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Fig. 1 a Measurement of the copy number in a CCND1 gene-
amplified chromosome. To avoid the influences of plasma DNA
quantity and numerical chromosomal abermrations, we invented and
calculated the ratio of the dosage of CCND1 to that of the reference
single copy gene, dopamine receptor D2 (DRD2) mapped to
11922-23, as an indicator.of the CCND1 copy number (CCND1/
DRD2: C/D ratio). b Demonstration of the feasibility of evaluating

(Fig. 1a). The serum dosages of CCND1! and DRD2 were
quantified by DNA based real-time PCR using the Applied
Biosystems 7300 Real-Time PCR system (Applied Biosys-
tems, Foster City, CA, USA). The final volume of the PCR
mixture was 20 pl, containing 10 il TagMan® Universal
PCR Master Mix (Applied Biosystems), 1 il TagMan® Copy
Number Assay, and 9 pul of each DNA sample. TagMan®.
Copy Number Assays for CCND1 (Hs03772544_cn) and
DRD2 (Hs05266854_cn) were purchased from Applied
Biosystems. All PCR reactions were performed with one
cycle of 95 °C for 10 min, followed by PCR amplification
with 40 cycles of 95 °C for 15 s and 60 °C for 60 s. The
CCND1 copy numbers of DNA samples were determined by
the ratio of the CCND1 dosage to the DRD2 dosage (C/D
ratio) using the comparative threshold cycle method.

To obtain additiopal evidence that circulating DNA
derived from tumors affects the plasma C/D ratio, postop-
erative plasma samples (1 month after operation) were col-
lected from six patients in the high plasma C/D ratio group
among the test scale patients who underwent curative
esophagectomy. Paraffin-embedded esophageal tumor fis-
sues and adjacent normal esophageal tissues were collected
from the same six patients with high plasma C/D ratios.

Statistical Analysis
Differences in the plasma C/D ratio between the ESCC and

healthy volunteer control groups were assessed using the

@ Springer

n=20

the CCND1/DRD2 ratio in a test scale. The plasma C/D ratio was
significantly higher in the superficial ESCC patient group than in the
control group in the test scale (p = 0.0369). ¢ The receiver-operating
characteristic (ROC) curve for the plasma CCNDI/DRD2 ratio
analysis. The area under the receiver-operating characteristic curve
(AUC) was 0.62

Mann-Whitney U test, while those between preoperative
and postoperative samples were assessed using the Wil-
coxon ¢ test. The chi-squared test and Fisher’s exact
probability test were used to evaluate correlations between
the plasma C/D ratio and clinicopathological factors.
p values less than 0.05 were considered significant. The
recurrence-free survival rate was calculated using the
Kaplan-Meier method, and the significance of differences
was determined by the log-rank test. Multivariate stepwise
logistic regression analysis was performed to identify
independent risk factors associated with recurrence. Mul-
tivariate odds ratios are presented with 95 % confidence
intervals.

Results

Demonstration of the Feasibility to Evaluate
the CCNDI/DRD?2 Ratio in a Test Scale

To avoid the influences of plasma DNA quantity and
chromosomal aneuploidy, we invented and calculated the
ratio of the dosage of CCND1 to that of the reference single
copy gene, DRD2 mapped to the same long arm of chro-
mosome 11q22~23 as an indicator of CCND1 amplification
(CCND1/DRD2: C/D ratio) (Fig. 1a) [18]. The plasma C/D
ratios of 20 consecutive superficial ESCC patients and 20
healthy volunteer controls were examined to demonstrate
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Fig. 2 Comparison of plasma CCNDI/DRD?2 ratios between pre-
tumor resection and post-tumor resection in patients with ESCC.
a The C/D ratio was slightly lower in postoperative plasma samples
(p = 0.1154). b The C/D ratio was slightly lower in ten patients
following endoscopic tumor resection (p = 0.0845)

the feasibility of this study. Figure 1b shows the distribu-
tion of the plasma C/D ratio in the superficial ESCC patient
and control groups. The plasma C/D ratio was significantly
higher in the superficial ESCC patient group than in the
confrol group [mean == SD: 1.38 = 0.86 (range 0.48-3.86)
vs. 0.89 4= 0.29 (0.41~1.23), p = 0.0369]. The area under
the receiver-operating characteristic curve (AUC) was 0.62
(Fig. 1c). These results indicate that this plasma assay may
ensure the feasibility of predicting the CCND1 status in
superficial ESCC patients. Therefore, we performed further
analyses.

Evaluation of Whether the Plasma CCND1/DRD2
Ratio Could Reflect Tumor Dynamics

‘We investigated whether the higher C/D ratio in the plasma
could reflect the tumor status of CCND1 in superficial
ESCC patients. We analyzed the C/D ratio of both
esophageal cancer and adjacent normal esophageal tissues
in six ESCC patients with high plasma C/D ratios. The
higher C/D ratio of esophageal tumors than that of normal
tissues was found in four of the six patients (67 %) (Sup-
plementary Table 1). These results indicate that a high
plasma C/D ratio reflects the CCND1 status of ESCC
tumors. Moreover, we compared plasma C/D ratios
between pre-tumor resection and post-tumor resection in
patients with ESCC. We examined C/D ratios in the
postoperative plasma samples of six patients with high
plasma C/D ratios in preoperative plasma samples. The
C/D ratio was slightly lower in postoperative plasma
samples (p = 0.1154; Fig. 2a). C/D ratios were slightly
lower in ten patients following endoscopic tumor resection

(p = 0.0845) (Fig. 2b). These results suggest that the
tumor CCND1 status may affect the plasma C/D ratio even
in superficial ESCC patients.

Validation. Study on the Clinical Application
of the CCND1/DRD2 Ratio Assay Using Plasma DNA
as a Diagnostic Biomarker in Superficial ESCC Patients

A total of 63 consecutive patients were included in the
validation study. The mean age of these patients was
63.0 years (range 48-77), the male:female ratio was 6:1,
and nine had TNM stage 0, 36 stage I, 13 stage II, one stage
11, and four stage IV. All patients with stage IV had sol-
itary distant Iymph node metastasis (M1) that was cura-
tively resected by three-field lymphadenectomy, which is
mainly performed in Japan. The mean follow-up period
was 24.0 months (range 1.5-63.6). The plasma C/D r1atios
of 63 ESCC patients and 40 healthy volunteer controls
were assessed using real-time PCR to determine the cutoff
value. No significant difference was observed in the plasma
C/D ratio according to each stage (p = 0.3611, Kruskal-
Wallis H test, data not shown). Figure 3a shows the dis-
tribution of the plasma C/D ratio in ESCC patient and
control groups. The plasma C/D ratio was significantly
higher in the ESCC patient group than in the control group
[mean & SD, 1.64 3-1.16 (range 0.19-7.32) vs.
0.81 % 0.39 (0.17-1.79), p < 0.0001]. Figure 3b shows the
receiver-operating characteristic (ROC) curves for the
plasma C/D ratio analysis, and the area under the curve
(AUC) was 0.758. Sensitivity was 69.8 % and specificity
was 80.0 % according to the ROC curves with the Youn-
den index [21].

Determination of the Cutoff Value for the Plasma
CCND1/DRD2 Ratio and Relationship Between
the Plasma CCND1/DRD2 Ratio

and Clinicopathological Factors

We determined a cutoff value of 1.20 for the plasma C/D
ratio based on the mean value -1 SD (0.81 4+ 0.39) in
healthy volunteer controls to distinguish high C/D ratio
patients from low ratio patients. Thirty-seven patients were
categorized into the high plasma C/D ratio group and 26
patients in the low plasma C/D ratio group. Correlations
between the plasma C/D ratio and clinicopathological
factors in 63 ESCC patients are summarized in Table 1.
Patients with high plasma C/D ratios were more likely to
have lymphatic invasion (high vs. low: 22 vs. 12 %) and
venous invasion (high vs. low: 14 vs. 8 %), and the fre-
quency of recurrence was significantly higher in these
patients (p = 0.0198). No correlation was observed
between the plasma C/D ratio and other clinicopathological
factors in the present study.
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Predictive Value of the Plasma CCND1/DRD?2 Ratio
for'Recurrence in Superficial ESCC Patients

We additionally validated the predictive ability of the
plasma C/D ratio for recummence in 63 superficial ESCC
patients. Recurrence-fres survival was significantly shorter
in patients in the high plasma C/D ratio group than in those
in the low ratio group (p = 0.0075) (Fig. 3¢). Moreover,
multivariate analysis revealed the high C/D ratio to be an
independent risk factor of recurrence [p = 0.0334; odds
ratio 10.58 (range 1.203-93.23)] (Table 2).

Discussion

Gene amplification is one of the most frequent genomic
aberrations involved in the pathogenesis of various cancers.
Oncogenes, such as SMYD2 (1¢932.3), EGFR (7p12), MYC
(8g24.21), CCND1 (11q13), cIAP1 (11¢22), and ERBB2
(17q21.1), have already been identified as major amplifi-
cation targets associated with the development, progres-
sion, and metastasis of aggressive disease, especially in
ESCC [7, 8, 18, 22-28]. CCND1, which is a key regulator
of the Gl phase of the cell cycle, is the gene most fre-
quently amplified (22-65 %) with high copy numbers and
is also associated with a poorer survival outcome in ESCC
patients [18, 27, 28]. CCND1 gene amplification has also
been identified as a more potent prognostic factor than its
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Table 1 Correlation between the plasma CCND1 amplification value
and clinicopathological features

Variables n  Plasma CCND1 amplification value  p value®
Low (n = 26) High (n = 37)

Sex.

Male 54 25 (96 %) 29 (78 %)

Female 9 14 %) 8 (22 %) 0.0687
Age

<65 31 15(58 %) 16 (43 %)

65< 32 11 (42 %) 21 (57 %) 0.2587
Lymphatic invasion

Negative 52 23 (88 %) 29 (78 %)

Positive 11 3 (12 %) 8 (22 %) 0.5017
Venous invasion

Negative 56 24 (92 %) 32 (86 %)

Positive 7 2(8 %) S (14 %) 0.6896
Lymph node metastasis

Negative 45 20 (77 %) 25 (68 %)

Positive 18 623 %) 12 (32 %) 0.5988
Depth of invasion

Tis-Tla 31 13 (50 %) 18 (49 %)

Tib 32 13 (50 %) 19 (51 %) 0.9158
Recurmence : ’

Negative 52 25 (96 %) 27 (73 %)

Positive 11 1 (4 %) 10 27 %) 0.0198

* p values are from chi-squared or Fisher’s exact test and were sig-
nificant at 0.05. Values in italic are considered significant
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Table 2 Comelation between Variables Recurrence Univariate® Multivariate®
recurrence and
clinicopathological features by Present Absent pvalue OR 95 % CX p value
univariate analysis and the (n=11) (n == 52)
results of multivariable logistic
regression; risk factor for Sex
recumence Male 1091 %) 44 (85 %)  1.0000
Female 1(9 %) 3 (15 %) -
Age
<65 5 (45 %) 26 (50 %)  0,9537
65< 6 (55 %) 26 (50 %) -
Lymphatic invasion
Negative 7 (64 %) 45 (87 %)  0.1673
Positive 4 (36 %) 7 (13 %) -
Venous invasion
Negative 9 (82 %) 47 (90 %)  0.5952
Positive 2 (18 %) 5(10 %) -
Lymph node metastasis
® Univariate analysis was Negative 5 (45 %) 40 (77 %)  0.0833
performed using the chi-squared Positive 6 (55 %) 12 (23 %) -
test and Fisher’s exact T denth
probability test. Values in italic ux‘nor ept
are considered significant Tis-Tla 2(18 %) 29 (56 %) 1
b Multivariable logistic Tib 9 (82 %) 23 (44 %) 0.0398 6504 1201-3523  0.0298
regression was used to assess Plasma CCND1/DRD2 ratio
the risk factors for recurzence Low 10 %) 25 (48 %) 1
OR odds ratio, CT confidence High 1001%) 27(52%) 00198 1058 1203-9323  0.0334

interval

CCND1 protein overexpression in cancer patients [18).
These findings prompted us to predict CCND1 amplifica-
tion in the plasma samples of ESCC patients. To circum-
vent aneuploidy on chromosomes, we previously
developed real-time quantitative PCR with a reference
gene mapped to the same chromosome, and subsequently
demonstrated that the ratio CCND1 (11ql3)/DRD2
(11g22-23) in plasma DNA is a valuable diagnostic tool in
ESCC patients [17].

Previous studies have evaluated the copy number of
amplified genes in the plasma or serum [29-31]. However,
few studies have used this as a therapeutic and/or diag-
nostic biomarker for superficial cancer or early stage can-
cer. QOur previous studies demonstrated that the
concentration of plasma DNA in cancer patients was sig-
nificantly higher than that in controls, regardiess of the
tumor stage [20, 32]. These findings suggest that the tumor
could release a significant amount of genomic DNA into
the systemic circulation even at an early stage. Therefore,
we hypothesized that circulating DNA in the peripheral
blood may be an early event in the carcinogenesis of solid
cancers, and may also allow tumor dynamics to be moni-
tored, even at an early stage.

We investigated whether the plasma C/D ratio could
reflect tumor dynamics even in superficial ESCC in the
present study using three different analyses. One was a

comparison between the plasma C/D ratio and CCNDI1
copy number in tumors, the results of which demonstrated
that the tumor C/D ratio was higher than that in adjacent
normal tissues in most patients with a high plasma C/D
ratio. However, discrepancies were identified in some
patients. One possible reason for this may have been the
heterogeneity of primary tumors. Because of the genetic
heterogeneity in ESCC tissue, not all ESCC show CCND1
gene amplification. Therefore, if CCNDI1 amplification is
evaluated using several ESCC tissue samples, the rate to
detect CCND1 gene amplification would increase. The
second analysis involved a comparison of the plasma C/D
ratio in paired plasma obtained before and after surgery.
The results obtained showed that the plasma C/D ratio was
slightly lower postoperatively in patients who underwent
curative esophagectomy (p == 0.1154, Fig. 2a), which
suggests that tumor-derived circulating DNA reflects the
plasma C/D ratio. The third analysis was petformed to
demonstrate that endoscopic tumor resection also influ-
ences the plasma C/D ratio in paired plasma obtained
before and after treatment. Consequently, the plasma C/D
ratio was slightly lower after treatment (p = 0.0845,
Fig. 2b). These results strongly suggest that the tumor
CCND1 status may affect the plasma C/D ratio even in
superficial BSCC patients. The plasma C/D ratio in some
patients was slightly higher after treatment. Although this
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may have been due to a margin of error, no recurrence has
yet been observed in these patients. These patients will be
meticulously followed up and follow-up data will be col-
lected, especially in the plasma of patients with recurrence.

The most important result of this study was that this
assay could also be used to predict recumrence in superficial
ESCC. Patients with high plasma C/D ratios were more
likely to have lymphatic invasion (high vs. low: 22 vs.
12 %) and venous invasion (high vs. low: 14 vs. 8 %), with
the frequency of recurrence being significantly higher
(p = 0.0198) and recurrence-free survival being signifi-
cantly shorter (p = 0.0075). Furthermore, multivariate
analysis revealed the high C/D ratio to be an independent
risk factor of recurrence [p = 0.0334; odds ratio 10.58
(range 1.203-93.23)]. Predicting high risk patients among
superficial ESCC patients after surgery and endoscopic
resection is beneficial when considering additional thera-
pies and follow-up planning.

Moreover, this assay may be more beneficial for other
clinical applications in superficial ESCC because of its
perspective, technical simplicity, rapidity, and reliability. In
a clinical setting, gene amplification has been evalvated by
fluorescence in situ hybridization (FISH), which needs
several days. In contrast, this plasma assay requires only a
few hours. The plasma C/D ratio assay using cell free cir-
culating DNA, the so-called “lignid biopsy” [33], can pre-
dict the presence of CCND1 amplification in patients with
micrometastasis and distant metastasis even if their ESCC
tissue could not easily be obtained by tissue biopsies.

In conclusion, this noninvasive assay using circulating
nucleic acids has opened up a new and interesting field in the
screening and monjtoring of cancer patients. We clearly
demonstrated that measuring the plasma CCND1/DRD2
ratio has clinical benefits for detecting cancer and evaluating
the resection status of surgery and endoscopy even in
patients with superficial ESCC. We also validated its ability
to predict recurrence even in superficial ESCC by analyzing
the relationship between plasma results and clinicopatho-
logical factors. Our resnlts provide evidence that the pre-
diction of CCND1 amplification using plasma DNA could
serve as a clinical biomarker for superficial ESCC.

Conflict of interest None.
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Abstract

Background Aquaporins (AQPs) are water channel pro-
teins that facilitate transcellular water movements. Recent
studies have shown that AQPS5 is expressed in various
cancers, and plays a role in tumor progression. However,
its expression and role in esophageal squamous cell car-
cinoma (ESCC) have not been investigated. We examined
the pathophysiologic role of AQPS in cell proliferation and
survival, and also investigated its expression and effects on
the prognosis of ESCC patients.

Methods AQPS expression in human ESCC cell lines was
analyzed by Western blot testing. Knockdown experiments
with AQPS siRNA were conducted, and the effects on cell
proliferation, cell cycle progression, and cell survival were
analyzed. The cells’ gene expression profiles were ana-
lyzed by microarray analysis. Immunohistochemistry of
AQPS5 for 68 primary tumor samples obtained from ESCC
patients undergoing esophagectomy was performed.
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Results  AQP5 expression was high in TE2 and TES cells.
In these cells, the knockdown of AQP5 using siRNA
inhibited cell proliferation and G,-8 phase progression, and
induced apoptosis. The AQPS5 siRNA transfected TES cells
showed significant increase in p21 and decrease in CCND1
mRNA expression, respectively. The expression pattern of
AQP5 and p21 protein was sharply contrasted, but AQPS
and CCND1 protein expression showed a similar pattern in
ESCC tissue. These findings agree with the microarray
results. Immunohistochemical staining of 68 ESCC
patients showed the AQPS expression is associated with
tumor size, histological type, and tumor recurrence.
Conclusion The AQPS5 expression in BESCC cells may
affect cell proliferation and survival, and impact on the
prognosis of ESCC patients.

Keywords Aquaporin 5 - Esophageal cancer - Cell
proliferation

Introduction

Agquaporins (AQPs) are transmembrane proteins that facil-
itate the movement of water across cellular membranes, and
therefore play a major role in body water homeostasis [1, 2].
In addition, as membrane proteins, AQPs transport other
molecules, such as urea and glycerol [3], and mediate
intercellular signals [4-6]. To date, 13 AQP subtypes and
their pathophysiologic roles have been characterized in
humans [7, 8). For example, AQPS is expressed in various
tissues, including salivary [9-11] and airway submucosal
glands [12], pancreatic [13] and corneal epithelium [14],
type I pneumocytes {15], and the kidney [16].

Recent studies have revealed that AQPs are ectopi-
cally expressed in various cancers. For instance, AQP5
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is expressed in colorectal [17, 18], pancreatic [13],
breast [19], lung [20-23], gastric [24], and ovarian
cancers [25], and in chronic myelogenous leukemia
[26]. Kang et al. [18] showed an association between the
expression of AQP5 in both resected colorectal cancer
tissue samples and in liver metastases. Recent molecular
and biochemical studies have also shown a role for the
AQPs in human carcinogenesis. Zhang et al. [23]
showed that AQPS promotes cell proliferation and
migration in lung cancer. According to Kusayama et al.
[27], AQP3 is expressed and plays a role in esophageal
squamous cell carcinoma (ESCC); however, the
expression and pathophysiologic role of AQPS in human
ESCC is unknown.

The objective of the present study was to investigate
how AQP5 may regulate genes involved in cell cycle
progression and cell death and the clinicopathological
significance of AQP5 expression in ESCC. A microarray
analysis showed that transfection with AQPS5 siRNA
changed the expression level of many genes related to
tumor growth and apoptosis. Further, AQP5 expression in
human ESCC samples was associated with clinicopatho-
logical features and prognosis, establishing an important
role for AQP5 in ESCC tumor progression.

Materials and methods
Cell lines, antibodies, and other reagents

Poorly differentiated human ESCC cell lines, TE2, TES5,
TE9, and TE13, were obtained from the Cell Resource
Center of Biomedical Research Institute of Development,
Aging, and Cancer (Tohoku University, Sendai, Japan)
[28]. Poorly differentiated human ESCC cell line,
KYSE70, and moderately differentiated human ESCC cell
line, KYSE170, were obtained from Kyoto University
(Kyoto, Japan) [29]. The cells were maintained in RPMI
1640 medium (Nacalai Tesque, Kyoto, Japan) with 10 %
fetal bovine serum (FBS) and 1 % penicillin-streptomycin
and were cultured in a standard humidified incubator at
37 °C with 5 % CO..

The following antibodies were used in the study; (1) a
monoclonal AQP5 antibody (Abcam, Cambridge, MA,
UK), (2) a polyclonal p21 antibody (Cell Signaling Tech-
nology, Beverly, MA, USA), (3) a monoclonal cyclin D
(CCND1) antibody (clone SP4, Abcam, Cambridge, MA,
UK), (4) a horseradish peroxidase (HRP)-conjugated anti-
rabbit secondary antibody (Cell Signaling Technology,
Beverly, MA), and (5) a glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA).
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Protein studies

Cells were harvested in M-PER lysis buffer supplemented
with protease inhibitors (Pierce, Rockford, IL, USA). The
protein concentration was measured with a modified
Bradford assay (Bio-Rad, Hercules, CA, USA). Cell lysates
containing equal amounts of total protein were separated
by SDS-PAGE and then were transferred onto PVDE
membranes (GE Healthcare, Piscataway, NJ, USA). The
membranes were probed with the indicated antibodies, and
proteins were detected by the ECL Plus Western Blotting
Detection System (GE Healthcare).

Small interfering RNA (siRNA) transfection

Cells were transfected with 10 nmol/l. AQP5 siRNA
(Stealth RNAi™ giRNA #HSS100611; Invitrogen, Carls-
bad, CA, USA) using the Lipofectamine RNAIMAX
reagent (Invitrogen) according to the manufacturer’s
instructions. The medium containing the siRNA was
replaced with fresh medium after 24 h. The provided
control SIRNA (Stealth RNAI™ siRNA Negative Control;
Invitrogen) was used as a negative control.

Real-time quantitative RT-PCR

Total RNA was extracted using an RNeasy kit (Qiagen,
Valencia, CA, USA). Messenger RNA (mRNA) expression
was measured by a quantitative real-time PCR (7300 Real-
Time PCR System; Applied Biosystems, Foster City, CA)
using TagMan Gene Expression Assays (Applied Biosys-
tems) according to the manufacturer’s instruction.
Expression levels were measured for the following genes:
AQP5 (Hs00387048_ml), CELF2 (Hs00272516_ml),
CCND1 (Hs00765553_m1), TP53INP1 (FHs01003820_ml),
CDKN1A (p21) (Hs00355782_m1), CXCR7
(Hs00664172_s1), and SERPINBY (Hs00394497_m1)
(Applied Biosystems). For each gene, expression was
normalized against the housekeeping gene beta-actin
(ACTB, Hs01060665_gi; Applied Biosystems). Each
assay was performed in triplicate.

Cell cycle analysis

The cell cycle progression was evaluated at 48 h after the
siRNA transfection by fluorescence-activated cell scoring
(FACS). Briefly, the cells were treated with Triton X-100
and RNase, and their nuclei were stained with propidium
iodide (PI). DNA content was then measured using a
Becton-Dickinson FACS Calibur (Becton—Dickinson,
Mountain view, CA, USA). At least 10,000 cells were
counted, and ModFit LT software (Verity Software House,
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Topsham, ME, USA) was used to analyze cell cycle
distribution.

Cell proliferation

Cells were seeded onto six-well plates at a density of
1.0 x 10° cells per well and incubated at 37 °C with 5 %
CO,. At 24 h after the cell seeding, siRNA transfection was
performed. At 48 h after siRNA transfection, the cells were
detached from the flasks using a trypsin-EDTA solution
and were counted with a hemocytometer.

Analysis of apoptotic cells

Cells were treated with staurosporine, which induced
intrinsic apoptosis via activation of caspase-3, for 24 h.
Then, cells were harvested and stained with fluorescein
isothiocyanate-conjugated annexin V and phosphatidylin-
ositol using the annexin V kit (Beckman Coulter, Brea, CA,
USA) according to the manufacturer’s protocols. A Bec-
ton—Dickinson FACS Calibur was used to analyze the
proportion of apoptotic cells.

Patients and primary tissue samples

Histologically proven primary ESCC tumor samples were
obtained from 68 consecutive patients with who underwent
esophagectomy (potentially curative RO resection) at
Kyoto Prefectural University of Medicine (Kyoto, Japan)
between 1998 and 2009, Tumor samples were embedded in
paraffin after 12 h formalin fixation. The patient eligibility
criteria were as follows: (1) the presence of ESCC, (2) the
absence of synchronous or metachronous cancers, (3) a
lack of preoperative radiation therapy. All patients gave
written informed consent. Relevant clinicopathological and
survival data were obtained from the hospital records.
Cancer recurrence occurred in 28 patients (41.2 %) during
the follow-up period. The initial recurrence pattern detec-
ted by imaging studies was classified as locoregional, dis-
tant, or both sites. Twenty-two patients (32.4 %) died of
cancer recurrence, and 1 patient (1.5 %) died of other
disease. The median follow-up period of all patients was
45.2 months (range, 4-157 months). Staging was primarily
based on the International Union Against Cancer (UICC)/
TINM Classification of Malignant Tumors (7th edition)
[30].

Immunohistochemistry

Paraffin sections (4 pm in thickness) of the tumor tissues
were subjected to immunohistochemical staining for the
AQPS protein using the Avidin—biotin-peroxidase complex
method. Briefly, paraffin sections were dewazed in xylene

and dehydrated through a graded series of alcohols. Anti-
gen retrieval was performed by heating the samples in
Dako REAI Target Retrieval Solution (Glostrup, Den-
mark) for 40 min at 98 °C. Endogenous peroxidases were
quenched by incubating the sections for 30 min in 0.3 %
H,0,. The sections were then treated with protein blocker
and incubated overnight at 4 °C with anti- AQPS (1 :100),
p21 (1 : 1000), and CCND1 (1 : 100) antibody diluted in
PBS. The avidin-biotin-peroxidase complex system (Vec-
tastain ABC Elite kit; Vector laboratories, Burlingame,
CA, USA) was used with diaminobenzidine tetrahydro-
chloride for color development. The sections were coun-
terstained with hematoxylin. Finally, the sections were
dehydrated through a graded series of alcohols, cleared in
xylene, and mounted, :

AQP5 expression levels of immunohistochemically
stained samples were graded semiquantitatively, consider-
ing both the staining intensity and the percentage of posi-
tive tumor cells. The staining intensity was scored as either
0 (no reactive), 1 {weakly reactive), 2 (moderately reac-
tive), or 3 (strongly reactive). The proportion of positive
tumor cells was scored as 0 (0-10 %), 1 (11-30 %), 1.5
(31-50 %), or 2 (51 % or more). Each sample’s score was
determined as the maximum multiplied product of the
intensity and proportion scores [18,31, 32]. Scores of 3 or
more and scores less than 3 were defined as AQPS
expression positive and AQPS expression negative,
respectively,

Microarray sample preparation and hybridization

TES cells were transfected with control siRNA and AQP3
SiIRNA (n = 1). At 48 h after siRNA transfection, total
RNA was extracted using an RNeasy kit (Qiagen). RNA
quality was monitored using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA). Cyanine-3
(Cy3)-labeled cRNA was prepared from 0.1 pg Total RNA
using the Low Input Quick Amp Labeling Kit (Agilent)
according to the manufacturer’s instructions. Samples were
purified using RNAeasy columns (Qiagen). A total of
0.60 ug of Cy3-labelled cRNA was fragmented and
hybridized to an Agilent SurePrint G3 Human Gene
Expression 8 x 60 K Microarray for 17 h. After washing,
slides were scanned immediately on the Agilent DNA
Microarray Scanner (G2565CA) using the one-color scan
setting for 8 x 60 K array slides.

Processing of microarray data
The scanned images were analyzed with Feature Extraction
Software 10,10 (Agilent) using default parameters to obtain

background subtracted and spatially detrended processed
signal intensities. The fold change of each molecule was
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calculated by using raw signal data of two samples, and a
fold change cutoff of 2 was set to identify molecules whose
expression was significantly differentially regulated. The
networks and functional analyses were generated through
the use of Ingenuity Pathway Analysis (JPA) (Ingenuity
Systems, Inc., Redwood City, CA). A network is a
graphical representation of the molecular relationships
between molecules, Molecules are represented as nodes,
and the biological relationship between two nodes is rep-
resented as an edge. The functional analysis identified the
biological function and/or diseases that were most signifi-
cant to the data set.

Statistical analysis

Chi-square or Fisher’s exact tests were used to evaluate
differences between proportions, and Student’s ¢ test was
used to evalnate continuous variables. Survival curves were
constructed by the Kaplan-Meier method, and differences
in survival were examined using the log-rank test. Cox
proportional hazard model was used to identify prognostic
factors. Differences were considered significant when the
relevant p value was <0.05. These analyses were per-
formed using the JMP statistical software package (JMP,
version 10, SAS Institute Inc., Cary, NC, USA).

Results
Expression of Aquaporin 5 in ESCC cells

To determine the role of AQPS in ESCC, we first examined
six ESCC cell lines, TE2, TES, TE9, TE13, KYSET70, and
KYSE170, for AQP5 protein expression. Western blotting
of these cell lines showed that AQPS5 expression was high
in TE2 and TES cells, low in TE13 cells, and nearly absent
in TE9, KYSE70, and KYSE170 cells (Fig. 1). Further,
there was no correlation between AQP5 protein expression
and histological differentiation (Supplementary Fig. 1).

AQPS

GAPDH

2L

¢3L

631

€131
023SAN
041 38AM

Fig. 1 Expression of Aguaporin 5 in ESCC cells. AQPS protein
expression was analyzed in 6 ESCC cell lines. Western blotting
showed that AQP5 expression was high in TE2 and TES cells, low in
TE13 cells, and nearly absent in TE9, K’YSE70, and KYSEL70 cells
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Agquaporin 5 controls cell cycle progression
in ESCC cells

We conducted knockdown experiments with AQPS5 siRNA
in TE2 and TE5 cells to analyze effects on cell cycle
progression. In both cell lines, AQP5 siRNA effectively
reduced both AQPS protein (Fig. 2a) and mRNA (Fig. 2b).
The down-regulation of AQP5 partially reduced cell cycle
progression from the Gy to S phase (Fig. 2c). At48 h after
sIRNA, transfection, cell counts were significantly lower in
AQP5 siRNA transfected cells relative to the control
(Fig. 2d). These results suggest that AQPS plays an
important role in the regulation of cell cycle progression
and cell proliferation in ESCC cells.

Further, we showed no significant difference in cell
proliferation between AQPS and control siRNA transfected
conditions in TE9 and KYSE70 cells, in which AQPS
expression was nearly absent (Supplementary Fig. 2). We
also performed knockdown experiment with another AQP5
siRNA (AQP5 siRNA #2, Stealth RNAI™ siRNA
#HSS179941) in TES cells, and showed the similar results
in cell cycle and cell proliferation as described in Fig. 2
(Supplementary Fig. 2).

Aquaporin 5 controls the survival of ESCC cells

To determine the role of AQPS in ESCC cell survival, we
treated TE2 and TES cells with AQPS siRNA and analyzed
apoptosis. Down-regulation of AQPS induced early apop-
tosis (annexin V positive/PI negative) in TES cells and late
apoptosis (annexin V/PI double positive) in TE2 and TES
cells 48 h after siRNA transfection (Fig. 3). Further, AQPS
siRNA enhanced stanrosporine (200 nmol/L) stimulus-
induced late apoptosis in TE2 and TES cells (Fig. 3). These
findings indicate that AQPS5 expression influences cell
survival in TE2 and TES cells.

Gene expression profiling in Aquaporin 5 siRNA
transfected cells

To determine the molecular mechanisms by which AQPS
regulates cellular functions, we determined the microarray
gene expression profiles of AQP5 siRNA transfected TES
cells and control siRNA transfected TES cells and analyzed
the results using bioinformatic approaches. The microarray
analysis showed 2,132 genes with fold changes of 22 in
TES cells subjected to AQP5 knockdown. Of these genes,
1,472 were up-regulated, and 660 were down-regulated.
The 20 genes whose expression was most strongly up- or
down-regulated are shown in Table 1. IPA showed that the
top-ranked network related to AQPS knockdown was
“Cellular Growth and Proliferation” (Supplementary
Table 1), Among the 2132 genes with altered expression in
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Fig. 2 Aquaporin 5 controls the cell cycle progression of ESCC cells.
a Western blotting revealed that AQPS siRNA effectively reduced the
AQPS5 protein in TE2 and TES cells. b AQP5 siRNA effectively
reduced the AQP5 mRNA in TE2 and TES cells. Mean = SEM.
n=3. *p < 0.05 (compared with contro} siRNA). ¢ AQPS down-
regulation partially reduced cell cycle progression from G to S phase
in TE2 and TES cells. Cells transfected with control or AQPS siRNA

the AQP5 knockdown cells, 398 genes had cell prolifera-
tion-related functions {(cellular growth and proliferation,
223 genes; cell cycle, 68 genes; cell death, 176 genes; or
cellular development, 234 genes) (Supplementary Table 2).
Of these genes, 277 genes were upregulated and 121 genes
were downregulated (Supplementary Table 2). We then
specifically examined the signal transduction networks
induced by the knockdown AQPS5. The top-ranked signal-
ing network was “Cellular development, Cellular growth
and proliferation, Renal proliferation” (Supplementary
Fig. 3). These results indicate that AQP5 expression
influences cellular growth and proliferation genes.

Verification of gene expression by real-time
quantitative RT-PCR

To confirm the results of microarray analysis, we selected six
genes (CELF2, CXCR7, SERPINBY, TP53INP1, CCND1,
CDKN1A). CELF2 was one of the top ranked downregulated
genes (Table 1), and contained in the top-ranked signaling

were stained with propidinm iodide (PI) and analyzed by flow
cytometry. Mean = SEM. 1 = 3. *p < 0.05 {(compared with control
siRNA). d AQP5 down-regulation inhibited the proliferation of TEZ
and TES cells. The aumber of cells was counted at 48 h after siRNA
transfection. Mean o= SEM. n = 3. *p < 0.05 (compared with control
$iRNA)

network (Supplementary Fig. 3). CXCR7 and SERPINBO
were ones of the top ranked upregulated genes (Table 1), and
included in cell growth or survival-related genes (Supple-
mentary Table 2). TPS3INP1, p53 inducible nuclear protein
1, was also one of the top ranked up-regulated genes
(Table 1), and p53 was widely known as the gene related to
cell apoptosis. CCND1 and CDKNIA were included in sig-
nificantly changed genes (Supplementary Table 2), and well
known G1 to S phase transition related genes. The expression
of the six genes was examined using quantitative RT-PCR.
For each gene, expression levels were compared between the
AQP5 siRNA transfected TES cells and the control siRNA
transfected TES5 cells, Relative 1o the control, the AQP3
siRNA transfected TES cells showed significantly decreased
mRNA expression for the CELF2 and CCND1 genes and a
significant increase in mRNA expression for the TPS3INP1,
CDKN1A, CXCR7, and SERPINBY genes (Fig. 4). These
changes agree with the microarray results.

‘We also examined and compared the expression levels of
these six genes in three nontreated cell lines, TES (with high
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Fig, 3 Aquaporin 5 controls the survival of ESCC cells. AQP3
down-regulation enhanced spontaneous and induced cell death in TE2
and TES cells. Cells transfected with control or AQPS siRNA were

expression of AQPS), TE13 (with moderate expression of
AQPS5), and TE9 (with low expression of AQP5). However,
there was no correlation between the expression levels of
AQPS5 and the six genes as shown in Fig. 4 (Supplementary
Fig. 4). These results indicated that the genetic background
of these genes was variant between cell lines.

Aquaporin 5 protein expression in human ESCC

We further examined the expression of AQP5 in 68 pri-
mary tumor samples of human ESCC based on their
immunohistochemical reactivity, The AQP5 protein was
expressed in cytoplasm of the carcinoma cells (Fig. 5a).
Figure Sb shows panels of the four immunohistochemical
staining intensity scores for AQPS. In all of the samples,
the AQPS protein was not expressed in noncancerous
esophageal epithelia (Supplementary Fig. 54). On the
other hand, the AQPS protein was found in the early stage
of ESCC, intramucosal carcinoma (Supplementary
Fig. 5B). The immunohistochemical staining patterns of
AQP5, p21, and CCND1 protein supported the results of

@ Springer

Cont

STS

TES
Control siRNA AQPS siRNA
”@ .‘Q
[%s k3
2] 27
o " o 42
sl !
[ g3
) ,' K-1
R e T e
5 Ennexin ¥ ° " Annexin V
g° *
Cont _5a *
R
P mcornt SIRNA
g8 OAGPS SIRNA
580
a. o
Early Late
apoptosis  apoptosis
3 *
=30
$TS 52
2 920
8= .
< %w mCont SIRNA
<
3 DAQPS sIRNA
Q.
0
Early Late

apoptosis  apoptosis

treated with staurosporine (200 nmol/L) for 24 h. Mean = SEM,
n=3. *p < 0,05 (compared with control siRNA)

microarray and verification studies as described in Sup-
plementary Table 2 and Fig. 4. In details, the expression
pattern of AQPS and p21 protein was sharply contrasted,
but on the other hand, AQPS and CCND1 protein expres-
sion showed a similar pattern (Fig. 6).

We compared two groups that were established based on
the AQPS staining scores described in the “Methods”
section. Of the 68 patients, 27 (40 %) were AQPS negative,
and 41 (60 %) were AQP5 positive. Tumor size and his-
tological type were significantly associated with AQP5
expression (Table 2). However, AQP5 expression was not
correlated with other clinicopathological variables,
including gender, age, presence of preoperative chemo-
therapy, lymphatic invasion, venous invasion, pathological
depth of tumor, lymph node metastasis and stage, or
presence of postoperative recurrence within 3 years
(Table 2). We also assessed whether AQPS expression was
prognostic for ESCC patients after curative resection. The
3-year progression-free survival (PES) rate of the AQPS
positive group was 53.7 %, which was significantly poorer
than that of the AQP5 negative group (77.8 %) (p = 0.045)

— 286 -



J Gastroenterol (2014) 49:655-666

661

Table 1 The 20 genes that displayed the greatest changes in their expressions in the Aquaporin 5 siRNA transfected TES cells

Gene symbol

Gene ID

Gene name

Fold change

Up-regulated genes

GCET2 NM_001190259 Germinal center expressed transcript 2 2547
SERPINBS NM_004155 Serpin peptidase inhibitor, clade B (ovalbumin), member ¢ 18.88
SVOoPp NM_018711 SV2 related protein homolog (rat) 15.06
CXCR7 NM_020311 Chemokine (C-X-C motif) receptor 7 13.75
PTX3 NM_002852 Pentraxin 3, long 1347
PLCB1 NM_182734 Phospholipase C, beta 1 (phosphoinositide-specific) 13.29
RADZIL1 NM_001136566 RAD21-like 1 (S. pombe) 12.18
EYA4 NM_004100 Eyes absent homolog 4 (Drosophila) 1212
CLEC2D NM_013269 C-type lectin domain family 2, member D 11.63
PCDHB9 NM_019119 Protocadherin beta 9 11.08
PGM2L1 NM_173582 Phosphoglucomutase 2-like 1 11.08
LYPD4 NM_173506 LY6/PLAUR domain containing 4 10.88
RBFOX1 NM_145893 RNA binding protein, fox-1 homolog (C. elegans) 1 10.84
LSS NM_001001438 Lanosterol synthase (2,3-oxidosqualene-lanosterol cyclase) 10.43
ACTG2 NM_001615 Actin, gamma 2, smooth muscle, enteric 10.12
TP53INPL NM_033285 Tumor protein p53 inducible nuclear protein 1 10.08
P2RY6 NM_ 176798 Pyrimidinergic receptor P2Y, G-protein coupled, 6 9.32
ITPR1 NM_002222 Inositol 1,4,5-trisphosphate receptor, type 1 9,11
FEZF2 NM_018008 FEZ family zinc finger 2 9.10
ENKUR NM_145010 Enkurin, TRPC channel interacting protein 8.78
Down-regulated genes
CSRP1 AK126507 Cysteine and glycine-rich protein 1 ~124.09
ABCAS NM_007168 ATP-binding cassette, sub-family A (ABC1), member 8 -~68.69
TRPMG NM_017662 Transient receptor potential cation channel, subfamily M, member 6 —53.54
GHR NM_001242462 Growth hormone receptor -30.83
GPR34 NM_001097579 G protein-coupled receptor 34 ~28.26
ASGR1 NM_001671 Asialoglycoprotein receptor 1 —26.45
CELEF2 NM_001025077 CUGBP, Elav-like family member 2 -2391
APOC3 NM_000040 Apolipoprotein C-111 —23.60
OMG NM_002544 Ctigodendrocyte myelin glycoprotein —23.15
GAS7 NM_201433 Growth arrest-specific 7 —23.06
ARHGAP24  NM_001025616  Rho GTPase activating protein 24 —23.00
CD72 NM_001782 CD72 molecule -21.88
MPP4 NM_033066 Membrane protein, palmitoylated 4 (MAGUK pS5 subfamily member 4} -21.39
MYOT7A NM_000260 Myosin VIIA ~19.63
PLEKHG1 NM_001029884 Pleckstrin homology domain containing, family G (with RhoGef domain) member 1 ~1841
NTNGI1 NM_001113228 Netrin G1 ~18.34
FRMPD2 NM_001018071 FERM and PDZ domain containing 2 —18.03
DLC1 NM_024767 Deleted in liver cancer 1 —17.49
CHSTI10 NM_004854 Carbohydrate sulfotransferase 10 -16.09
GJAL NM_000165 Gap junction protein, alpha 1, 43 kDa —16.06

(Fig. 72). The univariate analysis showed that the presence
of lymphatic invasion, venous invasion, and lymph node
metastasis were also correlated with a poor 3-year PES rate.
The multivariate analysis with these four factors revealed
that the presence of lymph node metastasis was the only
independent prognostic factor (Table 3). Regarding the

pattern of postoperative recurrence within 3 years, the
number of patients with an initial recurrence at locore-
gional, distant, and both sites were 1, 3, and 2 in the AQPS
negative group, and 7, 10, and 2 in the AQPS5 positive
group, respectively, and there was no significant difference
between two groups (p = 0.748) (Supplementary Table 3).
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Fig, 5 Aquaporin 5 protein expression in human ESCC tissues.
a Immunohistochemical staining of human ESCC samples with AQPS
antibody revealed that the AQP5 protein was expressed in cytoplasm
of the carcinoma cells, Magnification: x400, Bar 100 pm.

The 3-year overall survival rate of the AQP5 positive
group, however, was 65.9 % and poorer than that of the
AQP5 negative group (81.5 %). No significant difference
was detected between two groups (p = 0.160) (Fig. 7b).
These findings suggest that AQP5 expression is induced
in ESCC, and higher AQP5 expression might be related to
the prognosis of patients with ESCC after curative resection.

€) Springer

b Photomicrographs of AQPS5 immunchistochemistry are shown with
the examples of score O (upper left), score 1 (upper right), score 2
(ower left), and score 3 {lower right). Magnification: x200. Bar
200 pm

Discussion

This is the first study to report both on the expression of
AQPS5 in human ESCC tissue and on the pathophysiologic
role of AQPS expression in ESCC cells. The aquaporins
represent a family of transmembrane water channel pro-
teins that are widely expressed across tissues and play a
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Fig. 6 The comparison
between Aquaporin 5, p21, and
cyclin DI protein expressions in
human ESCC tissues.
Immunchistochemical staining
patterns of AQPS (upper leff)
and CCNDI1 (lower right) were
similar and those of AQPS and
p21 (lower left) were contrasted,
which supported results of
microarray and verification
studies as described in
Supplementary Table 2 and
Fig. 4. Magnification: x40. Bar
1000 pm

crucial role in osmotic water transport [1, 2]. Recent
studies have shown that AQPs are also found in various
tumor tissues, where they perform unexpected functions.
For example, AQPs have been associated with tumor pro-
gression. AQPS is one of the 13 AQP subtypes character-
ized in humans [7, 8]. The molecular mechanism of AQPS
expression has been investigated in some studies [33-35].
Adamzik et al. revealed that a novel single nucleotide
(—1364A/C) polymorphism in the AQPS gene promoter
altered AQPS expression in HeLa cells [33]. Borok et al.
[34] showed the common and tissue-specific regulations of
AQP5 promoter activities using rat lung and salivary epi-
thelial cells. Recent studies have also established its
expression and role during tumor development in various
cancers [13, 17-26]. However, the expression of AQP5 in
human ESCC tissues and the pathophysiologic role of
AQP5 expression in ESCC cells have not been previously
reported.

The expression of AQPS5 is correlated with cell prolif-
eration in several cancers [18, 19, 23, 26). For instance,
Kang et al. [18] showed that downregulation of AQPS
reduced cell proliferation in colorectal cancer cell lines. In
the present study, we also showed that downregulation of
AQP5 inhibited cell proliferation in two ESCC cell lines
(Fig. 2d). Furthenmore, cell cycle analysis indicated that
the knockdown of AQP5 with siRNA inhibited cell cycle
progression from Gy to S phase in these cell lines (Fig. 2¢).
These findings indicate that AQPS5 expression may influ-
ence both cell proliferation and cell cycle progression.

Little is known about the role of AQPS5 in cell survival.
Chae et al. [26] reported that caspase9 activity increased

and apoptosis was promoted in AQP5 siRNA-treated
chronic myelogenocus leukemia. However, the potential
role of AQPS in apoptosis in gastrointestinal cancers has
gone unreported. The present study revealed that the
knockdown of AQPS in ESCC cells induced apoptosis and
also enhanced staurosporine stimulus-induced apoptosis
(Fig. 3).

Previous studies have reported on the molecular mech-
anism by which AQP5 may mediate tumor progression.
Kang et al. [18] showed that, in colorectal cancer cell lines,
the oncogenic property of AQPS5 was mediated by the
activation of Ras and the extracellular signal-regulated
kinase (ERK), as well as the retinoblastoma protein (Rb)
signaling pathway. They also showed that up-regnlation of
AQP5 increased the phosphorylation of ERK1/2 in colo-
rectal cancer cells, while the up-regulation of AQP1 and
AQP3 did not alter ERK1/2 phosphorylation. Zhang et al.
[23] showed that the activity of the epidermal growth factor
receptor (EGFR)/ERK/p38 mitogen-activated protein
kinase (p38 MAPK) signaling pathway was enhanced by
the overexpression of AQPS in lung cancer cell lines. To
determine how the down-regulation of AQP5 affects cell
proliferation, we used a bicinformatics approach to analyze
the genome-wide consequences of AQPS knockdown. A
microarray analysis showed that, among 2,132 genes with
altered expression after AQPS knockdown, 398 genes had
cell proliferation related functions (Supplementary
Table 2). “Cellular Growth and Proliferation” was the top-
ranked signaling network associated with AQP5 knock-
down-related genes (Supplementary Table 1). Among
these 398 genes, we confirmed changes in the expression of
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Table 2 Correlation between clinicopathological features and AQPS
expression

Variable n  Grade of AQPS expression p value
Negative (<3)  Positive (35)
Total 68 27 (40 %) 41 (60 %)
Gender
Male 57 23 (85 %) 34 (83 %) 1.000
Female 11 4 (15 %) 7 (17 %)
Age; years
<65 39 15 (56 %) 24 (59 %) 1.000
655 29 12 (44 %) 17 (41 %)
Size
<50 48 24 (89 %) 24 (59 %) 0.008*
50 200 3(11%) 17 (41 %)
Histological type
Well/moderate 45 13 (48 %) 32 (78 %) 0.018*
Poor 23 14 (52 %) 9 (22 %)
Preoperative chemotherapy
Negative 64 25(93 %) 39 (95 %) 1.000
Positive 4 2(7 %) 2 (5 %)
Lymphatic invasion
Negative 32 15 (56 %) 17 (41 %) 0.323
Positive 36 12 (44 %) 24 (59 %)
Venous invasion
Negative 38 16 (59 %) 22 (54 %) 0.804
Positive 30 11 (41 %) 19 (46 %)
Pathological depth of tumor
1-2 43 20 (74 %) 23 (56 %) 0.199
3 25 7(26 %) 18 (44 %)
Pathological lymph node metastasis
0 32 14 (52 %) 18 (44 %) 0.622
1- 36 13 (48 %) 23 (56 %)
Pathological stage
0-1 26 12 (44 D) 14 (34 %) 0.450
I-1v 42 15 (56 %) 27 (66 %)
Postoperative recurrence (3-year)
Negative 43 21 (718 %) 22 (54 %) 0.071
Positive 25 6 (22 %) 19 (46 %)

* p < 0.05: Fisher’s exact test

several cell proliferation related genes by knockdown of
AQP5. We reconfirmed the results of microarray analysis
by verification of 6 selected gene expressions using quan-
titative RT-PCR, and revealed that the expression levels of
TP53INP1, CDKNIA (p21PYWAFLy “and CCND1/cdkd,
which are widely known as G/S checkpoint related genes
[36, 371, were significantly altered upon down-regulation
of AQP5 (Fig. 4). Further, we showed the immunohisto-
chemical staining patterns of AQPS, p21, and CCNDI
protein, which supported the results of microarray analysis
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Fig. 7 The survival curves of 68 ESCC patients. a The 3-year
progression-free survival rate of the AQP5 positive group was

* significantly poorer than that of the AQPS negative group (log rank

test, p = 0.045). b Although the 3-year overall survival rate of the
AQPS positive group was poorer than that of the AQP5 negative
group, no significant difference was detected between two groups (log
rank test, p = 0.160)

(Fig. 6). These results indicated the AQPS expression level
might influence the expression level of some important
genes which were correlated with cell cycle progression.
To our knowledge, our immunohistochemical study is
the first to investigate the clinicopathological and prog-
nostic significance of AQP5 expression in human ESCC
tissue samples. Kang et al. [18] examined 94 samples from
colorectal cancer patients and showed that both age and
metastagsis status were significantly associated with AQP5
expression. Chae et al. {23] reported that among non-small
cell lung cancer patients, only histological type was sig-
nificantly associated with AQP5 expression, and the dis-
ease-free survival rate of AQPS-positive cases was
significantly poorer than that of AQP5-negative cases. In
the present study, we found that tumor size and the number
of differentiated histological types in AQPS5 positive
patients were significantly larger than those of AQPS
negative patients (Table 2). Watanabe et al. showed that
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Table 3 Univariate and multivariate analyses for prognostic factors associated with 3-year progression free survivat
Variable Number 3-year PFS Univariate® Multivariate®
n o= 68 rate (%) p value HR 95 % ClI p value
Gender
Male 57 61.1 0.572
Female 11 68.6
Age; years
<65 39 55.1 0.122
65< 29 71.8
Size
<50 43 67.6 0.061
50 20 50.0
Histological type
Well/moderate 45 63.3 0.633
Poor 23 60.2
Lymphatic invasion
Negative 32 71.8 0.009* 2.056 0.851-5.513 0111
Positive 36 48.4
Venous invasion
Negative 38 73.0 0.033* 1.653 0.727-3.933 0.231
Positive 30 483
Pathological depth of tumor
1-2 43 66.1 0.259
3 25 56.0
Pathological Jymph node metastasis
0 32 77.8 0.006* 2.583 1.106-6.736 0.028*
i- 36 48.0
Grade of AQPS staining
Negative 27 77.8 0.045% 1.900 0.787-5.297 0.159
Positive 41 53.7

PFS Progression free survival, HR hazard ratio, CI confidence interval

? Kaplan and Meier method, and the statistical significance was determined by log-rank test
b Multivariate analysis was performed using Cox proportional hazard model

overexpression of AQPS induced cell differentiation in
human gastric cancer cell lines [24]. These results suggest
that AQP expression might be correlated with cell differ-
entiation and morphological change in various cancers.
Furthermore, our study also showed that the 3-year PFS
rate of the AQPS positive group was significantly poorer
than that of the AQPS negative group (Fig. 7a). These
observations indicate that AQPS5 expression is related to
ESCC malignancy, including the risk of tumor recurrence,
and it may be a useful indicator for selecting a postoper-
ative treatment approach.

In summary, we have shown that AQPS plays a role in
the proliferation and survival of BSCC cells. Our micro-
array data also show that AQPS affects the expression of
other genes with functions related to cellular growth and

proliferation. Immunohistochemistry revealed that the
expression of AQPS in human ESCC tissue is related to
tumor size, histological type, and rate of recurrence in
ESCC patients. Although further investigation of the
molecular mechanism is necessary, our observations sug-
gest that AQP5 may be a useful biomarker of tumor
development and/or a novel therapeutic target for the future
treatment of ESCC.
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Abstract. Respiratory morbidity is the most frequent compli-
cation following an esophagectomy. This study was designed
to determine the efficacy of middle and lower esophagecto-
mies preceded by the hand-assisted laparoscopic transhiatal
approach (LTHA) regarding the perioperative outcomes of
distal esophageal cancer. The esophageal hiatus was opened
and carbon dioxide was introduced into the mediastinum.
Dissection of the distal esophagus was performed up to the
level of the tracheal bifurcation. En bloc dissection of the
posterior mediastinal lymph nodes was performed using
the LTHA. Subsequently, a small thoracotomy (10 cm) was
performed to divide the thoracic esophagus and allow middle
mediastinal lymphadenectomy. Finally, reconstruction via the
posterior mediastinal route with a gastric tube and anasto-
mosis in the thoracic cavity were performed using a circular
stapler. The treatment outcomes of 10 patients who underwent
LTHA-preceded middle and lower esophagectomy were
compared to those of 11 patients treated without prior LTHA
(thoracotomy, 20 cm). The total operative time, the duration
of one-lung ventilation and total operative blood loss were
significantly decreased in the LTHA group. The number of
resected lymph nodes did not differ significantly between the
two groups. Postoperative respiratory complications occurred
in 10.0% of patients treated with, and 36.3% of those treated
without LTHA. The extubation time following surgery, the
duration of thoracic drainage and postoperative hospital
stay were significantly decreased by this method. In conclu-
sion, middle and lower esophagectomies preceded by LTHA
provides a good surgical view of the posterior mediastinum,
markedly shortens the duration of one-lung ventilation and
improves the perioperative outcome.
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Introduction

Esophagectomies is associated with significant morbidity and
mortality, although recent advances in surgical and postop-
erative management techniques have improved the treatment
outcome (1). Respiratory morbidity, in particular, remains the
most common serious complication following esophagectomy
and a number of studies demonstrated a respiratory compli-
cation rate of ~20% (2-5). Since the duration of one-lung
ventilation is known to affect postoperative immune reactions
and cause respiratory complications, it is crucial to reduce the
intrathoracic operative time (6,7).

We first performed an esophagectomy preceded by
the laparoscopic transhiatal approach (LTHA) for patients
with esophageal cancer in 2009 (8-10). With this method,
carbon dioxide is introduced into the mediastinum from
the abdominal side of the diaphragm and middle and lower
mediastinal operations may be performed via a transhiatal
approach. The main advantages of this method are that the
thoracic procedures performed via right thoracotomy may
be simplified and the duration of one-lung ventilation may
be shortened. In addition, a good surgical view of the lower
mediastinum is obtained and the quality of the mediastinal
surgery may be improved, By December, 2012, a total of
121 patients with esophageal tumors had undergone LTHA
during a variety of esophageal surgical procedures, including
subtotal esophagectomy, middle and lower esophagectomy
and tumor resection (8-11).

In our previous study, we demonstrated the efficacy of
LTHA preceding subtotal esophagectomy with gastric tube
reconstruction via a retrosternal route, with regard to peri-
operative outcomes (8). In this study, we aimed to analyze
the perioperative treatment outcomes of patients with distal
esophageal cancer who underwent middle and lower esopha-
gectomy preceded by hand-assisted LTHA and gastric tube
reconstruction via the posterior mediastinal route (anastomosis
in the thoracic cavity). Our results revealed that our method
markedly shortened the duration of one-lung ventilation and
decreased intraoperative blood loss. Furthermore, this method
improved postoperative care by decreasing the extubation time
following surgery, the duration of thoracic drainage and the
length of the postoperative hospital stay.

- 293 -



32 SHIOZAKI et al: LAPAROSCOPIC TRANSHIATAL APPROACH FOR DISTAL ESOPHAGEAL CANCER

Figure 1. (A) Intraoperative view of the trocars and incision locations on the abdomen. A lap disc (regular) was placed in the upper abdomen. Three 12-mm
ports were inserted, one in each flank and one in the left hypochondrium; one 5-mm port for the videoscope was inserted in the lower abdomen. (B) The
esophageal hiatus was divided and carbon dioxide was introduced into the mediastinum. Dissection of the anterior sides of the posterior mediastinal lymph
nodes was performed with the EnSeal device. (C) The anterior and posterior sides of the posterior mediastinal fymph nodes were resected: while lifting up
these lymph nodes like a membrane, they were cut along the borderline of the left mediastinal pleura. (D) The posterior mediastinal lymph nodes (thoracie

paraaortic and left pulmonary ligament lymph nodes) were dissected en bloc.

Patients and methods

Surgical procedure. An abdominal operation was performed
using hand-assisted laparoscopic surgery (HALS). Subsequently,
middle and lower mediastinal operations were performed using
LTHA. The patients were placed in a supine position on the
operating table. An upper abdominal incision (70 mm) was
performed and a Lap Disc (regular) (Ethicon Endo-Surgery,
Cincinnati, OH, USA) was placed (Fig. 1A). Three 12-mm ports
were inserted, one in each flank and one in the left hypochon-
drium; one 5-mm port for the flexible laparoscope was inserted
into the lower abdomen (Fig. 1A). The operator stood on the
right side of the patient and inserted the Lap Disc with their left
hand. The 12-mm port in the right flank was mainly used for the
surgery. The assistant stood on the left side of the patient and
the ports in the left abdomen were used to provide assistance.
The scopist stood near the patient's groin. Carbon dioxide was
introduced into the intra-abdominal space and the pneumoperi-
toneum pressure was controlled at 10 mmHg (8-11).

The operator lifted up the stomach with their left hand and
the greater omentum, left gastroepiploic vessels and gastro-
splenic ligament were divided using the EnSeal device (Ethicon
Endo-Surgery). Subsequently, the esophageal hiatus was opened
and carbon dioxide was introduced into the mediastinum, The
assistant inserted an Endo Retract (Autosuture Norwalk, CT,
USA) and a blunt tip dissector through the ports on the left side
and the working space in the mediastinum was secured with these
two devices and 10 mmHg of pneumomediastinum pressure.

Dissection of the anterior and left side of the distal esophagus up
to the level of the tracheal bifurcation was performed with the
EnSeal device and the blunt tip dissector. Using this approach,
dissection of the anterior sides of the posterior mediastinal
lymph nodes was easily performed (Fig. 1B) (9).
Subsequently, the adventitia of the thoracic aorta was
exposed at the level of the crura of the diaphragm, followed
by dissection of the anterior side of the thoracic aorta to the
cranial side. The roots of the proper esophageal arteries were
confirmed and divided using the EnSeal device. Following
these procedures, the anterior and posterior sides of the
posterior mediastinal lymph nodes, including the thoracic
paraaortic and left pulmonary ligament lymph nodes, were
dissected. While lifting these lymph nodes like a membrane,
they were cut along the borderline of the left mediastinal
pleura (Fig. 1C). In this manner, the posterior mediastinal
lymph nodes were dissected en bloc (Fig. 1D} (8,9).
Following the dissection of posterior mediastinal lymph
nodes, the adventitia of the thoracic aorta and the crura of the
diaphragm were exposed. Therefore, the appropriate layer for
the dissection of the celiac lymph nodes was clearly identified
and the dissection of the posterior mediastinal lymph nodes
was extended towards the caudal side from the crura of the
diaphragm to the celiac artery (Fig. 2A). The lymph nodes in
the esophageal hiatus of the diaphragm, the infradiaphrag-
matic lymph nodes and the lymph nodes along the celiac
artery were dissected en bloc from the left side approach.
Subsequently, the left gastric vessels were exposed from the
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