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Abstract: Cyclophosphamide based treatment is one of the most common used chemotherapeutic strategies in
breast cancer, however large proportion of patients finally become chemoresistant. The metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is known to be associated with metastasis and is a favorable prognostic
factor for lung cancer. Whether MALAT1 plays a critical role in chemoresistance in breast cancer remains unclear.
In this study, we found that MALAT1 was significantly upregulated in breast cancer specimens and associated with
tumor size, lymph node status, estrogen receptor expression (ER) and TNM stage. By using the RT-qPCR directly
applied in serum (RT-gPCR-D) method, we revealed the diagnostic and prognostic value of serum MALAT1 in breast
cancer patients. Moreover, serum MALAT1 was significantly up-regulated in patients non-responding to cyclophos-
phamide treatment compared with responding patients, and the proportion of patients who not responding to
chemotherapy was significantly higher in the high MALAT1 expressing group than in the low group. Finally, the
Kaplan-Meier survival data showed that serum MALAT1 is an independent prognostic factor for chemoresponse
to cyclophosphamide therapy among breast cancer patients. To conclude, our study indicates that high level of
circulating MALAT1 expression was correlated with enhanced malignant potential and poor prognosis of breast
cancer patients. Furthermore, high serum MALAT1 was associated with poor response to cyclophosphamide based
chemotherapy in breast cancer patients. Thus, suppression of MALAT1 could be a future direction to enhance che-
mosensitivity to cyclophosphamide based chemotherapy regimens.
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Introduction

Breast cancer is a leading cause of cancer-
related deaths in women worldwide [1]. A major
obstacle to effective anti-cancer treatments is
the resistance to chemotherapy remains, which
finally results in relapse and progression in
breast cancer. The essential factors that cause
recurrence remain unknown. Researchers have
long searched for prognosis-related markers,
such as gene expression profiling. However, the
efficiency has proven to be limited because it is
unable to define subgroups with similar prog-
nostic and therapeutic characteristics. Thus, it
is urgent to find new prognostic and therapeu-
tic target to improve the clinical outcome of
breast cancer patients.

Long noncoding RNAs (IncRNAs) are defined as
transcripts >200 nucleotides in length and are

transcribed but non-translated noncoding RNAs
in human genome [2]. They have emerged as
new gene regulators and prognostic markers
in several cancers [3, 4]. Altered expression of
several IncRNAs has recently been attributed
to pathogenesis of some malignant neoplasia,
including breast cancer [5]. However, the bio-
logical roles of most IncRNAs in carcinogenesis
and chemoresistance are almost unknown at
present.

Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) is an abundantly expre-
ssed nuclear IncRNA with a length of approxi-
mately 8000 nucleotides. It was firstly identi-
fied by Ji et al as the IncRNA associated with
metastasis and survival in non-small cell lung
cancer [6]. Aberrant expression of MALAT1 was
also observed in a broad range of human malig-
nant tumors including cervical cancer, hepato-
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P<0.001 patients [14]. At present,

more and more researchers
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Tumor tissues dictive biomarkers are better

blood-based, as blood is eas-
ily available and provides the
chance to monitor chemo-
therapy response. To con-
clude, it is important to iden-
tify cell-free markers that pre-
dict a patient’s responsive-
ness to chemotherapy, which
may allow for the develop-
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Figure 1. MALAT1 expression was significantly increased in breast cancer
cells and primary tissues. A. The expression of MALAT1 was significantly in-

ment of targeted therapies
for overcoming chemoresis-
tance.

creased in breast cancer cell lines compared with breast epithelia cell line

MCF10A. B. MALAT1 expression was significantly increased in primary breast
cancer tissues compared with adjacent normal tissues. C. 53.3% (24 of 45)
cases had at least 2-fold higher expression of MALAT1 in the breast cancer

tissues compared with adjacent normal tissues.

cellular cancer, bladder cancer and breast can-
cer [7-10]. Huang et al reported that MALAT1
interacts with estrogen receptor and predicts
poor survival in breast cancer [11]. However,
another study demonstrated by Xu et al indi-
cated that MALAT1 is down-regulated in breast
cancer and MALAT1 knockdown induces epi-
thelial-to-mesenchymal transition via the PI3K-
AKT pathway in breast cancer cells [12]. These
contradictory conclusions indicate that more
research is needed to investigate the role of
MALAT1 in breast cancer. Moreover, the role of
MALAT1 in breast cancer chemoresistance is
largely unknown and relevant research is also
needed.

Early detection and removal of cancerous or
precancerous lesions is thought to be of criti-
cal importance for reducing the incidence and
improve the prognosis of breast cancer [13].
The development of noninvasive and conve-
nient method which can complement and im-
prove on current breast cancer screening strat-
egies has become a major challenge. Despite
of high concentration of ribonucleases in peri-
pheral blood, studies indicated that it is feasi-
ble to detect circulating RNA in serum of tumor

7625

In this study, we determined
the expression of MALAT1 in
breast cancer specimens and
cell lines, and analyze the
association between MALAT1
and clinical pathological factors. Moreover, we
also investigated the prognostic role of serum
MALAT1 in breast cancer patients who had re-
ceived cyclophosphamide based chemothera-
py. Our date indicated that MALAT1 was upreg-
ulated in breast cancer and high serum MAL-
AT1 expression was associated with poor re-
sponse to cyclophosphamide based treatment
in breast cancer patients.

Materials and methods
Patients and samples

For clinical parameter analysis, 66 serum sam-
ples from patients with breast cancer, as well
as 40 serum samples from healthy volunteers
were collected at the Xiangyang Hospital be-
tween 2009 and 2011. After collection, the se-
rum samples were immediately subjected for
isolation of cell-free nucleic acids to prevent
contamination from cellular nucleic acids. At
the same time, 45 primary breast cancer tis-
sues and paired adjacent normal tissues were
also collected from breast cancer patients at
the Xiangyang Hospital. Fresh surgical speci-
mens were immediately frozen in liquid nitro-
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Table 1. Clinical characteristics of 45 patients and
the expression of MALAT1 in primary breast cancer

Tumors (RECIST) and was assigned to pa-
tients with complete response (CR), partial
response (PR), stable disease (SD) and

progressive disease (PD). Overall survival
(0OS) was defined as the time from inclu-

tissues
Characteristics Case MALﬁgigeE;dlan P-value
Age (years) 0.869
<55 24 461 (1.12-7.97)
>55 21 4.43(1.36-8.21)
Menopausal status 0.475
Pre 20 4.24(1.11-7.12)
Post 25 4.77 (2.01-8.87)
Tumor size 0.351
<3cm 19 4.67 (2.14-8.32)
>3 cm 26 4.16 (1.24-8.03)
Lymph node metastasis 0.008
No 24  3.57 (1.08-6.56)
Yes 21 5.65(2.48-8.55)
Differentiation 0.106
Well 14 4.33(2.11-7.55)
Moderate 26 4.27 (1.45-7.91)
Poor 5 4.89(3.08-8.87)
TNM stage
I-1I 27 3.98(1.10-7.72) 0.034
1 18 5.42(2.48-8.39)
ER status 0.025
Negative 19 3.74 (1.28-7.09)
Positive 26 5.63(2.37-8.25)
PR status 0.061
Negative 21  4.12(1.21-7.85)
Positive 24  5.06(2.06-8.32)
Her-2 status 0.873
Negative 31 4.59(2.31-8.06)
Positive 14  4.47 (2.02-8.73)

sion to death for any reason. Written in-
formed consent was obtained from all
patients according to local ethical regu-
lations of the Ethics Committee of the
Xiangyang Hospital.

Cell culture

The human breast cancer cell lines MC-
F7, MDAMB436, BT549, MDAMB468, and
human breast epithelia cell line MCF10A
were obtained from the Type Culture
Collection of the Chinese Academy of
Sciences (Shanghai, China) in 2014. All
breast cancer cell lines were maintained
in RPMI 1640 (Thermo Fisher Scientific,
Wilmington, DE, USA). Normal breast epi-
thelia cells were grown in DMEM/F12 1:1
medium. All cells were cultured with 10%
fetal bovine serum (FBS) (Sigma-Aldrich,
St. Louis, MO, USA), 100 U/ml penicillin,
and 100 g/ml streptomycin (Life Techno-
logies, Grand Island, NY, USA) at 37°C in
5% CO, and 95% air. The cell authenticity
was determined by short tandem repeat
analysis technology (Cell IDTM System,
Promega, Madison, WI).

RNA extraction

Total RNA was isolated from primary breast

ER: Estrogen receptor; PR: Progesterone receptor.

gen and were then stored at -80°C for further
use.

For chemo-response study, another indepen-
dent cohort of 178 serum samples were col-
lected from the breast cancer patients who
received standard cyclophosphamide based
chemotherapy at the Xiangyang Hospital be-
tween 2009 and 2012. All the patients were
pathologically confirmed and the clinical sam-
ples were collected before chemotherapy was
started. They were classified according to the
WHO criteria and staged according to the tu-
mor-node-metastasis (TNM) classification. Tu-
mor response status was evaluated according
to the Response Evaluation Criteria in Solid
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cancer tissues and breast cancer cells

using TRIzol reagent (Invitrogen, Carlsbad,

CA, USA); serum RNA used acid phenol
according to the manufacturer’s instructions.
The extracted total RNA was eluted in 20 pl
nuclease-free water and the RNA concentra-
tion was measured by Nanodrop 2000 (Ther-
mo Fisher Scientific, Wilmington, DE, USA). The
samples with A260 nm/A280 nm ratios betw-
een 1.8 and 2.0 were used for further experi-
ments.

Quantitative real-time PCR (RT-qPCR) and RT-
gPCR directly applied in serum (RT-qPCR-D)

For primary breast cancer tissues and cell
lines, the cDNA was synthesized from 200 ng
extracted total RNA using the PrimeScript RT
reagent Kit (Takara Bio Company, Shiga, Japan)
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Kolmogorov-Smirnov test was
used to determine the nor-
mality of the distribution of
data in each group. The differ-
ences between two groups
were analyzed by the Mann-
Whitney U-test. Correlation

10 analyses were carried out
using Spearman’s rank corre-
lation method. Receiver oper-

Figure 2. A significant increased expression of serum MALAT1 was also ob- ating characteristic  (ROC)

served from 66 breast cancer patients by RT-gPCR-D. A. Serum MALAT1 ex-
pression was significantly increased in breast cancer patients compared with
healthy controls by RT-gPCR-D. B. Relative serum levels of cell free MALAT1
among different groups detected by RT-gPCR-D and RT-qPCR. C. Correla-
tion analysis between RT-gPCR-D and RT-qPCR in detecting serum cell free

MALAT1 levels.

and amplified by RT-gPCR using Light Cycler
480 SYBR Green | Master (Roche, Germany)
and GAPDH was served as the reference gene.
For serum cell free MALAT1 detection, we used
Zhang et al previously established RT-qPCR-
D method without RNA extraction [16]. Briefly,
prepare the 2x preparation buffer that con-
tained 2.5% Tween 20 (EMD Chemicals, Gib-
bstown, NJ), 50 mmol/L Tris (Sigma-Aldrich),
and 1 mmol/L EDTA (Sigma-Aldrich). First, 5 pl
of serum were mixed with an equal volume of
2x preparation buffer. Subsequently, the above
mixture was reverse transcribed (RT) in tripli-
cates in a 20 ul reaction volume. Finally, the
RT product was 10-fold diluted and centrifu-
ged at 16,000 g for 5 min, and 5 ul superna-
tant solutions were used as cDNA template for
gPCR. The reagents and reaction conditions
were same as RT-gPCR. The premier sequenc-
es were as follows: MALAT1 (Forward): GGGTG-
TTTACGTAGACCAGAACC, (Reverse): CTTCCAA-
AAGCCTTCTGCCTTAG; GAPDH (Forward): GCA-
CCGTCAAGGCTGAGAAC, (Reverse): ATGGTGG-
TGAAGACGCCAGT.
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curves were established to
discriminate responding pa-
tients from non-responding
patients. Area under the ROC
curve (AUC) was used as an
accuracy index for evaluating
the predictive performance of MALAT1. A log-
rank test was used to analyze the statistical
differences in survival as deduced from Kaplan-
Meier curves. Cox proportional-hazard regres-
sion analysis was performed to calculate HR
and 95% CI for each covariable. All differences
were regarded as statistically significant when
P<0.05. MedCalc 9.3.9.0 (MedCalc, Mariaker-
ke, Belgium) was used for ROC analysis, and
other analyses were performed with Graph-
Pad Prism 5.0 (GraphPad Software, La Jolla,
California, USA).

Results
Breast cancer cell examination

RT-gPCR was used to detect the MALAT1 ex-
pression levels in breast cancer cells and tis-
sues, normalized to GAPDH. The results show-
ed that breast cancer cell lines of MCF7, MD-
AMB436, BT549 and MDAMB468 expressed
enhanced levels of MALAT1 than the breast
epithelia cell line MCF10A (Figure 1A).

Int J Clin Exp Med 2017;10(5):7624-7635
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Table 2. Clinical characteristics of 66 patients and
the expression of MALAT1 in serum of breast cancer

patients
Characteristics Case MAL/(\r-;%]geE)}dlan P-value
Age (years) 0.775
<55 36 5.41 (2.12-7.87)
>55 30 5.13 (1.36-8.06)
Menopausal status 0.851
Pre 38 5.24 (1.31-8.12)
Post 28 5.37 (2.05-8.17)
Tumor size 0.151
<3cm 29 4.86 (1.26-8.04)
>3 cm 37 5.67 (2.38-8.42)
Lymph node metastasis 0.012
No 41 4.62 (1.41-7.57)
Yes 25 5.87 (2.68-8.89)
Differentiation 0.080
Well 17 5.03 (1.21-8.21)
Moderate 41 5.27 (1.44-8.53)
Poor 8 6.01 (3.08-9.17)
TNM stage
I-1I 44 4.57 (1.10-8.72) 0.005
1 22 5.92 (2.76-9.39)
ER status 0.012
Negative 27 4.74 (1.26-8.19)
Positive 39 5.83(2.47-8.99)
PR status 0.008
Negative 30 4.52 (1.38-7.85)
Positive 36 6.06 (2.26-8.72)
Her-2 status 0.793
Negative 43 5.49 (1.31-9.06)
Positive 23 5.17 (2.02-8.73)

Moreover, the breast cancer tissues in
53.3% (24 of 45) of cases had at least
two-fold higher expression of MALAT1
compared with non-tumor tissues (Figure
1C).

Correlation between MALAT1 expression
and clinical pathological factors: We then
determined the association between MA-
LAT1 and clinical pathological characteris-
tics. As shown in Table 1, MALAT1 expres-
sion level was positively correlated with
lymph node status, estrogen receptor (ER)
and TNM stage, while no significant corre-
lations were observed between MALAT1
expression and other clinicopathological
factors including age, menopausal status,
tumor size, tumor differentiation, proges-
terone receptor (PR) status and HER-2 sta-
tus in 45 cases of breast cancer tissues.

Breast cancer serum examination

MALAT1 expression in serum of breast
cancer patients: To further validate the
clinical role of MALAT1, we focus on the
expression of MALAT1 in serum of breast
cancer patients. Another set of 66 breast
cancer patients were enrolled in our study
to obtain serum samples. Among these
patients, 36 patients were below the age
of 55 and 30 were above the age of 55
with the median age of 54 years old. Ac-
cording to the TNM staging criteria of
breast cancer, 44 cases were considered
to be stage I-ll, 22 cases were stage |lIl.

ER: Estrogen receptor; PR: Progesterone receptor.

Breast cancer tissue examination

MALAT1 expression in primary breast cancer
tissues: We then enrolled 45 patients to detect
the expression of MALAT1 in primary tissues.
There were 21 patients aging above 55 while
24 aging below 55, and the median age was
53.5 years old. According to the tumor node
metastasis (TNM) staging criteria of breast
cancer, 27 cases were thought to be stage I-Il,
18 cases were stage lll. The number of patients
considered as well differentiation, moderately
differentiation and poor differentiation were
14, 26 and 5, respectively. The expression level
of MALAT1 was significantly increased in pri-
mary breast cancer tissues compared to paired
noncancerous tissues by RT-qPCR (Figure 1B).
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Seventeen patients were considered as

well differentiation, 41 cases were mo-

derately differentiation and 8 cases were
poor differentiation. By using RT-qPCR-D, we
found that MALAT1 expression was significant-
ly increased in serum samples from breast
cancer patients compared with healthy individ-
uals (Figure 2A). Besides, the RT-qPCR assay
also demonstrated a consistent result with RT-
gPCR-D (Figure 2B). Moreover, there was a sig-
nificantly linear correlation in serum MALAT1
levels between RT-qgPCR-D and RT-gPCR (r=
0.993, P<0.001; Figure 2C). This suggests that
the RT-qPCR-D assay is also applicable in de-
tection of serum IncRNA expression in breast
cancer patients.

Correlation between serum MALAT1 expres-
sion and clinical pathological factors: Subsequ-
ently, we determined the correlation between

Int J Clin Exp Med 2017;10(5):7624-7635
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Figure 3. The diagnostic and prognostic value of MALAT1 in breast cancer tissues. ROC curve was drawn to exhibit
the diagnostic capacity of serum MALAT1 (A) and CA15-3 (B). (C) MALAT1 expression was positively correlated with
CA15-3 expression in 66 serum samples from breast cancer patients. (D) Patients with high expression of serum
MALAT1 was associated with shorter overall survival compared with the low expressing breast cancer patients.

serum MALAT1 expression and clinical patho-
logical factors. Consistent with breast cancer
tissue samples, serum MALAT1 was significant-
ly associated with lymph node status, ER sta-
tus and TNM stage. Furthermore, a significant
association was also observed between serum
MALAT1 expression and PR status of breast
cancer patients. However, no significant corre-
lations were observed between serum MALAT1
expression and other clinicopathological fac-
tors including age, menopausal status, tumor
size, tumor differentiation and HER-2 status
(Table 2).

The diagnostic and prognostic value of serum
MALAT1: After validating the upregulation of cir-
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culating MALAT1 in serum of breast cancer
patients, we sought to explore the clinical role
of circulating MALAT1 in breast cancer. By per-
forming the ROC curve analysis, we investigat-
ed the diagnostic value of circulating serum
MALAT1 level in distinguishing breast cancer
patients from healthy individuals. Our date sh-
owed that the area under the ROC curve (AUC)
of MALAT1 was 0.784, and the diagnostic
sensitivity and specificity were 72.73% and
63.64%, respectively (Figure 3A). This date
was parallel to the common used biomarker
in breast cancer, CA15-3. The AUC of CA15-3
was 0.794 with the diagnostic sensitivity and
specificity reached 71.21% and 69.23%, re-
spectively (Figure 3B). Besides, a positive cor-
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Figure 4. MALAT1 expression was associated with chemo-response to cyclo-
phosphamide based treatment in breast cancer patients. A. Serum MALAT1
levels were significantly higher in non-responding group than in responding
group among breast cancer patients receiving cyclophosphamide based
chemotherapy. B. No significant difference was found of serum MALAT1 level
among different cyclophosphamide based chemotherapy regimens. C. ROC
curve was drawn to explore the capacity of serum MALAT1 in distinguishing
responding and non-responding patients receiving cyclophosphamide based

treatment.

relation was also found between MALAT1 and
CA15-3 expression in the 66 serum samples,
which further validates the clinical value of cir-
culating MALAT1 in breast cancer (Figure 3C).

Furthermore, Kaplan-Meier survival analysis
was performed to investigate the prognostic
role of MALAT1 in breast cancer patients. A
median value of MALAT1 (5.25) in 66 serum
samples from breast cancer patients was used
to divided these patients into a high and a low
group. Our results indicated that patients with
high circulating MALAT1 expression were asso-
ciated with shorter overall survival compared
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with low MALAT1 patients
(Figure 3D). Besides, the 5-
year survival rate was signifi-
cantly lower in breast cancer
patients who expressed high
circulating MALAT1 expres-
sion (57.6%, 19/33), when
compared with that of the
patients expressing low levels
of MALAT1 (75.8%, 25/33).
Taken together, these date
showed that the circulating
MALAT1 expression level was
a diagnostic and prognostic
factor in breast cancer pa-
tients.

Serum MALAT1 level is asso-
ciated with chemo-response
to cyclophosphamide based
treatment in breast cancer
patients: Based on the above
results, we further investigat-
ed the prognostic role of se-
rum MALAT1 expression in
178 breast cancer patients
receiving cyclophosphamide

based treatment. Tumor re-
sponse status was evaluated
95%Cl1(%) according to the RECIST ver-
0.704~0.832 sion 1.0 criteria and was

assigned to patients with re-
sponding (CR and PR) group
and non-responding (SD and
PD) group. By using RT-qPCR-
D, we found that serum MA-
LAT1 was significantly up-reg-
ulated in non-responding pa-
tients compared with respon-
ding patients (Figure 4A, P<
0.01). Moreover, no signifi-
cant difference was found on MALAT1 expres-
sion among different cyclophosphamide based
chemotherapy regimens, including CMF (cyclo-
phosphamide + methotrexate + 5 FU), CAF (cy-
clophosphamide + adriamycin + 5 FU), TEC (do-
cetaxel + epirubicin + cyclophosphamide), and
CEF (cyclophosphamide + epirubicin + 5 FU)
(Figure 4B, P>0.05). These indicate that the
clinical prognostic value of MALAT1 was free
of influence from different chemotherapy regi-
mens. Subsequently, we explored the poten-
tial significance of MALAT1 in distinguishing re-
sponding and non-responding patients by per-
forming ROC curve analysis. Our results showed

Int J Clin Exp Med 2017;10(5):7624-7635
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Figure 5. Serum MALAT1 is a prognostic factor in patients receiving cyclophosphamide based treatment. A. The
proportion of breast cancer patients not responding to cyclophosphamide based chemotherapy was significantly
higher in the high serum MALAT1 expressing group than in the low group. B. High serum MALAT1 expression was
associated with short overall survival among breast cancer patients receiving cyclophosphamide based therapy.

Table 3. Multivariate Cox proportional hazards regression mod-
el analysis for 5-year overall survival in breast cancer patients

receiving cyclophosphamide based treatment

Multivariate analysis

Characteristics Reference group
RR 95% Cl P-value
Age <55 0.999 0.489-2.013 0.998
>55

Menopausal status Pre-menopausal 1.632 0.779-3.257 0.231

Post-menopausal

Her-2 status Negative 0.792 0.402-1.827 0.435
Positive

Tumor size <3cm 1.548 0.682-2.835 0.301
>3 cm

Differentiation Well 1.728 0.525-1.867 0.203
Moderate
Poor

ER status Negative 1.975 0.614-2.726 0.124
Positive

PR status Negative 1.834 1.201-2.998 0.076
Positive

Lymph node status  No 2.378 1.218-3.935 0.021
Yes

TNM stage -l 3.759 1.402-9.471 0.012
1

Serum MALAT1 level High 2.594 1.205-4.383 0.017
Low

ER: Estrogen receptor; PR: Progesterone receptor.

that the AUC reached 0.773 (95% CI: 0.705-
0.833), and the diagnostic sensitivity and spec-

7631

ificity reached 79.78% and
65.91%, respectively, under the
optimal cut-off value of 3.48
(Figure 4C). Collectively, we dem-
onstrate that circulating MALAT1
is a chemotherapeutic indicator
in breast cancer patients re-
ceiving cyclophosphamide based
chemotherapy.

High circulating MALAT1 predicts
poor survival in breast cancer
patients receiving cyclophospha-
mide based treatment: Finally, we
aimed to investigate the prognos-
tic value of circulating MALAT1 in
breast cancer patients receiving
cyclophosphamide based treat-
ment. When we stratified patients
into a high (n=76) and a low (n=
102) MALAT1 expressing group
with the previously established
optimal cut-off value (3.48), the
proportion of patients not re-
sponding to chemotherapy was
significantly higher in the high
MALAT1 expressing group than
in the low group (P<0.01, Figure
5A). More importantly, The 5-year
survival rate of the breast cancer
patients whose serum express-

ed high levels of MALAT1 was 39.5% (30/76),
which was significantly lower than that of pa-

Int J Clin Exp Med 2017;10(5):7624-7635
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tients whose tumors expressed low levels of
MALAT1 (84.3%, 86/102); this difference was
statistically significant (P<0.001). By perform-
ing the Kaplan-Meier survival analysis, we re-
vealed that patients with high level of circulat-
ing MALAT1 level had a significant shorter sur-
vival than did those with a high circulating
MALAT1 expression level (P<0.0001, Figure
5B). Moreover, the Cox regression multivari-
ate analysis indicated that serum MALAT1 ex-
pression level was an independent prognos-
tic factor for overall survival of breast cancer
patients who had received cyclophosphamide
based chemotherapy (Table 3). To conclude,
our date reveals that circulating MALAT1 is an
independent prognostic indicator for chemore-
sponse to cyclophosphamide based treatment
in breast cancer patients.

Discussion

Gene expression is a complex cellular process
that is tightly regulated at several levels to
ensure proper gene dosage, and this process is
dysregulated in human malignancies. Currently,
the major challenge to improve the clinical out-
come of breast cancer patients is the chemo-
therapy failure caused by drug resistance. In
our work, we focus on circulating biomarkers,
which are urgently needed for increasing the
early detection rate and decreasing the mortal-
ity rate in breast cancer. Our results validated
the up-regulation of MALAT1 in breast cancer
specimens, and enhanced MALAT1 was corre-
lated with breast cancer invasion. More impor-
tantly, we firstly revealed that high expression
of circulating MALAT1 is associated with poor
chemoresponse to cyclophosphamide based
treatment and predicts shorter survival after
surgery in breast cancer patients receiving
cyclophosphamide based chemotherapy.

MALAT1 is a highly abundant and conser-
ved IncRNA, and is localized to the nuclear
speckle subcompartment. Earlier studies indi-
cated that MALAT1 modulates transcription
and pre-mRNA processing of a large set of
genes [17, 18]. MALAT1 is deregulated in sev-
eral tumors, and is potentially of significant
clinical importance. MALAT1 was found posi-
tively correlated with Gleason score, the level
of prostate specific antigen (PSA), tumor stage
and castration resistance in PCa. Gutschner
et al showed that MALAT1-deficient lung can-
cer cells showed impaired migration and form
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fewer tumors in mice [19]. Wilusz et al found
that MALAT1 functions as a precursor for the
production of small RNAs and identified as a
highly conserved small RNA [20]. However, its
clinical role in tumorigenesis was only begin-
ning to emerge in breast cancer. Xu et al report-
ed that MALAT1 was down-regulated in breast
cancer and MALAT1 knockdown induced epi-
thelial-to-mesenchymal transition via the PI3K-
AKT pathway in breast cancer cells [12]. How-
ever, another study demonstrated by Huang et
al indicated that MALAT1 interacted with estro-
gen receptor and predicted poor survival in
breast cancer [11]. Consistent with Huang et
al, our study showed that MALAT1 is up-regulat-
ed in breast cancer and high expression level
of MALAT1 is correlated with tumor progression
in breast cancer patients.

Cell free RNA has been reported to be released
and circulating in the blood of cancer patients
[21]. Thus, the detection of these circulating
RNA in plasma/serum may serve as a “liquid
biopsy”, which allows real-time monitoring of
disease progress, prognosis, or therapeutic
response. Recently, serum RNAs have been
directly amplified, negating the need for RNA
extraction in detecting breast cancer and mela-
noma, often better reflecting their expression
in tissues [22, 23]. More recently, Zhang et al
developed a RT-qPCR based method to detect
cell-free mRNAs in colorectal cancer where
reverse transcription is performed directly in
serum (RT-qPCR-D) [16]. They also demonstrat-
ed that the results obtained from RT-qPCR-D
were significantly correlated with those detect-
ed by RT-qPCR. Moreover, because the direct
assay bypassed extraction of circulating RNA
from serum, minimizing human and mechanical
errors, this method resulted in decreased
inherent variability and had superior reproduc-
ibility. In our study, we detected the circulating
MALAT1 expression from serum of breast can-
cer patients by using the RT-gPCR-D method.
The results indicated that serum MALAT1 ex-
pression level was significantly increased in
breast cancer patients and positively correlat-
ed with breast cancer progression, which is
mostly consistent with the date from tissue
detection by RT-qPCR. Moreover, the ROC curve
analysis and Kaplan-Meier survival analysis
suggest that circulating MALAT1 from serum
can serve as preferable diagnostic and prog-
nostic biomarker in breast cancer.
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Resistance to chemotherapy is one of the major
causes for treatment failure in advanced breast
cancer. Thus, predictive markers are required
to increase the efficacy of chemotherapy and
may also be helpful in monitoring therapy re-
sponse in breast cancer. Cyclophosphamide is
one of the most common used chemothera-
peutic drugs given in combination with epirubi-
cin, docetaxel and 5-Fluorouracil. There are
currently no available molecular predictive
markers for these combination regimens. The
identification of cancer-specific IncRNAs is
critical for understanding the roles of INcCRNAs
in tumorigenesis and may be important for
defining novel therapeutic targets. Previous
studies identified that HOTAIR is a predictive
and prognostic biomarker for patients with
advanced gastric adenocarcinoma receiving
fluorouracil and platinum combination chemo-
therapy [24]. Besides, various reports also sh-
owed that MALAT1 may play important roles
during chemoresistance in several cancers.
Yang et al demonstrated that elevated MALAT1
is a novel predictor for prognosis and a poten-
tial therapeutic target for gastric cancer [25].
Cho et al found that MALAT1 long non-coding
RNA is overexpressed in multiple myeloma and
may serve as a marker to predict disease pro-
gression [26]. Although various researchers
revealed the critical role of MALAT1 in breast
cancer progression, however, the role of MAL-
AT1 in breast cancer chemoresistance is large-
ly unknown. To the best of our knowledge, this
is the first study to investigate the clinical value
of circulating MALAT1 in breast cancer che-
moresistance. Our date indicated that serum
MALAT1 level is significantly associated with
cyclophosphamide response in breast cancer
patients, and plays an important role in distin-
guishing the patients responding to cyclophos-
phamide treatment from the patients with no
response. More importantly, high serum MAL-
AT1 expression level was negatively associated
with objective response in breast cancer pa-
tients receiving cyclophosphamide based ther-
apy. These results revealed a diagnostic value
of circulating MALAT1 for cyclophosphamide
based chemotherapy in breast cancer patients.

Finally, we investigated the prognostic role of
circulating MALAT1 in breast cancer patients
receiving cyclophosphamide based chemother-
apy. Breast cancer patients expressed high cir-
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culating MALAT1 levels showed a short 5-year
survival rate than patients with low circulating
MALAT1 levels. Additionally, the survival analy-
sis indicated that overall survival of breast can-
cer patients with high level circulating MALAT1
who received cyclophosphamide based che-
motherapy was significantly lower than that
of patients with low-level circulating MALAT1.
These data, together with our multivariate anal-
yses suggest that high expression of circulating
MALAT1 might be a significant independent
predictor of poor prognosis for cyclophospha-
mide based chemotherapy among breast can-
cer patients. Thus, we conclude that overex-
pression of circulating MALAT1 may be involved
in cyclophosphamide resistant phenotypes of
human breast cancers.

In conclusion, our study showed that MALAT1
expression level is significantly increased in
breast cancer specimens and associated with
enhanced malignant potential. By using the
RT-gPCR-D method, we reveal that cell-free
MALAT1 from serum can serve as diagnostic
and prognostic indicator for breast cancer
patients. Importantly, serum MALAT1 is signifi-
cantly associated with objective chemorespon-
se to cyclophosphamide and predicts poor sur-
vival in breast cancer patients receiving cyclo-
phosphamide based treatment. Thus, serum
MALAT1 may serve as a novel prognostic bio-
marker and therapeutic target in breast can-
cer patients. Suppression of MALAT1 could be
a future direction to enhance chemosensitivity
to cyclophosphamide based chemotherapy re-
gimens.
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