BJMG 22 (2),2019 - 25-30

DOI: 10.2478/bjmg-2019-0025
§ sciendo

ORIGINAL ARTICLE

TWISTI GENE EXPRESSION AS A BIOMARKER FOR
PREDICTING PRIMARY DOXORUBICIN RESISTANCE

IN BREAST CANCER

Demir S"!**, Miislimanoglu MH?, Miislimanoglu M3, Basaran S*,
Calay ZZ°, Aydiner A°, Vogt U, Cakir T#, Kadioglu H®, Artan S!

*Corresponding Author: Selma Demir, Ph.D., Trakya University Faculty of Medicine, Department of
Medical Genetics, 22030 Iskender, Edirne, Turkey. Tel: +90(284)2357642/2330. Fax: +90(284)2357652.

E-mail: selmaulusal@trakya.edu.tr

ABSTRACT

Doxorubicin is one of the most commonly used che-
motherapeutic agents for adjuvant chemotherapy of breast
cancer. In the studies focused on finding biomarkers to
predict the response of the patients and tumors to the drugs
used, the Twist transcription factor has been suggested as
a candidate biomarker for predicting chemo-resistance of
breast tumors. In this study, we aimed to investigate the re-
lationship between TWIST transcription factor expression
and the effectiveness of doxorubicin treatment on directly
taken primary tumor samples from chemotherapy-naive
breast cancer patients. Twenty-six primary breast tumor
samples taken from 26 different breast cancer patients
were included in this study. Adenosine triphosphate tu-
mor chemo-sensitivity assay (ATP-TCA) has been used
to determine tumor response to doxorubicin and real-time
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reverse-transcription polymerase chain reaction (RT-PCR)
was used for analyzing the TWISTI gene expression of
tumors. There was a significant difference in TWIST gene
expression between responder and non responder tumors (p
<0.05). The TWIST gene expression of the drug-resistant
group was higher than the responsive group. This differ-
ence was not dependent on the histopathological features
of tumors. In conclusion, compatible with earlier studies
that have been performed with cell lines, the current study
supports the role of higher TWIST gene expression as a
biomarker for predicting the response of breast tumors to
chemo-therapeutic agent doxorubicin.

Keywords: Biomarker; Breast cancer; Chemothera-
py; Expression; TWISTI gene.

INTRODUCTION

Breast cancer is the most common cancer in women
and is also responsible for a great number of cancer-as-
sociated deaths among women worldwide [1,2]. Several
chemo-therapeutic agents, either alone or in addition to
other therapies, are used in the treatment of breast cancer
patients. Anthracyclines and taxanes are the most com-
monly used chemo-therapeutics for breast cancer treatment
[3]. Benefit and risk assessment for therapeutic agents
for each patient is important because chemotherapy is a
conventional method targeting all fast-dividing cells of the
organism [4]. Toxicity and primary or secondary resist-
ance are common problems of conventional chemotherapy.
Thus, studies focusing on finding biomarkers to predict
the response of the patients and tumors to the drugs used
are an important part of precision medicine [5].

The twist transcription factor, encoded by the TWIST1
gene (TWISTI; OMIM* 601622) is a member of the basic
helix loop helix transcription factor family and has an
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important role in cell lineage determination and differ-
entiation as an essential regulator during embryogenesis,
particularly in mesoderm formation, specification, and
differentiation. Pathogenic variations of the TWIST! gene
leads to Saethre-Chotzen syndrome (#101400), Craniosyn-
ostosis 1 (#123100), Robinow-Sorauf syndrome (#180750)
and Sweeney-Cox syndrome (#617746) in humans [6].
Some studies have extensively demonstrated that the
twist transcription is implicated initiation [7], stemness
[8], angiogenesis [9] and chemo-resistance in some types
of carcinomas, sarcomas and hematological malignancies
[10,11]. Induced twist overexpression has been shown to
be related to chemo-resistance of breast tumor cells in a
study performed on breast tumor cell lines [10]. Twist over-
expression has been shown to be related to clinicopatho-
logical features of tumors and reported to be a candidate
biomarker of shorter overall survival [12].

In this study, we aimed to investigate the relationship
between intrinsic 7WIST transcription factor expression
and the effectiveness of doxorubicin treatment on primary
tumor samples directly taken from different chemotherapy-
naive breast cancer patients. As far as we know, there
are no studies investigating the association of the TWIST
gene expression differences in primary breast tumor sam-
ples taken from patients and their primary sensitivity to
doxorubicin.

MATERIALS AND METHODS

Sample Collection. Twenty-six primary breast tumor
samples taken from 26 different untreated breast cancer
patients (26 women, mean age: 53.4) following permission
of'the institutional ethics board, were included in this study.
Samples were taken from the breast tumors during initial
breast surgery. Tumor cell content of collected samples was
confirmed by imprint cytology. Samples were cut into two
pieces of about 0.5 cm?. One piece of each tumor sample was
put into an RNA stabilization reagent (RNAlater; Qiagen
GmbH, Hilden, Germany) for protection of the RNA content
until RNA isolation, and the other half was put directly into
the 0.2% antimycotic/antibacterial added 7 mL transport
medium [Dulbecco’s modified eagle medium (DMEM)], for
transportation to the laboratory for adenosine triphosphate
tumor chemo-sensitivity assay (ATP-TCA).

Adenosine Triphosphate Tumor Chemo-Sensitiv-
ity Assay. A modified cell viability method of Andreotti
et al. [13] was used to determine the responses of tumor
cells to doxorubicin. Breast cancer tissue samples were
mechanistically fragmented and treated for 12 hours with
10 mL sterile tumor dissociation enzyme reagent (TDR) in
the incubator (37 °C, 5.0% CO,) before resuspension (1.5 X
105 cells/mL) in DMEM (Gibco Thermo Fisher Scientific,
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Waltham, MA, USA). Therapeutic drug preparations from
commercial sources were stored and used before expira-
tion dates according to the manufacturer’s instructions.
Doxorubicin was prepared in six dilutions corresponding
to 200.0, 100.0, 50.0, 25.0, 12.5 and 6.25%, respectively,
of each standard test drug concentration (TDC). One hun-
dred percent TDC value used for doxorubicin was 0.5 g/
mL [13-15]. Cultures of approximately 15,000-20,000
cells/ well were tested in 96-well microplates (Costar;
Merck KGaA, Darmstadt, Germany) containing both 12
maximum inhibition control wells (i.e., negative controls
containing no cells) and 12 no inhibition control wells.
Cultures were incubated for 8 days at 37 °C in a >98.0%
humidified, 95.0% air and 5.0% CO, atmosphere; then
cellular adenosine triphosphate (ATP) was extracted and
stabilized by mixing cell lysing reagent (Merck KGaA)
into each well. The ATP was measured in a BMG LUMIstar
(BMG Labtech GmbH, Ortenberg, Germany) using the 1:1
mix containing cell lysate and Luciferin-Luciferase count-
ing reagent (Merck KGaA). A 5 second-count integration
with a 1 second delay was used. Each measurement was
performed three times. After incubation for 6 days with the
drug, percentages of breast tumor cell growth inhibition
(BTGI) compared with control cultures was determined.
The area under the curve (AUC) values were calculated
using the trapezoidal rule [16].

RNA Isolation and Real-Time RT-PCR. Fresh
tissue samples kept in RNAlater solution was lysed and
homogenized using Tissue Lyser LT followed by manual
RNA isolation performed with RNeasy Mini Kit (Qiagen
GmbH) according to the manufacturer’s instructions. The
RNA concentration was measured using the NanoDrop
1000 spectrophotometer (Thermo Fisher Scientific) using
the Transcriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics, Mannheim, Germany), 150 ng of total RNA
was reverse transcribed with the combination of anchored-
oligo(dT) and random hexamer primers included in the
kit. TWIST gene expression of tumor samples was deter-
mined by real-time reverse-transcription polymerase chain
reaction (RT-PCR) using B-actin gene expression as the
reference ( Real-Time Ready Gene Expression Assay;
Roche Diagnostics). All reactions were duplicated on a
LightCycler® 480 (Roche Diagnostics). Gene expression
differences of tumor samples were determined using the
AACT (244¢T) method [17]. The Statistical Package for
the Social Sciences (SPSS®) version 11 (https://www.
ibm.com) was used to determine the relationship between
TWIST gene expression status and other tumor parameters
and in vitro chemo-response of tumors to doxorubicin. The
Mann-Whitney U test in the SPSS program has been used
to determine if gene expression differences are related to
chemo-response of tumors.
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RESULTS

ATP-TCA Results. Nine out of 26 tumors were found
to be resistant to doxorubicin. Histological grade, HER2,
estrogen and progesterone receptor positivity and lymph
node metastasis status of responsive and non responsive
tumors did not differ significantly. Findings and clinical
characteristics of the responsive and non responsive tumor
samples are summarized in Table 1.

TWISTI Gene Expression Results. When tumors
were grouped according to their response to the chemo-
therapeutic agent doxorubicin, there was a significant dif-
ference for TWIST gene expression between responders
and non responders (p = 0.041) (Figurel). TWIST gene
expression of the drug-resistant group was higher than
the responsive group. This difference was not dependent
on the histopathological features of tumors because the
TWIST gene expression difference was not significantly

differed according to histological grade, hormone receptor
or lymph node positivity and HER2 (erb-b2 receptor tyros-
ine kinase 2) status. The results are summarized in Table 1.

:
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Figure 1. The 22T differences of resistant and responsive tumor
groups (p=0,041).

Table 1. Clinopathological characteristics, TWIST gene expression results and ATP-TCA results of samples.

TWISTI Gene
Sample g'l;lg: ER PR HER2 Diagnosis g;gress(i;on AIPI;ZS-I};EA
Fold-Change
S1 3 [+] [+ [-] IDC 425 NR
) 2 [+] [+] [-] IDC 7.85 NR
S3 3 [+] [+ [-] IDC 6.70 NR
S5 3 [+] -] [-] IDC 4.26 R
S6 3 [+] [+] [+] IDC 5.80 R
S7 3 [+] [+] -] IDC; multifocal 5.36 R
S9 3 [+] [+ [-] IDC 4.74 R
S10 3 [+] [+] [+ IDC 3.67 R
S11 3 [+] [+ [+] IDC 6.06 R
S12 3 [+] [-] [+] IDC 4.44 R
S13 3 [+] [+ [+] mixed IDC and IDC-L 5.84 NR
S14 3 [+] [+] [+] IDC; multifocal 4.51 R
S15 2 [+] [+ -] mixed IDC and IDC-L 3.87 R
S17 3 [+] [+] -] IDC 4.88 R
S18 3 -] [-] [-] IDC 5.56 R
S19 2 [+] [+] -] IDC 5.56 R
S21 2 [+] [+] [+] mixed IDC and IDC-L; multifocal 5.28 NR
S22 2 [+] [+] -] IDC 4.18 R
S23 3 -] [-] [-] IDC 5.36 NR
S27 3 [+] [+] -] IDC 2.62 R
S29 NA NA NA NA IDC 443 NR
S34 1 [+] [+] [-] invasive mucinous carcinoma of breast 7.32 NR
S54 3 [+] [+ [+] IDC 397 NR
S55 3 [-] [-] [-] IDC 2.61 R
S87 3 -] [-] [-] IDC 0.00 R
S88 3 -] [-] [+] IDC 3.82 R

ER: estrogene receptor; PR: progesterone receptor; HER2: ErbB2 receptor defined by immunohistochemistry; ATP-TCA: adenosine triphosphate tumor
chemo-sensitivity assay; IDC: invasive ductal carcinoma; IDC-L: IDC with lobular features; NR: non responsive; R: responsive; NA not available.
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DISCUSSION

Chemotherapy resistance is one of the major obstacles
to successful treatment of breast cancer [18]. Determina-
tion of clinical/pathological complete response to adju-
vant chemotherapy takes time [19]. On the other hand,
the use of in vitro methods such as ATP-TCA for the rapid
determination of the response of cells to various agents,
give the opportunity to find and/or validate biomarkers
for predicting the response of tumors to chemo-therapeu-
tics and this is an important part of precision medicine
[20-22]. Culturing patient-derived tumor samples with
chemo-therapeutic agents planned to be used for a patient
and predicting the response rate via measuring ATP levels
at the end of the culture period takes about a week. In
this study, we showed that doxorubicin-resistant primary
breast tumor samples have a higher twist expression. This
finding supports the role of the twist transcription factor
as a predictive biomarker of doxorubicin chemotherapy.
As far as we know, there are no studies investigating the
direct association of TWIST gene expression differences
in primary breast tumors and their individual sensitivity
to doxorubicin simultaneously.

The first evidence that TWIST overexpression was
blocking the apoptosis had been reported in a study by
Maestro et al. [23], which they performed on rhabdomyo-
sarcomas. Subsequent studies indicating an association
between TWIST gene expression and chemo-resistance
are based on the cell lines. The blocking effect of TWIST
upregulation on cytotoxicity has been further supported
in a study performed on HtTA, HtTA-RelA, CCR3, PC3
cell lines. According to the evidences of this study, TWIST
overexpression was controlling both necrotic and apoptotic
pathways induced by cytotoxic agents. [24].

In cell line studies to investigate the drug resistance,
increased concentrations of drugs are used to make cells
resistant to the agents tested. This approach is due to the
fact that chemo-therapeutic agents also promote resistant
cell phenotypes. The first study indicating twist transcrip-
tion factor as a biomarker performed with taxol resistant
MCEF-7 cell line, TWIST gene expression has been found
to play important roles in drug resistance [25]. In a study
conducted by Li ef al. [26], based on the hypothesis that
TWIST transcription factor can be effective in doxorubicin
resistance, MCF7 cell lines were first rendered drug-re-
sistant. Adriamycin-induced resistance was shown to be
related to the more invasive potential and drug-resistant
phenotype of the cells. This resistant phenotype was me-
diated by the epithelial-mesenchymal transformation pro-
cess in which the twist transcription factor plays a major
role [26]. Saxena et al. [27] reported that resistance to
chemotherapy and twist transcription factor expression

28

increased in invasive breast tumor cell lines exposed to
doxorubicin. In accordance with this study, Li ef al. [26]
showed that TWISTI-mediated epithelial-mesenchymal
transition was responsible for multiple drug resistance and
twist depletion has enhanced the efficacy of doxorubicin
by partial suppression of drug-induced P-glycoprotein ex-
pression in breast cancer cells. In our study, we found that
twist transcription factor expression differed before tumor
cells were exposed to any chemo-therapeutic agent, and
there was a significant relationship between breast tumor
response to doxorubicin and increased expression of the
twist transcription factor. Therefore, in accordance with
the other studies, the results of our study indicate that the
expression of induced or naturally increased TWIST1 gene
expression in breast tumors is associated with resistance
to chemotherapy.

Having compatible results with earlier cell line stud-
ies on the role of twist overexpression as a biomarker for
doxorubicin chemo-resistance, this study also supports
effectivity of ATP-TCA assay method as a valuable tool
for biomarker prediction and validation studies. However,
drug-metabolizing reactions in the liver, tumor vasculari-
zation [28], hypoxia levels [29] are some of the factors
that may affect the clinical drug response and may not be
precisely reflected during the in vitro chemo-sensitivity
assays. Together with these, the small sample number is
the restrictive property of this study. In conclusion, the
current study that has been performed with individual
primary breast tumor samples supports earlier studies that
have been performed with cell lines, suggesting the role
of TWIST gene expression as a candidate biomarker for
predicting the response of breast tumors to the chemo-
therapeutic agent doxorubicin.
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