0.98 uM (in a gradual manner).
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evaluated in glioblastoma cells in response to sugar cho-
lestanols. The treatment of both CGNH cell types with
GGChol indicated inhibition of Akt activation and expres-
sion of both phosphorylated Akt (ser473) and phosphor-
ylated mTOR (ser2448), the downstream targets of Akt
in glioblastoma cells (Fig. 6A). The expression levels of
the upstream molecules related to Akt/mTOR were also
analyzed in CGNH cells treated with GGChol, and the
decreased expression of both GluR1 and GluR4 was de-
tected in CGNH cells treated with GGChol in a time-de-
pendent manner (Fig. 6A). However, the expression levels
of RhoA and RhoC in CGNH cells treated with GGChol
were revealed to be suppressed in a time-dependent man-
ner (Fig. 6B).

Antitumor Effect of Sugar Cholestanols in a Mouse Model

Nude mice were subcutaneously inoculated with
CGNH-89 cells and tumors formed within 2 weeks in all

A

CGNH-89

CGNH-89

Control

Apoptosis ratio (%)

" Control  GGChol

CGNH-NM & CGNH-NM
Control GGChol g -
H
Fw
2
by

0t

Control  GGChol

Fia. 2. Left: Induction of apoptotic cell death in CGNH-89 (A} and
CGNH-NM (B} cells after treatment with GGChol. The cells were ana-
lyzed by the HO342 combined with propidium iodide assay. Original
magnification x200. Right: The apoptosis index (mean + SEM) was
calculated in each cell line. All results were from 3 independent experi-
ments.
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Fic. 3. Western blot analysis of glioblastoma cells treated with GGChol. The cells were treated with 30 uM of GGChol for
24 hours, and the values given below the caspase-8, -9, -3, and PARP figures indicate the calculation of the active form band
{41-43 kDa, 35-37 kDa, 17-19 kDa, and 89 kDa, respectively} after normalization of its expression to that of fi-actin, shown as
a percentage compared with the control. Asterisk = significant increase for the active form of cleaved PARP (89 kDa) measured

using densitometric analysis.

mice. Tumor formation was significantly suppressed (p <
0.05) in the mice treated with GChol in HP-B-CD intra-
tumorally 3 times at 14, 15, and 16 days after inoculation
of tumor cells. However, no significant suppression was
observed in the mice treated only with HP-p-CD (Fig. 7).
The histological analysis of GChol-treated mice revealed
the presence of high degrees of tumor anaplasia including
nuclear and cytoplasmic pleomorphism, tumor necrosis,
and vascular proliferation. However, in the control mice,
large numbers of mitotic cells were observed (data not
shown), as hallmarks of the glioblastoma cells.

Discussion

Temozolomide is commonly used in the treatment of
primary or rccurrent high-grade gliomas, including ana-
plastic astrocytoma and glioblastoma.>* To date, the prog-
nosis of paticnts with malignant gliomas has been poor.*
It is clear that tumor cells with drug-resistant ability will
not respond to chemotherapy treatment. The mechanism
by which temozolomide mediates cell death in malignant
tumor cells has been characterized, and it was shown to
induce autophagy, not apoptosis, in glioblastoma.* In the
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cancer field, autophagy is a new concept for the defense
mechanisms of malignant cells,®* and they are elimi-
nated, in some cases, due to the induction of a nonapop-
totic mechanism, also known as autophagic cell death.?
However, the triggers for the induction of autophagy and
apoptosis and their roles remain unclear.

In our previous studies, novel glycans consisting of a
series of sugar cholestanols were chemically synthesized
and evalvated as anticancer drugs in both in vitro and in
vivo experiments ®H5 In this study, the expression levels
of a series of molecules related to programmed cell death
(apoptosis and autophagy) were investigated in glioblas-
toma cclls treated with the same sugar cholestanols. We
used CGNH-type gliobjastoma cells, cell lines showing
cpithelial morphology and adhesive capacity. These cell
lines possess glial fibrillary acidic protein, vimentin,
A2BS, O4, and myelin basic protein.*? The mRNAs for
the glutamate-AMPA receptors (GluR 1 and GluR4) were
analyzed in CGNH cells using reverse transcriptase—
polymerase chain reaction; the cells expressed GluR | and
GluR4.* As previously described, these cell lines have the
same profile as that of the primary glioblastoma cells de
novo.
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Fig, 4. Fluorescence microscope images showing induction of autophagic cell death in CGNH-89 (A) and CGNH-NM (B)
cells. Original magpnification x200. Bar graph (C) demonstrates cell viability in the glioblastoma cells treated with GGChol mea-
sured in the presence of antiapoptosis and antiautophagy reagents. Monodansylcadaverine incorporation was quantified and
presented as the fold increase + SEM compared with the control (bar graph, upper right). The figures and values are from 3

independent experiments.

In glioblastoma cells treated with sugar cholestanols,
the activation of the initiator caspases (extrinsic caspase-8
and intrinsic caspase-9) followed by the activation of the

© executor caspase (caspase-3) occurred in the glioblastoma
cells after treatment with sugar cholestanols. According-
ly, the activation of the cascade involving such caspases
induced PARP cleavage, resulting in nuclear fragmenta-
tion. Furthermore, the induction of the apoptosis signaling
pathway in glioblastoma cells treated with sugar cholesta-
nols appeared to suppress the expression of Bel-xL and to
enhance the expression of Bax in antiapoptotic and pro-
apoptotic manners, respectively. Therefore, the induction
of apoptosis appeared to be caused by the disruption of a

J Neurosurg | Volume 120 / June 2014

balance between these anti- and proapoptotic molecules,
as described previously.®+15

One of the most important survival-signaling path-
ways is mediated by PI3K and its downstream targets.
such as Akt and mTOR.* Recently, Akt was reported to
play an important role in determining the chemosensitiv-
ity of many types of cells.* The induction of autoph-
agy requires the activation of Beclin-1 and its interact-
ing partner, Class III PI3K, resulting in the generation of
phosphatidylinositol-3'phosphates. This induction is nega-
tively regulated by Class I PI3K via the Akt/mTOR path-
way.##+6 In contrast, Beclin-1, a mammalian homolog of
the yeast autophagy-related gene Atg6, was observed to be
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Fis. 5. Western blot analysis in the glioblastoma cells treated with GGChol. Changes in the expression of the autophagy ac-
tivation, Bcl-2 family members, p53 (ser46) in the CGNH-89 and CGNH-NM cells are shown. The cells were treated with 30 «M
of GGChol for 24 hours, and values given below each figure indicate the calculation of each band, and the LC3 active form band
(16 kDa), after normalization of their expression to that of -actin, shown as a percentage compared with the control. There was
a significant increase in the active form of LC3 (16 kDa) measured using densitometric analysis.

deleted in breast and prostate cancer cells, and its expres-
sion was shown to induce autophagy and inhibit tumori-
genicity in MCF-7 breast cancer cells.?” Furthermore, the
microtubule associated protein 1 light chain 3, designated
as L.C3, exists in 2 forms, which are LC3-T and LC3-11,
focated in the cytosol and autophagosomal membranes,
respectively. LC3 is the first protein that was reported to
specifically localize to autophagosome membranes and
was later designated as LC3-IT (16 kDa), the inner limit-
ing membrane of the autophagosome. During the process
of autophagy, cleaved LC3-I conjugates with phosphati-
dylethanolamine to form LC3-I1, which is an important
step for autophagosome formation. Immunofluorescence
staining of endogenous LC3 can detect autophagy (Fig.
4). The expression of Beclin-1 in glioblastoma cells was
slightly increased after treatment with sugar cholestanols
along with the decreased expression of the members of the
Akt/mTOR pathway. In addition, LC3-I1 expression was
increased. and this hallmark could be used to estimate the
abundance of autophagosomes before they are destroyed
via fusion with lysosomes.

Recently, p53 has also been revealed to activate au-
tophagy.®* Several groups have reported the localization
of p33 to the outer layer of the mitochondrial membrane
and the activation of apoptosis through direct binding to
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the Bel-2 family members Bax, Bak, or Bel-xL.>* The
overexpression of pS3 was also reported to increase Bax
expression in several cell types following the induction of
apoptosis.®'* The binding of p53 to pS3AIP1, which ap-
pears to be important for the apoptotic response, is selec-
tively enhanced by the phosphorylation of ser46.? We also
observed that, in fact, p53 at serd6 was increased in glio-
blastoma cells after treatment with sugar cholestanols, In
addition, the stimulation of cell death controlled by apop-
tosis and/for at least partially by autophagy was observed
in glioblastoma cells treated with sugar cholestanols and
cotreated with. inhibitors of caspases and autophagy.
Therefore, we provided evidence that sugar cholestanols
induced apoptosis and autophagic cell death in the same
glioblastoma cells. The occurrence of cell death induced
by apoptosis was also observed in colorectal cancer cells
treated with the same sugar cholestanols (S. Yazawa et al.,
unpublished observation, 2008).

The mechanism of drug-induced cell death has been
accepted to be governed not only by the upregulation of
proapoptotic, proautophagic factors or tumor suppressors,
but also by the modulation of the survival-signaling path-
ways."! As we previously showed, CGNH cells express
Ca’*-permeable AMPA receptors assembled mainly from
the GluR 1 and/or GluR4 subunits, which contribute to the
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Fie. 6. Western blot analysis of glioblastoma cells treated with GGChol. Changes in the expression levels of the glutamate re-
ceptors (GIuR1 and GluR4), p-Akt, and p-mTOR (A} and Rho GTPases (B) in the CGNH-89 and CGNH-NM cells are shown. The
CGNH cells were treated with 30 pM of GGChof for 24 hours. The values given below the Rho GTPase figures indicate the cal-
culation of each band after normalization of the expression to that of $-actin, shown as a percentage compared with the control.

invasive and aggressive behavior of glioblastoma.® Cell
growth appeared to be suppressed in cancer cells treated
with the sugar cholestanols, particularly through the acti-
vation of the Akt/mTOR pathway (A. Faried et al., unpub-
lished observation, 2009). As reported previously. there is
an important survival-signaling pathway that is mediated
by the Akt/mTOR pathway* and its upstream target, the
AMPA receptors.”

Our results demonstrated that the sugar cholestanols
inhibit the activation of the Akt/mTOR pathway, as shown
by the downregulation of phosphorylated Akt at serd73
and phosphorylated mTOR at ser2448. Therefore, we
analyzed the expression of the glutamate-AMPA recep-
tors as an upstream target of Akt/mTOR in glioblastoma
cells. As expected, we found that the sugar cholestanols
inhibited the activation of the glutamate-AMPA receptors,
GluR1 and GluR4, in both glioblastoma cell types tested.
Taken together. our results suggest that the activation of
the glutamate-AMPA receptors—Akt/mTOR pathway was
downregulated after treatment with sugar cholestanols.

Ca*-permeable AMPA receptors and Rho GTPase

J Neurosurg | Volume 120/ June 2014

family members facilitate the migration ability of human
glioblastomas.?# In addition, we also evaluated the ex-
pression of Rho GTPases (RhoA and RhoC) because they
were reported to be related to the degree of malignancy
in glioblastoma. ¥ Furthermore, the inhibition of Rho
GTPase signaling has been reported to decrease glioblas-
toma cell migration.®® In this study, we showed that the
expression of both RhoA and RhoC was decreased after
treatment with the sugar cholestanols in a time-dependent
manner. Overall, our results showed that different pro-
cesses of cell death were induced by the sugar choles-
tanols and that the survival, proliferation, or metastatic
properties of glioblastoma cells were affected by some
other oncogenic factors (Fig. 8).

Our in vivo experiment using nude mice showed
that the sugar cholestanols suppressed tumor growth of
CGNH-89 cells that were injected into subcutaneous tis-
sue, possessing the features of human glioblastomas in
terms of histological tissue organization. This experiment
may provide a reliable in vivo model for studying the re-
sponse of human glioblastomas to our potential synthetic
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glycans (sugar cholestanols). The sugar cholestanol injec-
tions reduced the incidence of intratumoral bleeding in
the treated mice compared with the untreated mice, ac-
companied by the suppression of tumor growth and induc-
tion of apoptosis. These results indicate that programmed
cell death controlled by apoptosis and/or at least partially
by autophagy in CGNH cells was stimulated by treatment
with our novel synthetic glycans (sugar cholestanols). It re-
mains to be seen whether the sugar cholestanols could be
applicable to an in vivo experiment using an intracranial
glioma model to investigate their usefulness in chemo-
therapy against the expected blood-brain barrier.

Conclusions

The activation of programmed cell death in human
malignant brain tumor cells induced by treatment with the
sugar cholestanols may be involved in not only apoptosis,
as we previously demonstrated in several tumor cell lines,
but also autophagy, which was demonstrated here for the
first time. The sugar cholestanols represent potential phar-
maceutical agents against glioblastoma cells.

16 days). The values of lumor volumes given indicate the mean = SD of

5 mice in each group, Disclosure

This work was supported partly by the 21st Century COE

. & GIcNABRChol = Glatamat
Dead ligand = L €

Fic. 8. The predicted effects of sugar cholestanols on cell death inducing both apoptosis and autophagy in the glioblastoma
cells resulting from continuous activations and/or suppressions in the expressions of their related molecules. Molecules flagged
with an asterisk were not examined in this study, but their details have been described in our previous studies 91452 TNFR =
tumor necrosis factor receptor.
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Abstract

Objectives  Although 30-day mortality rate is adapted to
evaluate perioperative mortality after surgery, whether
90-day mortality rate adequately cvaluates perioperative
mortality remains unknown. Therefore, we analyzed 30-
and 90-day mortality rates after pulmonary resection in
patients with primary lung cancer.

Methods = A total of 2207 pulmonary resections for pri-
mary lung cancer performed between 1996 and 2010 at the

The article is based on a study first reported in the Japanese J. Lung
Cancer, 2013:53:93-8.
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Aichi Cancer Center Hospital were analyzed and divided
into two groups of almost equal number: the early period
group (1070 patients, 1996-2004) and the late period group
(1137 patients, 2005-2010). Sixty-six and 34 patients dicd
within a year during the early and late periods, respec-
tively. The causes of death (recurrence, bleeding, sudden
death, respiratory failure, and adverse event of chemo-
therapy), and 30- and 90-day mortality rates were
investigated.

Results  The 30-/90-day mortality rates in the carly and
late period groups were 0.56/0.75 and 0.35/0.79 %.
respectively. The postoperative survival days of 75 patients
who died from recurrence within 1 year after pulmonary
resection and 7 patients from bleeding or sudden death
were more than 91 days and <30 days, respectively. The
median postoperative survival of patients who died from
respiratory failure was 67 days (range 20-142 days) in the
early period and 100 days (range 47-149 days) in the late
period. In the late period, it was difficult to assess peri-
operative mortality of pulmonary complications with
30-day mortality.

Conclusions A risk assessment of perioperative mortality
after pulmonary resection should be performed using the
30- and 90-day mortality.
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Introduction

Thirty-day mortality and in-hospital death are important
considerations to estimate operative mortality when eval-
uating the option of surgery for lung cancer as described in
the Guideline of British Thoracic Society and the Society
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for Cardiothoracic Surgery in Great Britain and Ircland [1].
A fatal case within 30 days after surgery is defined as a
direct operative death in the seventh edition of the general
rule for clinical and pathological record of lung cancer in
the Japan Lung Cancer Socicty [2], and 30-day mortality
patient is defined as one of the surgical safety indices
(surgical risk) at a medical facility. In clinical practice,
postoperative survival could exceed 30 days with aggres-
sive intensive medical care for postoperative complica-
tions, but we often experienced fatal cases in 31 days or
more after pulmonary resection. Recently, some reports
have occasionally described that not only the 30-day
mortality rate but also the 90-day mortality rate are useful
as a surgical risk index [3-5]. Bryant et al. [4] reported that
the 30- and 90-day mortality rates in 1845 patients were 3.0
and 5.4 %, respectively, with the 90-day mortality rate
being approximately twice as high as the 30-day mortality
rate. Most reports for the 90-day mortality rate after pul-
monary resection for primary lung cancer are presented
abroad, and there are only a few reports on the 90-day
mortality rate in Japan. In this study, we analyzed the 30-
and 90-day mortality rates after pulmonary resection for
primary lung cancer in our institution, and then examined
their usability for surgical risk assessment.

Methods

A total of 2207 patients with primary lung cancer under-
went curative pulmonary resection between January 1996
and December 2010 at the Aichi Cancer Center Hospital.
They were retrospectively analyzed and divided into two
groups of almost equal number: the early period group
(1070 patients, 1996-2004) and the late period group (1137
patients, 2005-2010). Patients who underwent exploratory
thoracotomy were excluded. We compared the two groups
for sex, smoking history, American Society of Anesthesi-
ologist (ASA) score [6], preoperative forced expiratory
volume in onc sccond (FEV, g), surgical procedure, path-
ological stage, histological findings, neoadjuvant chemo-
therapy, and platinum-doublet adjuvant chemotherapy. The
pathological stage was decided according to the seventh
edition of the tumor-node-metastasis (TNM) staging sys-
tem [7]. The patients who died within a year after pul-
monary resection were extracted irrespective of the
hospital discharge. The cause of death and the 30-day,
90-day, and l-year mortality rates were examined and
classified into five fatal categories: recurrence, respiratory
failure, sudden death, bleeding, and adverse event of che-
motherapy. These categories were defined as follows:
patients” death due to postoperative recurrence, pneumo-
nia/acute respiratory distress syndrome (ARDS)/empyema,
no cause, and circulation failure owing to perioperative
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hemorrhage were defined as “recurrence,” “respiratory
failure,” “sudden death,” and “bleeding,” respectively.
Furthermore, because postoperative adjuvant chemother-
apy was established after 2004 [8] and also actively exe-
cuted at our hospital, we added adverse cvent of
chemotherapy as one of the five fatal categories, All
patients provided a written informed consent on admission.
An appropriate and comprehensive approval, including
permission for application of personal data in clinical
studies, was obtained in advance from our institutional
review board. Statistical analysis was performed using the
Chi Square test or ¢ test Lo compare proportions, and the
two-sided significance level was set at p < 0.05.

Results

Patient characteristics are shown in Table 1. Compared
with the early period group, the late period group had more
patients aged <70 years with lower ASA scores. When the
operative procedures in the late period were compared with
those in the early period, pneumoncctomy and bi-lobee-
tomy were decreased, whereas segmentectomy or less were
increased. Neoadjuvant chemotherapy was administered to

Table 1 Clinicopathological characteristics of patients with primary
lung cancer in the early and late periods

Early period Late period P

(1994-2004)  (2005-2010)
n = 1070 n= 1137
Age (<70/=70) 256/814 397/740 <0.0001
Sex (male/female) 416/654 468/669 0.274
Smoking (never/ever) 433/637 4851652 0.297
ASA score (172/314) 296/722/52/0  380/719/38/0 0.005
Ge FEV, 9 (<70/270) 147/923 143/994 0.414
Operation procedure
Pncumoncctomy 44 31 <0.0001
Bi-lobectomy 50 29
Lobectomy 906 923
Segmentectomy or less 70 154
Pathological stage®
(IM/IIIV) 612/1897247/  666/203/250/ 0.761
22 18
Histology (AD/non-AD)  776/294 795(341 0.188
Neoadjuvant 44 21 0.0017
chemotherapy
Adjuvant chemotherapy 3 150 <0.0001

(platinum doublet)

Never smoker, Brinkman Index x 100: ASA score, American Soci-
cty of Anesthesiologist score: FEV 4, forced expiratory volume in
I s; AD, adenocarcinoma

* According to the tumor-node-metastasis (TNM) classification of
malignant tumors, 7th edition
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