
 

 
C

ur
re

nt
 C

an
ce

r 
D

ru
g 

Ta
rg

et
s

���/��=?@A5BB>@
����/��=ACD5??C@

�&
���
0������
E;@E@

�������
	
���
�

Send Orders for Reprints to reprints@benthamscience.ae 74

 Current Cancer Drug Targets, 2019, 19, 74-80

RESEARCH ARTICLE 

Linc01638 Promotes Tumorigenesis in HER2+ Breast Cancer 

 

 

Peng Liu
1,#

, Hailin Tang
1,#

, Jiali Wu
1,#

, XingshengQiu
2
, Yanan Kong

1
, Lijuan Zhang

1
, Xinhua Xie

1,*
 

and Xiangsheng Xiao
1,*

 

1Department of Breast Oncology, Sun Yat-Sen University Cancer Center, State Key Laboratory of Oncology in South 
China, Collaborative Innovation Center for Cancer Medicine, Guangzhou, Guangdong, China; 2Department of Radia-
tion Oncology, Sun Yat-Sen Memorial Hospital, Sun Yat-sen University, Guangzhou, Guangdong, China 

 

A R T I C L E   H I S T O R Y 

Received: March 23, 2018 
Revised: June 22, 2018 

Accepted: June 30, 2018 
 

DOI: 
10.2174/1568009618666180709163718 

Abstract: Background: Long non coding RNAs play crucial roles in various biological activities 

and diseases. The role of long intergenic non coding RNA01638 (linc01638) in breast cancer, es-

pecially in HER2-positive breast cancer, remains largely unknown. 

Objective: To investigate the effect of linc01638 on tumorigenesis in HER2-positive breast cancer. 

Methods: We first used qRT-PCR to detect linc01638 expression in HER2-positive breast cancer 

cells and tissues. Then we analyzed the effects of linc01638 expression in HER2-positive breast 

cancer cells through cell apoptosis assay, cell proliferation assay, colony formation assay, and cell 

invasion assay. We conducted mouse xenograft model to further confirm the role of linc01638 in 

HER2-positive breast cancer. Moreover, we used Western blot and IHC analysis to access the effect 

of linc01638 on DNMTs, BRCA1 and PTEN expressions in transplanted tumors.   

Results: Linc01638 was found to be remarkably overexpressed in HER2-positive breast cancer cells 

and tissues. Suppression of linc01638 enhanced cell apoptosis, as well as inhibited the growth and 

invasiveness of HER2-positive breast cancer cells in vitro and tumor progression and metastasis in 
vivo. Furthermore, inhibition of linc01638 by shRNA attenuated expression of DNMT1, DNMT3a, 

and DNMT3b, and promoted expression of BRCA1 and PTEN in HER2-positive breast cancer cells 

and mouse xenograft models. 

Conclusion: Linc01638 might be a promising biomarker and therapeutic target for treatment of 

HER2-positive breast cancer.  

Keywords: Long non-coding RNA, Linc01638, DNMTs, HER2-positive breast cancer, tumorigenesis. 

1. INTRODUCTION 

Breast cancer is the most common cancer and the leading 
cause of cancer-related death in females worldwide [1, 2]. 
Breast cancer is a heterogeneous disease and can be divided 
into five subtypes: luminal A, luminal B, HER2 (human epi-
dermal growth factor receptor 2) over-expressing, basal-like, 
and unclassified [3-5]. The HER2-positive phenotype has 
been observed in about 15% of breast cancer patients [6]. It 
has been established that gene amplification and protein over 
expression of HER-2/neu on primary breast cancer indicate 
poor patient prognosis and decreased overall survival [7]. 
HER2-positive breast cancer is also related to unfavorable 
pathological parameters, such as poorly differentiation, high 
grade, high rates of cell proliferation and lymph-node in-
volvement [8]. Over the past decade, thanks to the progress 
in the management of HER2-positive breast cancer, espe-
cially the application of HER2-targeted therapy [9], the  
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overall survival (OS) of HER2-positive breast cancer has 
been prolonged [10]. Moreover, the mortality and recurrence 
of HER2-positive breast cancer have remarkably reduced 
[11, 12]. However, resistance to trastuzumab is a common 
and a major clinical dilemma in the treatment of HER2-
positive breast cancer [13]. Relapse is noted among ap-
proximately 15% of patients after adjuvant chemotherapy 
combined with trastuzumab. Over 70% of patients with 
HER2-positive metastatic breast cancer acquire resistance to 
HER2-targeted therapy within 1 year [10, 14]. Also, over-
expression of HER2 is associated with resistance to certain 
types of chemotherapy [8]. Such phenomena indicate that 
there might be other molecular targets that could be used as 
effective therapy for HER2-positive breast cancer. 

Long non-coding RNAs (lncRNAs) are defined as func-
tional non-coding RNA molecules larger than 200 bp in 
length [15, 16]. Numerous studies have revealed functions of 
lncRNAs in transcriptional, posttranscriptional and epige-
netic gene regulation [17]. In addition, lncRNAs are in-
volved in multiple human diseases, such as Alzheimer's dis-
ease [18], coronary artery disease [19] and autoimmune dis-
eases [20]. In recent years, increasing studies focus on the 
link between dysregulations of lncRNAs and tumor. Aber-
rant expression of lncRNAs was reported to be attributed to 
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the tumorigenesis of several types of human cancers, such as 
hepatocellular carcinoma [21], gastric cancer [22] and hu-
man urologic cancers [23-25]. Our previous study also indi-
cated that lncRNAs act as a tumor activator in triple-negative 
breast cancer [26]. Furthermore, other studies have provided 
evidence that lncRNAs modulate breast cancer cell growth 
and apoptosis [27, 28]. However, the role of long intergenic 
non‐coding RNA01638 (linc01638) in breast cancer, espe-
cially in HER2-positive breast cancer, remains largely un-
clear. 

The mammalian DNA methyltransferase (DNMTs) fam-
ily consists of two main groups: maintenance methyltrans-
ferases (DNMT1) and de novo methyltransferases (DNMT3a 
and DNMT3b) [26, 29]. They are essential for mammalian 
development and play important roles in various cellular 
processes, including chromatin structure, X chromosome 
inactivation and genome stability [30]. Disruption of 
DNMTs may lead to chromosome instability and cancer pro-
gression [31]. For example, DNMT3a and DNMT3b may be 
relevant to cervical cancer progression [32]. DNMT1 was 
found to be involved in acquired resistance to chemotherapy 
in lung cancer [33]. In breast cancer, elevated expression of 
DNMTs might be an adverse factor, contributing to lymph 
node metastasis, advanced stage, ER negativity, PR negativ-
ity, and HER-2 over-expression. However, the mechanisms 
and pathways of DNMTs in HER2-positive breast cancer are 
not yet completely clear and should be further explored. 

In this study, we determined the expression of linc01638 
in HER2-positive breast cancer cells and tissues. Subse-
quently, we examined the effects of linc01638 on HER2-
positive breast cancer both in vitro and in vivo, and 
investigated the regulation of DNMTs by linc01638. The 
results of this study suggest that linc01638 might be a 
potential biomarker and therapeutic target for HER2-positive 
breast cancer treatment. 

2. MATERIALS AND METHODS 

2.1. Cell Lines and Cell Culture  

Human breast cancer cell lines (MDA-MB-231, MCF-7, 
T47D, BT549, BT483, BT20, BT474 and SKBR3) and non-
tumor mammary epithelial cell lines (184A and MCF-10A) 
were obtained from the American Type Culture Collection 
(Manassas, VA, USA) and passaged in our laboratory for 
less than six months after thawing frozen aliquots. All cells 
were maintained according to the supplierʼs instructions. 
Before use, all cell lines were authenticated by short-tandem 
repeat DNA profiling and were found to be free of myco-
plasma infection. 

2.2. Clinical Samples 

A total of 50 pairs of human HER2-positive breast cancer 
tissues and their adjacent normal mammary tissues were sub-
jected to quantitative real-time PCR (qRT-PCR) analysis. 
Resected cancerous tissues and paired matched normal 
mammary tissues were immediately stored in RNAlater 
(Ambion). 

This study was approved by the Ethics Committee of Sun 
Yat-Sen University Cancer Center Health Authority. The 
collection and use of tissues followed the procedures that 

were in accordance with the ethical standards formulated in 
the Helsinki Declaration. 

2.3. RNA Isolation and qRT-PCR 

Total RNA from the cells was extracted with the TRIzol 
reagent(Invitrogen, Carlsbad, CA, USA). Real-time PCR 
was performed with SYBR Green (Biorad) in the CFX96 
Touch Real-Time PCR Detection System (Bio-Rad) to de-
termine the relative expression levels of the target genes.  

2.4. Flow Cytometric Analysis of Apoptosis  

Annexin V/propidium iodide (PI) staining and flow cy-
tometry were performed according to the manufacturerʼs 
instructions using an Annexin V-fluorescein Isothiocyanate 
Apoptosis Detection Kit (KeyGen Biotech, Nanjing, China). 

2.5. Cell Proliferation Assay 

Cells were plated on 6-well plates at the desired concen-
trations. Cell numbers were counted after 1, 2, 3, and 4 days 
of incubation using a Coulter Counter (Beckman Coulter, 
Fullerton, USA) in triplicate. 

2.6. Colony Formation Assay 

6-well plates were covered with a layer of 0.6% agar in 
medium supplemented with 20% fetal bovine serum (FBS). 
The cells were prepared in 0.3% agar and seeded in tripli-
cate. When the plates were incubated at 37 °C for 2 weeks, 
the colonies were counted. 

2.7. Cell Invasion Assay 

Cell invasion was evaluated using transwell. Cells in se-
rum-free medium were added to the upper chamber of the 
transwell (8 μm pore size, BD Biosciences, New Jersey, 
USA), and 10% fetal bovine serum was added to the lower 
chamber. After 48 hours of incubation, invasive cells adher-
ing to the lower membrane of the inserts were stained with 
crystal violet, counted, and imaged. 

2.8. Western Blot 

Protein was extracted from SK-BR3 cell using RIPA ly-
sis buffer with a proteinase inhibitor. Proteins in the lysates 
were separated by 12% SDS-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto a polyvinyli- 
denedifluoride (PVDF) membrane (Millipore, USA). To 
block the nonspecific binding, membranes were incubated at 
room temperature for 1 h with 5% skim milk powder. Subse-
quently, the membranes were incubated for 12 h at 4 °C with 
antibodies against DNMT1, DNMT3a, DNMT3b, BRCA1, 
and PTEN purchased from Santa Cruz Biotechnology, (Santa 
Cruz, CA). The target proteins were detected by chemilumi-
nescence. β-actin was used as a protein loading control. 

2.9. Mouse Xenograft Model 

All the animal procedures were performed in accordance 
with institutional guidelines. Ethical approval was obtained 
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Fig. (1). Increased expression of linc01638 in HER2-positive breast cancer cells and tissues. (A) Linc01638 mRNA expression was analyzed 

by qRT-PCR in two non-tumor cell lines, six HER2-negative tumor cell lines, and two HER2-positive tumor cell lines. Linc01638 expression 

was normalized on the expression of β-actin. Error bars represent standard deviations (SD) from three replicates in one experiment. (B) 

Linc01638 mRNA levels was determined by qRT-PCR in 50 pairs of HER2-positive tissues and adjacent normal tissues.  

 
from the Institute Research Ethics Committee of Sun Yat-
Sen University Cancer Center.  

SK-BR3 cells that stably transfected with sh-linc01638 or 
sh-control were collected and suspended in PBS at a concen-
tration of 1 × 10

6
 cells/ml. Afterward, the cells were inocu-

lated subcutaneously into the dorsal flanks of each nude 
mouse with 100 µl of cancer cell suspension (four in each 
group). Tumor size was measured every four days. After 28 
days, the mice were sacrificed, necropsies were performed, 
and the tumors were weighed.  

To assay the effect of linc01638 on experimental metas-
tasis, 1 × 10

5
of SK-BR3 cells infected with sh-linc01638 or 

sh-control were injected into the tail vein of the nude mouse 
(four in each group). Necropsies were performed after 28 
days. The number of microscopic metastases in the lung of 
each HE-stained section from individual mice were analyzed 
by morphological observation. 

2.10. Statistical Analysis 

Comparisons between groups were analyzed with Stu-
dentʼs t-test, one-way ANOVA, and x

2
 tests. All differences 

were statistically significant at the P< 0.05 level. Statistical 
analyses were performed using SPSS16.0 software. 

3. RESULTS 

3.1. Increased Expression of Linc01638 in HER2-positive 

Breast Cancer Cells and Tissues 

We analyzed the expression of linc01638 in various 
mammary cell lines by qRT-PCR. Linc01638 expression was 
found to be increased in the HER2-positive breast cancer 
cells compared to non-tumor mammary epithelial cells (Fig. 
1A). Furthermore, linc01638 expression was assessed in 50 
pairs of HER2-positive breast cancer tissues and their 
matched normal tissues using qRT-PCR. Among 50 pairs 
samples, 40 (80%) showed overexpression of linc01638 (Fig. 
1B). These results indicated thatlinc01638 might be a poten-
tial biomarker for HER2-positive breast cancer. 

3.2. Linc01638 Knockdown Enhances Cell Apoptosis  

We investigated the role of linc01638 on cell apoptosis in 
HER2-positive breast cancer cells using Annexin V-FITC/PI 
staining-based FACS analysis. SK-BR3 cells with a rela-
tively high expression of linc01638 (Fig. 1A) were trans-
fected with either linc01638 shRNA or control shRNA. As 
shown in Fig. (2A), linc01638 knockdown dramatically in-
creased cell apoptosis in SK-BR3 cells. The apoptosis of 
cells in sh-linc01638-treated group considerably increased 
than that of the shRNA control group. 

3.3. Linc01638 Knockdown Attenuates Cell Growth and 

Invasion Abilities in HER2-positive Breast Cancer Cells 

To investigate the function of linc01638 in HER2-
positive breast cancer cell growth, we employed cell prolif-
eration and colony formation assays. We found that com-
pared with the control cells, the knockdown of linc01638 
significantly attenuated the proliferation of SK-BR3 cells 
(Fig. 2B), as well as inhibited cell clonogenicity, resulting in 
a marked reduction in colony size (Fig. 2C). We also con-
ducted a transwell assay to identify the effect of linc01638 
on cell invasion. Our results showed that linc01638 knock-
down significantly suppressed the invasiveness of SK-BR3 
cells (Fig. 2D). 

3.4. Linc01638 Knockdown Inhibits Tumor Progression 

and Metastasis in HER2-positive Breast Cancer in vivo 

We studied the effect of linc01638 on HER2-positive 
breast cancer growth in vivo through a xenograft model in 
nude mice. SK-BR3 cells transfected with sh-linc01638 or 
nonspecific shRNA control were subcutaneously injected 
into the flanks of nude mice, and the xenografts were har-
vested 28 days later. We observed that the tumor size of 
mice transfected with linc01638 shRNA was smaller, and the 
tumor weight was significantly lighter than that of the con-
trol group (Fig. 3A). We also assessed the effect of 
linc01638 on tumor metastasis in vivo. To do that, we in-
jected SK-BR3 cells transfected with sh-linc01638 or 
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Fig. (2). Linc01638 knockdown enhances cell apoptosis and attenuates cell growth and invasion abilities in HER2-positive breast cancer 

cells. SK-BR3 cells were transfected with linc01638 shRNA or nonspecific control shRNA. (A) Cell apoptosis assay. Apoptosis in SK-BR3 

was evaluated by flow cytometry 48 h after shRNA transfection using an Annexin V-FITC/PI-staining (left). The apoptosis rate was shown 

(right). (B) Cell proliferation assay. SK-BR3 cells were seeded in 6-well plates after transfection, and cell numbers was counted daily for 4 

days. (C) Colony formation assay. Representative images are presented (left). The quantification of colonies stained with crystal violet was 

shown (right). (D) Cell invasion assay. The invasion activity was determined by a transwell assay at 48 h post-transfection. All data represent 

the means ± standard deviations (SD) of three separate independent experiments (**, P<0.01). 

 
nonspecific shRNA control into the nude mice via tail vein. 
After 28 days, the mice were sacrificed, and their lung tis-
sues were dissected. As shown in (Fig. 3B), HE staining 
showed that a significantly lower number of macroscopic 
lung metastases was observed in cells infected with sh-
linc01638 than those transfected with control shRNA. Taken 
together, these observations indicated that linc01638 could 
enhance tumorigenesis and metastasis in vivo. 

3.5. Linc01638 Affects the Expression of DNMTs, 

BRCA1 and PTEN in HER2-positive Breast Cancer 

To assess the effect of linc01638 on DNMTs signaling 
pathway and BRCA1/PTEN expression, we transfected sh-
linc01638 or nonspecific shRNA control into SK-BR3 cells 

and conducted Western blot analysis. We observed that inhi-
bition of linc01638 attenuated the expression of DNMT1, 
DNMT3a, and DNMT3b and promoted expression of 
BRCA1 and PTEN (Fig. 4A). We also used the mouse 
xenograft model and IHC to further confirm the expression 
of DNMT1, DNMT3a, DNMT3b, BRCA1 and PTEN ex-
pression in tumor xenografts. As shown in Fig. (4B), the 
expression of DNMT1, DNMT3a, and DNMT3b was down-
regulated and the expression of BRCA1 and PTEN was up-
regulated in SK-BR3 cells infected with sh-linc01638. These 
findings indicated that linc01638 can stimulated DNMTs 
signaling pathway and inhibited BRCA1/PTEN expression 
in HER2-positive breast cancer, therefore promoted tumori-
genesis. 

��
�����

��

�����

�	

���
�

��

���	�
��

�

��
	

��
�

��
�

��
�

��
�

��
	

��
�

��
�

��
�

��
�

��
�

��
�

��
	

��
�

��
�

��
�

��
�

��
	

��
�

�	

�����

��

�����

��

	�
��

��
�����

�������	�
 ���
�������

�������	�
 ���
�������

�������	�
 ���
�������

�.��
	��
� �.���	������
�

�

��

��

��

//

��

�
��
��
��
��
�	
��
��
��
�

�.��
	��
�
�.���	������

"#
��
��
�

,
��
��	

�
0�
�
1�
��

�� �
�
�
�
�
�
�

�� �� �� ��
�
���1.2

3
�

0�
��
�

4�4

�
�

�.��
	��
� �.���	������

�.��
	��
� �.���	������

��

��

��

��

�

5	
��
��
��
��
��
��

//

//��

��

�

���

���

���

�

�

�

�



78    Current Cancer Drug Targets, 2019, Vol. 19, No. 1 Liu et al. 

 

Fig. (3). Linc01638 knockdown inhibits tumor progression and metastasis in HER2-positive breast cancer. (A) Xenografts were harvested 28 

days after tumor cell injection. Pictures of the tumor xenografts were photographed (left), and the weights of the tumors were analyzed 

(right). (B) Experimental metastasis in mouse xenograft models. SK-BR3 cells treated with linc01638 shRNA or the control injected into the 

tail vein of nude mice. After 4 weeks, the mice were sacrificed, and their lung tissues were dissected and stained by hematoxylin and eosin 

(HE). The micrometastases in the HE-stained sections of individual mice were calculated. Each group had 4 mice. Bar=50μm. All data are 

shown as means ± SD. **, P<0.01. 

 

4. DISCUSSION 

It has been well established that lncRNAs participated in 
the pathogenesis of breast cancer, such as estrogen-induced 
cell proliferation [34], endocrine resistance [35] and cell 
apoptosis [36]. Several lncRNAs are identified as tumor-
driving oncogenic lncRNAs, while some are regarded as 
tumor suppressive lncRNAs in breast cancer [37]. However, 
few studies have focused on the dysregulation of lncRNAs in 
the HER2-positive subtype breast cancer [38] and the role of 
linc01638 on such subtype of breast cancer has not yet been 
studied. It is critical to understand the link between 
linc01638 and HER2-positive breast cancer. Our study 
showed that linc01638 was overexpressed in HER2-positive 
breast cancer cells and tissues. Based on the results of our 
study, linc01638 may be a new molecular biomarker and 
might have potential therapeutic value for HER2-positive 
breast cancer treatment.  

To better understand the function of linc01638 in HER2-
positive breast cancer, we examined the effects of linc01638 
on HER2-positive breast cancer growth and metastasis both 
in vitro and in vivo. We found that the inhibition of 
linc01638 expression induced cell apoptosis and attenuated 
the proliferation and invasiveness of the HER2-positive 
breast cancer cells. In our in vivo study, we found that down-
regulation of linc01638 inhibited tumor progression and me-
tastasis in HER2-positive breast cancer. Consistent with a 
previous study [38], our results demonstrated that linc01638 
is a tumor activator in HER2-positive breast cancer. It is 

worth being further explored to determine the mechanisms of 
linc01638 in breast cancer development and progression. 

Non-coding RNA has been shown to be important in tar-
geting mammalian DNMTs [39]. Moreover, abnormal 
DNMTs activities are relevant to strong Her-2 expression 
and anti-Her-2 therapy [40, 41]. Thus, we investigated the 
effect of linc01638 on DNMTs signaling pathway by West-
ern blot. We found that linc01638 knockdown inhibited ex-
pression of DNMT1, DNMT3a, and DNMT3b and promoted 
expression of BRCA1 and PTEN. In addition, IHC con-
firmed the same effect of linc01638 on DNMTs signaling 
pathway in tumor xenografts. Collectively, these findings 
provided some new insights into the role of linc01638 in 
breast cancer, especially in association with the tumorigene-
sis and cancer progression in HER2-positive breast cancer. 
We showed that linc01638 is involved in HER2-positive 
breast cancer, partly related to DNMTs dsyregulation. How-
ever, further studies are warranted to elucidate the mecha-
nisms of linc01638 on DNMTs in HER2-positive breast can-
cer. 

CONCLUSION 

In summary, the present study showed that linc01638 
was over-expressed in HER2-positive breast cancer cells and 
tumor tissues. The inhibition of linc01638 by shRNA im-
paired HER2-positive breast cancer cell growth and inva-
siveness. It also triggered cell apoptosis in vitro and inhibited 
tumor growth in vivo by targeting DNMTs. Our data re-
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vealed that linc01638 plays a crucial role in HER2-positive 
breast cancer, especially in tumor growth and metastasis. 
Taken together, linc01638 might be a promising biomarker 
and therapeutic target for treatment of HER2-positive breast 
cancer. 
 

 

Fig. (4). Linc01638 affects expression of DNMTs, BRCA1 and 

PTEN in HER2-positive breast cancer. (A) The protein expression 

of DNMT1, DNMT3a, DNMT3b, BRCA1, and PTEN in SK-BR3 

detected by Western blot. β -actin was used as the loading control. 

(B) Immunohistochemistry assay of DNMT1, DNMT3a, DNMT3b, 

BRCA1, and PTEN expressions in tumor xenografts. 
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