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Genetic polymorphisms in aquaporin 1 as
risk factors for malignant mesothelioma and
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Background. Malignant mesothelioma (MM) is an asbestos related aggressive fumor with poor prognosis. The aim of
this study was to investigate if aquaporin 1 (AQP1) genetic polymorphisms influence the risk of MM and the response
to cisplatin based MM treatment.

Patients and methods. The case-control study included 231 patients with MM and a control group of 316 healthy
blood donors. All subjects were genotyped for three AQPITpolymorphisms (rs1049305, rs1476597 and rs28362731).
Logistic and Cox regression were used in statistical analysis.

Results. AQPI rs1049305 polymorphism was significantly associated with MM risk in dominant model adjusted for
gender and age (OR = 0.60, 95% ClI = 0.37-0.96, P = 0.033). This polymorphism was also significantly associated with
cisplatin based treatment related anaemia (unadjusted: OR = 0.49, 95% Cl = 0.27-0.90, P = 0.021; adjusted: for CRP:
OR =0.52, 95% Cl = 0.27-0.99, P = 0.046), with leukopenia (OR = 2.09, 5% Cl = 1.00-4.35, P = 0.049) in dominant model
and with thrombocytopenia (OR = 3.06, 95% Cl = 1.01-9.28, P = 0.048) and alopecia (OR = 2.92, 95% CI = 1.00-8.46,
P = 0.049) in additive model. AQP1 rs28362731 was significantly associated with thrombocytopenia (unadjusted: OR
=3.73, 95% Cl = 1.00-13.84, P = 0.049; adjusted for pain: OR = 4.63, 95% CI = 1.13-19.05, P = 0.034) in additive model.
Conclusions. AQP1 may play a role in the risk of MM. Furthermore, AQP1 genotype information could improve the
prediction of MM patients at increased risk for cisplatin toxicity.
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Introduction

in construction, in manufacture of machinery and
insulation materials, in maintenance of various

It is generally accepted that the risk of developing
diseases and an individual’s response to the treat-
ment may also depend on their genetic character-
istics. In this study, we have focused on malignant
mesothelioma (MM), which is a very aggressive
cancer associated with the exposure to asbestos.!*
Most frequently it arises from pleura or peritone-
um, but can also arise from other serous surfaces.>

In Slovenia, the professional exposure to asbes-
tos occurred mainly in asbestos cement industry,
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means of transport, in textile industry and in other
activities.”” Malignant mesothelioma is associated
also with exposure to asbestos outside the work-
place.5#10]t is estimated that the incidence of MM
will remain stable or will even increase in the near
future due to the continuous presence of asbestos
in buildings and to the long latent period after ex-
posure to asbestos.!'12 It is predicted that its inci-
dence in the most industrialized countries will con-
tinue to increase until 2020, or even later.!

doi: 10.2478/raon-2019-0009
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Due to an increasing incidence of MM and its
poor prognosis, new prognostic and predictive
biomarkers are needed.'* Symptoms of MM com-
monly occur only at late stages, therefore novel
biomarkers for earlier diagnosis of MM and for
establishing the response to treatment might be a
promising opportunity for these patients.!* Several
classes of potential biomarkers of MM have been
studied so far, from serum peptides to genetic and
epigenetic biomarkers, however with limited suc-
cess. Among serum biomarkers, soluble peptides
related to mesothelin (soluble mesothelin-related
peptides, SMRP),® fibulin-3,'¢ survivin'* have been
studied, however none of them had sufficient pre-
dictive value as a standalone biomarker. It has been
proposed, that biomarkers from two different mo-
lecular classes: protein and miRNA could be used
in a combination to improve the biomarker sensi-
tivity and specificity.!

Another approach was to investigate interin-
dividual genetic variability in genes coding for
key determinants of molecular pathogenesis of
MM as potential biomarkers for prediction of the
risk of MM as well as treatment response. Several
studies have shown that polymorphisms in the
genes involved in xenobiotic and oxidative me-
tabolism or in DNA repair processes may play
an important role in aetiology and pathogenesis
of MM.77¥ The most commonly studied GSTM1
null polymorphism showed an increased risk for
MM.Y Similarly, two variant alleles of XRCCI
and XRCC3 were associated with increased risk
for MM.Y The carriers of at least one polymor-
phic NQO1 allele (CT and TT genotypes) had an
increased risk of MM compared to those with CC
genotype.” A recent study showed also the asso-
ciation of FTO variability with MM susceptibil-
ity.®® On the other hand, MMP2 polymorphism
was suggested to have a protective role in MM.2!
Furthermore, two of the investigated MMP9 single
nucleotide polymorphisms (SNPs) had significant
but opposing effect on time to progression (TTP)
and overall survival (OS) in MM.?2 FASL-844 poly-
morphism could predict progression free survival
(PFS) in MM patients receiving platinum based
chemotherapy.? Polymorphisms in REV1 and
REV3L were also associated with the outcome of
cisplatin based chemotherapy in MM.? The results
of the study showed that DNA repair gene poly-
morphisms XRCC1 may modify the response to
gemcitabine-platinum combination chemotherapy
in MM patients.’® Despite such high numbers of
genetic factors investigated, the search for poten-
tial novel genetic biomarkers continues.

Aquaporins (AQPs) are small transmembrane
proteins, which facilitate an osmotically controlled
passage of water. Recent research indicated a key
role of AQPs in human carcinogenesis.”>% All key
processes in cancer cells depend on water in the
tumour microenvironment, therefore an enhanced
transmembrane transmission of water is stimulated
in comparison to normal cells. Overexpression of
AQPs in the cell lines of the vascular endothelium
and tumour cell lines suggests that AQPs may be
closely related to the development and progression
of a tumour.”® In some cancers AQP1 expression
was also shown to participate in metastatic pro-
cesses.” In AQP1-knockout mice, xenograft tumour
growth and angiogenesis were reduced, and sig-
nificant necrosis occurred in the tumour tissues.®

The expression of AQP1 in MM tumour cells has
been suggested to be an independent prognostic
factor favouring survival in MM patients: higher
levels of an AQP1 expression only in tumour cells,
but not in vascular cells, predicted a better surviv-
al3! Higher levels of AQP1 expression were also
associated with a better course of the disease in
MM, but with worse course of the disease in some
other tumours such as breast cancer, melanoma,
urothelial and pharyngeal carcinoma.’?>%> AQP1 is
of interest as a potential biomarker in MM patients
as it was shown to be an independent prognostic
factor!! with high levels of its expression correlat-
ing with an increased survival.?33¢ AQP1 expres-
sion also correlated with improved survival rates
in MM with epithelioid component in comparison
to AQP1-poor MM.¥ Furthermore, AQP1 is also a
possible new target for MM treatment,® and there
are already AQP1 blockers available which could
be used for therapy.®

Genetic polymorphisms were reported in AQP1
gene, however according to our knowledge they
have never been investigated in MM. A func-
tional AQP1 rs1476597 (-783G/C) SNP leading to
transcriptional activation of the AQPI promoter
and increased AQPI mRNA expression in C al-
lele carriers was associated with better survival in
glioblastoma multiform patients with GG and GC
genotype.® Other AQP1 SNPs were studied in a
variety of conditions, but not in cancer. Firm evi-
dence suggested that AQPI rs1049305 SNP could
be involved in genetic susceptibility for develop-
ment of water retention in patients with liver cir-
rhosis.®’ The study in marathon runners reported
a significant association between AQP1 rs1049305
and running performance. This study suggested
that AQPI rs1049305 polymorphism located in 3'-
UTR, in interaction with miRNAs could influence
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the mRNA expression and AQP1 protein levels.*!
Triathletes who carried AQP1 rs1049305 C allele
had better running performance in comparison to
GG genotype. This SNP was not associated with
relative body weight change.*! It has been suggest-
ed that AQP1 rs10244884 could predict the risk of
vaso-occlusion in sickle cell patients.*?

The aim of the present study was to investigate
the influence of AQP1 genetic polymorphisms on
the risk of developing MM and response to cispl-
atin-based treatment.

Patients and methods
Study population

The case-control study included patients treated
for mostly MM of pleura or also peritoneum at the
Institute of Oncology Ljubljana from 2007 to the
end of 2016. Control group consisted of blood do-
nors from the Institute of Transfusion Medicine in
Ljubljana and were over 40 years old.

The diagnosis of MM was made by means of
thoracoscopy or video-assisted thoracoscopic sur-
gery (VATS) in patients with pleural MM and by
means of laparoscopy or laparotomy in peritoneal
MM. The diagnosis was confirmed histopathologi-
cally by an experienced pathologist [15].1°

Demographic and clinical data (age, gender,
smoking, possible other diseases) from patients
with MM were obtained from the medical records
of the Institute of Oncology Ljubljana.

The following clinical indicators were used to
evaluate the efficacy of treatment: response to treat-
ment according to the modified criteria RECIST
(Response Evaluation Criteria in Solid Tumours),*
PFS and overall survival (OS). The toxicity of the
treatment was assessed according to NCI criteria
(National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0).4

Ethical approval

The study was approved by the Republic of
Slovenia National Medical Ethics Committee
(41/02/09) and was carried out according to the
Helsinki Declaration. All the subjects included in
the study have signed the written informed con-
sent.

Genotyping methods

DNA samples from 26 patients were isolated from
peripheral venous blood with commercially avail-
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able reagent sets (QIAamp DNA Mini Kit and
Flexigene DNA Kit (Qiagen, Hilden, Germany)).
For all other patients and controls DNA was al-
ready isolated from peripheral venous blood sam-
ples during the course of the previous studies.!84>4

Based on the bioinformatics analysis, we se-
lected the following SNPs: AQP1 rs1049305 G> C
in 3’-untranslated region that may affect the bind-
ing of miRNA [41], AQP1 rs1476597 G> C in the
5’-regulatory region that may affect the binding of
the transcription factors* and AQP1 rs28362731 G>
A that may affect splicing.

All the polymorphisms were genotyped us-
ing competitive allele specific PCR (KASPar) ac-
cording to the manufacturer’s instructions (LGC
Genomics, UK).

Statistical analysis

All statistical analyses were performed using IBM
SPSS  Statistics version 21.0 (IBM Corporation,
Armonk, NY, USA). With the usual descriptive sta-
tistics we first described the characteristics of each
variable separately. In order to assess the causal
relationship between MM and the individual vari-
ables, we first used a univariate logistic regression.
Both additive and dominant models were used to
assess the effect of the selected AQP1 polymor-
phisms. Analysis was followed by the multivari-
ate statistical modelling, taking into account the
selected AQP1 polymorphisms and possible con-
founders such as age, gender, and smoking and
significant clinical parameters. Hazard ratio (HR),
95% confidence interval (95% CI) and P-value were
determined by Cox regression and median surviv-
al was determined by the Kaplan-Meier method.
In order to test the interactions between the se-
lected AQP1 polymorphisms we introduced the
logistic regression models with dummy variables.

Results

The clinical characteristics of MM patients are
shown in Table 1. Among all 231 patients whose
median (25%-75% range) age was 66 (58-73) years,
men represented 73.6%. Epithelioid MM was pre-
sent in 72.3% of patients. ECOG performance status
1 (48.1%) and 2 (39.0%) prevailed. Exposure to as-
bestos was confirmed in 73.8% of patients. Among
all patients, 46.7% were smokers. In total 194 pa-
tients were treated with cisplatin based therapy.
In addition, 316 healthy blood donors, 235 men
and 81 women, whose median (25%-75% range)
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age was 49 (45-55) years were also included in the
molecular-genetic part of the study.

The genotype frequency distribution for the
investigated polymorphisms in 231 MM patients
and in 316 controls, their minor allele frequencies
(MAF) and the risk of developing MM are shown
in Table2. The genotypes’ distribution was in
Hardy-Weinberg equilibrium (HWE), except for
the distribution of AQP1 rs1476597 in MM patients
and also in healthy controls that were not consist-
ent with HWE and therefore we excluded this pol-
ymorphism from further statistical analysis.

In univariate analysis no polymorphism was as-
sociated with the risk of developing MM (Table 2).
Higher age was associated with a higher risk of
developing MM (OR =1.21, 95% CI = 1.17-1.25, P
<0.001) but gender (OR =1.04, 95% CI =0.71-1.53,
P =0.838) was not. AQP1 rs1049305 polymorphism
was significantly associated with the risk of devel-
oping MM when adjusted for age and gender (OR
=059, 95% CI = 0.35-0.97, P, = 0.039 in additive
model; OR = 0.60, 95% CI = 0.37-0.96, P, = 0.033
in dominant model). AQPI rs28362731 was not
significantly associated with the risk of develop-
ing MM even when adjusted for age and gender
(Table 2).

Clinical characteristics of MM patients treated
with cisplatin based chemotherapy are presented
in Table 3. The majority (68.0%) of patients were
treated with gemcitabine in combination with cis-
platin. In chemotherapy response a third (32.8%)
of patients responded with partial response (PR)
and only in few patients (3.2%) the response was
complete (CR). A half (49.5%) of patients had sta-
ble disease (SD) and a few (14.5%) of them had
progressive disease (PD). Median progression free
survival (PFS) was 7.8 months, median overall sur-
vival (OS) 18.1 months and median follow-up from
the start of chemotherapy 49.2 months.

In the survival analysis, AQP1 1528362731 and
AQP1 rs1049305 were not significantly associated
with PFS or with OS when patients were treated
with cisplatin based chemotherapy (Table 4).
Even when adjusted for histological type of MM,
smoking, weight loss and CRP, AQPI polymor-
phisms were not significantly associated with PFS.
Likewise associations with OS remained insignifi-
cant after adjustment for the histological type of
MM, smoking and CRP (data not shown). In the
chemotherapy response, AQPI rs28362731 and
AQP1 rs1049305 were not significantly associated
with response rate when patients were treated with
cisplatin in combination with either gemcitabine or
pemetrexed (Table 4). These associations remained

insignificant when adjusted for loss of weight and
CRP (data not shown).

The association between SNPs and side effects
in cisplatin based treatment is shown in Tables 5
and 6. AQP1 rs1049305 was significantly associ-
ated with anemia grade > 2 both in additive and
dominant genetic model (additive model for geno-
type GC: OR = 0.40, 95% CI = 0.20-0.78, P = 0.007;
dominant model OR =0.49, 95% CI=0.27-0.90, P =
0.021). The associations remained significant also
when adjusted for CRP (OR = 0.46, 95% CI = 0.23—
0.92, P =0.029 in additive model; OR =0.52, 95% CI

TABLE 1. Description of all malignant mesothelioma (MM) patients (N = 231) and MM

patients treated with cisplatin based chemotherapy (N = 194)

All MM patients

MM patients
treated with
cisplatin based

chemotherapy
Characteristic Characteristic type N (%) N (%)
Age Median (25%—75%) 66 (58-73) 65 (58-71.3)
Men 170 (73.6) 146 (75.3)
Gender
Women 61 (26.4) 48 (24.7)
| 18 (7.8) 15 (7.7)
[ 57 (24.7) 48 (24.7)
Il 69 (29.9) 62 (32.0)
MM stage
v 66 (28.6) 50 (25.8)
Peritoneal MM 20 (8.7) 18 (9.3)
Undefined 1(0.4) 1(0.5)
Epithelioid 167 (72.3) 147 (75.8)
Histological Biphasic 26 (11.3) 21 (10.8)
fype Sarcomatoid 24 (10.4) 21 (10.8)
Undefined 14 (6.0) 5 (2.6)
0 15 (6.5) 15(7.7)
ECOG 1 111 (48.1) 100 (51.5)
performance
status 2 90 (39.0) 76 (39.2)
3 15 (6.5) 3 (1.5)
Exposure fo No 59 (26.6)° 45 (23.3)¢
asbestos Yes 166 (73.8) 148 (76.7)
No 120 (53.3)¢ 101(52.6)¢
Smoking
Yes 105 (46.7) 91(47.4)
Gemcitabine/ b
Cisplatin 132 (60.0) 132 (68.0)
Pemetrexed/Cisplatin 62 (28.2) 62 (32.0)
Treatment :
Without 16 (7.3)
chemotherapy
Other forms of
chemotherapy 10 (4.5)

Data are missing for: @ 6 patients, ® 11 patients, <1 patient and <2 patients. ECOG = Eastern

Cooperative Oncology Group
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TABLE 2. Distribution of AQP1 genotypes in MM patients and confrols and risk of MM
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Patients Controls
SNP Role Genotype N (%) MAF P N (%) MAF P o P b P
Hwe e (95% CI) (95% Cl),, o
1528362731°  p.Glyl65Asp GG 210 (92.1) 0039 0535 288 (91.7) 0041 0444 Ref. - Ref.
GA 18 (7.9) 26 (8.3) 0.95 0871 094 0.885
(0.51-1.78) (0.38-2.30)
1510493050  c.*578G>C GG 107 (46.5) 0337 0082 128(40.8) 0373 0288 Ref. : Ref. .
e 91 (39.6) 138 (43.9) 0.79 0207  0.59 0.039
(0.55-1.14) (0.35-0.97)
cc 32 (13.9) 48 (15.3) 0.80 0390  0.63 0.199
(0.48-1.13) (0.32-1.27)
GC+CC 123 (53.5) 186 (59.2) 0.79 0181  0.60 0.033
(0.56-1.12) (0.37-0.96)
151476597 c.-783G>C GG 157 (680) 0255 <0001 220 (70.1) 0.247 <0.001
GC 30 (13.0) 33 (10.5)
cc 44 (19.0) 61 (19.4)

Data are missing for: @2 controls and 3 patients, 2 controls and 1 patient, <2 controls. o = adjusted by gender and age; MAF = minor allele frequency; P, = P for Hardy-Weinberg
equilibrium; Ref. = reference genotype

TABLE 3. Clinical characteristics of MM patients freated with cisplatin based

chemotherapy (N = 194)

Characteristic N (%)

Gemcitabine and cisplatin 132 (68.0)
Chemotherapy type

Pemetrexed and cisplatin 62 (32.0)

Complete response (CR) 6(3.2)

Partial response (PR) 61 (32.8)
Chemotherapy response®

Stable disease (SD) 92 (49.5)

Progressive disease (PD) 27 (14.5)

No 20 (10.5)
Progression of disease®

Yes 171 (89.5)

No 58 (29.9)
Death

Yes 136 (70.1)
PFS Median (25%-75%) (month) 7.8 (5.3-13.8)
oS Median (25%-75%) (month) 18.1 (9.4-28.7)
Follow-up from the start of .
chemotherapy Median (25%-75%) (month) 49.2 (18.9-75.5)
CRP Median (25%—75%) 20.5 (9-58)
LDH Median (25%-75%) 2.67 (2.26-3.11)

No 79 (41.4)
Pain®

Yes 112 (58.6)

No 68 (35.8)
Weight loss®

Yes 122 (64.2)

Data are missing for: 8 patients, ®3 patients, <4 patients. CRP = C reactive protein; LDH = lactate
dehydrogenase; OS = overall survival; PFS = progression free survival
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= 0.27-0.99, P = 0.046 in dominant model). AQP1
rs1049305 was also significantly associated with
thrombocytopenia in additive model for genotype
CC (OR = 3.06, 95% CI = 1.01-9.28, P = 0.048), but
not in dominant model. AQP1 rs1049305 was also
significantly associated with the risk of leukopenia
(additive model for genotype CC: OR =3.03, 95% CI
=1.10-8.38, P = 0.033; dominant model OR = 2.09,
95% CI = 1.00-4.35, P = 0.049). Furthermore, there
was a significant association of AQPI rs1049305
with alopecia in additive model for genotype CC
(OR =2.92, 95% CI=1.00-8.46, P = 0.049), however,
this SNP was not associated with neutropenia, ne-
phrotoxicity or nausea and/or vomiting.

AQP1 1528362731 GA genotype was significant-
ly associated with thrombocytopenia (OR = 3.73,
95% CI = 1.00-13.84, P = 0.049). This association
remained significant when adjusted for pain at di-
agnosis (OR =4.63, 95% CI =1.13-19.05, P = 0.034).

The investigated polymorphisms did not statis-
tically significantly influence neutropenia grade
> 2, nephrotoxicity or nausea and/or vomiting
(Tables 5 and 6).

Multiplicative interaction analysis did not show
any interactions between AQPI1 rs28362731 and
AQP1 151049305 polymorphisms and the risk of
developing MM (OR = 1.22, 95% CI = 0.33-4.56,
P = 0.771). Additionally, interactions between
rs28362731 and rs1049305, rs28362731 and smok-



TABLE 4. Influence of AQPT SNP on survival and chemotherapy response in MM patients
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Progress free survival

Overall survival

Chemotherapy response

PFS
median
SNP Genotype  r592_75%)
month
7.7
GG
2-13.
1528362731 gsﬂ o
GA (7.0-147)
7.9
GG (5.4-12.1)
7.8
GC (5.2-15.0)
rs1049305
cc 7.4
(4.8-14.1)
7.8
GC+CC (4.9-15.0)

HR
(95% Cl)

Ref.

0.72
(0.39-1.33)

Ref.
0.80

(0.58-1.11)

0.92
(0.59-1.46)

0.83
(0.62-1.13)

0.299

0.187

0.736

0.233

(ON
median
(25%~75%)
month

18.1
(9.1-28.0)
26.5
(14.4-47.8)
18.1
(9.0-26.8)
22.1
(10.1-29.7)
13.3
(8.1-25.4)

18.2
(9.5-28.7)

HR
(95% Cl)

Ref. -

0.56

(0.26-1.19) 0-130

Ref. -
0.72
(0.50-1.05)
1.10
(0.67-1.80)

0.81
(0.58-1.14)

0.091

0.712

0.220

Poor Good OR
SEe g o
112 (65.1) 60 (34.9)  Ref.
6(545) 5SS e o
55(64.7)  30(353) Ref.
43(58.1)  31(419) 86?72@2.51)
20 (76.9)  6(23.1) ((Jdézsm.sm
63 (630) 37 (37.0) 269589—1 97)

-

0.481

0.394

0.248

0.810

SNP = single nucleotide polymorphisms; OS = overall survival; PFS = progression free survival; Ref. = reference genotype

TABLE 5. Association between AQP1 SNPs and haematological side effects of cisplatin based freatment (N = 176)

Anemia grade 2 2° Thrombocytopenia® Leukopenia grade 2 2¢ Neutropenia grade 2 2
SNP Genotype OR ; OR b N OR OR N OR b N OR R
@ (95%CI) (95%Cl)y, o (%) (95%CI) (95%Cl),, ' (%) (95%C) % (95%C))
79 2 ¥
GG (49.4) Ref. Ref. (133) Ref. Ref. (252) Ref. - 59 (36.4) Ref.
(528362731 038 053 4 373 463 2 0.6 0.6
GA 373 oaocrso) 01 013219 090 e 100-1384) 4 (11301905 0% (18 (oaa3g) 0608 3(Z73) g 7005 054
46 10 14
GG (56.8) Ref. Ref. (125) Ref. Ref. (17.5) Ref. - 25(30.9) Ref.
% 0.40 0.46 8 093 071 18 181 132
CC 343 (020078 %97 (023092 %02 (11 (0352570 082 oosiog 09  (77) (082399 14 07N 567740 0416
(510497305 3 082 074 7 306 218 9 303
CC 520 (034203 %% o2s19a 0% 04 (01928 O™ (09694 018 (361 qri0s3g 00 11459 G 7‘5'_938” 0.178
GC 3% 0.49 0.52 15 138 107 7 20 145
+CC 30 (027-090) 992V (007099 004 (165 (0se328 0% (0a3269) O (307) (1.00-435) 0047 I (4 7507 0242
Data are missing for: @2 patients, 4 patients, <7 patients. ,, = adjusted by CRP; _, = adjusted by pain at diagnosis; SNP = single nucleotide polymorphisms
TABLE 6. Associations between AQP1 SNPs and non-haematological side effects of cisplatin based treatment (N = 176)
Alopecia® Nephrotoxicity® Nausea/Vomiting®
SNP Genotype
N (%) OR (95% CI) P N (%) OR (95% CI) P N (%) OR(95% CI) P
GG 60 (45.8) Ref. - 74 (46.8) Ref. - 73 (53.7) Ref. -
(528362731
GA 5 (55.6) 1.48 (0.38-5.76) 0.572  3(27.3)  0.43(0.11-1.66) 0219  5(55.6)  1.08(0.28-4.19) 0913
GG 30 (46.2) Ref. - 35 (43.8) Ref. - 36 (52.9) Ref. -
o0 GC 20 (357)  0.45(0.31-1.35) 0246 34 (500) 129 (0.67-2.46) 0.448 26 (44.8) 072 (0.36-1.46) 0.364
rsl S
o 15(71.4)  2.92(1.00-8.46) 0.049 10 (43.5 099 (0.39-2.52) 0982  15(71.4) 222 (0.77-6.41) 0.140
GC+CC  35(455) 097 (0.50-1.89) 0934 44 (48.4)  1.20 (0.66-2.20) 0.547 41 (51.9) 096 (050-1.84)  0.900

Data are missing for: @33 patients, © 4 patients and <28 patients. SNP = single nucleotide polymorphisms
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TABLE 7. Influence of interactions on the risk of occurrence of side effects

Interaction 1rs28362731

Interaction 2

Interaction 3

Side effect -rs1049305 7 rs28362731 - smoking % rs1049305 - smoking PA
OR (95% CI) OR (95% CI) OR (95% CI)

Anemia grade = 2¢ 1.84 (0.10-32.37) 0.676 - 0.999 0.34 (0.10-1.16) 0.085
Leukopenia grade = 2° 0.95 (0.04-23.07) 0.974 - 0.999 0.92 (0.21-4.02) 0915
Neutropenia grade = 2 0.55 (0.03-9.76) 0.686 7.55 (0.39-145.1) 0.180 0.67 (0.19-2.35) 0.526

Thrombocytopeniae 1.73 (0.11-26.38) 0.693 3.06 (0.20-46.56) 0.422 0.95 (0.16-5.66) 0.955

Nephrotoxicitye 0.68 (0.04-11.98) 0.794 - 0.999 1.01 (0.30-3.43) 0.982
Alopeciad 2.06 (0.11-40.01) 0.633 - 0.999 0.60 (0.16-2.29) 0.453
Nausea/Vomiting® 2.12 (0.11-40.98) 0.620 6.83 (0.35-132.4) 0.204 0.71 (0.19-2.64) 0.608

Data are missing for: @2 patients, ©7 patients, < 4 patients, ¢33 patients and ¢ 28 patients. Interaction 1: interaction between rs28362731 and rs1049305. Interaction 2: interaction
between rs28362731 and smoking. Interaction 3: interaction between rs1049305 and smoking.

ing and rs1049305 and smoking did not signifi-
cantly influence the risk of occurrence of side ef-
fects (Table 7).

Haplotypes AQP1 GG, GC and AG (5" > 3"
1528362731, rs1049305) were not significantly asso-
ciated with the risk of developing MM even when
adjusted for gender and age (Supplementary table).

Discussion

In the present study we investigated the influ-
ence of AQP1 genetic polymorphisms on the risk
of developing MM as well as the associations with
response to cisplatin based treatment. The impor-
tant novel finding of our study is that the AQP1
genetic variability might contribute to the risk of
developing MM. Furthermore, we have shown the
associations with the development of side effects of
cisplatin based treatment.

AQP1 rs1049305 polymorphism was significant-
ly associated with the risk of developing MM, but
only after adjustment for gender and age. AQP1
151049305 GC heterozygotes had significantly low-
er risk of developing MM in the additive model,
as well as the carriers of at least one polymorphic
C allele in the dominant model in comparison to
GG wild type. This polymorphism is located in the
3’-untranslated region, therefore it could affect the
binding of miRNA and AQPI expression levels,
however, the functionality of this polymorphism
remains to be determined. On the other hand,
AQP1 rs28362731 was not significantly associated
with the risk of developing MM in our study.

The statistical analyses have shown that the
genotype distribution for the third investigated

Radiol Oncol 2019; 53(1): 96-104.

polymorphism AQP1 rs1476597 was not in accord-
ance with HWE, so it had to be excluded from fur-
ther analysis. In this polymorphism, the substitu-
tion of G for C was associated both with increased
transcriptional-activation of the AQPI-promoter
and with increased AQP1 mRNA expression.”
This is the only AQPI polymorphism that has been
investigated in cancer so far and was associated
with survival-time in glioblastoma multiforme
patients.® This study used a pyrosequencing ap-
proach and reported that genotype distribution for
AQP1 151476597 was in accordance with HWE.®
We have checked that there was no genotyping er-
ror, so deviation from HWE could be interpreted
either as a potential influence of the fact, that this
polymorphism may be triallelic (G/C/A) or that the
polymorphisms in the proximity could affect the
binding of our primers from the reaction mixture.

We have also assessed the impact of AQP1 hap-
lotypes, but they were not significantly associated
with the risk of developing MM, not even when ad-
justed for age and gender.

Our study also showed that AQP1 rs1049305 and
AQP1 rs28362731 were not significantly associated
with PFS, OS or response rate when patients were
treated with cisplatin in combination with either
gemcitabine or pemetrexed. However, it has been
suggested that AQP1 may be an independent prog-
nostic factor in MM, and that higher expression of
AQP1 in tumor cells, but not in vascular cells was
significantly associated with better survival.® It
has also been shown that AQP1 expression signifi-
cantly influenced the course of MM, regardless of
the therapy or prognostic factors including histo-
logic subtype, pathologic stage, gender, and age at
time of diagnosis.?!
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We have also observed that AQP1 rs1049305 was
significantly associated with some of the treatment
side effects such as anemia, leukopenia, thrombocy-
topenia and alopecia, but not with neutropenia, ne-
phrotoxicity or nausea and/or vomiting. On the oth-
er hand, AQP1 rs28362731 was significantly associ-
ated only with thrombocytopenia. Multiplicative
interaction analysis did not show any interaction
between AQPI1 rs28362731 and AQP1 rs1049305
polymorphisms and the risk of occurrence of treat-
ment related side effects. Similarly, side effects were
not influenced by interactions between either of the
studied polymorphism and smoking.

The major limitation of our study was that
we had no information on asbestos exposure in
healthy controls. Furthermore, MM patients were
older than controls, as blood donors can only be
up to 65 years old, however we accounted for that
with adjustment for age in the statistical analysis.
Despite the limited number of patients included in
our study, all patients were monitored in the same
institution and by the same oncologists, so there
were no differences in the clinical assessments.
Furthermore, all the patients and controls came
from an ethnically homogeneous Slovenian popu-
lation, so there were no differences due to genetic
heterogeneity.>°!

Our study brings novel findings of the associa-
tions between AQP1 genetic variability and the risk
of developing MM that has not been previously
investigated. Furthermore, it shows the impact of
AQP1 polymorphisms on the development of cis-
platin treatment related side effects. It needs to be
determined if the addition of these polymorphisms
to previously described clinical-pharmacogenetics
models could improve the prediction of treatment
related side effects in MM patients [48]. Better un-
derstanding of pharmacogenetic polymorphisms
would allow an individualized approach and bet-
ter outcomes of cisplatin treatment in patients with
MM.

In conclusion, our study suggests that the inves-
tigated AQP1 polymorphisms may contribute to
the risk of developing MM and cisplatin treatment
related side effects, however our findings need to
be validated in independent MM patient cohorts
and in other cancers.

Supplementary material

Supplementary table: The association between
AQP1 haplotypes and the risk of MM develop-
ment.

Acknowledgement

This work was financially supported by The
Slovenian Research Agency (ARRS Grant No. P1-
0170 and L3-8203).

References

1. Wagner JC, Sleggs CA, Marchand P. Diffuse pleural mesothelioma and
asbestos exposure in the North Western Cape Province. BrJ Ind Med 1960;
17: 260-71. PMID: 13782506

2. Zellos L, Christiani DC. Epidemiology, biologic behavior, and natural his-
tory of mesothelioma. Thorac Surg Clin 2004; 14: 469-77. doi: 10.1016/j.
thorsurg.2004.06.011.

3. Maule MM, Magnani C, Dalmasso P, Mirabelli D, Merletti F, Biggeri A.
Modeling mesothelioma risk associated with environmental asbestos expo-
sure. Environ Health Perspect 2007; 115: 1066-71. doi: 10.1289/ehp.9900

4. Magnani C, Dalmasso P, Biggeri A, Ivaldi C, Mirabelli D, Terracini B. Increased
risk of malignant mesothelioma of the pleura after residential or domestic
exposure to asbestos: a case-control study in Casale Monferrato, Italy.
Environ Health Perspect 2001; 109: 915-9. doi: 10.1289/ehp.01109915

5. Klebe S, Griggs K, Cheng Y, Driml J, Henderson DW, Reid G. Blockade of
aquaporin 1 inhibits proliferation, motility, and metastatic potential of
mesothelioma in vitro but not in an in vivo model. Dis Markers 2015; 2015:
286719. doi: 10.1155/2015/286719

6. Bridda A, Padoan I, Mencarelli R, Frego M. Peritoneal mesothelioma: a
review. MedGenMed 2007; 9: 32. PMID: 17955087

7. International Agency for Research on Cancer (IARC). IARC Working Group.
Asbestos. IARC monographs on the evaluation of carcinogenic risks to hu-
mans. Lyon: IARC; 1972.

8. Brodkin CA, Rosenstock L. Asbestos and asbestos-related pleural disease.
In: Rosenstock L, Cullen MR, Brodkin CA, Redlich CA, editors. Textbook of
clinical occupational and environmental medicine. 2™ edition. Philadelphia:
Elsevier Saunders; 2005. p. 364-77.

9. Wagner GR, Hearl FJ. Mineral dust: asbestos, silica, coal, manufactured
fibers. In: Rosenstock L, Cullen MR, Brodkin CA, Redlich CA, editors.
Textbook of clinical occupational and environmental medicine. 2™ edition.
Philadelphia: Elsevier Saunders; 2005. p. 1073-8.

10. Rom WN. Asbestosis, pleural fibrosis, and lung cancer. In: Rom WN,
Markowitz SB, eds. Environmental and occupational medicine. 4" edition.
Philadelphia: Wolters Kluwer, Lippincott Williams&Wilkins; 2007: p. 298-
316.

11. Driml J, Pulford E, Moffat D, Karapetis C, Kao S, Griggs K, et al. Usefulness
of aquaporin 1 as a prognostic marker in a prospective cohort of malig-
nant mesotheliomas. Int J Mol Sci 2016; 17(7). pii: E1041. doi: 10.3390/
ijms17071041.

12. Zadnik V, Primic Zakelj M, Lokar K, Jarm K, Ivanus U, Zagar T. Cancer burden
in slovenia with the time trends analysis. Radiol Oncol 2019; 53(1): 96-
104.7; 51: 47-55. doi:10.1515/raon-2017-0008.

13. Goricar K, Kovac V, Franko A, Dodic-Fikfak M, Dolzan V. Serum survivin levels
and outcome of chemotherapy in patients with malignant mesothelioma.
Dis Markers 2015; 2015: 316739. doi:10.1155/2015/316739

14. Weber DG, Casjens S, Johnen G, Bryk O, Raiko |, Pesch B, et al. Combination
of MiR-103a-3p and mesothelin improves the biomarker performance
of malignant mesothelioma diagnosis. PLoS One 2014; 9: e114483. doi:
10.1371/journal.pone.0114483

15. Franko A, Dolzan V, Kovac V, Arneric N, Dodic-Fikfak M. Soluble mesothelin-
related peptides levels in patients with malignant mesothelioma. Dis
Markers 2012; 32: 123-31. doi: 10.3233/DMA-2011-0866

16. Kovac V, Dodic-Fikfak M, Arneric N, Dolzan V, Franko A. Fibulin-3 as a bio-
marker of response to treatment in malignant mesothelioma. Radiol Oncol
2019; 53(1): 96-104.5; 49: 279-85. doi: 10.1515/raon-2015-0019

Radiol Oncol 2019; 53(1): 96-104.

103



104

Senk B et al. / Aquaporin 1 in malignant mesothelioma

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

Neri M, Ugolini D, Dianzani |, Gemignani F, Landi S, Cesario A, et al. Genetic
susceptibility to malignant pleural mesothelioma and other asbestos-
associated diseases. Mutat Res 2008; 659: 126-36. doi:10.1016/j.mr-
rev.2008.02.002

Erculj N, Kovac V, Hmeljak J, Franko A, Dodic-Fikfak M, Dolzan V. DNA repair
polymorphisms and treatment outcomes of patients with malignant meso-
thelioma treated with gemcitabine-platinum combination chemotherapy.
J Thorac Oncol 2012; 7: 1609-17. doi: 10.1097/JT0.0b013e3182653d31

Franko A, Kotnik N, Goricar K, Kovac V, Dodic-Fikfak M, Dolzan V. The
influence of genetic variability on the risk of developing malignant meso-
thelioma. Radiol Oncol 2019; 53(1): 96-104.8; 52: 105-11. doi:10.2478/
raon-2018-0004

Khella MS, Salem AM, Abdel-Rahman O, Saad AS. The association between
the FTO rs9939609 variant and malignant pleural mesothelioma risk: a case-
control study. Genet Test Mol Biomarkers 2018; 22: 79-84. doi: 10.1089/
gtmb.2017.0146

Strbac D, Goricar K, Dolzan V, Kovac V. Matrix metalloproteinases poly-
morphisms as baseline risk predictors in malignant pleural mesothelioma.
Radiol Oncol 2019; 53(1): 96-104.8; 52: 160-6. doi: 10.2478/raon-2018-0005

Strbac D, Goricar K, Dolzan V, Kovac V. Matrix metalloproteinases polymor-
phisms as prognostic biomarkers in malignant pleural mesothelioma. Dis
Markers 2017; 2017: 8069529. doi: 10.1155/2017/8069529

El-Hamamsy M, Ghali RR, Saad AS, Shaheen SM, Salem AM. FAS and FASL
genetic polymorphisms impact on clinical outcome of malignant pleural
mesothelioma. Onco Targets Ther 2016;9:6857-63. doi: 10.2147/0OTT.
$115631

Goricar K, Kovac V, Dolzan V. Polymorphisms in translesion polymer-
ase genes influence treatment outcome in malignant mesothelioma.
Pharmacogenomics 2014; 15: 941-50. doi: 10.2217/pgs.14.14

Cao XC, Zhang WR, Cao WF, Liu BW, Zhang F, Zhao HM, et al. Aquaporin3 is
required for FGF-2-induced migration of human breast cancers. PLoS One
2013; 8: 56735. doi: 10.1371/journal.pone.0056735

Hwang |, Jung SI, Hwang EC, Song SH, Lee HS, Kim SO, et al. Expression
and localization of aquaporins in benign prostate hyperplasia and prostate
cancer. Chonnam Med J 2012; 48: 174-8. doi: 10.4068/cm;.2012.48.3.174

Jung HJ, Park JY, Jeon HS, Kwon TH. Aquaporin-5: a marker protein for
proliferation and migration of human breast cancer cells. PLoS One 2011; 6:
€28492. doi: 10.1371/journal.pone.0028492

Chen R, Shi Y, Amiduo R, Tuokan T, Suzuk L. Expression and prognostic
value of aquaporin 1, 3 in cervical carcinoma in women of Uygur ethnic-
ity from Xinjiang, China. PLoS One 2014; 9: e98576. doi: 10.1371/journal.
pone.0098576

Jagirdar RM, Apostolidou E, Molyvdas PA, Gourgoulianis KI, Hatzoglou C,
Zarogiannis SG. Influence of AQP1 on cell adhesion, migration, and tumor
sphere formation in malignant pleural mesothelioma is substratum- and
histological-type dependent. Am J Physiol Lung Cell Mol Physiol 2016; 310:
L489-95. doi: 10.1152/ajplung.00410.2015

Saadoun S, Papadopoulos MC, Hara-Chikuma M, Verkman AS. Impairment
of angiogenesis and cell migration by targeted aquaporin-1 gene disruption.
Nature 2005; 434: 786-92. doi: 10.1038/nature03460

Kao SC, Armstrong N, Condon B, Griggs K, McCaughan B, Maltby S, et al.
Aquaporin 1 is an independent prognostic factor in pleural malignant meso-
thelioma. Cancer 2012; 118: 2952-61. doi: 10.1002/cncr.26497

Qin F, Zhang H, Shao Y, Liu X, Yang L, Huang Y, et al. Expression of aqua-
porinl, a water channel protein, in cytoplasm is negatively correlated with
prognosis of breast cancer patients. Oncotarget 2016; 7: 8143-54. doi:
10.18632/oncotarget.6994

. Imredi E, Toth B, Doma V, Barbai T, Raso E, Kenessey |, et al. Aquaporin 1

protein expression is associated with BRAF V600 mutation and adverse
prognosis in cutaneous melanoma. Melanoma Res 2016; 26: 254-60. doi:
10.1097/CMR.0000000000000243

Liu J, Zhang WY, Ding DG. Expression of aquaporin 1 in bladder uroepithe-
lial cell carcinoma and its relevance to recurrence. Asian Pac J Cancer Prev
2015; 16: 3973-6.

Lehnerdt GF, Bachmann HS, Adamzik M, Panic A, Koksal E, Weller P, et
al. AQP1, AQP5, Bcl-2 and p16 in pharyngeal squamous cell carcinoma. J
Laryngol Otol 2015; 129: 580-6. doi: 10.1017/5002221511500119X

Radiol Oncol 2019; 53(1): 96-104.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

Jagirdar R, Solenov El, Hatzoglou C, Molyvdas PA, Gourgoulianis KiI,
Zarogiannis SG. Gene expression profile of aquaporin 1 and associated
interactors in malignant pleural mesothelioma. Gene 2013; 517: 99-105.
doi: 10.1016/j.gene.2012.12.075

Henderson DW, Reid G, Kao SC, van Zandwijk N, Klebe S. Challenges
and controversies in the diagnosis of malignant mesothelioma: Part 2.
Malignant mesothelioma subtypes, pleural synovial sarcoma, molecular
and prognostic aspects of mesothelioma, BAP1, aquaporin-1 and micro-
RNA. J Clin Pathol 2013; 66: 854-61. doi: 10.1136/jclinpath-2013-201609

Yool AJ, Brown EA, Flynn GA. Roles for novel pharmacological blockers
of aquaporins in the treatment of brain oedema and cancer. Clin Exp
Pharmacol Physiol 2010; 37: 403-9. doi: 10.1111/j.1440-1681.2009.05244.x

El Hindy N, Rump K, Lambertz N, Zhu Y, Frey UH, Bankfalvi A, et al. The
functional aquaporin 1 -783G/C-polymorphism is associated with survival
in patients with glioblastoma multiforme. J Surg Oncol 2013; 108: 492-8.
doi: 10.1002/js0.23421

Fabrega E, Berja A, Garcia-Unzueta MT, Guerra-Ruiz A, Cobo M, Lopez
M, et al. Influence of aquaporin-1 gene polymorphism on water reten-
tion in liver cirrhosis. Scand J Gastroenterol 2011; 46: 1267-74. doi:
10.3109/00365521.2011.603161

Saunders CJ, Posthumus M, O’Connell K, September AV, Collins M. A variant
within the AQP1 3’-untranslated region is associated with running perfor-
mance, but not weight changes, during an Ironman Triathlon. J Sports Sci
2015; 33: 1342-8. doi: 10.1080/02640414.2014.989535

Elliott L, Ashley-Koch AE, De Castro L, Jonassaint J, Price J, Ataga K, et al.
Genetic polymorphisms associated with priapism in sickle cell disease. Br J
Haematol 2007; 137: 262-7. doi: 10.1111/.1365-2141.2007.06560.x

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L,
et al. New guidelines to evaluate the response to treatment in solid tumors.
European Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer Institute of Canada. J
Natl Cancer Inst 2000; 92: 205-16. PMID: 10655437

National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.0. [cited 2018 Feb 15] Available at: https://ctep.cancer.gov/proto-
coldevelopment/electronic_applications/ctc.htm.

Erculj N, Kovac V, Hmeljak J, Franko A, Dodic-Fikfak M, Dolzan V. The influ-
ence of gemcitabine pathway polymorphisms on treatment outcome in
patients with malignant mesothelioma. Pharmacogenet Genomics 2012;
22: 58-68. doi: 10.1097/FPC.0b013e32834e3572

Erculj N, Kovac V, Hmeljak J, Dolzan V. The influence of platinum pathway
polymorphisms on the outcome in patients with malignant mesothelioma.
Ann Oncol 2012; 23: 961-7. doi: 10.1093/annonc/mdr324

Goricar K, Kovac V, Dolzan V. Polymorphisms in folate pathway and
pemetrexed treatment outcome in patients with malignant pleural meso-
thelioma. Radiol Oncol 2019; 53(1): 96-104.4; 48: 163-72. doi: 10.2478/
raon-2013-0086

Goricar K, Kovac V, Dolzan V. Clinical-pharmacogenetic models for personal-
ized cancer treatment: application to malignant mesothelioma. Sci Rep
2017; 7: 46537. doi: 10.1038/srep46537

Dimasi DP, Burdon KP, Hewitt AW, Savarirayan R, Healey PR, Mitchell P, et
al. Candidate gene study to investigate the genetic determinants of nor-
mal variation in central corneal thickness. Mol Vis 2010; 16: 562-9. PMID:
20360993

Vidan-Jeras B, Jurca B, Dolzan V, Jeras M, Breskvar K, Bohinjec M. »Caucasian
slovenian normal«, HLA 1998. In: Terasaki PI, Gjerston DW, editors. Lenexa:
American Society for Histocompatibility and Immunogenetics; 1998. p.
180-1.

Mizzi C, Dalabira E, Kumuthini J, Dzimiri N, Balogh |, Basak N, et al.
Correction: a European spectrum of pharmacogenomic biomarkers: impli-
cations for clinical pharmacogenomics. PLoS One 2017; 12: e0172595. doi:
10.1371/journal.pone.0162866.].





