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Abstract
Background

Deltex1 (DTX1) was found to play its role in the development of several kinds of cancer. The association
between DTX1 and breast cancer was unclear. We aimed to investigate the association between DTX1
expression and clinical characteristics of breast cancer, further explore the possible mechanisms of DTX1
on the development of breast cancer.

Methods

We determined level of DTX1 expression by qRT-PCR, analyzed association between DTX1 and clinical
characteristics of breast cancer by student’s test and ANOVA test. The possible mechanisms of DTX1 on
the development of breast cancer were explored with breast cancer cell lines in vitro.

Results

Levels of DTX1 in breast cancer tissues were lower compared to FCD tissues and peri-neoplastic breast
tissues (P<0.01). Lower expression of DTX1 was associated with advanced tumor grade (grade III,
P=0.002), advanced clinical TNM stage (III-IV stage, P=0.017), positive lymph node metastasis (P=0.034)
and high Ki-67 index (P=0.031). Multivariate Cox regression analysis revealed that DTX1 expression was
recognized as an independent prognostic factor for MFS in breast cancer. Elevated levels of Notch1,
Jagged1 and HES1 in NOTCH pathway and p-Akt/PKB in PI3K/AKT pathway were found in breast cancer
cells with lower DTX1 expression. GSI treatment could inhibit breast cancer cell proliferation and
migration through NOTCH/DTX1/PI3K/AKT pathways.

Conclusion

Lower DTX1 in breast tissues was associated with advanced condition, prognosis and metastasis of
breast cancer. Lower DTX1 might promote breast cancer cell proliferation and migration via
NOTCH/DTX1/PI3K/AKT pathways. DTX1 might be useful as a marker to select new therapy for breast
cancer.

Background
Breast cancer is the most common malignancy in women. Due to the expansion of novel therapeutic
schemes and greater potential of recovery, breast cancer is considered as a better researched cancer in
the past twenty years [1]. Current treatment approach to breast cancer is individualized and multimodal,
surgical treatment is essential in therapeutic approach. However, several main issues such as disease
recurrence and distant metastases still persist [2]. It is urgent to investigate and �nd new biomarker and
target to explore better drug or therapy for breast cancer.
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Deltex 1 (DTX1) is a single transmembrane protein with ubiquitin E3 ligase activity, also a downstream
molecule and regulator of Notch signal pathway in mammals [3]. DTX1 over-expression inhibited Notch
signaling, as demonstrated by enhanced B cell lymphocyte development and suppressed T cell
development [4, 5]. DTX1 was induced in T-cell anergy and could inhibit T-cell activation in E3-dependent
and E3-independent mechanisms [4]. DTX1 promoted B cell differentiation through speci�c enhancement
of E47 activity [5]. However, its exact role in mammals still needs further investigations.

Recently, DTX1 was found to play its role in the development of several kinds of cancer. DTX1 was
downregulated in gastric cancer tissues, and linked to better prognosis in gastric cancer [3]. DTX1
mutations were identi�ed in Chinese patients with primary and relapsed diffuse large B-cell lymphoma
[6]. Glioblastoma (GBM) patients with low DTX1 levels had a more favorable prognosis, Notch pathway
via DTX1 appeared to be an oncogenic factor in glioblastoma [7]. DTX1 regulated osteosarcoma
invasiveness through Notch/HES1, low DTX1 expression might be useful as a marker to select
osteosarcoma patients who could bene�t from Notch inhibitor treatment [8]. However, there was little
report about association between DTX1 and breast cancer.

Notch pathway is a highly conserved cell signaling pathway that plays a key role in many cellular
processes, including proliferation, survival and apoptosis [9]. Notch signaling function in cancer may be
oncogenic in some kinds of cancer [10–13]. Notch1 overexpression has been reported to promote tumor
growth in various cancers like myeloma [10], breast cancer [11], cervical cancer [12] and hepatocellular
carcinoma [13], etc. Notch1 gene silencing in gastric and prostate cancer cells inhibited tumor growth [14,
15]. Moreover, it was reported that Notch1, HES1, and DTX1 genes could be considered as potential
biomarkers for GBM diagnosis [7].

In the present research, we investigated the association between DTX1 expression and breast cancer, and
the relationship of DTX1 and clinical characteristics of breast cancer, further explored the possible
mechanisms of DTX1, Notch signaling passway on the development of breast cancer.

Methods
1. Patients and breast cancer specimens

This study was approved by the institutional review board in the A�liated Hospital of Qingdao University.
The experiments were undertaken with the understanding and written informed consent of each subject
before enrollment in this study. The study conformed with the Code of Ethics of the World Medical
Association (Declaration of Helsinki).

All of patients and healthy controls were enrolled in the study from the same geographic area (Qingdao,
Shandong) from March 2015 to February 2017. All patients with breast cancer or �brocystic dysplasia
(FCD) were diagnosed according to their clinical and pathologic manifestation, as de�ned by WHO
classi�cation criteria [16]. The patient was considered hormone receptor positive according to the assay
results of primary tumor tissue acquired by biopsy. Main exclusion criteria were in�ammatory breast
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cancer; other concurrent or previous malignant disease; life-threatening disease, such as uncontrolled
cardiac diseases; or a pregnant or lactating status; radio or chemotherapy administration before surgery.
The healthy controls were from people who had physical examination in our hospital, with age and
gender matched.

2. Histopathological examination

Surgical specimens or tumor tissues acquired by biopsy were microscopically examined by two or more
experienced pathologists, following histopathologic factors were assessed: cell type of the main lesion,
primary tumor size, location, multiplicity, bilaterality, margin involvement, lymph-vascular invasion and
lymph node metastasis (LNM).

3. RNA extraction and RT-qPCR

Total RNA from cell lines, breast tissues and peripheral blood was extracted using RNeasy Mini Kit
(Qiagen). The concentration and quantity of total RNA were determined based on the absorbance at
260 nm using a NANO DROP spectro- photometer (ThermoScienti�c, USA).

PCR was conducted in 25 µl reaction volume, containing 12.5 µl Maxima SYBR Green qPCR Master Mix
(2X) and 300 nM of each primers. The primers sequences were as follows: DTX1, forward primer: 5’-
GGGCTGATGCCTGTGA ATG-3’, reverse primer: 5’-CCTGGCGAAACTGGTGC-3’. A pre-incubation at 95℃for
10 min was to activate the Hot Start DNA polymerase and denature DNA, and was followed by 45
ampli�cation cycles of 95℃ denaturation for 10 sec, 60℃ annealing for 20 sec. qRT-PCR was performed
in ABI PRISM 7900 Realtime PCR system (Applied Biosystems).

4. Cell culture and Transfection

The human breast cancer cell lines, HCC1937 and BT474, were obtained from American type culture
collection (ATCC, Manassas, VA, USA). Each cell line was authenticated using a Short Tandem Repeat
(STR) Identi�ler kit (Applied Biosystems). HCC1937 and BT474 cells were grown on Dulbecco’s modi�ed
Eagle’s medium (DMEM; Thermo Fisher Scienti�c) with 10% FBS (HyClone, Logan, UT, USA) at 37 °C in 5%
CO2.

For knockdown assays, the expression of DTX1 gene was downregulated by ON-TARGET plus siRNA
SMART pool RNA (Thermo Scienti�c, Waltham, MA) using RNAi MAX transfection reagent (Life
Technologies, Carlsbad, CA). Non-targeting SMART pool RNA (Life Technologies) was used as a control.
The transfection e�ciency was con�rmed by qRT-PCR.

The ectopic overexpression of DTX1 was achieved with pCMV6-Entry-DTX1 plasmid (RC208338, Origene,
Rockville, MD) using FuGENE Extreme 9 transfection reagent (Roche, Nutley, NJ). Empty pCMV6-Entry
(PS100001, Origene) was used as a control. Transfection e�ciency was con�rmed by qRT-PCR.
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Drug solutions were prepared fresh before each dose using a dounce homogenizer. For GSI (GSI-IX,
MedchemExpress) treatment in vitro experiments, stocks were prepared at 10 mM in DMSO and dilutions
were made directly before use. Cells were cultured for 3 days with GSI (compound E, 10uM) to establish a
Notch-off state.

5. Cell proliferation analysis

Cell proliferation was analyzed using the ‘Amersham Cell Proliferation Biotrak ELISA, version 2’ system
(GE Helathcare, UK) according to manufacturer’s instructions. In short, 5’000 cells were seeded in the well
of a 96-well plate and grown for two days, labeled with BrdU for 3–4 h, �xed and labeled with a
peroxidaselabeled anti-BrdU antibody. After coloring reaction the optical density was measured with a
‘SpectraMAX 250’ plate reader and analyzed with accompanying ‘Soft Max Pro’ software (Molecular
Devices, MDS Analytical Technologies, Toronto, Canada). For cell counting, equal amounts of cells were
seeded in triplicates and grown under standard conditions for three days. Cells were then harvested and
each biological replicate was counted 3 times using a ‘Neubauer’-chamber (hemacytometer).

6. Transwell migration and scratch test assay

Transwell migration assays were performed using modi�ed Boyden chamber units with polycarbonate
�lters of 8 mm porosity (Costar, Vitaris, Switzerland). The lower side of the �lter was coated with
25 mg/ml collagen 1 (Sigma, St. Louis, USA) for 2 h at 37 °C. The bottom chamber was �lled with DMEM
containing 10% FCS. Cells (2 104 per well in serum-free DMEM) were plated in the upper chamber in
100 ml medium and incubated for 24 h in standard conditions (see above). After removal of the
remaining cells from the upper surface of the �lter insert, migrated cells at the bottom of the �lter were
�xed with 3.7% formaldehyde in PBS and stained with 0.1% crystal violet. For every individual �lter, the
cells in 9 �elds of view were counted. Every experiment was conducted in triplicates.

For scratch test analysis, cells were grown to above 90% con�uency under standard conditions. A wound
was in�icted by scratching a 200 ml pipette tip (Starlab, Milton Keynes, UK) over the surface of the culture
�ask. The wounds were documented immediately after scratching, after 12, 24 and 48 hours.
Quanti�cation of wound closing was performed with ImageJ software according to manufacturers’
instructions.

7. Western blot analysis and antibodies

Protein lysates from tissues or cells were resolved on denaturing 8–12% SDS-poly-acrylamide gels and
transferred to nitrocellulose membranes (iBlot Gel transfer stacks, Invitrogen). The following primary
antibodies were used: anti-Actin (Sigma-Aldrich, St. Louis, USA), anti-phospho-Akt/PKB and anti-total-
Akt/PKB (Ser-473) (Millipore), anti-DTX1 (AB Biotech). Decorated proteins were revealed using
horseradish peroxidase-conjugated anti-mouse, anti-rabbit, anti-rat (New England Biolabs) secondary
antibodies and visualized by the chemoluminescence detection system Super-Signal West Pico (Thermo
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Scienti�c). Densitometry of western blots was performed using Image J software according to
manufacturers’ instructions.

8. Statistical analysis

SPSS 19.0 was used for statistical analysis. Data were presented as the mean ± standard deviation (SD).
Student’s paired or unpaired t test was used to analyze signi�cance between paired or unpaired groups.
One-way analysis of variance (ANOVA) test was used to analyze signi�cance between groups of various
differentiation. Only signi�cant results P < 0.05 after Bonferroni correction were the focus of this report.

Results
1. Patients and clinical characteristics

We enrolled 463 patients with breast cancer, 120 patients with FCD and 120 healthy controls in the
present study. The mean age in healthy controls and patients with breast cancer were 46.9 ± 11.5 y (range
23–65 y) and 50.3 ± 9.7 y (18–65 y), while the mean age in patients with FCD was 40.4 ± 14.3 y (19–43
y) for the younger peak age of this disease. Breast cancer patients were staged according to the TNM
classi�cation. There were 102 patients with stage I (22.03%), 175 patients with stage II (37.8%), 140
patients with stage III (30.24%) and 46 patients with stage IV (9.94%). All the clinical characteristics were
shown in Table 1.

2. DTX1 is expressed in breast tissues

We determined mRNA expression of DTX1 in serum and breast tissues of all subjects with qRT-PCR to
con�rm its presence in breast cancer. As showed in Fig. 1, no signi�cant differences were found in serum
levels of DTX1 mRNA expression between controls, patients with FCD and patients with breast cancer.
While in breast tissues, mRNA expression levels of DTX1 in breast cancer were lower compared with FCD
tissues and perineoplastic breast tissues (P < 0.01). We further analyzed the expression of DTX1 between
the four subtypes of breast cancer, no signi�cant difference was found.

3. Associations between DTX1 and clinical characteristics of breast cancer

We further analyzed the associations between levels of DTX1 and clinical characteristics of breast
cancer. As shown in Table 2, level of DTX1 was not obviously associated with age, body mass index
(BMI), pathology type, hormone receptor (HR) status, HER2 status, or tumor size in patients with breast
cancer, while lower expression of DTX1 was associated with advanced tumor grade (grade III, P = 0.002),
advanced clinical TNM stage (III-IV stage, P = 0.017), positive lymph node metastasis (P = 0.034) and high
Ki-67 index (P = 0.031). This indicated that lower DTX1 was associated with advanced condition and poor
prognosis. In addition, multivariate Cox regression analysis revealed that DTX1 expression, LNM, clinical
stage, HER2 status, and Ki-67 index were each recognized as independent prognostic factors for
metastasis-free survival (MFS) in breast cancer (Table 3). These results demonstrated that lower DTX1
might contribute to the metastasis of breast cancer.
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4. Lower DTX1 promoted breast cancer cell proliferation, migration and invasion

The results of our clinical samples demonstrated that lower DTX1 expression might be associated with
cancer cell proliferation, invasion and metastasis in breast cancer. Then we explored the possible
mechanisms of DTX1 on breast cancer. The DTX1 expression in different cell lines were shown in Fig. 2A.
HCC1937 and BT474 cell lines were chosen for DTX1 knockdown and overexpression studies (Fig. 2B).
The growth of HCC1937/shDTX1 cells was 141% of the rate of control cells while BT474/DTX1 cells
grew in monolayer culture at 62% of the rate of control cells (p < 0.01, as shown in Fig. 2C).

To determine the role of DTX1 on invasion and metastasis of breast cancer cell, we performed
transmembrane invasion assays with HCC1937/shDTX1, BT474/DTX1 cell and control cells. Low-
expression of DTX1 signi�cantly promoted the invasive behavior of HCC1937 cells by154% of control
cells, while BT474/DTX1cells showed an average reduction of invasion by 65% of control cells (P < 0.01,
Fig. 2C).

To con�rm these results in an independent experimental setup, we performed scratch test wound healing
assays. Wounds were imaged immediately after the scratch wound was in�icted as well as 0, 24 and 48
hours later. Wound closing, which is a measure for cell motility, was massively accelerated in
HCC1937/shDTX1 cells compared to controls (p < 0.01, Fig. 2D) whereas wound closing was signi�cantly
reduced in BT474/DTX1 cells (p < 0.05, Fig. 2E). It con�rmed the initial �nding of the trans-well migration
and invasion assay.

5. DTX1 regulated cell growth and survival via NOTCH/DTX1/ PI3K/AKT pathways

Since DTX1 is a regulator of the Notch pathway, and PI3K/AKT pathway is known to involve in cell
proliferation in breast cancer, we analyzed associations between DTX1, Notch pathway and PI3K/AKT
pathway in breast cancer cells.

In BT474/DTX1 cells, we observed a reduction of the phospho-Akt/PKB (p-Akt/PKB) levels compared to
BT474/scr cells. In contrast, we detected a slight increase of p-Akt/PKB levels in the HCC1937/ shDTX1
cells compared to HCC1937/scr cells (as shown in Fig. 3A). This was consistent with the results of cell
growth. Expressions of Notch1, Delta-like 1 (DLL1), Jagged1 and HES1 of Notch signaling pathway were
signi�cantly upregulated in HCC1937/ shDTX1 cells relative to HCC1937/scr cells by qRT-PCR (P < 0.01,
as shown in Fig. 3B). While expressions of these molecules were decreased in BT474/DTX1 cells
compared to BT474/scr cells (P < 0.01). These �ndings indicated that DTX1 might be a key factor to
regulate the activation of Notch signal pathway and PI3K/AKT pathway in breast cancer.

To further con�rm that DTX1 regulated cell growth and migration via NOTCH/DTX1/ PI3K/AKT
pathways, we treated BT474 cells with Gamma-secretase inhibitor (GSI), a Notch blocker. After GSI
treatment, the proliferation and migration of BT474 cells decreased by 38% and 55% of controls (P < 0.01,
Fig. 4). The wound closing of BT474 cells with GSI reduced signi�cantly compared to BT474 cells
without GSI. Moreover, expression of DTX1 increased while p-Akt/PKB levels decreased in BT474 cells
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with GSI. These indicated that GSI could inhibit BT474 cell proliferation and migration through NOTCH/
DTX1/PI3K/AKT pathways.

Discussion
The role of DTX1 in oncogenesis is not clearly understood. It was reported that Notch1, HES1 and DTX1
could be considered as potential biomarkers for Glioblastoma diagnosis [7]. In the present study, we
explored the associations between DTX1 and breast cancer, and found that levels of DTX1 in breast
cancer tissues were lower compared to FCD tissues and perineoplastic breast tissues. Lower DTX1 was
associated with advanced condition and poor prognosis of breast cancer.

Expression of DTX1 gene is not only present in a variety of tissues such as lymphoid tissues, heart, liver
and kidney [17], but also in tumors with a centroblast expression pro�le [18]. DTX1 played various roles in
different types of cancers. Over-expression of DTX1 increased cell migration and invasion correlating to
ERK activation, miR-21 and endogenous Notch levels in glioblastoma [7]. While downregulated DTX1
maybe associated with Notch pathway activation and increased migration potential in Head and Neck
Squamous Cell Carcinoma [19]. In our experiment, lower expression of DTX1 was associated with
advanced tumor grade, advanced clinical TNM stage, positive lymph node metastasis and high Ki-67
index in breast cancer. Also, our results revealed that lower DTX1 expression might be an independent
prognostic factor for MFS in breast cancer.

Unlimited replicative potential of tumor cells is a hallmark of aggressive cancers [20]. Elevated levels of p-
Akt/PKB have been shown to positively correlate with migrating breast cancer cells [21]. Hyperactivation
of PI3K/AKT pathway is involved in the progression of breast cancer and contributes to the poor outcome
[22]. Our results found that lower DTX1 expression was associated with higher cancer cell proliferation
and increased invasion and metastasis, and moreover these �ndings were related with PI3K/AKT
pathway. PI3K/AKT pathway in BT474 cells with lower DTX1 expression was hyper-activated while
inhibited in BT474/DTX1 with higher DTX1 expression cells. This was consistent with the results of
breast cancer cell growth. A direct link between DTX1 and PI3K/AKT pathways has so far not been
described, we aimed to identify molecular mediators involved in the further investigations.

Notch signaling pathway participates in neoplastic transformation in various cell types, such as cervical
cancer, lung cancer and breast cancers. High expressions of Notch-1 and its ligand Jagged-1 were
associated with poor prognosis in breast cancer [23]. Notch-1, DLL1 and Jagged-1 have been found to be
upregulated in clear cell renal cell carcinoma and lung adenocarcinoma in vitro and in vivo models [24–
26]. Notch inhibition resulted in decreased proliferation and self-renewal of Glioblastoma cells [27].
However, the mechanisms of Notch signaling in cancers promotes cell invasion and metastasis were not
fully understood.

The Notch pathway is usually determined by other signaling pathways which cross talk with it, including
NF-κB, PI3K, AKT and mTOR [28]. PI3K/AKT pathway has been reported to be involved with NF-κB
activation in a wild variety of tumors [29–31]. Activated Notch-1 might induce the activation of PI3K/AKT
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pathway, then upregulated NF-κB activity to facilitate cell invasion [32]. More work is needed to further
understand factors that promote AKT phosphorylation in the context of Notch-1 activation.

DTX1 is the downstream molecule of Notch signaling pathway and also the critical regulator in Notch
signaling pathway [33]. In the present research, Notch1, HES1, DLL1 and Jagged1 in Notch pathway were
signi�cantly upregulated in cells with lower DTX1 expression compared with DTX1 high expression cells.
These �ndings con�rmed that downregulation of DTX1 resulted in a strong difference in activation of the
NOTCH pathway in breast cancer samples. GSI could inhibit the proliferation and migration of BT474 cell,
inducing increased DTX1 and decreased p-Akt/PKB. Based on the above �ndings, DTX1 might be a key
factor to regulate the activation of Notch signal pathway and PI3K/AKT pathway in breast cancer. The
speci�c mechanisms of DTX1 regulated invasion and metastasis via Notch/DTX1/ PI3K/AKT pathways
still need further investigations.

There were some limitations in the present research. First, the speci�c mechanisms of DTX1 promoted
breast cancer cell proliferation and invasion were not fully understood. Second, how DTX1 activated the
PI3K/AKT pathway and regulated Notch/DTX1/PI3K/AKT pathways still needed further investigations. It
is a long way to make clear the role and mechanisms of DTX1 in breast cancer and further to �nd new
target drug to evaluate in clinical trials.

In conclusion, we found that lower DTX1 in breast cancer tissues was associated with advanced
condition and poor prognosis and contributed to the metastasis of breast cancer. Lower DTX1 might
promote breast cancer cell proliferation and migration via NOTCH/DTX1/PI3K/AKT pathways. DTX1 may
be a useful marker to select new therapy for breast cancer.
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Figure 1

DTX1 expression in breast tissues. A: No signi�cant differences were found in serum levels of DTX1
mRNA expression between controls, FCD patients and breast cancer patients. B: mRNA expression level
of DTX1 in breast cancer tissues was lower compared to FCD tissues and perineoplastic breast tissues (*
P<0.01).
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Figure 2

Lower DTX1 promoted breast cancer cell proliferation, migration and invasion. A: mRNA expression of
DTX1 in different cell lines. B: HCC1937 and BT474 cell lines for DTX1 knockdown and overexpression
studies. C: The growth and migration of HCC1937/ shDTX1cells was higher while BT474/DTX1 cells was
lower compared to control cells (* P<0.01, # P<0.01). D: Wound closing was massively accelerated in
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HCC1937/shDTX1 cells compared to controls (* P<0.01). E: Wound closing was signi�cantly reduced in
BT474/DTX1 cells (# p <0.05).

Figure 3

DTX1 promoted cell proliferation and migration via NOTCH/DTX1/ PI3K/AKT pathways. A: The
expression of PI3K/AKT signal molecules in HCC1937/ shDTX1 cells, BT474/DTX1 cells and control cells
by Western Blot, full-length blots were presented in Supplementary Figure 1. B: The mRNA expression of
Notch1, Jagged1, HES1 and DTX1 in HCC1937/ shDTX1 cells, BT474/DTX1 cells and control cells by RT-
PCR (compared with respective control cells, * P<0.01, # P<0.01).
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Figure 4

GSI inhibited proliferation, migration and invasion of BT474 cells. A: After GSI treatment, the proliferation
and invasion of BT474 cells signi�cantly decreased (*P<0.01). B: The migration and invasion of BT474
cells signi�cantly decreased (*P<0.01).
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