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Abbreviations and Acronyms

ADC = apparent diffusion coefficient

DWI1 = diffusion-weighted magnetic
resonance imaging

"8F-FDG = 18-fluoro-2-deoxy-glucose

FN = false-negative

FP = false-positive

GGO = ground glass opacity

PCNA = proliferating cell nuclear antigen

PET-CT = positron emission tomography-
computed tomography

ROC = receiver operating characteristics

ROI = region of interest

SUVmax = maximum standardized uptake value

™™ = true-negative

P = true-positive

agreed to DWI and PET-CT examinations, were enrolled
before operation in this study during the period from
May 2009 to October 2010. Patients who had metal or
pacemakers in their body or tattoos on the skin were
excluded because of contraindication in magnetic reso-
nance imaging (MRI) examinations. Bulky N2 lung can-
cers with PET or DWI N2 positive lymph nodes were
excluded before the enrollment. Patients who received
prior treatment for lung cancer were also excluded before
the enrollment. This study was approved by the Ethical
Committee in Kanazawa Medical University. Written
informed consents for MRI, PET-CT, and a pathologic
examination of resected materials were obtained from
each patient. They underwent DWI and PET-CT exami-
nations before pulmonary resection. Most patients had a
preoperative pathologic diagnosis of lung cancer prior to
enrollment, and others had a pathologic diagnosis of
lung cancer at operation after enrollment. Surgical biop-
sies of mediastinal lymph nodes through mediastinos-
copy were done for assessment of bulky N2 lung cancers
and transbronchial needle aspiration biopsy through
bronchoscopy were performed to confirm N2 positive
lymph nodes. Bulky N2 lung cancers with PET or DWIN2
positive lymph nodes were not candidates for operation
but were candidates for induction chemotherapy. Pa-
tients who underwent pneumonectomies, bilobectomies,
or lobectomies also underwent systematic lymphadenec-
tomies of the hilum and mediastinal areas. Segmentec-
tomy or partial resection for small lung cancers with
ground glass opacity was not followed by systematic
lymphadenectomies because of the lower possibility of
carcinoma metastasis.

Sixty-three patients who had operable lung cancer or
who were highly suspected of having lung cancer were
enrolled in this study. All of these patients were diag-
nosed with lung cancer before or during their operation.
There were no patients who underwent MRI and PET
and then turn out not to have lung cancer. These patients
represented 94% of the total number of operation (67) for
lung cancers done at our hospital during the period of
this study. Forty-one patients were male and 22 patients
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were female. Their mean age was 68 years old (range, 38
to 81 years). Cell type, cell differentiation, pathologic N
factor, and the size of the tumor were determined by
reviewing the pathology reports. There were 42 adeno-
carcinomas, 19 squamous cell carcinomas, 1 large cell
neuroendocrine carcinoma and 1 carcinosarcoma. Tu-
mor, nodes, metastasis classification, and the lymph node
stations of lung cancer were classified according to the
new definition of the International Union Against Cancer
7 [15].

Concerning the clinical T stage (cT), there were 21 cT1a
carcinomas, 15 ¢T1b, 15 cT2a, 3 cT2b, and 9 ¢T3 carcino-
mas. In the clinical tumor, nodes, metastasis stage
(cStage) by DWI, there were 33 cStagelA, 6 cStagelB,
10 cStagellA, 4 cStagellB, 10 cStagelllA. In the clinical
cStage by PET-CT, there were 34 cStagelA, 12 cStagelB, 3
cStagellA, 4 cStagellB, and 10 cStagelllA.

Of the 63 patients enrolled, there were 5 pneumonec-
tomies, 1 bilobectomy, 50 lobectomies, 1 segmentectomy,
and 6 partial resections. There were 20 pathologic Tla
(pTla) carcinomas, 14 pT1b carcinomas, 13 pT2a carcino-
mas, 5 pT2b carcinomas, 8 pT3 carcinomas, and 3 pT4
carcinomas. There were 41 pathologic pNO (pNO0) carci-
nomas, 11 pN1 carcinomas, and 11 pN2 carcinomas.
There were 30 pathologic stage IA (pStage IA), 8 pStage
IB, 6 pStagellA, 3 pStage IIB, 14 pStage IIIA , 1 pStage
IIIB, and 1 pStage IV.

MR Imaging
All MR images were obtained with a 1.5 T superconduct-
ing magnetic scanner (Magnetom Avanto; Siemens, Er-
langen, Germany) with 2 anterior six-channel body
phased-array coils and 2 posterior spinal clusters (six-
channels each). Patients were in the supine position
throughout the examination. Conventional MR images
and DWI were acquired during the same procedure. The
conventional MR images consisted of a coronal T1-
weighted spin-echo sequence (repetition time msec/echo
time msec/excitations, 720/20/1) and coronal and axial
T2-weighted fast spin-echo sequences (6700/130/1). The
T1-weighted and T2-weighted sequences were acquired
at a section thickness of 6 mm with a 1-mm intersection
gap, and 32-cm field of view with 256 X 192 matrix.
Diffusion-weighted magnetic resonance imaging using
a single-shot echo-planar technique was performed un-
der SPAIR (spectral attenuated inversion recovery) with
respiratory triggered scan with the following parameters:
TR/TE/flip angle, 3,000 to 4,500/65/90; diffusion gradient
encoding in 3 orthogonal directions; b value = 0 and 800
s/mm? field of view, 350 mm; matrix size, 128 X 128;
section thickness, 6 mm; section gap, 0 mm; and number
of excitations, 5. Trace images were synthesized for each
b value, and ADC maps were automatically produced by
the scanner. One radiologist (Y.K.) with 20 years of
experience who was unaware of the patients’ clinical data
evaluated the MRI image. After image reconstruction, a
two-dimensional round or elliptical region of interest
{ROI) was drawn on the lesion that was detected visually
on the ADC map with reference to the T2-weghted image
or CT, with exclusion of any necrotic areas. If there
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seemed to be no necrotic area, the ROI was placed on the
center of the lesion as large as possible. The procedure
was repeated 3 times and the mean ADC value was
obtained. A receiver operating characteristics curve
(ROC curve) was constructed according to the ADC value
using GraphPad Prism (version 5.02; GraphPad Software,
Inc, La Jolla, CA), and the cutoff values for a diagnosis of
metastasis were determined. Lymph nodes with an ADC
value of the same or less than the cutoff value were
defined as positive by means of DWL Lymph nodes with
an ADC value of more than the cutoff value or those that
could not be detected on DWI were defined as negative
by means of DWL

Positron Emission Tomography-Computed
Tomography

The PET-CT scanning was performed with a dedicated
PET camera (Siemens Biography Sensation 16) before
surgery. All patients fasted for 6 hours before scanning.
The *®F-FDG (18-fluoro-2-deoxy-glucose) (185 MBq) was
administered intravenously. After a 60-minute uptake
period, an emission scan was acquired for 3 minutes per
bed position and a whole-body scan was performed on
each patient using several bed positions according to the
height of each patient. One radiologist (M.T.) with 10
years of radioisotope scintigraphy and PET experience
who was unaware of the patients’ clinical data evaluated
the PET-CT data. After image reconstruction, a two-
dimensional round ROI was drawn on a slice after visual
detection of the highest count on the fused CT image. For
the lesions with negative or faintly positive PET findings,
the ROI was drawn on the fusion image with the corre-
sponding CT. From those ROJ, the maximum standard-
ized uptake value (SUVmax) was calculated as the 18F-
FDG accumulation within primary lung cancers and
lymph nodes. A ROC curve was constructed according to
the SUVmax using GraphPad Prism, and the cutoff val-
ues for a diagnosis of metastasis were determined.
Lymph nodes with a SUVmax of the same or more than
the cutoff value were defined as positive by means of
PET-CT. Lymph nodes with a SUVmax less than the
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cutoff value or those that could not be detected on
PET-CT were defined as negative by means of PET-CT.

Statistical Analysis

True-positive, true-negative, false-positive, and false-
negative results of DWI and PET-CT for the diagnosis of
lymph node metastasis were compared with the results
of the pathologic diagnosis. Statistical analysis was per-
formed using StatView for Windows (version 5.0; SAS
Institute Inc, Cary, NC). The data are expressed as the
mean * SD. The sensitivity, specificity, and accuracy of
DWI versus PET-CT for N staging and diagnosing each
Iymph node station were compared by using the McNemar
test. A p value of less than 0.05 was considered statisti-
cally significant.

Results

The ROC curve for the ADC value for diagnosing lymph
node metastasis in DWI revealed the optimal cutoff value
was 1.70 X 1073 mm?/sec (Fig 1A). The ROC curve for the
SUVmax for diagnosing lymph node metastasis in
PET-CT revealed the optimal cutoff value was 2.40 (Fig
1B). Findings of chest CI, DWI, and FDG-PET of a
squamous cell carcinoma are shown in Figure 2.

For detection of primary lung cancers, 61 (97%) of the
63 lung cancers, which consisted of ground glass opacity
as well as solid lesions, were detected visually with DWI
(Table 1). This was significantly higher than 54 (86%) of
the 63 lung cancer detected with PET-CT (p = 0.0207).

The relationships between clinical N factors (cN fac-
tors) diagnosed by DWI or PET-CT and pathologic N
factors (pN factors) are shown (Table 2). The DWI cor-
rectly identified the pathologic N staging in 51 patients
{81%), with overstaging in 3 patients (5%) and understag-
ing in 9 patients (14%), giving a staging accuracy of 0.81.
On the other hand, PET-CT correctly identified the
pathologic N staging in 45 patients (71%), with overstag-
ing in 4 patients (6%) and understaging in 14 patients
(22%), giving a staging accuracy of 0.71. The accuracy for
N staging by DWI is compared with that by PET-CT
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Fig 1. (A) Receiver operating characteristic curve and apparent diffusion coefficient value for diagnosing lymph node metastasis in diffusion-
weighted magnetic resonance imaging showing the optimal cutoff value to be 1.70 X 10™2 mm’/second (area under the curve, 0.82; 95% confi-
dence interval, 0.72 to 0.93). Its sensitivity was 0.87 and specificity was 0.74. (B) Receiver operating characteristic curve and standardized up-
take value max for diagnosing lymph node metastasis in positron emission tomography-computed tomography showing the optimal cutoff
value to be 2.40 (area under the curve, 0.84; 95% confidence interval, 0.77 to 0.91). Its sensitivity was 0.79 and specificity was 0.71.
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Fig 2. The computed tomography
presented lung cancer (arrow) of
55 mm in size in the right upper
lobe (A). The DWI showed high
signal intensity (arrow) in pri-
mary lung cancer (B). The ADC
value of the cancer was 0.979

X 10™*mm?/second (arrow) on the
ADC map (C). The FDG-PET
showed high accumulation (arrow)
in primary lung cancer (D). The
SUV max of the cancer was 16.85.
The CT showed swelling of #12u
lymph node (arrow) (E). The DWI
showed high signal intensity in
#12u lymph node (F). The ADC
value of the node was 1.264 X10°
smm?/second (arrow). The FDG-
PET showed moderate accumula-
tion (arrow) in #12u lymph node
(G). The SUVmax of the node
was 3.64. (ADC = apparent dif-
fusion coefficient; DWI = diffu-
sion-weighted magnetic reso-
nance imaging; FDG-PET =
fluorodeoxyglucose-positron
emission tomography; SUVmax
= maximum standardized uptake
value.)

using the McNemar test. The accuracy for N staging (0.81 44]) for metastatic lymph node stations by DWI was
[51 of 63]) by DWI was not significantly higher than that significantly higher than that (0.48 [(21 of 44]) by PET-CT
(0.71 [45 of 63]) by PET-CT (p = 0.0703). Concerning 11 (p = 0.00049). The specificities of DWI and PET-CT for the
pN1 carcinomas, the accuracy for N staging (0.64 [7 of 11]) 275 nonmetastatic lymph node stations were 0.99 (272 of
by DWI was not significantly higher than that (0.27 [3 of 275} and 0.97 (266 of 275), respectively. There was no
11]) by PET-CT (p = 0.199). And concerning 11 pN2  significant difference in the specificities between DWI
carcinomas, the accuracy for N staging (0.55 [6 of 11]) by and PET-CT. The accuracy (0.95 [305 of 319]) for all 319
DWI was not significantly higher than that (0.36 [40f11])  lymph node stations by DWI was significantly higher
by PET-CT (p = 0.668). than that (0.90 [287 of 319]) by PET-CT (p = 0.000121).
Of the 319 lymph node stations examined, 44 had The accuracy of the clinical stage was stratified by
metastases and 275 did not. The sensitivity (0.75 [33 of overall stage. The accuracy (0.71 [45 of 63]) based on DWI
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Table 1. Detection of Primary Lung Cancers by DWI and by
FDG-PET
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Table 3. Relationships Between Clinical Stages by DWI or
PET-CT and Pathologic Stages

Detection DWI FDG-PET

Detectable 61 Lung cancers 54 Lung cancers
Not detectable 2 Lung cancers 9 Lung cancers

Detection rate 0.97 0.86

Sixty-one (97%) of the 63 lung cancers were detected visually with DWL
This was significantly higher than 54 (86%) of the 63 lung cancers detected
with FDG-PET (p = 0.0207).

DWI = diffusion-weighted magnetic resonance imaging;
rodeoxyglucose; ~ PET = positron emission tomography.

FDG = fluo-

was not significantly higher than that (0.65 [41 of 63])
based on PET-CT (p = 0.444) (Table 3).

There was a weak reverse relationship between ADC
value and SUVmax (correlation coefficient, r = 0.286) (Fig
3). There was no relationship between ADC value and
tumor size (r = 0.0316).

Concerning the relationship between cell types and
ADC value, the ADC value (1.366 = 0.299) of adenocar-
cinomas was not significantly higher than that (1.248 =
0.382) of squamous cell carcinomas. The ADC values
were 1.377 + 0.330 in pNO carcinomas, 1.278 * 0.368 in
pN1 carcinomas, and 1.187 = 0.212 in pN2 carcinomas.
The ADC values decreased while the pN factor increased
but there were no significant differences. Concerning the
relationship between cell differentiation and ADC values
in adenocarcinomas and squamous cell carcinomas, ADC
values increased while the cell differentiation increased.
The ADC value (1.037 * 0.140) of poorly differentiated
carcinomas was significantly lower than that (1.275 *
0.211) of moderately differentiated carcinomas, that
(1.336 + 0.136) of a mixture of moderately and well-
differentiated carcinomas, and that (1.415 * 0.316) of
well-differentiated carcinomas. The ADC value (1.125 *
0.181) of carcinomas with necrosis was significantly lower
than that (1.413 = 0.335) of carcinomas without necrosis.
The ADC value (1.314 = 0.310) of carcinomas without
mucus was not significantly lower than that (1.458 =
0.437) of carcinomas with mucus.

Table 2. Relationships Between Clinical N Factors by DWI
or PET-CT and Pathologic N Factors

Pathologic N Factor

Clinical N Factor

by DWI or PET-CT pNO pN1 pN2
DWI
cNO 38 4
cN1 1 7 5
cN2 2 0
PET-CT V
cNO 38 7 5
cN1 0 2
N2 3 1 4

DWI = diffusion-weighted magnetic resonance imaging; PET-CT =

positron emission tomography-computed tomography.

Pathologic Stage ( pStage )

Clinical Stage (cStage)

by DWI or PET-CT plA pIB pIlA plIB pllIA pHlIB pIV

DWI
cIA 29 3 1 0 0 0 0
<IB 1 4 1 0 0 0 0
cllA 0 1 3 0 5 0 1
clIB 0 0 0 2 2 0 0
cllIA 0 0 1 1 7 1 0
PET-CT
clA 28 3 2 0 1 0 0
<IB 1 5 2 0 3 0 1
cllA 0 0 1 0 2 0 0
cIIB 0 0 0. 1 2 1 0
clllA 1 0 1 2 6 0 0

DWI = diffusion-weighted magnetic resonance imaging; PET-CT =

positron emission tomography-computed tomography.

Comment

The first aim of this study was to examine the usefulness
of DWI compared with PET-CT in the assessment of lung
cancer. The current study indicated that DWI is superior
to PET-CT in the detection of a primary lesion and nodal
assessment of non-small cell lung cancers. There are 3
reasons that indicate the superiority of DWI in compar-
ison with PET-CT. First, the detection rate of carcinoma
by DWI was significantly higher than that by PET-CT. It
is explained as follows. Solid lesions could be detected
both by PET-CT and DWI in this study. Most of the
ground glass opacity lesions were not detected by
PET-CT but by DWI in this study. It is well known that
SUVmax can be lower than the real value when the
tumor size is smaller than 20 mm in diameter because of
the limited resolution of current PET scanners [16, 17].
The DWI can also be used in place of FDG-PET to
distinguish between malignant and benign pulmonary

SUV max

8 1 1.2 1.4 16 1.8 2 22 2.4 26
10°mm¥sec

Fig 3. Relationship between apparent diffusion coefficient (ADC)
value and maximum standardized uptake value (SUVmax).
(SUVimax = 14.297—-5.641 X ADC: correlation coefficient, r = 0.286.)
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nodules-masses, with fewer false-positive results com-
pared with FDG-PET [14]. These reports support the first
reason.

Second, the accuracy of N staging by DWI may be
superior compared with PET-CT. In this study the accu-
racy for N staging (0.81) by DWI was not significantly
higher than that (0.71) by PET-CT. Nomori and col-
leagues [13] reported that the accuracy of N staging in 88
patients was 0.89 with DWI, which was significantly
higher than the value of 0.78 obtained with PET-CT
because of less overstaging in the former. The superiority
of DWI can be explained by the observation that not only
did DWI give fewer false-positive results for N staging of
non-small cell lung cancer compared with PET-CT [13],
but DWI also gave fewer false-negative results for N
staging of non-small cell lung cancer compared with
PET-CT. The PET-CT is likely to show false-positive
results when lymph nodes contain inflammation, and is
likely to show false-negative results when the lymph
nodes contain a small amount of cancer cells. The DWI
with ADC value and signal intensity can be useful in
differentiation of malignant and benign mediastinal
lymph nodes [18]. Diffusion-weighted magnetic reso-
nance imaging can be used in place of PET-CT for N
staging of non-small cell lung cancer, especially in hos-
pitals where MRI examinations can be done but PET-CT
examinations cannot. The sensitivity (0.75) of DWI in
diagnosing metastatic individual lymph node stations
was significantly higher than that (0.48) of PET-CT. The
accuracy (0.95) for the lymph node stations by DWI was
significantly higher than that (0.90) by PET-CT because of
fewer false-negative results in DWL

Third, the advantages of DWI are easier accessibility,
they are relatively cheaper, and there is no X-ray radia-
tion exposure compared with PET-CT. The number of
hospitals where PET-CT is equipped is few because of
the difficulty in handling the radioisotope of '*F-FDG.
The cost of DWI is almost 1/3 of that (about 1,000 US
dollars) of a PET-CT examination. In addition, no radia-
tion exposure during a MRI examination is favorable
compared with some radiation exposure during a
PET-CT examination.

Qur results shows that DWI examination is recom-
mended first for staging of lung cancer, and that PET-CT
is recommended second for staging of lung cancer. The
PET-CT would be recommended first for the assessment
of distant metastasis.

The second aim of this study was to examine relation-
ships between the ADC value and several pathologic
factors. Although it was reported that there was no
significant correlation between ADCmin (the minimum
of ADC of total slices within the tumor) and SUVmax or
between ADCmean (the average of ADC of total slices
within the tumor) and SUVmean (the average of SUV in
all voxels) [19], our results showed a weak reverse rela-
tionship between ADC of DWI and SUVmax of PET-CT
(correlation coefficient, r = 0.286), which was supported
by Heo and colleagues [20]. They showed there was a
significant correlation between the differentiation and
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the ADC values of the hepatocellular carcinomas (r = —
0.51, p = 0.012).

Although the ADC value of adenocarcinomas was not
significantly higher than that of squamous cell carcino-
mas, the ADC value of adenocarcinoma was reported to
be significantly higher than that of squamous cell carci-
noma and large cell carcinoma [21]. Well-differentiated
adenocarcinomas tended to be hypointense, and small-
cell and large-cell neuroendocrine carcinomas showed
hyperintensity [22]. The ADC value of lung carcinomas
correlated well with tumor cellularity [21]. The DWI
signal intensity may be connected with not only the
cellularity of tumors, but also the degree of tumor necro-
sis and mucus, which is speculated from our results.

In this study we evaluated mainly diffusion-weighted
MRI and PET in regard to nodal assessment in primary
lung cancer. We also recognize another study, which
compares diffusion-weighted MRI and PET in regard to
malignant and benign lung disease, is necessary. We
have started a study dealing with this issue. The history
of DWI examination of the lung just began and we need
additional data and more information about DWI.

The detection rate of primary lung cancer by DWI may
be better compared with that by PET-CT. The accuracy
for the lymph node stations by DWI was significantly
higher than that by PET-CT because of fewer false-
negative results in DWL The diagnostic efficacy of DWI is
superior to that of PET-CT, and DWI can be used in the
assessment of lung cancer and lymph nodes instead of
PET-CT.

This study was supported partly by a Grant-in-Aid for Scientific
Research from the Ministry of Education, Culture, Sports, Sci-
ence and Technology, Japan (21591828). We are grateful to Mr.
Masaru Takahashi and Mr. Keiya Hirata of the MRI Center,
Kanazawa Medical University, for technical assistance.
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Summary An oncogenic capacity of aquaporins, transmembrane channels for water, was recently
proposed. This study seeks to elucidate the involvement of aquaporin 1, 3, and S in the development and
progression of lung cancer. Expression of aquaporin 1, 3, and 5 was examined by immunohistochem-
istry, Western blot, and laser-captured microdissection/real-time reverse transcription polymerase chain
reaction in 160 lung cancers of various histologic subtypes; and its correlation with clinicopathological
factors and survival was analyzed. Aquaporin 1, 3, and 5 were expressed in tumor cells in 71%, 40%,
and 56% of lung cancers, respectively. Aquaporin expressions were frequent in adenocarcinomas,
whereas aquaporin 1 and 5 were negative in squamous cell carcinomas. Bronchioloalveolar carcinoma
cells exhibited an apicolateral aquaporin 1 and apicolateral or basolateral aquaporin 3 localization in
nonmucinous type, and apical aquaporin 1 and 5 and basolateral aquaporin 3 expression in mucinous
type, which corresponded to aquaporins expression of nonneoplastic lung tissue. Basolateral aquaporin
5 expression was acquired during tumorigenesis of nonmucinous bronchioloalveolar carcinoma. In
contrast, invasive adenocarcinoma tumor cells overexpressed aquaporin 1 and 5 with loss of subcellular
polarization and with an intracytoplasmic distribution. Overexpression of aquaporin 1 correlated with
high postoperative adenocarcinoma metastasis ratios and unfavorable disease-free survival rates (P =
.031). We conclude that expression patterns of aquaporin 1, 3, and 5 in lung cancer cells are mostly
associated with cellular differentiation. However, the expression of aquaporin 1 and 5 is up-regulated in
invading lung cancer cells, particularly in adenocarcinomas; and the overexpression of aquaporin 1 with
loss of subcellular polarization is suggested to be involved in their invasive and metastatic potential.
© 2011 Elsevier Inc. All rights reserved.
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transporters [1,2]. To date, 13 homologous members have
been identified in mammals [3]; and these are expressed by
many cell types in different organ systems [4]. Accumulating
evidence suggests that AQPs have important roles in various
physiological and pathological conditions, such as urinary
concentration, exocrine glandular fluid secretion, fat metab-
olism, and brain edema [5,6]. In peripheral lung tissue, fluid
movement between air space and vascular compartments
occurs to facilitate absorption of air space fluid as well as in
the submucosal bronchial glands for secretion of fluid onto
airway surfaces [7]. Water movement in the lung is also vital
during development and at birth [8]. At least 4 AQPs, AQP1,
3, 4, and 5, are known to be expressed in the airway and
lung [7,9].

Enhanced AQP expression has been reported in tumor
cells of different origins, especiaily aggressive tumors,
leading to speculation that AQPs in tumor cells allow
water to rapidly penetrate the growing tumor mass [10-14].
Recent studies, however, described previously unanticipated
roles for AQPs, including cell cycle control and migration;
and evidence supporting the oncogenic roles of AQPs in
tumor development, angiogenesis, and cell migration has
been obtained [6,15-18]. AQP overexpression has also been
shown in lung cancer. However, the significance of this is
just beginning to be explored [19-21].

Pulmonary adenocarcinoma (ADC) is the most common
and heterogeneous form of primary lung cancer. The recent
introduction of high-resolution computed tomography has
enabled small peripheral nodular lesions to be detected,
providing information on the early stages of peripheral ADC
development [22]. However, there remain important issues to
be addressed for ADCs, such as what the molecular
mechanisms associated with the adverse factors of ADCs
are, including invasive growth with fibroblastic reaction,
aerogenic spread of a mucinous subtype, and a micropapiliary
component [22-25]. Little is known about the preferential
expression of AQPs in ADC subtypes and their relation to
ADC’s prognostically adverse factors. In the present study,
we examined expression patterns of AQP1, 3, and 5 in lung
cancer including various subtypes, as well as nonneoplastic
lung tissue, to elucidate the roles of AQPs in the tumorigen-
esis, cellular differentiation, and invasive growth of ADCs.

2. Materials and methods

2.1. Tissue preparation

A series of 160 surgical specimens from patients with
lung cancer were used: 115 were formalin fixed, paraffin
embedded for immunostaining of AQP1 and 5; and 45 were
frozen OCT compound (Sankyo Co, Tokyo, Japan) —
embedded for both immunostaining of AQP3 and quantifi-
cation of messenger RNA (mRNA) of AQP1, 3, and 5 genes.
The samples were selected from the surgical files of
Kanazawa Medical University Hospital between 2001 and

2008. Fifteen nonneoplastic lung tissue samples, 10 formalin
fixed and 5 frozen, were also obtained for investigation. The
Institutional Review Board at Kanazawa Medical University
approved this study, and all patients gave their informed
consent in writing. The samples included 125 cases of ADCs
(98 formalin fixed, 27 frozen samples), 18 squamous cell
carcinomas (SCCs) (8 and 10 samples, respectively), 5 large
cell carcinomas (1 and 4 samples), and 12 small cell
carcinomas (8 and 4 samples). Two samples of atypical
adenomatous hyperplasia (AAH) formalin fixed were also
included. To determine the role of AQPs in cellular
differentiation and invasive growth of ADCs, the samples
were subdivided, in addition to original subtypes of 2004
World Health Organization classification [24] and Union for
Internation Cancer Control-7 histologic grading of differ-
entiation (G1-4) [26], into the following 5 groups: a pure
nonmucinous bronchioloalveolar carcinoma (BAC) group
(20 formalin-fixed and 4 frozen samples); a group of a mixed
subtype having a predominant BAC component with a focus
of invasive ADC, either papillary or acinar (21 and 6
samples, respectively); a group of a mixed subtype of widely
invasive well- (G1) to moderately differentiated (G2) ADC,
either papillary or acinar, with a small BAC component (26
and 5 samples); a mucinous tumor group, either mucinous
BAC or mixed subtype with a predominant mucinous BAC
but with small foci of invasive components elsewhere (15
and 4 samples); and a poorly differentiated (G3) ADC group
(16 and 8 samples). Micropapillary structures in more than
30% of the tumor tissues were observed in 20 of the 125
ADC cases. The micropapillary pattern was determined
according to the criteria of Miyoshi et al [23]; and the
continuous linear staining outside of the micropapillary small
clusters, suggesting an inside-out growth pattern, was
confirmed in all 20 tumors by immunostaining with anti—
epithelial membrane antigen (EMA) antibody as described in
Section 2.4. Staging was performed according to the revised
tumor-node-metastasis staging system for lung cancer [26].
Of 160 cases, 114 were pStage I, 15 were pStage II, 28 were

- pStage I, and 3 were pStage IV. The median patient age
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was 65 (31-81) years, there were 67 women and 93 men, and
41.7% had a history of smoking. Follow-up after surgery was
from 5 to 92 (mean, 31) months. For each case, the most
representative block was selected from a number of paraffin
blocks covering at least 1 or 2 maximal cut surfaces.

2.2. Immuneostaining for AQP1 and 5

Immunostains for AQP1 and 5 were performed according
to Hoque et al [19] and Chae et al [21], respectively, with
minor modification. For antigen retrieval, the sections were
autoclaved at 121°C for 15 minutes. Tissue sections were
incubated overnight at 4°C with affinity-purified anti-AQP1
and AQP5 rabbit polyclonal antibodies (Alpha Diagnostic,
San Antonio, TX) at a concentration of 6.7 and 20 pg/mL,
respectively. The antibodies applied were visualized using
the avidin-biotin-peroxidase technique (DAKO LSAB kit;
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Dako Cytomation, Carpinteria, CA) followed by chromogen
detection with diaminobenzidine (Dako Cytomation). The
sections were counterstained with Meyer hematoxylin.
Immunostainings were evaluated by 3 pathologists (Y. U.,
S. M, and K. S.) blinded to the clinicopathological variables.
The expression was defined as positive when greater than
10% of tumor cells showed distinct chromogen reactions.

2.3. Immunostaining for AQP3

The expression and localization of AQP3 were examined
on frozen sections using a streptavidin-biotin-peroxidase
complex method (Histofine SAB-PO kit; Nichirei, Tokyo,
Japan). Frozen tissues were cut into 4-um-—thick sections and
fixed in 90% ethanol for 3 minutes. The tissues were
incubated for 2 hours at 37°C with rabbit anti-AQP3
polyclonal antibody (Calbiochem, San Diego, CA) at a
concentration of 3 ug/mL.

2.4. Immunostaining for EMA, Ki67, TP53, and
carcinoembryonic antigen

Immnunostainings for EMA, Ki67, p53, and carcinoem-
bryonic antigen (CEA) were performed on formalin-fixed,
paraffin-embedded sections, 20 sections for EMA and 115
sections for Ki67, p53, and CEA, using the avidin-biotin-
peroxidase technique (DAKO LSAB kit; Dako Cytomation).
Mouse monoclonal antibodies against EMA (Dako Cytoma-
tion), Ki67 (clone MIB-1; Takara Bio Inc, Shiga, Japan), p53
(Dako Cytomation), and CEA (IBL Co Ltd, Gunma, Japan)
were used as primary antibodies. Pretreatinent with autoclave
was done for all antibodies. The stainings were evaluated
according to Anami et al [27]: Ki67 was judged as positive
when nuclear labeling of tumor cells (MIB-1 labeling index)
was more than 10%; p53 was judged as positive when
nuclear labeling was more than 30%; CEA was judged as
positive when cytoplasmic labeling was more than 60%.

2.5. Western blotting

Immunoblotting for AQP1 was performed on 10
representative tumor tissues, 8 cases of ADCs and 2 cases
of SCCs, as well as a nonneoplastic lung tissue sample.
Proteins were extracted using lysis buffer (50 mmoVl/L Tris-
HCI [pH 7.6], 10% glycerol, 5 mmol/L magnesium acetate,
0.2 mmol/LL ethylenediamine tetraacetic acid, 1 mmol/L
phenylmethylsulfonyl fluoride, and 1% sodium dodecylsul-
fate). Extracted protein (10 ug) was applied to and
electrophoresed on a 10% polyacrylamide gel and transferred
to a nitrocellulose membrane (Atoh, Tokyo, Japan). The
membranes were reacted overnight at 4°C with anti-AQP1
polyclonal antibody (Alpha Diagnostic) at a concentration of
2 pg/mL. After the incubation with peroxidase-labeled goat
anti-rabbit IgG antibody (Dako Cytomation) for 1 hour at
room temperature and vigorous washing, the nitrocellulose
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membrane was incubated with Chemiluminescence Luminol
Reagent (Pierce, Rockford, IL) and photographed digitally
using ATTO Light-capture (AE-6971; ATTO, Tokyo,
Japan). All samples were standardized by immunoblot
using anti—f-actin mouse monoclonal antibody (Sigma
Chemical Co, St. Louis, MO).

2.6. Laser-captured microdissection and
guantitative gene expression analysis using
real-time reverse transcriptase polymerase
chain reaction

Laser-captured microdissection (LCMD) was used to
collect tumor cells from 16 fresh-frozen lung carcinoma
tissues as well as nonneoplastic lung cells using a previously
described procedure [28]. Tumor cells were dissected and
collected using a PALM laser microdissection system
(Meiwa Shoji Co, Tokyo, Japan). In nonneoplastic lung
tissues, bronchial epithelia and alveoli composed of both
alveolar cells and capillaries were dissected. Real-time
reverse transcriptase polymerase chain reaction (RT-PCR)
was performed using a TagMan One-Step RT-PCR Master
Mix Reagents Kit (PE Applied Biosystems, Branchburg,
NIJ). TagMan probes for AQPI, 3, and 5 were purchased
from Assays-on-Demand Gene Expression Products (Ap-
plied Biosystems, Foster City, CA). The accession numbers
and sequences of the probes were as follows: Hs01028916,
FAM-CGG TCC TTT GGC TCC GCG G for AQPI;
Hs01105468, FAM-TGG GCT CCA TTG CGG GTG TCT
TC for AQP3; and Hs00893081, FAM-GCT ACC CCA
GAA AAC CCA GTG AGC for AQPS. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene expression was
used as an internal control for standardization. The TagMan
probe for GAPDH gene was Hs99999905, FAM-
GGGCGCCTGGTCACCAGGGCTGCTT (Assays-on-De-
mand Gene Expression Products, Applied Biosystems).
The relative amount of the specific amplification product
of the sample was calculated using a standard curve created
with complementary DNA solution produced from BD
gPCR Human Reference Total RNA (Applied Biosystems),
and standardized according to the amount of GAPDH. All
processes were performed in triplicate.

2.7. Statistical analysis

The clinical end points examined were the time from
treatment initiation to the time of metastasis (disease-free
survival). For comparisons between AQP expression and
clinicopathological factors, the x? test was used. Prognostic
factors were examined by both univariate and multivariate
analyses. The disease-free survival rates were calculated
using the Kaplan-Meier method and compared with the log-
rank test. A P value of < .05 was considered statistically
significant. All statistical analyses were performed using
StatView software (SAS Institute Inc, Cary, NC).
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3. Results

3.1. Expression of AQP1, 3, and 5 in nonneoplastic
lung tissue

In nonneoplastic lung tissues, AQP1 was constantly
expressed in the vasculature and apicolateral surfaces of type
II pneumocytes, particularly those that were proliferating
(Fig. 1A), and apical surfaces of bronchial/bronchiolar
surface epithelium (BSE), whereas surfaces of goblet cells
were negative for AQP1. Plasma membranes of myoepithe-
lial cells surrounding bronchial glands and red blood cells
also showed AQP!1 expression. AQP3 expression was
detected in basolateral plasma membranes of BSE and in
whole plasma membranes of basal cells of the bronchus, as
well as the apicolateral surfaces of type II pneumocytes. The
apical surfaces of BSE except for goblet cell areas (Fig. 1B),
apicolateral membrane of bronchial gland cells, and type I
pneumocytes (Fig. 1C) were positive for AQPS expression.
Areas of bronchial squamous metaplasia and reactive type II
pneumocytes showed negative for AQPS.

3.2. Expression of AQP1, 3, and 5 in lung cancer

AQP1I, 3, and 5 expression was detected in tumor cells of
71%, 40% and 56% of lung cancers, respectively. Positive
expression ratios were high in well- (G1) to moderately
differentiated (G2) ADCs (83%, 64%, and 70%, respec-
tively), but lower in poorly differentiated (G3) ADCs (56%,
13%, and 44%, respectively) and undifferentiated carcino-
mas (G4) (44%, 25%, and 11%, respectively). AQP1 and 5
expression was negative in SCC cells (P < .001 in AQPI
and 5), whereas AQP3 was positive in 3 (30%) of 10 cases.
Of ADCs, BAC of nonmucinous type, as well as AAH,
exhibited distinctive apicolateral AQP1 localization, a
basolateral AQP5 expression, and either an apicolateral or
basolateral AQP3 expression (Fig. 2A, G-I). BAC of
mucinous type showed discontinuous apical expression of
AQP1 and 5 except for the surface of goblet cell-type tumor
cells (Fig. 2B) and a basolateral expression of AQP3.
Invasive ADC tumor cells, having either an acinar
component with fibroblastic reaction or papillary and
micropapillary components proliferating intraalveolarly,
and occasionally those of poorly differentiated carcinomas,
exhibited stronger expression of AQP1 and 5 around
individual tumor cells without localization in either
apicolateral or basolateral plasma membranes (Fig. 2C-F, J),
compared with those of nonneoplastic lung tissue and
BAC. Invasive tumor cells also showed intracytoplasmic
AQP expression in addition to the membranal pattemn
(Fig. 2C-F, J). A BAC component showing lepidic growth
along the preexisting alveolar structure of a mixed subtype
showed either a polarized or overexpression pattem for
AQP1 and 5. In poorly differentiated ADCs, invading tumor
cells associated with a fibroblastic reaction strongly
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Fig. 1 A to C, Expression of AQP! and 5 in nonneoplastic lung
tissue. A, AQP1. B and C, AQPS5. Original magnification: A, x400;
B, x200; C, x600. AQP1 is positive in apicolateral surfaces of type
11 pneumocytes as well as vasculature (A). AQPS is localized to
apical surfaces of bronchial surface epithelium (B) except for areas
of goblet cells. Arrows and asterisks (*) show goblet cells and
squamous metaplasia, respectively. C, AQP5 expression in type I
pneumocytes as arrows indicate, but negative reaction in reactive
type I pneumocytes covering the alveolar surface.
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Fig.2 A toJ, Expression of AQP1, 3, and 5 in lung cancer. A to F, AQP1. G, AQP3. H to J, AQP5. A and I, BAC of nonmucinous type. B,
BAC of mucinous type. G, ADC of predominant BAC with a focal invasive ADC component. C, D, and J, Widely invasive well- to moderately
differentiated ADC. D, A micropapillary ADC component. E, Invasive poorly differentiated ADC. F, Lamellipodia at the invasion front. H,
AAH. Original magnifications: A, B, D, H, I, and J, x400; C, E, and G, x200; F, x1000. Nonmucinous BAC cells show apicolateral AQP1 and
basolateral AQP3 and 5 expression (A, G, I), and mucinous BAC cells show discontinuous apical AQP1 expression except for the surface of
goblet cell-type tumor cells (B). AAH also shows basolateral expression of AQPS (H). Invasive ADC cells, including micropapillary
components (D), show overexpression of AQP1 and 5 with loss of polarization and with intracytoplasmic expression (C-F, J), whereas AQP3
expression decreases (* in G). Arrows in F indicate lamellipodia in the invading edge.

expressed AQP1 (Fig. 2E), whereas in expansively growing (Fig. 2F). In contrast, the immune reaction to AQP3 was
tumor cells replacing alveolar space, AQP! was almost weaker or negative in invasive ADC cells (Fig. 2G)
entirely absent (P < .01). Lamellipodia structures were seen compared with that of the BAC component, although loss
at the leading edge of invasive tumor cells with fibroblastic of the subcellular polarization pattern was detected in half
reaction, which exhibited a positive reaction for AQP1 of the positive cases. In undifferentiated carcinoma, small
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cell carcinoma expressed AQP!1 in 3 of 8 cases, AQP3 in 0
of 4 cases, and AQP5 in 1 of 8 cases, whereas large cell
carcinoma showed AQP 1 in 1 of 1 case, AQP 3 in 2 of 4
cases, and AQP5 in 0 of 1 case. Ratios of expression
patterns of AQPI, 3, and 5 in histologic subtypes and
ADC subgroups were summarized in Fig. 3A-C.
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Fig.3 A to C, Frequencies of the expression patterns of AQP1, 3,

and 5 in tumor cells of different lung cancer subtypes. Abbrevia-
tions: MUC, mucinous tumor, either BAC or mixed subtype; F-INV
WDA, focally invasive ADC of mixed subtype with a predominant
BAC component; W-INV WDA, ADC of mixed subtype
comprising widely invasive well to moderately differentiated
ADC component; PDA, poorly differentiated ADC; UNDIF,
small and large cell carcinoma.
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Fig. 4 Western blot for AQP1 in lung cancer of different subtypes
and nonneoplastic lung tissue. Lane 1, nonneoplastic lung; lanes 2 and
3, BAC; lanes 4 and 5, ADC of mixed subtype with a predominant
BAC component; lanes 6 and 7, ADC of mixed subtype with widely
invasive component; lanes 8 and 9, poorly differentiated ADC; lanes
10 and 11, SCC. Expression of AQP1 is shown with a molecular
weight of about 30 kd. Increased expression is demonstrated in ADC
tissues, particularly in widely invasive cancers, compared with those
of nonneoplastic lung tissue and SCCs.

3.3. Western blot for AQP1

An approximate molecular weight of around 30 kd for
AQP1 was demonstrated by Western blot analysis. AQP1
was overexpressed in lung cancer tissues, except for
SCC, compared with that in nonneoplastic lung tissue.
AQP1 expression was particularly increased in invasive
ADCs (Fig. 4).
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3.4. AQP1, 3, and 5 mRNA levels

mRNA of AQPI, 3, and 5 gene expression by the
corresponding tumor cells was detected quantitatively by
LCMD/real-time RT-PCR. AQP1 and 5 mRNA levels were
increased in invasive ADC and mucinous carcinoma cells
(Fig. 5A, C). In contrast, the AQP3 mRNA level was high in
BAC cells and decreased in invasive ADC and mucinous
carcinoma cells (Fig. 5B).

3.5. Prognostic implication of AQP overexpression

AQP1 overexpression with loss of polarization was
positively correlated with increased postoperative metastasis
ratios in lung cancers (P = .017), particularly in ADC (P =
.004) (Table 1). AQPI showed a significant relationship with
postoperative metastatic ratios in stage I cases (P =.024), but
it was marginal in stage II to IV cases (P = .061). Tumors
overexpressing AQP1 resulted in significantly higher ratios
of postoperative metastasis in mucinous ADCs and ADCs

with a micropapillary ADC component (P = .011 and .014,
respectively) (Table 1). By Kaplan-Meier analysis, patients
with AQP1 overexpression with loss of polarization showed
a significantly less favorable disease-free survival rate
compared with those without it (Fig. 6A, log-rank test P =
.031). The adverse effect of AQPI overexpression on
disease-free survival rates was particularly evident in ADC
cases with a micropapillary ADC component, although a log-
rank score could not be obtained because no metastasis
events occurred in patients without AQP1 overexpression
(Fig. 6B). AQP1 overexpression was proven to be a
significant prognostic factor (P = .041), as well as stage,
histologic differentiation, and MIB-1 labeling index (P <
001, P=.041, and P = .038, respectively), of lung cancer by
univariate analysis (Table 2). In Cox multivariate analysis
including all cases (n = 115), only stage was an independent
prognostic factor (P <.0001); and AQP1 overexpression was
not (£ = .148). However, further analysis in a subgroup
consisting of stage I and II cases (n = 95) stratified by age,
sex, smoking history, tumor size, and histologic differenti-
ation showed a marginal independent prognostic significance
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Fig. 6 A and B, Discase-free survival rates of lung cancer
patients with or without AQP1 overexpression. A, Total lung cancer
patients. B, Lung cancer patients with a micropapillary ADC
component. A, Kaplan-Meier analysis reveals a significantly less
favorable disease-free survival rate in patients with AQP1 over-
expression compared with those without AQP1 overexpression
(log-rank test, P = .031). The influence of AQP1 overexpression is
particularly evident in patients with a micropapillary ADC
component, although a log-rank score cannot be obtained because
metastasis was not seen in any of the patients without AQP1
overexpression.

of AQP1 overexpression (P =.055; relative ratio, 3.049; 95%
confident intervals, 0.975-9.523). AQP3 and 5 expression
did not show any significant relation to postoperative
metastasis ratios or prognosis.

No correlation was found between AQP! and 5 over-
expression and biological/prognostic markers including
MIB-1 labeling index, p53 status, or CEA overexpression.

4. Discussion

The present study confirmed the hitherto reported
findings concerning the expression of AQP1, 3, and 5 in
human and animal lung tissue [7,9,20]. However, contrary to
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cytes and AAH, which indicates that AQP1 expression may
be up-regulated in type II pneumocytes in response to some
stimulation. In lung cancer, nonmucinous BAC cells retained
the apicolateral expression pattern of AQPI, as well as
AQP3, as reported by Hoque et al [19] and Liu et al [20].
Localized AQP1 and 5 in the apical surface of BSE, as well
as basolateral AQP3 expression [20], were maintained in
mucinous BAC tumor cells except for goblet cell-type tumor
cells. Thus, AQP expression and subcellular localization in
lung cancer in essence seem to be determined by cellular
differentiation of the tumor cells. Of note, the basolateral
AQPS expression in nonmucinous BAC cells and AAH is
unique. In nonneoplastic lung tissues, neither type II
pneumocytes nor Clara cells express AQPS, indicating that
the acquisition of AQPS expression might represent an early
event in lung ADC development [21].

In the present study of AQP1 in nonneoplastic lung tissue,
the protein expression was shown by Western blot, although
the mRNA level was extremely low. This discrepancy is
most likely caused by AQP1 expressed on cell membranes of
red blood cells in the tissue, which scarcely have the message
because of lack of nuclei.

We could discriminate 2 different AQP expression
patterns: a subcellular polarized expression associated
mainly with differentiation and an overexpression with loss
of subcellular polarization and/or intracytoplasmic distribu-
tion. The intracytoplasmic distribution of AQPs seems to
represent their enhanced localization in intracellular vesicles
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[8]. These vesicles are reported to be trafficked to the plasma
membranc following phosphorylation induced by intracel-
lular signal transduction pathways activated in response to
appropriate stimulation [17]. The overexpression patterns of
AQP! and 5 were found more frequently in invasive ADC
than in BAC. AQP1 was demonstrated to be overexpressed
quantitatively in invasive ADC by Western blotting.
Analysis of ADC tumor tissues of mixed subtype by
LCMD/real-time RT-PCR revealed that AQP1 gene expres-
sion was up-regulated in invading ADC cells compared with
that in BAC cells, whereas AQP3 gene expression showed
the opposite pattern. It is noteworthy that, in poorly
differentiated ADC, invading tumor cells associated with
fibroblastic reaction strongly expressed AQP1, in contrast to
an almost total lack of AQP1 expression in expansively
growing ones. These findings suggest that the overexpres-
sion of AQP1 and 5 in the tumor cells may play an important
role in the aggressive growth of lung ADC, likely arising
from derangements of gene regulation associated with the
tumor progression. The lack of the correlation of AQPI and 5
overexpression to proliferation, p53 status, or CEA produc-
tion of lung cancer cells further supports the involvement in
their invasive and metastatic potential.

The present study showed, for the first time, that AQP]
overexpression is related to high postoperative metastasis
ratios and significantly shorter disease-free survival rates in
lung cancer. The relation between AQP1 overexpression and
metastatic potential was cvident in ADCs. A significant
correlation was also found in mucinous tumors and ADCs
with a micropapillary component. ADC patients with a
micropapillary ADC component overexpressing AQP1
showed remarkably poor disease-free survival rates, suggest-
ing the involvement of AQPI in the spread of the
micropapillary component. Chae et al [21] reported that
AQPS5 expression is an independent prognostic factor in
non-small cell lung cancer. In our study, however, neither
total expression nor overexpression of AQP5 had any
prognostic implications. Because the primary antibody
applied and the immunostaining method used were the
same for both studies, differences in either the number or
composition of the subtypes of lung cancer investigated
might have affected the results. These discrepancies should
be examined in greater detail in future studies using larger
number of cases with particular attention paid to AQP
phosphorylation status because AQP5 phosphorylated at the
cAMP-protein kinase consensus site located in a cytoplasmic
loop plays a pivotal role in the up-regulation of cancer-
associated pathways [29].

There are several lines of thinking regarding the
molecular mechanisms of AQPs in cellular invasion. One
is the water permeability hypothesis [3,6,7,15,30]. Experi-
ments using mice lacking AQP1 and the forced expression of
AQP1 in melanoma and breast cancer cell lines provided
evidence that AQPI1-dependent cell migration involves
AQP1-facilitated water influx into dynamic cellular protru-
sions (lamellipodia) creating space for actin polymerization
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at the leading edge of migrating cells and contributing to
invasiveness and extravasation of tumor cells as well as
angiogenesis [6,15,30]. Another model implicates AQPs as a
linker to adaptor molecules involved in activating signal
transduction pathways that promote the epithelial mesen-
chymal transition [18,21,29]. Chae et al [21] showed that
forced expression of AQPS, particularly in the phosphory-
lated form, increased the migration and invasion of human
bronchial cells and that phosphorylated AQPS, through its
SH3 binding consensus domain, interacted with the activated
form of ¢-SRC, a nonreceptor cytoplasmic tyrosine kinase
associated with an invasive and metastatic phenotype. AQP1
may be involved in actin cytoskeleton organization by
interacting with Lin7/f-catenin to act as a scaffolding protein
{18]. The demonstration of AQP! in lamellipodia at the
leading edge of invading ADC cells with fibroblastic
reaction in the present study may support the water
permeability role of AQPI, although the exact molecular
mechanisms of AQPs in invading lung cancer cells need to
be defined in vivo.

Our findings provide evidence that subcellular polariza-
tion of AQP1, 3, and 5 is closely associated with the cellular
differentiation of lung cancer cells. The results also have
provided insight into the involvement of AQPS5 induction in
carcinogenesis and of AQP1 overexpression in the invasive
and metastatic growth of lung cancer, especially of ADC. In
addition to in vitro approaches, future morphologic studies
paying attention to subcellular polarization and expression
levels should lead to a deeper understanding of the
functional roles of AQP1 and 5 in the malignant progression
of lung cancer.
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b 2 FBBEOFEISEFERBEN. FRTEISHK
IR ENC BT 2 AQP OREBR L ER~DOHEEIHE
TAHOMREMAT S, FR. W TIZAQPL 3 4, 5
PRI ICER T 5. o3BT, DRSNS
THmEE AT H AQPL, 30HEH, 2) miEiERI-hs
HIEEMCIERS bt AQPS OEFTHERH, 3)EN
I L7 AQPL 5 OBRFERICE S ENAE. 1) (M
RESM LEECEEET, ERCHEVRS TS, 2)
R LR SR H T REREFEER T ROoN,

BEFELECHBRLTEEEZ LR, 3)3BNEESES
PHBESNAD, ERECLICHEEZHL, £GTH

LRELBERRY. AQPL IZBRHEER TCORBITE
& R ¥R lamellipodia M COREE ML 72, AQPS
VMR RE T R b B B E RS AT BYE 55 T O IR & A L 7B
PR OBRHE - EBEAENOBES I RBEENL TS,
AQP5 DFEH LA O &R, AQPL DBFFE
B BERRGSOBREEE OBMEERLED LS.
F 72, AQP4 IZMIEfE THBL N E L AR TR AT
HF&%5. #HR AQPL 5 EMREORRBICHbLAE
ERFo—oeEzZON, FlhEREILEOEID/:
DOERISGF L % AR R S5,

FE|HE WilgsE, 72 7HEY ¥

FL®IC

7 & 7RV ¥ aquaporin (AQP) (THIfBBE % /- L 7z 7K
#EEF v Y ANVGT & LT 1992 £ 12 Preston 5 12
LRI HAECEIRL T CI3EEI s u—
v rEh, TORTE, HBEIEREER L ORBEIH
LPCENTERZLEE, /v 7Y FTAZAVE
BFge &, AQP iZKEELMSNC T RN OTH -k ikite &
FTHIEPHALPIRY, R, WMECHRERE - RE
B EDTADFEREEICHE D S BEEANEE S, BUE,
B ESER SN Tn5.3

RIS ASECOEEL %, TOFERERICHED
B FEEORBIIREEONRRED—DOTH S, I¥F
12, B, BEOBMASE L HI23F L v, BlREIzE
Bliia L B 18 ¥ B9 5 lepidic growth Z 7R 3 REBRIEARR
JERK & MR B LR, T8I/ E RBEERE
RS VbW ARUMNERE, €L TRBEREESS{ER
i, BRI EER D AT T LADFEMR,
BRERSTHHEETONBELETECERENCET
LRUNAERIBE 2 EE B L MEEMSFLET 5.4 2
NS OIREER ORI LERICHED B 5 FEBEICOW
T O 2 IERIERZZ L.

40, BESEE - EREOMEINEE SN TW5 AQP
CBL T, ZOMBERETORBLEFERERERE~D
BMEICHT A EFOERTERT -y bRABEHRITH &
E IS, SHOBA B ADOHIENI @ =D /2D D
iz HWREREL V.

HBEKEET v > R IVDF AQP

IR E DA LR BUS OEE & 2 B ERFICE
THEESFFTHY, HEER LI RE 2R RD
L3, Y UBREZERN,S A AFBIEEMRILET
EHATE R VKRG FRERETET H720, ROTFIHE

72T v ¥ 3V OFFFEAS 100 FLLERT 2 5 BE ST
72.1 1992 42, Agre 6D 7V — 7%, FHRIDERHMIARE 5
F8 28 kDa O/NEIZEE (CHIP28) 2SS FHETH I &
EERLL CoGFREEFAREIIH S TRFF2
HIRICETF v o ANV E LTOHEZF T2 2 &5
S,m&R Y7o 7R ¥ (aquaporin) | & BT 6517,

AQP {3/ UL ICEREEIR B X 4 > 6 [EA IR ICED
TIT5EE LD, MRECILER 49FrE£664%E
BLTw5E., KSFrrs5 LCGERTE 2EEIAD
UL/ RIZ K 2885 F 9 4 AOFIBRDITD, SEER
HRMBTFHEE N LoKGTFodmBe il SBREEL
A LIBREOE Y, 2 OoRE B KR LR EEIC T 284
BARETFLNVCTHEBHINTYS.S IHRAEICBW T
BEIFCI3EEORRLSFEN I u—= v 730,
FOMEESAT - B, EBEFNBECEERE L 0PGRS
BT 28R s N T3 (Tablel). MEEFHR TIX
AQP1, 3, 4, 5 D AFEEOREBESINE THES L TY
5.2 e, AQPL IXEMME I LMAREZ AL
KL S, AQP3 1 TT B L, AQPS5 i1
BN LR o Fe i SN S SE B L, 4RI AQPS (3RS
IR FBINC R T 2 L EZ 5N T 5.6 FERTIE,
RETHE LR O R EMIIE L C AQP4 A%, FEEM
Bl AQP3 55 BLL TV 5. AQPS I RSB LR &
AR T IRAI R o Seui AR I Z 3T 5. S o104 i,
EEYE TT BUATRL b p & SRS M E B O TIES I B
5 AQP1 DREB A ST L. T KRBT
IZIZ AQP ORI INF THRDH LN TR,

FEEREICH T 5 AQP DEE

MBI BIT S AQP OFERICE L T, Hoque 58
12X % AQP1 @, Liu 6912 X 5 AQP3 @, Warth 510
I2& % AQP4 @, Chae 61X % AQPS DO FEIRFENTHS
EFRES R TS, 4T 128 B OMRAE % &L IE
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Table 1. Type, Location, and Function of Aquaporins (AQPs)

Molecular type Tissue location

Function

AQPO Lens Lens osmoregulation (water transport, an adhesion fac-
tor)
AQP1 Red blood cells. Capillary endothelium, Kidney proxi- Transcell membrane moisture transportation, Urine con-
mal tubules centration

Intrahepatic bile duct, Gallbladder, Ciliary body, Cho-

roid plexus
AQP2 Kidney collecting tubules
AQP3*

Red blood cells, Colon. Kidney, Lung, Liver, Pancreas,

Biligenesis, Cerebrospinal fluid production. Aqueous hu-
mor production

Vasopressin-dependent urine concentration
Urine concentration, Glandular secretion, Intracellular

Skin glycerol intake
AQP4 Neuroglia, Bronchial epithelium Blood vessel/brain barrier functional regulation
AQPS5 Salivary gland. Lacrimal gland, Bronchial gland, Alveo- Glandular secretion, Intra-alveolar water absorption
lar epithelium
AQP6 Glomerulus epithelial cells, Proximal tubules, Collecting Urine concentration
tubules
AQP7* Sperm. Fat cells. Kidney Glycerol intake of fat cells
AQPS Pancreas, Colon, Liver, Kidney. Testis Produce sperm, Colic water absorption, Bile levels ad-
justment
AQPY Neuroglia, Fat cells, White blood corpuscles Glycerol intake in cells

AQPIO* Duodenum, Jejunum
AQPLI Kidney proximal tubules
AQPI2* Pancreatic acinus cells

Small intestinal hydration/small molecule absorption
Vesiculous form of cell maintenance
Digestive enzyme secretion

* aquaglyceroporin.

160 EFITD AQPL, 3. 5 DERMITEIT-72.7 RFL
WE T8 309% @ﬁf&ﬂf%&f&%ﬂ@@ﬁﬂ&%l&b: AQP3 D
WML S B %, AQPL, 5 OFEIHITIZ LA LED L
V.OAQPL 30 5 & D BHEHIABIC B W TRBEENE <,
#¥1Z bronchioloalveolar carcinoma (BAC) TEWEHE
ExRT (AQP196%, AQP3100%. AQP576%).7911
AT NECORELEHEFT— 72881, MRMBIC
BiTH AQPI, 3, 5 OFEBITI3 DOy —IIHE S
o ErRRWIE L DIESEMIE 05L& B3 5 R
AR, 2) MR- T B AN EE L0 5
ETEFWITE G WRITEREL D BEoRELMHS A
FSEBLO 3T, 3) TR LIZLISHIIE B HERER L4 .
W D BAC-HU/NEE M-I TEES I 14 5 ST L IR AR K 51k
BRHE X~ & T AT, BAC CIlmh: 1T BIHTH LE~
DAL S 5 AQPL DL HEBRIIA D /85 — o
EH %, BB RS D vid Clara fIHL~o 534G HH
N$ 5 AQP3 O S EBHIILIK & 2 v (440 0 1 5050
/8y — v DOFEAE DD, AQPS (AU IS S5 i
WANDORAEMFEREZET S, EF AT AQPS X
1 R BN o0 Se v SRR S S6 B4 % A% 1T WA IR R
R Clara filJalCIZFEHE L 2. BACIZBIT 5 AQP5 D5
BlX 2) oMb fE ) RIERBLEEASNE. AQPS
DYTRESEIIE AAH THEIEE NS, WA EE
Tl AQP3 OFBUTE T 32 DICx LT, AQPL, 5 Tix
R 2 0 LR & B IR B 814 5 SEBLTTHE % 3R
B XD L. IR LR P AR TEBRE T

AQP3 DFEBUT S LK T35 —7, AQPL, 5 3l
RFEHR S BEZ L L B FEIE2RT (Figure
D). $iC, AQPL IZESSR IS T DR BITHEA
T, 8512, SO lamellipodia (= —E 3 % MlazEkE 0
MIRAREC b RO 6N B, BRI &2, Bk
BEEICBWTiE, MEORISHERMAZ ) BEERE %
25 5 BEENIE B EEE LI AQPL OB R %
RO BOH LT, MlalEr % ot 5% LRI A
ZHEDLZVIBER CIZIESEMIEICBIT 5 AQPL HBHIX
Rohznw, ZoRBEEREMRICBIT S AQPL O 5H
Ji & AQP3 @ SBT3 IE S % FH Vs 7 western
blot & laser captured-microdissection/ real time RT-
PCR |2 & AN C&EH % 5 U mRNA THRHER SN T
Wb, 7

ZO3EFD AQP DEBINY — DI B, AQPL D
YOI % ) BRI SEI AT OMBRIEHB IS E R
HEHELZBE®EZRY.7 Warth 513 AQP4 FEBIR#4
DIRBBESTFHRRBRITTHY, BELRTFHRETTH 5
ZEEHEL TS 10 Chae 53 3FEDRBL/ Y — >
RS LT 0wdS AQPS OFBToHE & & F ik &
DEBLZMEEZHREL TS 1

AQP1 & lamellipodia FE R {RE &/t U 7 EIBE & D
E31ET

BAFBOER L7 A — /N —BRERIERZEHE T3
elongated cell motility & ZE#JE K % 529 %4 \» rounded
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A. Expression of AQP1
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Figure 1. Expression patterns of AQP1, 3 and 5 in lung
cancer. Gray shows the polarized cell membrane expres-
sion similar to normal cells in AQP1, 3, and the polarized
but aberrant expression of apicolateral or basolateral in
AQP5. Black shows cell membrane overexpression in the
absence of a polarity, with the intracytoplasmic expres-
sion. BAC; bronchioloalveolar carcinoma of non-mucinous
type, MUC; mucinous tumor, either BAC or mixed sub-
type, FIINV WDA; focally invasive adenocarcinoma of
mixed subtype with a predominant BAC component, W-
INV WDA: adenocarcinoma of mixed subtype comprising
widespread invasive well- to moderately differentiated ad-
enocarcinoma components, PDA; poorly differentiated ade-
nocarcinoma, SCC; squamous cell carcinoma, UNDIF; small
and large cell carcinoma.

bleb-associated motility ® 2 fEIEIZK & L FF 6N 5.

#3375 Rho IRFEME 22 DK L CTRIE 1 Rac I, #£F
ka7 —EoiEidtEb vl LCaiEids
#EHTOTTF T —¥OiEMLYL Factin EE 25 .12
Elongated cell motility &, %3 3E By 5 [~ @ lamel-

lipodia & FREN 5 E & 49 300 nm OF3 74, MAENEEE
EETVHREOZUFER S NS, I O lamellipo-
dia TR (I RATAY 2 iR AR O BN LETH Y,
FZ TIEPESR Na/K 1 & ¥ 3SHaEB)C X 5 KBEIOEE
ENTWzA, FRZET TR FROELETEEIC
2B T & A5 72. 13 Saadoun 5 iF AQPL #BIEF ./ v
7Y by ARROMERNEMIEE AV BRE» S
AQPI (M PRI O EBPECBEFR L, BT I8 OM
FE#E cToruffle Bl Z MEES LTI Lz HEL
oM AXIOBENEEEMAR L LEMRA~OBETE
A2 X % AQP1 OBEIFBRIZ LY, in vitro TOEMFEIT
EICIZ, X — N AQRBEREANS & 5 SR
HILET 5.5 & 52, Hu 515 % Papadopoulous 516
HZOESHEORE - BEHBEICB T S lamellipodia
DO R e AR IC BT 5 AQPL A L2 E
RIARDFAF I AERENCHL»IC L. MRk
HEEHOHIBLEREBTIET 7 F Y OREEGH»EL, ZDOT
7 F VT X BREEEIMAHRE R A Lo SaE 2K
SFORADEREN I &b LHERMEIN TS 16

—7%, E—MaoBei @R 505 —o Mgz
e TdH B filopodia BRI I AQPI 2B L TV 5.
AQPYIC X WAKRDFEASKRI Y, TorF> 74742 b
ZfHEL, PKCH#EIC L Y Par3 - Par6 - Cdcd2 ’=8&
HREHETS. CO=ZRBFIS WASP I 2B ET 7 F >
RYAYE-=TarzRI¥. 7 Zo0ZEHFI
IRSp53/Mena % {1k & &, {ME{L & /- WASP &
IRSp53/Mena {3, filopodia # LR, & ¢ 5% Z L ASH L AT
oo 17

Crane 5 (X AQP1 DB FEHIZ L 5 AQP1 D E
REALER, IR 5D lamellipodia ~ 0 B8 % 75
ZR L7218 BEVREHES, 374 5 lamellipodia 3T
2 phosphatidylinositol-3 kinase (PI3K) #x L& 35
BB OMIBBA Y 7 F MES FAaEEILShTwa T &
LEBES ATV E. 0 BHAEMERRME <o
77—V EEFILDE LTHAMBOBNREEY OHW S
57 EHA RHHEETF, matrix metalloproteinase
FELOETEF 8y GRBEEC L ) HBRAEE,S
WeHE S B MIBHET & SR OMIES > 7 VA BB
EHSHICB LMY I rE L THESh, 0
—DDOFFEE LT AQP ¥R ITH# & /i L /= lamellipodia
Tk, BE - BEEOTEFELLIbDEEZLNSE. X
AQP1 BEIITHEIC X % lamellipodia DI IRE I HTA M
faoRE L ARG~ OBREEHEEL T c 2 <, Efn
EHEOTEICOEBL, PPADEBIBICEE 2 &
% 5.3 Zoffl, AQPLICEEL T, BHEH (scaffold-
ing protein) & U CH#EEEJ 5 Lin7/B-catenin H-&H & B
BLT 7T RHBEHRERICEESETLEVIHELD
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