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Background. Asbestos exposure is associated with different asbestos-related diseases, including malignant meso-
thelioma (MM). MM diagnosis is confirmed with immunohistochemical analysis of several markers, including calretinin.
Increased circulating calretfinin was also observed in MM. The aim of the study was to determine if CALB2 polymor-
phisms or polymorphisms in genes that can regulate calretinin expression are associated with serum calretinin levels
or MM susceptibility.

Subjects and methods. The study included 288 MM patients and 616 occupationally asbestos-exposed subjects
without MM (153 with asbestosis, 380 with pleural plaques and 83 without asbestos-related disease). Subjects were
genotyped for seven polymorphisms in CALB2, E2F2, MIR335, NRF1 and SEPTIN7 genes using competitive allele-specific
polymerase chain reaction (PCR). Serum calretinin was determined with ELISA in 545 subjects. Nonparametric tests,
logistic regression and receiver operating characteristic (ROC) curve analysis were used for stafistical analysis.
Results. Carriers of at least one polymorphic CALB2 rs889704 allele had lower calretinin levels (P = 0.0364). Carriers of
two polymorphic MIR335 rs3807348 alleles had higher calretinin (P = 0.027), while carriers of at least one polymorphic
NRF1 rs13241028 allele had lower calretinin levels (P = 0.034) in subjects without MM. Carriers of two polymorphic E2F2
rs2075995 alleles were less likely to develop MM (odds ratfio [OR] = 0.64, 95% confidence interval [Cl] = 0.43-0.96, P
= 0.032), but the association was no longer significant after adjustment for age (P = 0.093). Optimal serum calretinin
cut-off values differentiating MM patients from other subjects differed according to CALB2, NRF1, E2F2, and MIR335
genotypes.

Conclusions. The results of presented study suggest that genetic variability could influence serum calretinin levels.
These findings could confribute to a better understanding of calretinin regulation and potentially to earlier MM diag-
nosis.
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Introduction as several cancers. Use and production of asbes-

tos was largely banned after it was classified as
Prolonged asbestos exposure can lead to occur- a carcinogen, but it is still legally used in mostly
rence of different asbestos-related diseases, in- developing countries and it can still be found in
cluding pleural plaques and asbestosis, as well the environment.!? Asbestos-related diseases often
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occur long after initial asbestos exposure and their
incidence continues to rise.!

The most problematic asbestos-related disease
is malignant mesothelioma (MM), a rare but very
aggressive cancer. However, only a minority of
asbestos-exposed people develops MM. Other fac-
tors, such as genetic variability may contribute to
carcinogenesis and development of MM.? Among
asbestos-exposed workers, several familial cases
of MM were described, emphasizing that genetic
factors could contribute to MM development.* In
recent years, germline BRCAl-associated protein
1 (BAP1) mutations were shown to predispose
to the development of MM and other cancers.
Additionally, studies suggest that numerous chro-
mosomal deletions can accumulate in most MM
cases, usually associated with the loss or inactiva-
tion of tumor suppressor genes.>® Despite advanc-
es in treatment, prognosis and survival of MM
patients remain poor.”® Therefore, MM diagnosis
and treatment have become increasingly focused
on molecular mechanisms.’

To confirm MM diagnosis, several tumor mark-
ers are routinely analysed using immunohisto-
chemical staining.'® One of the established immu-
nohistochemical markers is calretinin®, a calcium
binding protein and calcium sensor crucial for
neuron function that is also expressed on meso-
thelial cells.!! It has been shown to affect mesothe-
lial cell proliferation and migration and epithelial-
to-mesenchymal transition. It was also associated
with focal adhesion kinase signaling pathway and
signaling pathways associated with response to
asbestos.? Calretinin is encoded by the CALB2
gene.

As MM diagnosis is usually made when the dis-
ease is already advanced, blood-based biomarkers
such as mesothelin and fibulin-3 that would enable
an earlier diagnosis and better prognosis of MM
are extensively studied.!*!> Recently, calretinin was
also proposed as a soluble biomarker in MM, as
increased plasma or serum levels were observed
in MM patients compared to subjects with other
asbestos-related diseases or healthy controls.31618
However, interindividual variability limits the
sensitivity and specificity of calretinin as a diag-
nostic biomarker and several clinical characteris-
tics were previously associated with soluble cal-
retinin levels.” Low tumor calretinin expression
was associated with lower protein concentration
in the bloodstream, but there was no clear correla-
tion with tumor size.”® Higher calretinin concen-
trations were observed in patients with epithelioid
or biphasic MM compared to patients with sarco-
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matoid MM.#2021 Calretinin levels were also higher
in women compared to men and in subjects with
renal dysfunction.??

Molecular mechanisms regulating calretinin
expression in various tissues or in cancer could
also contribute to interindividual variability of se-
rum calretinin concentration, but the knowledge
of these processes is limited.® Calretinin expres-
sion may be affected by several factors, including
transcription factors or miRNAs. Among tran-
scription factors, calretinin expression was found
to be influenced by septin 7, E2F transcription fac-
tor 2 (E2F2) and nuclear respiratory factor 1 (NRF-
1) in previous studies.?*?* Additionally, miR-335-5p
was proposed as a regulator of CALB2 expression®
and miR-30e-5p was negatively correlated with
the calretinin expression in pleural MM patient
samples.? Gene expression can also be modified
by genetic variability in the promoter 5 untrans-
lated region (UTR) of the gene affecting binding of
transcription factors, or genetic variability in the 3’
UTR affecting miRNA binding. Polymorphisms in
genes coding for miRNAs or transcription factors
involved in calretinin regulation could also influ-
ence calretinin expression. In previous studies, ge-
netic factors affecting expression and circulating
levels of other important MM biomarkers such as
mesothelin have already been identified.”? On
the other hand, very little is known about the role
of single nucleotide polymorphisms (SNPs) in the
CALB2 gene. An intronic polymorphism in CALB2
gene was previously proposed as a risk factor for
colon cancer.®® To date, no studies have been per-
formed to evaluate if genetic factors influence cal-
retinin expression or if they could modify suscep-
tibility to develop asbestos-related diseases.

Our aim was to determine whether genetic pol-
ymorphisms in the CALB2 gene and in the genes
coding for miRNA and transcription factors regu-
lating calretinin expression are associated with
MM susceptibility or serum calretinin levels in
patients with asbestos-related diseases.

Subjects and methods
Study population

Our retrospective study included patients with
MM, subjects with asbestosis, subjects with pleu-
ral plaques, and subjects that were occupationally
exposed to asbestos but, did not develop any as-
bestos-related disease.

Patients with MM were treated at the Institute of
Oncology Ljubljana between November 2001 and
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March 2019. The diagnosis of pleural or peritoneal
MM was performed by thoracoscopy or laparos-
copy, respectively, and confirmed histologically by
an experienced pathologist, mostly in others ter-
tiary institutions in Slovenia. Stage of MM was de-
termined using the TNM staging system for pleu-
ral MM. Performance status of MM patients was
determined using Eastern Cooperative Oncology
Group (ECOG) scores.

Subjects with asbestosis, subjects with pleural
plaques and asbestos-exposed subjects who did
not develop any asbestos-related disease were
selected from a cohort of occupationally exposed
workers who were evaluated by the State Board
for the Recognition of Occupational Asbestos
Diseases at the Clinical Institute of Occupational,
Traffic and Sports Medicine in Ljubljana between
September 1998 and April 2007. The diagnosis of as-
bestos-related diseases was based on the Helsinki
Criteria for Diagnosis and Attribution of Asbestos
Diseases® and the American Thoracic Society rec-
ommendations.®? Follow-up was performed for all
subjects in 2018 to confirm they did not develop
any other asbestos-related disease.

For all subjects, data on demographic (sex,
age, smoking) and clinical characteristics were
obtained from the medical records or during an
interview. All participants provided written in-
formed consent. The study has been approved
by the National Medical Ethics Committee of
the Republic of Slovenia (31/07/04, 39/04/06 and
41/02/09) and was carried out according to the
Declaration of Helsinki.

Bioinformatic analysis

Using bioinformatic analysis, we identified com-
mon SNPs that could affect calretinin expression:
SNPs in the 5 UTR and 3" UTR of the calretinin
gene (CALB2) and SNPs in the genes coding for
miRNAs and transcription factors involved in the
regulation of calretinin expression. Experimentally
confirmed miRNAs and transcription factors were
selected using miRTarBase® and literature screen-
ing.

Using LD Tag SNP Selection tool** and dbSNP
database®, we identified all SNPs in 5 UTR, 3’
UTR and near gene regions (+ 1000 base pairs) of
CALB2 gene and all SNPs in 5 UTR, 3" UTR and
coding regions of transcription factor coding genes
with minor allele frequency (MAF) in European
populations above 5%. Additionally, available lit-
erature was screened for SNPs in miRNA coding
genes.® In silico predicted function of SNPs was

assessed using SNP Function Prediction tool* as
well as HaploReg v4.1¥ and GTEx® for SNPs in
regulatory regions. Linkage disequilibrium (LD)
between SNPs in one gene was evaluated using
LD link tool.* For genotyping, we selected only
SNPs with in silico predicted functional role (non-
synonymous SNPs, SNPs that influence transcrip-
tion factor or miRNA binding or SNPs that influ-
ence splicing). If more SNPs within one gene were
in high LD (R?>0.8), only one SNP was selected for
genotyping analyses.

DNA extraction and genotyping

Genomic DNA was extracted from peripheral ve-
nous blood samples using Qiagen FlexiGene Kit
(Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. For a subset of subjects that
did not develop any asbestos-related disease, DNA
was extracted from capillary blood samples collect-
ed on Whatman FTA cards using MagMax™ DNA
Multi-Sample Kit (Applied Biosystems, Foster City,
California, USA). The genotyping of all selected
SNPs was carried out using a fluorescence-based
competitive allele-specific polymerase chain reac-
tion (KASP) assay, according to the manufacturer’s
instructions (LGC Genomics, UK). For all SNPs,
15% of samples were genotyped in duplicates.
Genotyping quality control criteria were 100% du-
plicate call rate and 95% SNP-wise call rate.

Measurement of serum calretinin

Serum samples were collected at diagnosis for
MM patients and at inclusion in the study for all
other subjects. Samples were prepared within
6 hours of blood collection and stored at -20°C.
Serum calretinin levels were determined using a
commercially available enzyme-linked immuno-
sorbent Calretinin ELISA assay (DLD Diagnostika
GmbH, Germany) according to the manufacturer’s
instructions as previously described.?162!

Statistical Analysis

Continuous and categorical variables were de-
scribed using median with interquartile range and
frequencies, respectively. Nonparametric Mann-
Whitney test or Kruskal-Wallis test with post hoc
Bonferroni corrections for pairwise comparisons
were used to compare the distribution of continu-
ous variables. Chi square test was used to compare
the distribution of categorical variables among
different groups and to evaluate deviation from

Radiol Oncol 2023; 57(4): 473-486.

a477S



476

Zupanc C et al. / Genetic factors and serum calretinin in asbestos diseases

TABLE 1. Clinical characteristics of the subjects included in the study

- 0 No disease Pleural plaques Asbestosis MM
Characteristic Category/unit (N = 83) (N = 380) (N = 153) (N = 288) P
S Male, N (%) 61 (73.5) 262 (68.9) 119 (77.8) 213 (74.0) 0.180"
ex
Female, N (%) 22 (26.5) 118 (31.1) 34(22.2) 75 (26.0)
Median 53.4 54.8 59.4 66.0
Hge (25%~75%) (48.5-59.2) (48.8-62.7) (51.3-66.1) (59-73) = 0o
No, N (%) 46 (55.4) 187 (49.2) 74 (48.4) 158 (56.4) 8] 0.205'
Smoking
Yes, N (%) 37 (44.6) 193 (50.8) 79 (51.6) 122 (43.6)

! calculated using chi-square test; 2 calculated using Kruskal-Wallis test. Number of missing data is presented in [] brackets.

MM = malignant mesothelioma

Hardy-Weinberg equilibrium. For all investigated
SNPs, both additive and dominant models were
used in the analysis. Univariate and multivariate
logistic regression was used to compare genotype
frequencies between groups and to determine
odds ratios (ORs) and 95% confidence intervals
(ClIs). Demographic and clinical parameters, sig-
nificantly associated with asbestos-related disease
susceptibility in univariate analysis, were used for
adjustment in multivariate models. Receiver oper-
ating characteristic (ROC) curve analysis was used
to determine area under the curve (AUC), sensitiv-
ity and specificity. Cut-off values were determined
as the values with the highest sum of sensitivity
and specificity. All statistical tests were two-sided
and the level of significance was set at 0.05. The
statistical analyses were carried out by using IBM
SPSS Statistics version 27.0 (IBM Corporation,
Armonk, NY, USA). To assess the combined ef-
fect of all CALB2 SNPs, we reconstructed haplo-
types using Thesias software.?* Haplotypes with
predicted frequency above 0.04 were included in
the analysis and the most common haplotype was
used as a reference.

Results
Subjects’ characteristics

Among 904 subjects included in our study, 288
(31.9%) had MM. Among 616 non-MM subjects
that were occupationally exposed to asbestos, 153
subjects had asbestosis, 380 subjects had pleural
plaques and 83 did not develop any asbestos-relat-
ed disease. Characteristics of each subject group
are presented in Table 1. Patients with MM were
older than all other groups (P < 0.001), but there
were no significant differences regarding sex (P =
0.180) and smoking (P = 0.205).

Radiol Oncol 2023; 57(4): 473-486.

Among patients with MM, 217 (75.3%) patients
had epithelioid histological type, 26 (9.0%) patients
had biphasic type, and 26 (9.0%) patients had sar-
comatoid type, while histological type could not
be determined in 19 (6.6%) patients. According to
cancer stage, 19 (6.6%) patients had stage 1 MM,
63 (22.0%) patients had stage 2 MM, 85 (29.6%) pa-
tients had stage 3 MM, and 87 (30.3%) patients had
stage 4 MM, while no data were available for one
patient. Additionally, 33 (11.5%) patients had peri-
toneal MM. Regarding ECOG performance status,
18 patients (6.3%) had score 0, 142 (49.5%) score 1,
110 (38.3%) score 2 and 17 (5.9%) score 3, while no
data was available for one patient.

Bioinformatic analysis

Based on available literature and publicly available
databases, we identified genes and SNPs that could
influence calretinin expression and serum levels:
SNPs in 5" and 3" UTR of CALB2 gene and SNPs
in genes coding for transcription factors and miR-
NAs associated with calretinin expression. Three
miRNAs were experimentally associated with
regulation of CALB2 expression: hsa-miR-9, hsa-
miR-30e and hsa-miR-335-5p? but common SNPs
were only described in MIR335 gene. Additionally,
three transcription factors were experimentally as-
sociated with regulation of CALB2 expression: E2F
transcription factor 2 (E2F2), nuclear respiratory
factor 1 (NRF1), and septin 7 (SEPTIN7).23?*

In total, seven SNPs fulfilling all inclusion cri-
teria were included in the study: CALB2 rs1862818,
CALB2 rs889704, CALB2 rs8063760, E2F2 rs2075995,
MIR335 rs3807348, NRF1 rs13241028, and SEPTIN7
rs3801339. Their role, predicted function and geno-
type frequencies in the whole study group as well
as minor allele frequency and agreement with
Hardy-Weinberg equilibrium (HWE) in controls
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TABLE 2. Genotype frequencies of investigated single nucleotide polymorphisms (SNPs) in the whole study group, their variant allele frequency
(VAF) and agreement with Hardy-Weinberg equilibrium (HWE) in subjects without any asbestos-related disease (controls)

e A7 Nuc:]eccigiig:l;:ino Pfruer?;;:i:)end Genotype N (%) (co\:l?rf)ls) (cgﬂiv‘rlcfls)
May influence transcription
CALB2 151862818 C.-828C>T factor binding, may alter cc 479 (53.0) 0.27 0.617
regulatory motifs
CT 346 (38.3)
1T 79 (8.7)
May influence transcription
CALB2 15889704 C.-634C>A re i ey ol cc 708[(]7]8'4) 0.14 0.814
regulatory motifs
CA 182 (20.2)
AA 13 (1.4)
c . May iqfluence mMiRNA 527 (58.4)
ALB2 rs8063760 c.*138T>C binding, may oI_Ter cC 2] 0.23 0.322
regulatory motifs
CT 319 (35.4)
1T 56 (6.2)
E2F2 rs2075995 C.678C>A, p.GIn226His N?Q;ﬁgﬂgye”;gﬁélr:gqy cc 187 (20.7) 0.61 0.209
CA 468 (51.8)
AA 249 (27.5)
Downsfreom ]‘ronscripf 228 (25.3)
MIR335 rs3807348 9.130496266G>A vc1r|<:.m’rf may mfluepcg GG 3] 0.49 0.376
transcription factor binding
GA 446 (49.5)
AA 227 (25.2)
NRF1 1513241028 C*1321T>C ey i”ft')‘fr?g;z (A T 547 (60.5) 0.22 0.061
C 313 (34.4)
cc 44 (4.9)
SEPTIN7 153801339 C.1168-4451T>C f%mgcﬁgfjglfgﬁ;“ m 164 (18.1) 0.63 0.187
TC 401 (44.4)
CcC 339 (37.5)

' previously classified as a nonsynonymous variant. Number of missing data is presented in [] brackets.

A = adenine; C = cytosine; G = guanine; SNP = single nucleotide polymorphisms; T = thymine

are presented in Table 2. All SNPs were in agree-
ment with HWE in controls without asbestos relat-
ed diseases and variant allele frequencies ranged
between 14 and 63%.

Association of selected SNPs with MM
susceptibility

In the whole study group, we evaluated if selected
polymorphisms were associated with MM suscep-
tibility. Genotype frequencies in MM patients and
subjects without MM and are presented in Table 3.
Carriers of two polymorphic E2F2 rs2075995 al-

leles were less likely to develop MM (OR = 0.64,
95% CI = 0.43-0.96, P = 0.032), but the association
was no longer significant after adjustment for
age (OR = 0.68, 95% CI = 0.44-1.07, P = 0.093). No
other SNP was significantly associated with MM
susceptibility (Table 3). Additionally, we also com-
pared MM patients to other subject groups sepa-
rately. Genotype frequencies of SNPs among sub-
jects with asbestosis, subjects with pleural plaques
and subjects without asbestos-related diseases, are
presented in Supplementary Table 1. When com-
paring MM patients with subjects without any
asbestos-related disease, carriers of two polymor-
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478 Zupanc C et al. / Genetic factors and serum calretinin in asbestos diseases

TABLE 3. Association of investigated single nucleotide polymorphisms (SNPs) with malignant mesothelioma (MM) susceptibility

Subjects without

SNP Genotype (NA:'r] 6) MmNguzig;is OR (95% Cl) P OR (95% Cl), P
N (%) (%)
CALB2 rs1862818 CcC (5354.%) (Ajg%) Reference Reference
cr (:362.6}) (11123) (0.9]7'?10.75) 0.084 (0.9]7'315.87) 0.073
m (g.? ) (1%?1) (0‘81‘:?22.34) 0.169 (0.7]7'3’;32) 0.299
Sl (fj.%) (5] 14.3) (1 .010'312.75) 0.052 (0.9;3{5.83) 0.059
CALB2 rs889704 CcC (784.3)5[1] é?_i) Reference Reference
en (1]92.]7) (2??2) (0.7]81(1).55) Bl (0.7169?.51 ) Bugt
S (1?5) (1%4) (0.2%2;.17) 0.955 (0.1%?15.94) 0.349
e (;13.? ) (2(;’.56) (0.7]8.919‘52) 0.626 (0‘607.—9?.42) 0.912
CALB2 rs8063760 CcC (57{55)2[2] (6107.?3) Reference Reference
cr (322.22) (3?7) (o.féﬁ?.m 0.398 (o.é?s'?l] 26) 0.576
m (2.%) (5].%) (0‘181.?10.48) 0.483 (0.4%§$.60) 0.554
CrT (35.27) (;;.35) (0.605§l7.15) 0.329 (0.6%2?23) 0.493
E2F2 rs2075995 cC “];'é) (21?3) Reference Reference
S (5?1].?3) (5]14.3) (o.soéz?.1 1) ol (0.5%5—313.23) Bress
AA (213.%) (23?0) (0.4%53.96) Dy (0.4%?.07) GE
e (319 .%) (725].87) (0.5%—713.02) 0.067 (o.s%z?.m) Crfe
?:g;%‘;s‘us GG (251‘2)8 3] (2193) Reference Reference
GA (28.71 ) (Jg?s) (0.7]2'9%44) 0502 (0.6]8'9?.46) 0.980
AA (212.81 ) (277?4) (0.811.—210.78) 0.352 (0.7]9'212.87) 0.376
GAAA (;5.52) (725].87) (0.7]8'918.50) 0.636 (0.7]5'917.52) 0.724
NRFI 1513241028 i ' :&“7) ' o ) Reference Reference
e (3?)1.(:) (3]2.38) (0.7]9'916.43) 077 (0.7]8'(—)18.50) LH
ce (3.22) (fz) (0.4?1'5—31] 61) 0250 (0.4(3{?12.93) 0ig2e
IIEHEE (32;.%) (3];.59) (0.7]7'913.37) 0heee (0.718'(—)16 45) Bl
f:;gg;‘;” T “193) (]5;” Reference Reference
c (53?.62) (igg) (0.6]8'91].48) 0.976 (0.6]‘,5915.61) 0815
cc (:fg.]n (321?0) (0‘59{?1].20) 0.291 (0‘4%3?.18) 0218
Terce (85373) (gg%) (0.6%(—?1] 30) 0.610 (0.6?'—91].35) 0.627

Number of missing data is presented in [] brackets.

A = adenine; Adj = adjusted for age; C = cytosine; Cl = confidence interval; G = guanine; OR = odds ratio; T= thymine
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TABLE 4. Association of selected SNPs with serum calretinin concentration

SNP Genotype All subjects Subjects without MM MM patients
Calretinin Calretinin Calretinin
(ng/ml) P 3 (ng/ml) P P (ng/ml) p P
Median add dom Mediun add dom Median add dom
(25-75%) (25-75%) (25-75%)
CALB2 0.18 0.15 0.64
1s1862818 cC (0.11-0.34) 0.622 0422 909-0.22) 0.751 0.865 (0.22-1.45) 0952 0.802
or 0.19 0.16 0.51
(0.11-0.41) (0.09-0.24) (0.23-1.41)
- 0.18 013 0.38
(0.10-0.37) (0.08-0.20) (0.21-3.57)
0.19 0.15 0.48
CT+TT (0.11-0.40) (0.09-0.24) (0.23-1.43)
CALB2 0.19 0.15 0.52
C aazo4 cc e 0.099 0.03 510”5 55 0.130 0.069 (025 143 0508 0.441
A 0.17 0.16 0.44
(0.08-0.27) (0.08-0.21) (0.14-1.35)
A 0.21 0.10 1.07
(0.05-0.77) (0.02-0.21) (0.28-1.84)
0.17 0.14 0.50
o (0.08-0.28) (0.07-0.21) (0.15-1.51)
CALB2 0.18 0.14 0.53
rs8063760 cc (0.11-0.38) 0.955 0770 (0.09-0.22 0382 0.647 (0.24-1.44) 0326 0768
or 0.18 0.16 0.44
(0.12-0.32) (0.1-0.24) (0.19-1.30)
- 0.21 0.12 0.86
(0.06-0.51) (0.05-0.22) (0.50-2.30)
0.19 0.16 0.51
CT+T (0.11-0.34) (0.09-0.24) (0.21-1.43)
E2F2 0.19 0.14 0.72
B2 o095 ce e 0.512 0481 00502 0.161 0.059 (035 145 0189 017
A 0.18 0.16 0.53
(0.12-0.34) (0.1-0.23) (0.20-1.48)
A 0.18 0.14 0.40
(0.10-0.33) (0.09-0.24) (0.18-0.90)
0.18 0.15 0.48
s (0.11-0.34) (0.1-0.23) (0.20-1.44)
MIR335 0.18 0.14 0.44
RS 48 GG 0092934 0.057 0151 580 0.027 0.081 02etay 0400 0978
oA 0.18 0.14 e 0.50
(0.11-0.34) (009-0.22)  GGF (0.18-1.16)
A 0.21 0.18 0.65
(0.13-0.39) (0.11-0.26) (0.27-1.80)
0.19 0.15 0.52
GA+AA (0.11-0.37) (0.1-0.23) (0.22-1.44)
NRF1 0.19 0.16 0.52
113241028 1 (0.12-0.36) 0272 0144 101-0.23) e LHLE EEERE
e 0.18 0.14 0.64
(0.10-0.33) (0.08-0.21) (0.25-1.67)
ce 0.17 0.15 0.24
(0.07-0.36) (0.07-0.3) (0.07-1.18)
0.18 0.14 0.46
TC+CC (0.09-0.34) (0.08-0.21) (0.24-1.53)
SEPTIN7 0.18 0.14 0.35
SN2 T 01034 0.403 0419 o o 0.424 0.288 017105 0079 0080
o 0.18 0.15 0.51
(0.11-0.33) (0.09-0.22) (0.21-1.23)
cc 0.20 0.16 072
(0.11-0.45) (0.09-0.25) (0.38-1.48)
0.19 0.15 0.64
Tc+cc (0.11-0.37) (0.09-0.23) (0.26-1.45)

A = adenine; Add = additive model, calculated using Kruskal-Wallis test; C = cytosine; Dom = dominant model, calculated using Mann-Whitney test; G = guanine;
MM = malignant mesothelioma, SNP = single nucleotide polymorphism, T = thymine
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TABLE 5. Receiver operating characteristic (ROC) curve analysis according to individual genotypes for selected single nucleotide polymorphisms:
comparison of malignant mesothelioma (MM) patients with all other subjects

Calretinin

SNP Genotype AUC (95% ClI) P cut-off (ng/ml)’ Sensitivity Specificity
Overall
analysis in 0.825
the whole / (0.781-0.868) <0.001 0.32 0.681 0.887
group
CALB2 0.831
1889704 ee (0.782-0.880) <0.001 0.32 0.695 0.876
0.779
cA (0.667-0.891) <0.001 0.31 0.607 0.935
0.958
AR? (0.837-1.000) 0.019 0.21 1.000 0.833
0.801
CA+AA (0.705-0.901] <0.00]1 0.31 0.625 0.940
E2F2 0.906
rs2075995 cc (0.845-0.968) <0.001 0.26 0.810 0.903
0.803
cA (0.736-0.869) <0.001 0.32 0.671 0.888
0.781
AR (0.686-0.87¢) <0.001 0.33 0.615 0.877
0.797
CA+AA (0.745-0.851) <0.001 0.32 0.653 0.881
MIR335 0.853
13807348 S (0.766-0.940) <0.001 0.29 0.757 0.872
0.803
GA (0.739-0.867) <0.001 0.32 0.643 0.892
0.845
AR (0.765-0.925) <0.001 0.35 0.738 0.881
0.815
GA+AA (0.76420.866] <0.00]1 0.32 0.675 0.881
NRF1 0.812
rs13241028 m (0.754-0.871) <0.001 0.32 0.693 0.884
0.868
e (0.804-0.931) <0.001 0.23 0.818 0.798
0.664
ce (0.406-0.922) 0.203 0.18 0.714 0.700
0.842
TC+CC (0.7770.907] <0.001 0.23 0.790 0.785

! Cut-off with the highest sum of sensitivity and specificity; 2 based on 10 subjects, 3 based on 27 subjects.

A = adenine; AUC = area under the curve; C = cytosine; G = guanine; SNP = single nucleotide polymorphism; T = thymine

phic E2F2 rs2075995 alleles were less likely to de-
velop MM (OR =0.35, 95% CI =0.16-0.78, P = 0.010),
even after adjustment for age (OR = 0.35, 95% CI
= 0.14-0.84, P = 0.019). The association with MM
susceptibility was significant also in the domi-
nant model, both in univariate (OR = 0.43, 95% CI
= 0.21-0.87, P = 0.019) and multivariate (OR = 0.43,
95% CI=0.19-0.94, P =0.033) analysis. Compared to
subjects with asbestosis, carriers of two polymor-
phic MIR335 rs3807348 alleles were more likely
to develop MM (OR = 1.82, 95% CI = 1.05-3.16, P
= 0.033), even after adjustment for age (OR = 0.35,
95% CI =1.10-3.50, P = 0.022). After adjustment for
age, the association with MM susceptibility was
significant also in the dominant model (OR = 1.62,
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95% CI = 1.03-2.55, P = 0.037). None of the other
SNPs was significantly associated with MM sus-
ceptibility (Supplementary Table 2).

Association of selected SNPs with serum
calretinin levels

Serum calretinin concentration was determined in
545 subjects. Calretinin concentration significantly
differed among subject groups (P < 0.001): MM pa-
tients (N = 163) had median calretinin concentra-
tion 0.52 (0.23-1.43) ng/m], subjects with asbestosis
(N =117) 0.13 (0.08-0.20) ng/ml, subjects with pleu-
ral plaques (N =195) 0.18 (0.12-0.25) ng/ml and sub-
jects without disease (N = 70) 0.12 (0.07-0.19) ng/ml.
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TABLE 6. Association of CALB2 haplotypes with malignant mesothelioma (MM) susceptibility and serum calretinin concentration

wisfl:‘?)j;c;ﬂsM MM patients OR OR Serum calretinin
Haplotype Predi Predicted P P_. concentration
redicted frequenc (95% CI) (95% Cl) g adj P
frequency q y
CCC 0.457 0.431 Reference Reference
1.26 1.26
TCC 0.245 0.294 (0.0-991.60) 0.061 (0.97-1.64) 0.084 0.272
0.88 0.94
CCT 0.176 0.147 (0.65-1.20) 0.415 (0.66-1.34) 0.731 0.125
1.21 1.08
CAT 0.058 0.066 (0.77-1.89) 0.408 (0.64-1.81) 0.782 0.731
1.11 0.99
CAC 0.045 0.047 (0.64-1.91) 0.713 (0.55-1.79) 0.974 0.852

The SNPs are ordered from the 5'- to 3'-end as follows: rs1862818, rs889704, rs8063760.

A = adenine; Adj = adjusted for age, C = cytosine; Cl = confidence interval; MM = malignant mesothelioma; OR = odds ratio; SNP = single nucleotide polymorphism;

T =thymine

The association of selected SNPs with serum
calretinin concentration is presented in Table 4
and Figure 1. In all subjects, carriers of at least one
polymorphic CALB2 1s889704 A allele had lower
calretinin than carriers of two wild-type alleles
in the dominant model (P = 0.036), but no signifi-
cant differences were observed if subjects without

no disease

MM and MM patients were evaluated separately
(P =0.069 and 0.441, respectively). In the group of
subjects without MM, carriers of two polymorphic
MIR335 rs3807348 alleles had higher calretinin
than carriers of two wild-type alleles (P =0.027). In
this group also carriers of at least one polymorphic
NRF1 1513241028 C allele had lower calretinin than
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FIGURE 1. Association of selected single nucleotide polymorphisms (SNPs) with serum calretinin concentration: CALB2 rs889704 (A), E2F2 rs2075995

(B), MIR335 rs3807348 (C), NRF1 rs13241028 (D).

Radiol Oncol 2023; 57(4): 473-486.



482

Zupanc C et al. / Genetic factors and serum calretinin in asbestos diseases

carriers of two wild-type alleles in the dominant
model (P = 0.034), but no significant differences
were observed in group of MM patients.

Association of selected SNPs with serum cal-
retinin concentration in subjects with asbestosis,
subjects with pleural plaques and subjects with-
out disease is shown in Supplementary Table 3.
In subjects without asbestos-related disease, car-
riers of at least one polymorphic CALB2 rs889704
A allele had lower calretinin than carriers of two
wild-type alleles in the additive model (P = 0.014)
and dominant model (P = 0.004), but no significant
differences were observed in subjects with pleu-
ral plaques (P, , = 0.060, P, = 0.300) and subjects
with asbestosis (P, = 0.290, P, = 0.279). In sub-
jects with pleural plaques, carriers of at least one
polymorphic NRFI rs13241028 C allele had lower
calretinin than carriers of two wild-type alleles
in the dominant model (P = 0.025). In subjects
with asbestosis, carriers of at least one polymor-
phic E2F2 rs2075995 A allele had higher calretinin
than carriers of two wild-type alleles in the ad-
ditive model (P = 0.049) and dominant model (P
= 0.017). With ROC curve analysis, we compared
serum calretinin levels in MM patients with all
other subjects according to individual genotypes
for SNPs, which affected calretinin levels in at
least one group. In almost all groups, calretinin
concentration could significantly discriminate be-
tween MM patients and other subjects with good
sensitivity and specificity (Table 5). Optimal cal-
retinin cut off values differed according to geno-
type, even though the differences were small. For
CALB?2 rs889704, lower cut off was observed in
carriers of two polymorphic alleles (0.21 vs. 0.32
ng/ml). For E2F2 rs2075995, higher cut off was ob-
served in carriers of two polymorphic alleles (0.33
vs. 0.26 ng/ml). For MIR335 rs3807348, higher cut
off was observed in carriers of two polymorphic
alleles (0.35 vs. 0.29 ng/ml). For NRFI rs13241028,
lower cut off was observed in carriers of at least
one polymorphic alleles (0.23 wvs. 0.32 ng/ml)
(Table 5).

Haplotype analysis

Analysis of CALB2 haplotypes identified eight
SNP combinations. The most common haplotype
was CCC with predicted frequency 0.449, fol-
lowed by TCC (0.261), CCT (0.167), CAT (0.060),
CAC (0.045), TCT (0.009), TAC (0.007) and TAT
(0.003). Haplotype TCC was more common in MM
patients, but the association was not statistically
significant (P = 0.061, Table 6). CALB2 haplotypes
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were not associated with serum calretinin concen-
trations (Table 6).

Discussion

In the present study, we evaluated the role of ge-
netic variability in CALB2 and its regulatory miR-
NA and transcription factors genes with serum
calretinin levels and MM susceptibility. Genetic
variability of CALB2 was associated with cal-
retinin concentration, but not with MM suscep-
tibility. For SNPs in genes regulating calretinin
expression, differences in genotype frequencies
among MM and other subjects were also observed.
Additionally, genetic factors influenced optimal
serum calretinin cut off values differentiating MM
patients from other asbestos-exposed subjects.

Using bioinformatic analysis, we identified sev-
en common putatively functional SNPs that could
affect calretinin expression: three SNPs in CALB2
gene, one SNP in transcription factor E2F2, one
SNP in transcription factor NRF1, one SNP in tran-
scription factor SEPTIN7 and one SNP in miRNA
MIR335. In previous studies, demographic and
clinical factors such as sex and renal function af-
fecting plasma or serum calretinin concentration
in asbestos-related diseases were already identi-
fied?2241, but the role of genetic variability is large-
ly unexplored.

Among CALB2 SNPs investigated in our study,
CALB2 rs1862818 and CALB2 rs889704 may influ-
ence transcription factor binding, while CALB2
rs8063760 may influence miRNA binding. In our
study, CALB2 rs889704 was associated with lower
serum calretinin levels in all subjects and subjects
without asbestos-related diseases, while there
was no association in patients with MM. None of
the selected CALB2 SNPs or haplotypes were sig-
nificantly associated with MM susceptibility. To
the best of our knowledge, the functional role of
CALB2 SNPs and their association with asbestos-
related diseases was not investigated yet. However,
one intronic SNP in CALB2 was previously associ-
ated with calretinin expression in tumor cell lines
and the development of colon cancer, but no asso-
ciation with lung cancer was observed.*® Data on
CALB2 genetic variability are therefore lacking
and further studies are needed to evaluate its role
in MM and serum calretinin levels.

Three important transcription factors were pre-
viously associated with regulation of calretinin.?3
E2F2 is a transcription factor that binds to CALB2
promoter and was associated with calretinin ex-
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pression in mesothelioma cell lines.?® In our study,
E2F2 rs2075995 was associated with decreased
MM risk. When comparing MM patients to only
subjects without disease, the association remained
significant even after taking into account the age
of the subjects. E2F2 rs2075995 was also associated
with higher serum calretinin level among subjects
with asbestosis. E2F2 has an important role in the
regulation of cell cycle, but also affects other impor-
tant processes such as cell proliferation, apoptosis
and inflammation.#? In cancer, it was mostly asso-
ciated with promoting tumor progression in vari-
ous malignancies, including lung cancer.*? E2F2
could also contribute to the cell cycle-dependent
differences observed for calretinin expression.?
E2F2 rs2075995 is a nonsynonymous SNP and may
influence splicing. So far, E2F2 rs2075995 was only
evaluated in patients with colorectal cancer, where
no association with cancer risk was observed.*4
However, no studies evaluated the association of
E2F2 rs2075995 with MM. Still, the E2F gene fami-
ly was often associated with different types of can-
cer. Several other E2F2 polymorphisms were asso-
ciated with oral and oropharyngeal squamous cell
carcinoma risk and might also affect the course
of the disease.*> Combinations of different E2F2
gene SNPs were proposed as a risk factor for squa-
mous cell carcinoma of the head and neck.*® The
E2F2 gene was also associated with ovarian cancer
risk.#” Additionally, E2F2 genetic variability was
proposed as recurrence biomarker in squamous
cell carcinoma of the oropharynx.* Among other
E2F2 SNPs, rs3218211 was in very high LD with
rs2075995 investigated in our study. E2F2 rs3218211
was associated with T stage in oral and oropharyn-
geal squamous cell carcinoma and decreased head
and neck squamous cell carcinoma risk, consistent
with our results.®>4¢ Taken together, this suggests
further studies regarding the role of E2F2 genetic
variability in asbestos-related diseases and its as-
sociation with calretinin are needed.

The second important calretinin-related tran-
scription factor is NRF-1. It binds to CALB2 pro-
moter and might be important for the transcrip-
tional control of calretinin expression in MM.% In
our study, NRFI rs13241028 was associated with
lower serum calretinin level in subjects without
MM, but it was not associated with MM suscepti-
bility. NRF-1 regulates expression of various genes
involved in oxidative phosphorylation, mitochon-
drial biogenesis and other mitochondrial pro-
cesses, including transcription of mitochondrial
DNA.# Additionally, NRF-1 can modify different
aspects of carcinogenesis, including proliferation,

invasion, and apoptosis.®*® NRF1 rs13241028 may
influence miRNA binding.*! So far, NRFI genetic
variability has been associated primarily with
increased susceptibility to diabetes.®>* NRF1 has
also been associated with epithelial ovarian cancer
risk.>* Further studies are needed to better evalu-
ate the role of NRF-1 and its genetic variability in
asbestos-related diseases.

Septin 7 has also been identified as a factor that
binds to the CALB2 promoter region, resulting in
decreased calretinin expression in mesothelioma
cell lines.? Septin 7 is a GTP-binding protein that is
involved in cytokinesis, cytoskeleton organization
and other cellular processes.?** It was also impli-
cated in calcium homeostasis.* Several studies al-
so reported that septin 7 plays an important role in
cancer development, especially glioma.>>** In our
study, SEPTIN7 rs3801339 was not significantly
associated with MM susceptibility or with serum
calretinin levels. The functional role of SEPTIN7
rs3801339 is not yet understood: it was previously
classified as a non-synonymous variant, while it is
now described as a genic downstream transcript
variant. Interestingly, SEPTIN7 151143149 in mod-
erate LD with rs3801339 was proposed as a risk
factor for the development of non-small cell lung
cancer and was associated with shorter survival in
long-term smokers.> SEPTIN7 was often mutated
in breast ductal carcinoma in situ cell lines and
these mutations might participate in the progres-
sion of breast ductal carcinoma.” Recent studies
therefore suggest that SEPTIN7 variability may
play a role in some cancers, but it was not an im-
portant risk factor in asbestos-related diseases in
our study.

MiRNAs affect gene expression on the post-
transcriptional level and are often deregulated in
cancer.”® Among miRNAs predicted to modify cal-
retinin expression, common polymorphisms were
only described for miR-335. In our study, carriers
of two polymorphic MIR335 rs3807348 alleles were
more likely to develop MM compared to subjects
with asbestosis, even after adjustment for age.
MIR335 rs3807348 was also associated with serum
calretinin level in subjects without MM. MiR-335
can modulate cell proliferation, apoptosis, migra-
tion and invasion through various signaling path-
ways. It mostly acts as a tumor suppressor and is
downregulated in different cancer types.®® MIR335
rs3807348 may influence transcription factor bind-
ing, but its role has not been experimentally con-
firmed. To date, no research has been done on
the association of rs3807348 with MM. MIR335
rs3807348 was not associated with breast cancer
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risk in a previous study®, but more studies would
be needed in this field.

As several genetic factors were associated with
calretinin, we also evaluated how these factors in-
fluence serum calretinin cut off values. We found
that four SNPs, CALB2 rs889704, E2F2 rs2075995,
MIR335 153807348, and NRF1 rs13241028 could be
used to fine tune serum calretinin cut off values
predicting MM. Calretinin as a biomarker could
thus have higher sensitivity and specificity in indi-
viduals with known genetic variability. Similar re-
sults were observed for mesothelin, where predic-
tive value was improved when taking into account
polymorphisms located in 5 UTR and 3" UTR of
the MSLN gene.?”? In the future, combination of
clinical and genetic factors could thus help guide
calretinin cut-off values and decrease false nega-
tive or positive results.

This is the first study to show that genetic fac-
tors can affect serum calretinin levels and that
accounting for these genetic factors may improve
the predictive value of serum calretinin. We have
also shown that genetic factors associated with
calretinin may play a role in the development of
mesothelioma. A limitation of our study is that we
only had serum calretinin concentrations avail-
able for a subgroup of participants included in the
study. On the other hand, we performed a com-
prehensive analysis of the factors that could affect
calretinin expression using literature review and
detailed bioinformatics analysis. Genetic variabil-
ity was evaluated in a large cohort, which gives
additional power to the study. However, other pol-
ymorphisms in the investigated genes could also
affect calretinin concentration and other factors
could affect calretinin regulation. In the future,
further studies in this field and validation of these
results in an independent population are needed.

Conclusions

The present study showed that genetic variability
in CALB2 gene and genes coding for transcrip-
tion factors and miRNAs that regulate calretinin
expression could contribute to interindividual dif-
ferences in serum calretinin levels in MM patients
or asbestos-exposed subjects. These results could
contribute to a better understanding of calretinin
regulation and could potentially contribute to an
earlier diagnosis of MM.
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