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Background: Aquaporins are water channel proteins that play a major role in the movement of 
water in various human tissues. Recently, it has been found that aquaporins have influence in the 
carcinogenesis of human malignancies. We analyzed the prognostic impact of aquaporin 5 
(AQP5) in non-small lung cancer (NSCLC). Methods: Seventy-six cases of NSCLC were studied, 
including 44 cases of adenocarcinoma (ADC) and 32 cases of squamous cell carcinoma (SQCC). 
Tissue microarray was constructed and immunohistochemical staining for AQP5 was performed. 
Results: AQP5 was positive in 59.2% of the total enrolled NSCLCs (63.7% in ADC and 53.1% in 
SQCC). The difference in expression of AQP5 according to the histologic grade of the tumor was 
significant (p < .047), but not in a serial order. When ADC and SQCC were separately evaluated, 
no significant difference was observed according to the histologic grade of the tumor (p = .076 in 
ADC and p = .631 in SQCC). No difference was observed between AQP5 expression and other 
demographic data and tumor characteristics. Disease-free survival (DFS) was higher in AQP5 neg-
ative cases than positive cases in ADC (p = .047), but no significance was found in SQCC (p = .068). 
We were unable to find a significance between AQP5 overexpression and overall survival in either 
ADC (p = .210) or SQCC (p = .533). Conclusions: AQP5 expression is associated with DFS in ADC 
of the lung and tumor grade of NSCLC. The present study suggests that AQP5 can be a prognos-
tic factor of NSCLC.
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▒ ORIGINAL ARTICLE ▒

Lung cancer is a leading cause of cancer-related morbidity and 
mortality worldwide, and non-small cell lung cancer (NSCLC), 
which includes adenocarcinoma (ADC) and squamous cell car-
cinoma (SQCC), is the most prevalent subtype.1 Despite the dis-
covery of molecular mutations and advances in diagnosis and 
treatment, the prognosis for patients with NSCLC remains poor, 
and a considerable number of patients experience recurrence of 
their disease. Therefore, there is a strong need for reliable bio-
markers associated with various characteristics of patients with 
tumors that can predict the prognosis of NSCLCs.

In recent years, molecules expected to reflect the prognosis of 
patients with NSCLCs have been studied worldwide. Aquapo-
rin (AQP) is one of such molecules. AQP is a water channel pro-
tein and plays a major role in transcellular water movement and 
homeostasis in various human tissues.2,3 It is a family of trans-
membrane proteins, and about 10 distinct subtypes of AQPs 
have been discovered.3 Recent studies have reported that certain 

subtypes of AQPs play a role in carcinogenesis and tumor pro-
gression in many human malignancies including colon cancer, 
pancreatic cancer, brain tumors, and renal cell carcinoma.4-7 Al-
though the role of AQPs in carcinogenesis has not been clearly 
defined, an ectopic overexpression of AQPs is known to promote 
the phosphorylation of a cAMP-protein kinase consensus site in 
the cytoplasmic area of AQP, which is the transcellular protein. 
This phosphorylation is also preferentially found in tumors.8 
AQPs are also thought to be related to angiogenesis, an essential 
step in the growth, invasion, and metastasis of a tumor. Vacca et 
al.9 reported that AQPs are expressed in higher levels in the bone 
marrow tissues in active multiple myeloma than in non-active 
multiple myeloma tissues. In this study, immunohistochemical 
staining for AQP1 revealed significantly greater microvessel 
staining patterns in active multiple myeloma tissues compared 
to non-active multiple myeloma tissues. In view of the functional 
role of AQPs, AQP1 is one of the delayed response genes, and it 
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is thought to be involved in cell migration and angiogenesis.10,11 
AQP3 and AQP5, other members of transmembrane channel 
proteins, are known to induce the process of lymphocyte activa-
tion.12 Notably, a few studies have been conducted regarding 
AQPs in lung cancer. In one study, Chae et al.13 reported that the 
ectopic expression of AQP5 in the NIH3T3 cell, the murine fi-
broblast cell line, and BEAS-SB cell, the normal lung cell line, 
resulted in a phenotypic change both in vivo and in vitro. This 
change seemed to be caused by the signaling pathway activated 
by Ras. In another study, Guo and Jin14 reported that the nucle-
ar factor of activated T-cells 5 (NFAT5), which is an osmoregu-
lated transcription factor, and AQP5 are upregulated in ADC 
of the lung. In addition, knockdown of each NFAT5 or AQP5 
gene inhibits proliferation and migration of ADC cells. 

Laboratories worldwide are studying the molecules and path-
ways associated with the carcinogenesis of lung cancer, looking 
for a correlation with prognostic significance in these patients. 
In our study, we evaluated the expression of AQP5 in NSCLC 
and its relationship with various clinicopathologic features. We 
also examined the prognostic impact of AQP5 in NSCLC.

MATERIALS AND METHODS

Patients and tissue selection

All tissues used in this study were formalin-fixed and paraffin-
embedded NSCLC tissues obtained from the Kyungpook Na-
tional University Hospital between 1998 and 2008. Clinico-
pathologic information was obtained from electronic medical 
records. Two pathologists examined the slides of selected cases 
and reconfirmed the diagnoses of ADC and SQCC according to 
the World Health Organization classifications. The pathologic 
TNM stages were evaluated based on the seventh edition of the 
American Joint Committee on Cancer (AJCC) cancer staging 
system. A total of 385 cases of NSCLC were identified, of which 
338 cases were ADC and SQCC. Other types of NSCLC such as 
large cell neuroendocrine carcinoma were excluded due to their 
rare incidence. However, only 76 cases were used in this study; 
cases with loss of tissue due to other experiments, cases lost to 
follow-up, and cases that lacked certain clinicopathologic data 
were all excluded. Consequently, 44 cases of ADC and 32 cases 
of SQCC were enrolled in the study. This study has been approv-
ed by the Institutional Review Board of Kyungpook National 
University.

Tissue microarray and immunohistochemical staining

Tissue microarrays were constructed from the representative 

tumor areas, each core measuring 3 mm in diameter. Normal 
human lung tissues were used as controls. Immunohistochemi-
cal staining was performed using the BenchMark automated 
staining instrument (Ventana Medical System, Tucson, AZ, 
USA). The AQP5 antibody was an affinity-purified goat anti-
body, used at a dilution of 1:50. Tissue sections were cut in 4 µm 
thickness and deparaffinized in xylene, rehydrated in three grad-
ed alcohol chambers, and treated with 3% hydrogen peroxide in 
methanol. The avidin-biotin-peroxidase technique was used for 
visualization (DAKO LSAB Kit, DAKO Cytomation, Carpin-
teria, CA, USA). All the stained slides were examined by two 
pathologists who were blinded from all clinicopathologic data.

Scoring of AQP5 immunohistochemistry

For semi-quantitative analysis of the AQP5 immunoreactivi-
ty, we used H-score method.15 All cells had cytoplasmic staining 
pattern. We counted 100 tumor cells in the hot spot, and the H-
score was calculated by adding the percentages of strongly st-
ained (3 ×), moderately stained (2 ×), and weakly stained (1 ×) 
nuclei, resulting in a possible range of 0–300. Two pathologists 
evaluated and obtained this score. We divided the H-score inter-
val into 0–15 (less than 5% of the maximum score, AQP5 neg-
ative), 15–75 (5%–25%, AQP5 weak positivity, 1 +), 75–150 
(25%–50%, AQP5 moderate positivity, 2 +), and over 151 
(50%–100%, AQP5 strong positivity, 3 +). The median values 
of H-score for each interval were 4 for negative cases, 53 for weak, 
108 for moderate, and 267 for strong staining. We considered 
over 1 + immunohistochemical staining as positive.

Statistical analysis

Statistical analysis was performed using SAS ver. 9.4 (SAS In-
stitute Inc., Cary, NC, USA) and R ver. 3.2.1 (R Foundation for 
Statistical Computing, Vienna, Austria), and the t test and log-
rank test were used. Patient’s mean age, histologic grade, and tu-
mor stage were evaluated by t test. Survival curves were produced 
by log-rank test to evaluate the disease-free survival (DFS) status 
and overall survival (OS) status. Age, sex, histological grade, and 
tumor stage were accounted. All p-values were two-sided, and 
differences at p < .05 were considered statistically significant.

RESULTS

Patient characteristics

Patient characteristics are shown in Table 1. Of the 76 cases, 
52 were men and 24 were women. The mean age was 64 years 
(range, 41 to 82 years). All cases were diagnosed as either ADC 
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(n = 44) or SQCC (n = 32). The most prevalent histologic grade 
was moderately differentiated, with 43 cases (56.6%). The patho-
logic stages were as follows: stage I (n = 36, 47.3%), stage II (25, 
32.9%), stage III (15, 19.8%), and stage IV (0, 0%). AQP5 sh-
owed significantly different expressions depending on the histo-
logic grade (p < .047), but not in a serial order. When ADC and 
SQCC were separately evaluated, there was no significance re-
garding the histologic grade (in ADC, p = .076 and in SQCC, p = 

.631). No difference was identified between AQP5 expression 
and other clinical and tumor characteristics. We included N3 
patients who underwent surgery due to tumor burden. In all cas-
es, complete resection was performed, and resection margins 
were free from tumor in all cases.

AQP5 immunoexpression

Following immunohistochemical staining, AQP5 expression 
was evaluated by H-score with staining intensity in the hot spot 
and categorized into the following: no staining (–), weak or mild 
staining (1 +), moderate staining (2 +), and strong staining (3 +). 
The representative images of each score are shown in Fig. 1 and 
the results are shown in Table 2. The positive cases totaled 28 
(57.9%) in ADC and 17 (42.1%) in SQCC. Specifically, 1 +, 2 +, 
and 3 + were scored in six ADC and three SQCC cases (total 
nine), seven ADC and six SQCC cases (total 13), and 15 ADC 
and eight SQCC cases (total 23), respectively.

Table 1. Association between AQP5 expression, demographic data, and tumor characteristics

Clinical and tumor characteristic
AQP5 status in NSCLC

p-value
AQP5 (–) (n = 31, 40.8%) AQP5 (+) (n = 45, 59.2%)

Age, mean ± SD (range, yr) 64 ± 8.3 (41–78) 64 ± 8.1 (49–82) .985
Sex

Male 22 (42.3) 30 (57.7) .692
Female 9 (37.5) 15 (62.5)

Histologic subtype
Adenocarcinoma 16 (36.4) 28 (63.6) .357
Squamous cell carcinoma 15 (47) 17 (53)

Grade
Well differentiated 7 (36.9) 12 (63.1) .047
Moderately differentiated 22 (51.2) 21 (48.8)
Poorly differentiated 2 (14.3) 12 (85.7)

Grade among ADCs
Well differentiated 5 (38.5) 8 (61.5) .076
Moderately differentiated 10 (50) 10 (50)
Poorly differentiated 1 (9.1) 10 (90.9)

Grade among SQCCs
Well differentiated 2 (33.3) 4 (66.7) .631
Moderately differentiated 12 (52.2) 11 (47.8)
Poorly differentiated 1 (33.3) 2 (66.7)

T stage
T1 7 (43.7) 9 (56.3) .305
T2 16 (38.1) 26 (61.9)
T3 4 (36.4) 7 (63.6)
T4 4 (57.2) 3 (42.8)

N stage
N0 20 (40.8) 29 (59.2) .479
N1 4 (30.8) 9 (69.2)
N2 4 (40) 6 (60)
N3 3 (75) 1 (25)

TNM stage
I 18 (50) 18 (50) .094
II 7 (28) 18 (72)
III 4 (30.8) 9 (69.2)
IV 0 0 

Values are presented as number (%) unless otherwise indicated. 
AQP5, aquaporin 5; NSCLC, non-small lung cancer; SD, standard deviation; ADC, adenocarcinoma; SQCC, squamous cell carcinoma.
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Prognostic impact of AQP5 in NSCLC

We had long-term follow-up data for all patients included in 
this study, ranging from 1 year to 9 years. Within that period, 31 
patients died of primary lung cancer or related complications. 
Eighteen of the 44 patients with ADC and 13 of the 32 patients 
with SQCC died. Seven cases of death in ADC were due to the 
primary disease and others deaths were due to complications 
including pneumonia, cachexia and treatment related death. In 
SQCC, five cases were died due to the primary disease and oth-
ers were due to complications. The number of patients with re-

current lung cancer was 21 in ADC and 12 in SQCC. DFS and 
OS along with AQP5 positive and negative cases are shown in 
Fig. 2 for ADC and in Fig. 3 for SQCC. In the log-rank test 
graph, AQP5 positive cases are represented with a dotted line 
and AQP5 negative cases are represented with a solid line in 
both ADC and SQCC with 95% confidence interval.

In the DFS graph, the p-value of AQP5 positive patients is 
.047 in ADC, which shows the significance in terms of prognos-
tic impact. However, the other parameters were not significant, 
as shown in Figs. 2 and 3. We did find more correlation with 

A

C

B

D

Fig. 1. Immunohistochemical staining with aquaporin 5. (A) No staining (0). (B) Weak, mild staining (1 +). (C) Moderate staining (2 +). (D) Strong 
staining (3 +).

Table 2. Histologic subtype of non-small cell lung cancer and aquaporin 5 immunohistochemical staining status

Aquaporin 5 immunohistochemical staining status 0 1 + 2 + 3 + Total 

Adenocarcinoma 16 (36.3) 6 (13.6) 7 (15.9) 15 (34.2) 44 (57.9)
Squamous cell carcinoma 15 (46.9) 3 (9.3) 6 (18.8) 8 (25) 32 (42.1)
Total 31 (40.8) 9 (11.8) 13 (17.1) 23 (30.3) 76 (100)

Values are presented as number (%).
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AQP5 positive status in the earlier stage (stage I) than in the 
higher stages in the DFS, but statistical correlation was not sig-
nificant (p = .152 vs. p = .929). Meanwhile, recurrence rate, stage 
at the time of diagnosis and the cause of patient death (primary 
disease vs. other complications) did not correlate with the AQP5 
status. 

DISCUSSION

Although the role of AQP5 in both normal control and tumor 
tissue has not been clarified, few studies have reported the effect 
of AQPs in carcinogenesis and tumor progression. Some studies 
reported that expression of AQP1 was frequently involved in the 
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Fig. 2. Overall survival (A) and disease-free survival (B) graphs with log-rank test in adenocarcinoma. Aquaporin 5 (AQP5) positive and nega-
tive cases are illustrated with bold dotted and solid lines, respectively. A 95% confidence interval (CI) is included in this graph and illustrated 
with fine dotted and solid lines. KM, Kaplan-Meier; AC, adenocarcinoma.

AQP5 negative

AQP5 positive

AQP5 negative

AQP5 positive
Log-rank test: p = .210 Log-rank test: p = .047

Overall survival K-M estimate S(t) with 95% CI for histology = AC Desease-free survival K-M estimate S(t) with 95% CI for histology = ACˆ ˆ

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Su
rv

iv
al

 ra
te

Su
rv

iv
al

 ra
te

AQP5 negative

AQP5 positive

AQP5 negative

AQP5 positive
Log-rank test: p = .533 Log-rank test: p = .068

Overall survival K-M estimate S(t) with 95% CI for histology = SQ Desease-free survival K-M estimate S(t) with 95% CI for histology = SQˆ ˆ

0            1            2           3             4            5            6            7 0             1             2            3             4            5            6            7
Survival (yr) Survival (yr)A B

0            1            2           3             4            5            6            7 0             1             2            3             4            5            6            7

Survival (yr) Survival (yr)

Fig. 3. Overall survival (A) and disease-free survival (B) graph with log-rank test in squamous cell carcinoma. Aquaporin 5 (AQP5) positive and 
negative cases are illustrated with bold dotted and solid lines, respectively. A 95% confidence interval (CI) is included in this graph and illus-
trated with fine dotted and solid lines. KM, Kaplan-Meier; SQ, squamous cell carcinoma.
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development of colon cancer, pancreatic cancer, brain tumors, 
and renal cell carcinoma with paralleling angiogenesis.5,6 Addi-
tionally, AQP5 expression in various human cancers has been 
studied. Burghardt et al.7 reported the expression of AQP5 in 
pancreatic cancer and ovarian cancer. In another study conducted 
by Kang et al.,16 AQP5 showed a good correlation with lymph 
node metastasis in patients with colon cancer, but the OS or DFS 
was not found to be significant. Lee et al.17 showed that the AQP5 
upregulation led to unfavorable prognoses in patients with es-
trogen receptor positive breast cancer, and it led to significantly 
worse prognosis especially in the case of early breast cancer. In 
lung cancer, Guo and Jin14 showed that NFAT5 promotes pro-
liferation and migration of ADC partly via regulation of AQP5 
expression. However, very few studies have been conducted in 
this field until recently. Based on these observations, we hypoth-
esized that the NSCLCs with AQP5 positive staining would have 
more frequent tumor recurrence, shorter DFS, and poorer OS.

In our study, APQ5 was expressed in the portion of the lung 
cancer patients in both ADC and SQCC. Among various clini-
copathologic features, tumor grade was significantly correlated 
with p-value of .047. This is suggestive of a prognostic implica-
tion of AQP5 in NSCLCs. Although the percentage of AQP5 
positive cases is not serially ordered as the degree of differentiation 
in our results, more extensive study should be conducted to veri-
fy the exact significance. In addition, when we separately evaluat-
ed the tumor grade with AQP5 in both ADC and SQCC, no sig-
nificant correlation was identified. For the other variables, we 
could not find any significant correlation with AQP5 expression. 

AQP5 positive cases showed a poorer DFS rate than the neg-
ative ones (p = .047) in ADC. However, the AQP5 positive status 
was not significantly correlated with OS in ADC cases (p = .210). 
The crude hazard ratio (HR) and 95% confidence interval of 
ADC in DFS were 2.291 (0.97–8.75) and the HR and 95% 
confidence interval after adjustment for smoking status, age, 
tumor stage, etc. were 2.95 (0.98–8.92). Median survival rate in 
AQP5 positive cases was 1.94 year. While median survival rate 
in AQP5 negative cases was not evaluated. Its level was not fall 
below the 0.75. In the DFS graph for SQCC, the p-value of 
AQP5 positive patients is .068, and the prognostic impact was 
not significant for OS between AQP5 positive and negative 
cases (p = .533). Additionally, neither recurrence rate nor tumor 
stage correlated with the AQP5 status. That is, no parameter cor-
related with AQP5 positivity in SQCC cases. This may be ex-
plained by the small number of cases involved in the study, and 
perhaps a study with a large number of cases can demonstrate its 
significance as a prognostic marker. 

In addition to the relatively small sample size, our study had 
several limitations. We originally sought to determine the clin-
ical usefulness of immunohistochemical staining for AQP5 pro-
tein for determining prognosis in NSCLC. We examined earlier 
studies for the significance of AQP5 in detecting and predict-
ing prognosis in patients with ADC or SQCC. In addition, we 
focused on correlating DFS rate, OS rate, recurrence rate, and his-
tological stage with AQP5. However, the correlation of immu-
noexpression of AQP5 in malignant tissue with poor prognosis 
has already been reported. However, to date, only a few studies 
on this topic have been published, and our study will provide an 
additional evidence to support the correlation of AQP5 with sur-
vival rates in ADC.

We examined the usefulness of immunohistochemical staining 
of AQP5 for clinical significance. However, we did not evaluate 
the molecular pathogenesis, molecular pathway, or carcinogenetic 
mechanisms. Many such pathways and molecules were unknown 
until recently. More molecules and carcinogenetic processes re-
lated to invasion, adhesion, migration, and motility should be 
identified and studied.

Lung cancer subtypes may have distinct carcinogenetic path-
ways. Although ADC and SQCC are the predominant subtypes, 
others such as large cell neuroendocrine carcinoma and small 
cell carcinoma do exist. Even though they are rare, they should 
be included when studying carcinogenetic molecules and path-
ways in NSCLC. Lastly, many studies referenced in our study 
had been performed using a single cell line. More studies using 
other cell lines and subtypes of NSCLC can be the basis for fu-
ture research.

In conclusion, the results of the current study show a correla-
tion between AQP5 expression and poorer DFS in the ADC sub-
type of NSCLC. We believe that AQP5 can be a potential novel 
prognostic biomarker in ADC. Further research is needed to 
determine its utility in other subtypes of lung cancer.
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