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Aim: The purpose of this study is to evaluate the role of MET T1010I and MET rs40239 as
potential risk factor and/or prognostic markers in patients with triple-negative breast cancer
(TNBC).

Methods: 114 samples of DNA from paraffin-embedded breast normal tissues of patients
with TNBC and 124 samples of healthy controls were collected and analyzed for MET
T1010I and MET rs40239 polymorphisms.

Results: MET T10101 CT genotype was associated with increased risk of TNBC in both
univariate and multivariate analysis. The status of rs40239 was not associated with a higher
risk for TNBC at either the univariate or the multivariate analysis. None of the examined
polymorphisms was associated with overall survival at the univariate or multivariate Cox
regression analysis (adjusted HR=1.35, 95% CI: 0.31-5.97 for MET T1010I CT/TT vs CC;
adjusted HR=1.78, 95% CI: 0.73-4.35 for rs40239 AG/GG vs AA).

Conclusion: Our case—control study suggests that MET T1010I seems to be a risk factor for
TNBC in the Caucasian Greek population, in contrast with MET rs40239, where no correla-
tion was found.
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Introduction

Triple-negative breast cancer (TNBC) constitutes 15-20% of all malignant breast
tumors and is characterized by high levels of distal recurrence and a poor
outcome.' Single-nucleotide polymorphisms (SNPs) may be risk factors of breast
cancer, and may also play a key role in the progress of the disease, the development
of drug resistance and the overall survival of breast cancer patients, even though
SNPs do not usually function individually but in concert with other factors.® In
recent years, numerous meta-analyses have emerged, showing an association
between polymorphisms of functionally important genes, such as BRCAI,
TGFB1, ATGS, PARPI and TNBC, with great variety across different races and
geographic regions.*”’

C-Met is a transmembrane protein, member of the tyrosine kinase receptors
family (RTKS) and is mainly expressed in the surface of epithelial and endothelial
cells.® The binding to its ligand, hepatocyte growth factor (HGF), leads to the onset
of a cascade of multiple signaling pathways that regulate important biological
activities, such as cell growth, proliferation, survival, motility and migration,
leading to organogenesis and tissue repair.”'® Dysregulation of C-Met activity

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2019:12 4195-4202 4195
© 2019 Kalapanida et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
Framrrm terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/l by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Kalapanida et al

Dove

has been associated with multiple processes in carcinogen-
esis, such as tumor initiation, progression, invasion, metas-
tasis,

angiogenesis and drug resistance in multiple

malignancies (breast cancer, ovarian cancer, papillary
renal cancer, gastric cancer and lung cancer).'' "
Furthermore, c-Met SNPs such as MET rs1621, MET
rs11762213 and MET rs41736 have already been estab-
lished as potential risk factors in a variety of solid
tumors.'* '

MET T1010I (also known as T992I) constitutes
a germline mutation in the Met gene, located in a non-
kinase domain, in a region encoding the intracellular jux-
tamembrane domain. MET T1010I has been previously
associated with non-small lung cancer, gastric cancer,
colon cancer, hereditary papillary renal cancer and meta-
static breast cancer.'’?° Especially in metastatic breast
cancer, the presence of MET TI1010I polymorphism
resulted in markedly undifferentiated tumors with dense
cellularity and a high mitotic index, both in vivo and
in vitro, according to Liu et al. Moreover, in the same
study, investigators observed that MET T1010I-induced
colony formation in the absence of HGF in identical
samples.”!

MET rs40239 is located in the intron region of the
c-Met gene and has been associated with locoregional
gastric cancer. Specifically, the G allele of this polymorph-
ism has been associated with a statistically significant
improvement in progression-free survival and overall sur-
vival in a Japanese cohort.?

The aim of this study is to evaluate the role of Met
T1010I and rs40239 as potential risk factors and/or prog-
nostic markers in patients with TNBC who have received
chemotherapy, via a case—control study of 114 patients
with TNBC and 124 controls.

Methods

Subjects

Incident cases of 114 patients with histologically confirmed
TNBC, during the period 2000 through 2014, were
recruited. Operations were performed at the Department
of Obstetrics and Gynecology, “Alexandra” Hospital,
Medical School, University of Athens, Greece, and che-
motherapy was administered at the Oncology Department
of “Alexandra” Hospital, Medical School, University of
Athens, Greece. The exclusion criteria were: no invasive
disease, metastatic disease at diagnosis, family history of
breast cancer (first-degree relative with breast cancer,

known BRCA1 and BRCA2 mutations), history of prior
malignancy and no signed informed consent form.
Furthermore, additional information on histological char-
acteristics, tumor size, lymph node infiltration, grade,
histological stage expression levels of ki67 and p53, dis-
ease-free survival and overall survival were collected from
patient files and were registered on an electronic database.
Regarding controls, women with normal results on routine
mammograms were recruited. Cases and controls were
individually matched on age (£2 years); controls had no
prior history of other malignancy. Both cases and controls
were Caucasian and reside in the same geographical region
(the greater metropolitan area of Athens, Attika). All parti-
cipants in the study signed an informed consent form. This
case—control study is in accordance with the Helsinki
Declaration and has been approved by the Review Board
of Alexandra General Hospital of Athens.

Genotyping of MET T1010l and MET

rs40239

For TNBC patients, DNA from paraffin-embedded normal
breast tissues was isolated with Nucleopsin Tissue kit
(Macherey Nigel, Germany). DNA was extracted from
the blood of healthy controls using the same kit. PCR
was used to amplify the selected sequences, by means of
specially designed promoters. Digestion products were
collected through restriction fragment length polymorph-
ism (RFLP) and were analyzed for the detection of differ-
ences between patients and controls. For T1010I, the
primers F: 5 GATCTGGGCAGTGAATTAGTT 3’ and
R: 5" GTTGTTTATTTTTGGTTTTGCA 3’ were used.
The PCR product was 226 bp. The PCR produce was
digested with the Tasl (Tsp509I,
Scientific) enzyme. In the presence of the C allele were

Thermo Fisher

generated two products 17 bp and 209 bp products and in
the presence of the T allele were generated three products
17 bp, 70 bp and 139 bp.

For rs40239, the primers F: 5 TTTTATGTCAG
TTCCTATTGG 3’ and R: 5 CTCTGGAAATGACT
GAACTT 3’ were used. The PCR product was 285 bp. The
PCR produce was digested with the Tail (Maell, Thermo
Fisher Scientific, Waltham, MA, USA) enzyme. In the pre-
sence of the A allele were generated two products 23 bp and
262 bp products and in the presence of the G allele were
generated three products 23 bp, 53 bp and 209 bp.

Additionally, the endogenous levels of the correspond-
ing gene products were quantified by ELISA.
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Statistical analysis

Descriptive statistics were estimated, separately for cases and
controls. Mann—Whitney Wilcoxon test (MWW) and Chi-
square test were appropriately implemented for the compar-
ison of demographic, lifestyle and reproductive factors in
cases and controls. To analyze the associations between the
examined polymorphisms and risk of TNBC, three logistic
regression models were estimated: heterozygous vs wild type
(the most frequent homozygous genotype was considered
“wild type”), homozygous vs wild type and dose-response
allele model (0: wild type, 1: heterozygous, 2: homozygous
subjects). Unconditional logistic regression analysis was per-
formed to estimate univariate and multivariate ORs with 95%
CIs. The multivariate ORs were adjusted for age, smoking,
alcohol, body mass index, menopausal status, age at menarche
and education; subanalyses for premenopausal and postmeno-
pausal women were conducted. The deviation of allele fre-
quencies in controls from the Hardy—Weinberg equilibrium
(HWE) was examined with the appropriate goodness-of-fit
Chi-square test, given that the deviation may denote bias.*®
Regarding the associations between the examined polymorph-
isms and overall survival, univariate and multivariate Cox
regression analysis were performed; the multivariate Cox
regression model was adjusted for patient age, grade (incre-
ment by one in the low =1, intermediate =2, high =3 grouping)
and stage (increment by one in the I-II-III TNM classifica-
tion) of breast cancer. Kaplan—Meier survival curves were
estimated for the graphic representation of the results.**
Censoring date was January 31, 2016. Statistical analysis
was performed using STATA/SE version 13 statistical soft-
ware (Stata Corporation, College Station, TX, USA).

Results

Demographic characteristics, lifestyle habits, anthropometric
and reproductive parameters, in cases and controls, are sum-
marized in Table 1. Case status was associated with younger
age at menarche (p=0.023, MWW) and alcohol consumption
(»p=0.046, Chi-square test). Educational attainment, meno-
pausal status and smoking rates did not differ between
cases and controls. 61.4% of TNBC cases were T2, 63.2%
were node negative and 86.9% were grade 3 carcinomas.

Genotype frequencies, unadjusted and adjusted ORs
regarding the association between TNBC and the examined
polymorphisms are presented in Table 2. MET T1010I CT
genotype was associated with increased risk of TNBC
(OR=3.88, 95% CI: 1.04-14.47); no homozygous carriers of
the MET T1010I T allele were noted in the study sample. The

finding persisted at the multivariate logistic regression analy-
sis, adjusted for age, smoking, alcohol consumption, meno-
pausal status, age at menarche and education (adjusted
OR=6.07, 95% CI: 1.51-24.46). Despite the smaller numbers
in subgroup analyses, the finding was replicated in postmeno-
pausal women (adjusted OR=16.36, 95% CI: 1.82-146.86).

The status of rs40239 was not associated with a higher
risk for TNBC either at the univariate or at the multivariate
analysis (adjusted OR=0.82, 95% CI: 0.46-1.43 for AG;
adjusted OR=0.41, 95% CI: 0.03-5.01 for GG vs AA;
adjusted OR=0.78, 95% CI: 0.46-1.31 for the allele dose—
response model). Subgroup analyses for pre- and postmeno-
pausal women replicated the null associations (Table 3).

No significant deviation from HWE was documented for
any of the examined polymorphisms (Pearson’s chi2(1)
=0.02, p=0.892 for MET T1010I; Pearson’s chi2(1) =2.59,
p=0.108 for rs40239). The median follow-up was equal to
9.3 years. The estimated 5-year OS of TNBC patients was
equal to 84.6%. The 5-year OS was equal to 84.3% for MET
T1010I CC cases vs 88.9% for CT/TT cases; the respective
rates were equal to 87.8% for rs40239 AA cases vs 78.7% for
AG/GG cases (Figures 1 and 2). None of the examined
polymorphisms was associated with overall survival at the
univariate or multivariate Cox regression analysis (adjusted
HR=1.35, 95% CI: 0.31-5.97 for MET T1010I CT/TT vs
CC; adjusted HR=1.78, 95% CI: 0.73—4.35 for rs40239 AG/
GG vs AA; Table 4). Figures 1 and 2 present Kaplan—-Meier
overall survival curves for the studied polymorphisms.

Discussion

This is the first case—control study that examines the role of
MET T1010I and MET rs40239 as potential risk factors and
prognostic markers in patients with TNBC. Regarding MET
T10101, our study revealed a significant association between
heterozygous genotype CT and an increased risk of TNBC,
especially in postmenopausal women. These findings are in
agreement with previous results reported by Liu et al, which
concerned the role of MET TI010I in breast cancer.’'
Collectively, these results indicated that the presence of this
polymorphism resulted in undifferentiated tumors with dense
cellularity and high mitotic rates in metastatic breast cancer.
According to Liu et al study, there were samples where the
appearance of MET T1010I induced colony formation inde-
pendent of HGF existence. This report may suggest that
MET T1010I could enhance signaling pathways that are
associated with cell abnormal proliferation and development.
In this way, MET T1010I could promote breast cancer occur-
rence. On the other hand, in a study performed by Tilch et al,
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Table | Distribution of the |14 triple-negative breast cancer cases and the 124 age-matched controls by demographic, lifestyle and

reproductive variables

Variable Cases Controls
Continuous variables Mean (SD) Mean (SD) p-value
Age (years) 56.1 (14.3) 56.6 (13.9) Matched variable
Age at menarche (years) 12.9 (1.8) 13.4 (1.6) 0.023"WW
Categorical and ordinal variables N (%) N (%)
Education 0.103¢
Uneducated/Primary 10 (8.8) 17 (13.7)
Secondary 14 (12.3) 27 (21.8)
High school 59 (51.7) 54 (43.6)
College/University 31 (27.2) 26 (21.0)
Menopausal status 0.404<
Premenopausal 34 (29.8) 31 (25.0)
Postmenopausal 80 (70.2) 93 (75.0)
Ever smoking 0.399¢
Yes 36 (31.6) 33 (26.6)
No 78 (68.4) 91 (73.4)
Alcohol consumption 0.046
<I| glasses/week 75 (65.8) 96 (77.4)
2| glasses/week 39 (34.2) 28 (22.6)
Tumor size
TI 32 (28.1)
T2 70 (61.4)
T3 8 (7.0)
T4 4 (3.5
Nodal status
NO 72 (63.2)
NI 13 (11.4)
N2 9(7.9)
N3 20 (17.5)
Grade
Gl 3 (2.6)
G2 12 (10.5)
G3 99 (86.9)
Histology
Ductal 87 (76.3)
Lobular 10 (8.8)
Other 17 (14.9)

Notes: MWW: p-value derived from Mann—Whitney—Wilcoxon test for independent samples; C: p-value derived from Chi-square test.

no significant correlation was presented.”> Although, in the
study of Tilch et al, the main point was to screen a large
number of Caucasian TNBC and basal like primary breast
tumors from Australia to establish the frequency of 238
mutations across 19 oncogenes and not to investigate the
association of MET T1010I with TNBC. Furthermore, they

used not only FFPE tissue for DNA extraction but also fresh
frozen samples in patients with TNBC. Thus, the different
purpose, the variant on the origination of cases and the
differentiation on biological material that was used for
DNA extraction may reflect the discrepancy in the results
between the two studies.
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Table 2 Genotype frequencies and ORs regarding the association between MET TI1010l polymorphism and triple-negative breast
cancer risk. Bold values denote statistically significant associations

Genotype Cases Controls OR (95% CI)* OR (95% CI)®
N (%) N (%)

MET Tl0l0I

CccC 104 (91.2) 121 (97.6) 1.00 (Ref.) 1.00 (Ref.)

CcT 10 (8.8) 3(24) 3.88 (1.04-14.47) 6.07 (1.51-24.46)

T 0 (0.0) 0 (0.0) No subjects No subjects

Allele dose—response 3.88 (1.04-14.47) 6.07 (1.51-24.46)
Premenopausal women OR (95% CI)® OR (95% CI)“

CcC 32 (94.1) 29 (93.6) 1.00 (Ref.) 1.00 (Ref.)

CcT 2 (5.9 2 (6.4) 0.91 (0.12-6.85) 1.17 (0.12—11.23)

TT 0 (0.0) 0 (0.0) No subjects No subjects

Allele dose-response 0.91 (0.12-6.85) 1.17 (0.12-11.23)
Postmenopausal women OR (95% CI)* OR (95% CI)©

CccC 72 (90.0) 92 (98.9) 1.00 (Ref.) 1.00 (Ref.)

CcT 8 (10.0) I (1.1) 10.22 (1.25-83.61) 16.36 (1.82-146.86)

TT 0 (0.0) 0 (0.0) No subjects No subjects

Allele dose-response 10.22 (1.25-83.61) 16.36 (1.82-146.86)

Notes: *Unadjusted OR; °OR adjusted for age, smoking, alcohol consumption, menopausal status, age at menarche and education; “OR adjusted for age, smoking, alcohol

consumption, age at menarche and education.

Table 3 Genotype frequencies and ORs regarding the association between rs40239 polymorphism and triple-negative breast cancer
risk. Bold cells denote statistically significant associations

Genotype Cases Controls OR (95% CI)* OR (95% CI)®
N (%) N (%)
Total study
AA 74 (64.9) 77 (62.1) 1.00 (Ref.) 1.00 (Ref.)
AG 39 (342) 45 (36.3) 0.90 (0.53-1.54) 0.82 (0.46-1.43)
GG 1 (0.9) 2(l.6) 0.52 (0.05-5.86) 0.41 (0.03-5.01)
Allele dose—response 0.87 (0.53-1.44) 0.78 (0.46—1.31)
Premenopausal women OR (95% CI)* OR (95% CI)“
AA 20 (58.8) 17 (54.8) 1.00 (Ref.) 1.00 (Ref.)
AG 14 (41.2) 13 (41.9) 0.92 (0.34-2.47) 0.95 (0.31-2.93)
GG 0 (0.0) 1 (3.2) Not estimable due to zero cases Not estimable due to zero cases
Allele dose-response 0.77 (0.31-1.95) 0.80 (0.28-2.31)
Postmenopausal women OR (95% CI)* OR (95% CI)“
AA 54 (67.5) 60 (64.5) 1.00 (Ref.) 1.00 (Ref.)
AG 25 (31.3) 32 (344) 0.87 (0.46—1.65) 0.81 (0.42-1.56)
GG 1 (1.2) 1 (1.1) 1.11 (0.07-18.20) 0.81 (0.04-14.79)
Allele dose-response 0.89 (0.49-1.63) 0.82 (0.44-1.51)

Notes: *Unadjusted OR; POR adjusted for age, smoking, alcohol consumption, menopausal status, age at menarche and education; “OR adjusted for age, smoking, alcohol

consumption, age at menarche and education.

Regarding MET rs40239, there was no association with
TNBC risk, in contrast with the results reported by Yu
Sunakawa et al, who presented a significant association of
the polymorphism with gastric cancer risk in Japanese

population.”® Although the Kaplan—Meier analysis showed
clear separation between AA and AG/GG genotypes and
the HR was sizable (adjusted HR=1.78), the sample size
and follow-up period did not seem sufficient for
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Figure | Kaplan-Meier overall survival (OS) estimates for MET T1010l CC and CT triple-negative breast cancer cases.
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Figure 2 Kaplan—Meier overall survival (OS) estimates for MET rs40239 AA and AC/GG triple-negative breast cancer cases.

Table 4 Results of the univariate and multivariate Cox regression analysis examining the associations between the studied
polymorphisms and overall survival in women with triple-negative breast cancer

Genotype Cases Univariate HR (95% CI) Multivariate HR (95% CI)$
N (%)
MET TI1010I
cc 104 (91.2) 1.00 (Ref.) 1.00 (Ref)
CT/TT 10 (8.8) 1.38 (0.32-5.94) 135 (0.31-5.97)
rs40239
AA 74 (64.9) 1.00 (Ref) 1.00 (Ref)
AG/GG 40 (35.1) 2.03 (0.89-4.60) 1.78 (0.73—4.35)

Note: SAdjusted for age, grade and stage.
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establishing a significant association between MET
rs40239 and overall survival in TNBC. The variations on
biological and molecular features of gastric carcinoma and
TNBC, as well as the differences between Caucasians and
Japanese population, could reflect the absence of associa-
tion between MET rs40239 and TNBC in our study.

TNBC is characterized by high biological heterogeneity
with increased levels of distal recurrence and poor prognosis,
but with a high response rate to chemotherapy, which is the only
treatment option. Thus, the discovery of new biomarkers related
to TNBC can lead to a better understanding of the disease and
may also facilitate the development of new targeted therapies,
which will improve patient outcomes. In TNBC, C-Met over-
expression coexists with basal markers in numerous trials and
has been significantly associated (has a statistically significant
association with) with increased risk of recurrence.?*>*

An asset of the present case—control study pertains to the
fact that no deviation from the HWE was documented in
controls’ allele frequencies either for MET T1010I or for
MET 1s40239. Deviation on HWE may affect the validity of
the sample and subsequently, the study, as this fact might
indicate selection bias, genotyping errors and population strati-
fication on behalf of the investigation team.

Despite the originality and the statistically significant
results, limitations of this case—control study should be
acknowledged, hoping to become a stepping stone for
improvement. First, this study focused exclusively on the
association between the examined polymorphisms and risk
of TNBC; these results cannot be extrapolated into non-
TNBC carcinomas. Future studies should, therefore, eval-
uate the assessed polymorphisms in other molecular
subtypes (luminal A; luminal B; HER2-enriched) compar-
ing them with the appropriate healthy control subjects. In
addition, this study assessed only overall survival, as no
details about progression of patients were available; future
studies could also evaluate progression-free survival as
a surrogate for overall survival.®® Finally, studies with
a larger sample size should be designed to confirm results
regarding MET T1010I and examine the distinct profiles
of homozygous TT carriers that were not present in the
study sample. Such larger studies would also allow to
examine a possible correlation between MET rs40239
and TNBC survival. Future studies on peripheral blood
should be performed, in order to validate our findings,
since in the present study the status of polymorphisms
was evaluated in paraffin-embedded normal breast tissue.

In conclusion, MET T1010I seems to be a risk factor
for TNBC in the Caucasian Greek population, in contrast

with MET rs40239, where no correlation was found.
Future well-designed studies should be carried out across
different races and regions in order to further elucidate the
role of these polymorphisms in TNBC.
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