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Abstract 
Background: Tumor metastasis with poor prognosis is still the leading cause of 
deaths among triple-negative breast caner (TNBC) patients. Therefore, understanding 
the underlying molecular mechanisms of TNBC metastasis and identifying the 
molecules contributing to the process are of great importance.It would be provided 
targets for the prevention and treatment of recurrence and metastasis of TNBC. 
Methods: The expression level of MAP3K1 and its up-or downstream genes,SOX2 
and KLF4 were detected using Western blotting assay. Cell migration and 
proliferation were measure by xCELLigence Real-Time Cell Analyzer (RTCA). 
Protein interaction was used for co-immunorecipitation.  
Result: Compared with metastasis (Met) in TBNC model, the expression of 
MAP3K1,KLF4,ERK1/2, C-jun and werelower, while SOX2, Ras,Rafand c-Fos were 
higher in non-metastasis (non-Met) samples. In MAP3K1 silenced MDA-MB-231 
cells, the cell proliferation and metastasis rates were increased. The expression level 
of KLF4 was lower than SOX2 reduced or minimal interaction of both. In SOX2 
silenced MDA-MB-231 cells, the cell proliferation and metastasis rates were 
decreased, while the expression of KLF4 and MAP3K1 were higher, the interaction of 
MAP3K1 and KLF4 was inhibited. 
Conclusions:It is demonstrated for the very first time that SOX2 and MAP3K1 are 
playing an important rolesin TNBC cell metastasis by regulating MAPK signaling 
pathway by interacting with KLF4. 
Keywords: TNBC, metastasis,MAP3K1and SOX2, MAPK signaling, protein 
interaction. 

Background 

The triple-negative breast cancer (TNBC) is a common biological subtype of breast 
cancer (≈20% of all breast cancers),whilethe pathologic features are the 
progesteronereceptor (PR)-negative, the estrogen receptor (ER)-negative and the 
Human epidermal growth factor receptor-2(Her2)-negative[1-3]. The cancer 



progression of TNBC patients usually have higher local recurrence and distant 
metastasis, particularly to the visceral organs such as the lung, liver, brain, and 
bone.Over90% of the deaths of TNBC patients are due to metastasis [4, 5]. Despite 
advances in therapeutic systems, the five-year survival rate of metastasized breast 
cancer patients remained quite low 26% reflecting indepth investigations into the 
metastatic process and development of new therapies [6]. It is a dire need to elucidate 
the molecular mechanisms underlying TNBC metastasis and identify available 
therapeutic targets. 

Mitogen-activated protein kinases kinase kinases1 (MAP3K1) is a key regulator in 
signalingcascadesof controlling tumor proliferation and metastasis [7]. It belongs to 
the MAP3K family, which is involved in the mitogen-activated protein kinase 
(MAPK) signaling pathway, regulate fundamental cellular processes involved in cell 
growth and survival, mediate upstream signal transducing molecules MEK (MAPK 
ERK kinase), Raf and Ras in a hub of the MAPK signal pathway. MAPKs are specific 
protein kinases that comprised of extra-cellular signal-regulated kinases (ERK), c-Jun 
N-terminal kinases (JNK), and p38 isoforms (p38-α and -β) [8,9]. ERK can trigger 
tumor suppressor pathways such as cellular senescence, apoptosis and differentiation 
in a context-dependent manner and activatesKrüppel-like factor 4 (KLF4) which is a 
member of Krüppel-like family transcription factors[10, 11]. Recently, emerging 
evidences have indicated that KLF4 functions as a tumor suppressor in various tumors 
[10, 11], but conflicting results reveals that KLF4 is overexpressed in primary breast 
and other cancers where it shows an oncogenic role in tumor development and 
progression [12,13]. 

Sex determining region Y (SRY)-box 2 (SOX2)isreported pretty effective in cancer 
therapy targets [14, 15] and regulates multiple stages in mammalian cancer 
development [16]. Moreover, SOX2 is reported to promote tumorigenesis, 
progression in multiple types of cancers. However, indepth studies are needed to 
elucidate the functions of SOX2 in triple-negative breast cancer metastasis. 

The metastatic functions of MAP3K1 and SOX2 in TNBC progressionare analyzed 
in current study by using TNBC mice model along with highly metastatic breast 
cancer cell line MDA-MB-231. Moreover, the study will led us to decipher both the 
upstream and downstream signaling crucial for MAP3K1- and SOX2-mediated 
metastasis in TNBC. It is demonstrated that MAP3K1and SOX2 expression are 
different in TNBC model of non-metastasisandmetastasis to lungsorliver.An artificial 
miRNA was designed to specifically suppress the expression of MAP3K1 or 
SOX2that help investigate the impact on proliferation and metastatic potential of 
MDA-MB-231 cells using a real-time quantitative assay system (xCELLigence).  



Materialsand methods 
Ethical approval of the study protocol 
The Animal Ethics Committee of the National Research Institute for Family Planning 
(Beijing, China) approved the study protocol used herein. Animal experiments were 
conducted according to the guidelines for the care and use of laboratory animals 
established by the Chinese Council on Animal Care (Beijing, China) [17-19]. 

Preparation of the animal model  
Two-hundred and forty female Kunming mice (11.5 months; mean weight22.0 g) 
were provided by the animal center of Jiangxi TCM (production license number, 
SCSK-2017-0001). Trained technicians palpated the mammary glands of mice every 
3 days, and noted the location and size of all nodules using standard methods. During 
11-18 months, 20–30% of mice developed a tumor in the mammary glands. The time 
of appearance of local tumors in mammary tumors was monitored by palpation and 
confirmed by histopathology[16-19]. 

Histology 
In a proportion of cancer bearing-mice, liver and lung tissues were fixed in neutral 
formalin and processed by conventional means. Then, they were embedded in paraffin 
wax and sectioned (5μm), and stained with hematoxy- lin and eosin to finally capture 
photographs under light microscopy. Serial sections of liver and lung tissues were 
prepared, sectioned were stained to detect microscopic evidence of metastatic spread 
[19]. 

Western blotting and coimmunoprecipitation 
The protein concentrations of homogenized lysates were measured using a Bradford 
assay kit (Bio-Rad Laboratories, Hercules, CA, USA). Equal amounts (50 μm) of 
protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS–PAGE) using 10-15% polyacrylamide gels and trans- ferred onto nitrocellulose 
membranes (Bio-Rad Laboratories, California, USA). After blockade in T-TBS 
containing 5% skimmed milk for 1 h, immuno- blotting was done by incubation 
overnight at 4ºC with primary antibodies corresponding to SOX2 and MEK and  
ERK1/2 (R&D Systems, Minneapolis, MN, USA), KLF4 (Millipore, Billerica, MA, 
USA), Raf and Ras (Abcam, Cambridge, UK), c-Fos, Jun, MEKK1 and β-actin (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) diluted 1:1000–1:2000 (v/v) in 5% 
skimmed milk. Immunoblotting was followed by incubation with secondary 
antibodies conjugated to horseradish peroxidase (HRP) for 3 h at room temperature or 
overnight at 4ºC. After washing, the bands of interest were analyzed using a 
luminescent image analyzer FluorChem™ M (Proteinsimple, San Jose, CA, USA).  



For coimmunoprecipitation of protein or total cell lysates in RIPA were treated 
with benzonase nuclease (Sigma-Aldrich), incubated overnight with the appropriate 
antibody, and then incubated overnight with a 50:50 mixture of protein A and protein 
G Dynabeads (Thermo Fisher Scientific). Beads were washed three times with 
non-denaturing lysis buffer (20 mM Tris-HCl, 137 mM NaCl, 10% glycerol, 1% 
NP-40, 2 mM EDTA, 1 mM PMSF, proteinase inhibitors) and twice with PBS, eluted 
in SDS- PAGE loading buffer, and analyzed by SDS-PAGE[20].  

Culture 
The breast carcinoma cell line MDA-MB-231 cells were obtained from Shanghai 
Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, Chinaand 
cultured in RPMI 1640 medium (Gibco; Grand Island, NY) with 10% fetal bovine 
serum (FBS; Hyclone, Logan, UT), 100 U penicillin and 100 mg/ml streptomycin 
(Gibco), hereafter referred to as standard media. The cells were kept at 37ºC in a 
humidified atmosphere containing 5% CO2[20]. 

Plasmids, siRNAs and Transfection 
Cells were cultured for 24 h and then transfected with siRNA targeting MAP3K1 or 
SOX2 synthesized by Shanghai JikaiGenePharma using Lipofectamine 2000 at 1:2 
(siRNA: Lipofectamine 2000; μg: μg) according to the manufacturer’s instructions. 
Cells were collected after 24 h and the efficiency of RNA interference was checked 
with western blot assays. The optima plasmid was screened by silence effective (3 
candidate miRNA sequences, data not shown). To knock down endogenous MAP3K1 
and SOX2, the following target sequences were constructed in a siRNA vector: 
MAP3K1-siRNA(ID-20327):5’-CTGTTGAAATCAGGTATAA-3’(siRNA(+)); SOX2 
-siRNA (ID -69217):5’-CAGCTCGCAGACCTACATGAA-3’ (siRNA(+)) and the 
negative control siRNAs (siRNA(-)). 

xCELLigence cell migration assay 
Cell migration was measure by xCELLigence Real-Time Cell Analyzer (RTCA) DP 
(ACEA Biosciences, San Diego, California, USA) real-time functional assay system. 
Experiments using the CIM-plate 16 (ACEA Bioscie- nces) were carried out under 
sterile conditions. Wells of the lower chamber were filled with 165 µL of designated 
medium. The upper chamber was added 100 µL of designated medium contained 
60,000 MDA-MB-231 cells. The CIM-plate 16 was then connected to the RTCA DP 
analyzer inside a tissue culture incubator (37ºC, 5% CO2 in air). Finally, the 
CIM-plate 16 was placed into the RTCA DP analyzer and impedance measurements 
commenced for up to 48 hours. At each time point, impedance is measured (Zi), and 
cell index (CI) is then calculated based on the formula; CI = (Zi − Z0)/15 Ω. This was 



done to investigate the relative change in the cell index values between different test 
groups over time [21]. 

xCELLigence cell proliferation assay 
Cell behavior was monitored in real-time using the xCELLigence system E-Plate 
(ACEA Biosciences Inc., San Diego, CA, USA). A total of 20,000 MDA-MB-231 
cells were seeded in each well and fresh RPMI 1640 medium was added for a 
duration of 24 h. The RPMI 1640 medium was then removed from these wells and 
medium containingsiRNA(-) and siRNA(SOX2 or MAP3K1) was then added, then 
transfected with siRNA targeting SOX2 or MAP3K1 using Lipofectamine 2000 at 1:2 
(siRNA: Lipofectamine 2000; μg: μg) according to the manufacturer’s instructions. 
The impedance value of each well was automatically monitored by the xCELLigence 
system for a duration of 48 h and expressed as a cell index (CI) value[20]. 

Immunofluorescence analysis 
MDA-MB-231 cells were treated with siRNAs plasmidsfor 24 h. Cells were fixed 
with 4% paraformaldehyde in PBS for 15 min, then permeabilized with 0.5% Triton 
X-100 for 30 min, used PBS to wash for 3 times and blocked with 10% homologous 
serum of the second antibody for 30 min. Incubation with primary antihuman MAP3K, 
KLF4, and SOX2 (diluted MAP3K1 1:500, KLF4 1:50, FOXD3 1:200 and SOX2 1: 
200) was done overnight at 4ºC. After washing, cells were exposed to 
FITC-conjugated second antibody (diluted 1:500). Washed with PBS, the nuclei were 
counterstained with DAPI for 7 min before imaging. The stained and mounted 
sections were placed on gelatinized glass slides, dried, cleared in xylene and 
covered.Then, they were examined with laser confocal microscopye (Nikon, Tokyo, 
Japan) 

Statistical analyses 
Data processing was performed using SPSS statistical softwareversion 11.5. Data are 
the means and standard deviation (means±SD). Statistical comparisons were 
performed by using Student’s t-test. Differences between groups were considered 
statistically significant at p < 0.05. 

Result  

The Characteristics of spontaneous triple negative breast cancer model 
In our study, we found that Kunming female species after breeding can develop 
spontaneous triple-negative breast cancer. The age of tumor occurrence was on 
average about 13.5 months , the life span of mammary tumor mice was about 8 weeks 
(6-10 weeks) (Fig.1A). In the agonal stage (symptoms: skeletonization, dispirited 



demeanor, significantly reduced dietary intake, slow reactions, decreased heart rate, 
faint breath or the occurrence of periodic breath), all bearing mice were euthanized. 
Compared with non-metastasis group, the weight and volume of metastasis group 
were higher (p< 0.05) (Fig. 1B, C). Histologically, in the metastasis model, 
themalignant cells in the tumor have marked variation in cellular and nuclear size and 
shape with vesicular nuclei and prominent nucleoli. At metastasisstage, the tumor 
tissue is composed of solid sheets of epithelial cells with little or no remaining acinar 
structures visible to compare with non-metastasis tissue (Fig. 1D). 

Neoplastic cells metastasized into the liver and lungs in the most bearing mice 
model (Fig. 1E,F, long arrows). No metastatic foci in bone, heart, adrenal, kidney, 
brain, intestines and pancreas were detected (not shown data). 

 
Fig.1. The Characteristics of TNBC model. TheTNBC model (A). The weight and volume of cancer tissue 

between the non-metastasis group and metastasis group were significantly difference ( B, C, p<0.05 ). The 

pathological results showed the pathological feature of non-metastasis and metastasis carcinoma tissue (D, 

magnification, x400).Metastatic breast tumors are formed in lung and liver (E, F, magnification, x400) 

The expression of MAP3K, Sox2, KLF4 and FoxD3 in a murine model of triple- 
negative breast cancer 
MAP3K1 is an keyregulator in the signal pathway of controlling tumor cell 



proli-feration and metastasis[8]. It was initially identified as a kinase that facilitates 
the activation of MEK and MAPK kinases. We therefore determined whether 
MAP3K1 expression levels were altered in metastasis and non-metastasis breast 
tumour samples using immunoblotting assay. We analyzed in a cohort of 20 mice 
primary breast tumors from non-metastasis or metastasis. A significant decrease in 
MAP3K1 protein expression levels was observed in metastasis tumor samples 
compared to their non-metastasis tumor counterparts (Fig. 2A, B). 
Sox2 is essential for tumor initiation in a mouse model of spontaneous breast cancer 
and for the survival and proliferation with TNBC [14]. We checked the expression 
level of SOX2 in the same bearing mice specimens for determining the metastatic role 
of SOX2.The result showed that SOX2 was markedly overexpressed in metastasis 
tumor compared with non-metastasis tumor tissue (Fig. 2C).  

MAP3K1 regulates JNK activation and in turn affects the MAP3K1-JNK-c-Jun 
cascades, plays a key role in the development and progression of cancer [7]. The 
result showed that thec-Jun, JNK protein expression levels in metastasis tumor sample 
were lower than those in non-metastasis tumor sample (Fig.3A). 

MAP3K1 may be a downstream effector of Ras signaling. The current thinking 
proposes that both Ras and Raf oncogenes promote human cancers by activating the 
ERK kinases [22, 23]. ERK can activate KLF4 [10,11]. The result showed thatRaf and 
Ras protein expression levels in metastasis tumor sample were higher than those in 
non-metastasis tumor sample (Fig.3B, D), whereasKLF4,ERK1/2 were lower(Fig.2E, 
F; Fig.3E). 

We performed Immunofluorescence analysis in the same number cancer tissues.  
MAP3K1 and KLF4 staining were strong in non-metastasis tumor tissues (Fig. 1B, D). 
In contrast, SOX2 staining was expressed weakly in themetastasis tumor tissues, 
suggesting that the levels of MAP3K1, SOX2 and KLF4 expression were relative to 
metastasis.  
 



 

Fig.2.The expression level of MAP3K1, SOX2 and KLF4 were used for Western bloting and immunofluorescence 

in metastasis group and non-metastasis group. Compared with metastasis group, the protein expression level 

ofMAP3K1 (A,B) KLF4(E,F) were lower while its SOX2 (C, D) was higher in non-metastasis group(p<0.05). 

 



 



Fig.3.The expression level of MAP3K1 downstream or upstreamprotein were used for Western blotinginmetastasis 

group and non-metastasis group. Compared with metastasis group, the protein expression level ofC-Fos (A), c-Jun 

(C) and KLF4(E) were lower while the Ras (B)  and Raf (D) were higher in non-metastasisgroup (p<0.05). 

MAP3K1 siRNA suppressed cell migration, proliferation and affect on KLF4, 
Sox2 expression and interaction of KLF4 and SOX2. 
Metastasis is a key factor in tumor-related death for the purpose, we will use the 
RTCA technology in the field of TNBC therapy and its benefits over the conventional 
assays for monitoring cell proliferation and the migration. By using this approach we 
can monitor cells in real time and use the CI value as a measure to determine the 
proliferation rate and migration capacity of the cells without any interruption in data 
collection or outside sources of error [24, 25]. We determined whether MAP3K1 
effect on tumor metastasis. MDA-DM-231cells transfected with MAP3K1 silence 
vectors and negative vectors (empty vectors). The cells index (CI) treated with 
MAP3K1siRNA(+)(green line) showed increased after 10 to 35 h to compared with 
siRNA(-) (blue line) (Fig. 4A). MDA-DM-231 cells in MAP3K1siRNA(+) + PTX 
(light blue line) showed capacity to migrate at a lower rate compared with siRNA(-) 
(dark blue line) and Con (red line ) in 24 h (Fig. 4A).After 24 h, CI of cell 
proliferation in RNA(+) group(green line) was higher than its in RNA(-) group(blue 
line) while CI of cell metastasis in RNA(-) group remain lower than its in RNA(+) 
group (Fig. 4A, B). The MAP3K1 siRNA in coordination with PTX best significantly 
decreased the cells migration and proliferation to compare with RNA(+) group. The 
results showed that the cell migration induced by MAP3K1 silencing was significantly 
affected by cell proliferation, suggesting that MAP3K1 might be the key target for 
tumor metastasis of prevention and treatment. 

The stable transfection MDA-DM-231 cells efficiency was confirmed using 
Western blotting assay thatanalyzed the protein level of MAP3K1, SOX2, KLF4 in 
control group(Con), siRNA(-), siRNA(+)and siRNA(+) + PTX groups. As has been 
observed previously, the comparison amongMAP3K1siRNA(-) in MDA-MB-231 cells 
revealed aincrease in SOX2 expression inMAP3K1siRNA(+), wherasesignificantly 
decreased in siRNA(+) + PTX cells. But the expression of KLF4 inMAP3K1siRNA(+) 
and siRNA(+) +PTXwassignificantlyincreasedto compare  
with siRNA(-)(Fig. 4D, E). These results confirmed that the low expression of MAP3 
3K1or high expression of SOX2 contributes to the metastasis of TNBC cells and PTX 
can coordinate MAP3K1 to regulate the expression of KLF4 and SOX2. 
  Molecular interaction is the key factor of signal transduction to result in cells 
metastasis [26-28]. Sox2 and KLF4 are dependent on MAPK signal pathway. SOX2 
had been reported to work with KLF4 as transcriptional activators in reprogramming 
TNBC [29]. We assessed whether KLF4 directly interacts with SOX2 in MDA-DM- 



231 cells. Endogenous KLF4 bound to endogenous SOX2 was determined by co-IP 
assays (Fig. 4F). The interaction between KLF4 and SOX2 was inhibited by 
silencingMAP3K1 (Fig. 4F).These results clearly indicated that silencing MAP3K1 
affected on KLF4 directly binding to SOX2 and might serve as a oncogenic molecular 
prognostic marker for MDA-DM-231 cells (Fig. 4F) 



 

Fig.4. Effect  ofcell migration and proliferation in MAP3K1siliencingMDA-DM-231. The cell migration and 

proliferation were inhibited after MAP3K1siliencing (A, B). The expression of SOX2 and KLF4 in RNA(+) were 

higher to compare with the Con, RNA(-), RNA(+)+ PTX (P<0.05) (D,E) and inhibited interaction with SOX2 and 

KLF4 in MAP3K1siliencingMDA-DM-231 (F). 



SOX2 siRNA suppressed cell migration, affect on MAP3K1, KLF4expression 
and interaction of KLF4 and SOX2 

To elucidate the function of SOX2 in TNBC, we examined the effect of SOX2 
siRNA on metastasis and proliferation characteristics of MDA-MB-231 cells by 
RATC assays. Cells transfected with SOX2siRNAs(+) (Fig. 5A, red line) 
displayedalower ability of metastasis than SOX2 siRNAs(-) (blue line) cells, but 
higher than SOX2 siRNAs(+) +PTX (Fig. 5A, teal line). Furthermore, we performed 
transwell assay to evaluate the effects of SOX2 siRNA on proliferation of 
MDA-MB-231 cells. These result showed that cells transfected with SOX2siRNAs(+) 
(Fig.5B, green line) grew much lower thanSOX2 siRNAs(-) cells(Fig.5B, blue line), 
but much faster than siRNAs(+) + PTX by RATC analysis (Fig. 5B, pink line). 
Together, these results indicated that SOX2 deficiency inhibits breast cancer cell 
proliferation and metastasisin vitro. 

Previously we aimed to determine the importance of Sox2 expression in MDA-231 
cell, siRNA-mediated knockdown produced a significant but not complete loss of 
SOX2 activity in MDA-MB-231 cells. So, hereinit is found that SOX2silencing also 
suppressed the SOX2 expression in MDA-MB-231cells as confirmed by Western 
blotassay(p<0.05, Fig. 5 C), followed by examination of the relative protein levels of 
MAP3K1. The result showed that the protein level of MAP3K1 was significantly 
decreased in SOX2 siRNA(+) cells (Fig. 5C, P<0.05). It was further confirmed that 
SOX2 siRNA induced a high level of KLF4 in MDA-MB-231 cells (Fig. 5E, 
P<0.05).PTX can work in coordination withSOX2 siRNA to increase the expression 
of MAP3K1 and KLF4(Fig. 5D, E). These results showed that silencing SOX2can 
inhibit the expression of MAP3K1 through an up-regulation of KLF4. 

To validate the interactions between KLF4 and MAP3K1, co-immunoprecipitation 
(CoIP) assay was performed in MDA-MB-231 cells. These results illustrated that 
MAP3K1 directly interact with KLF4 in a stimulation-dependent, whereas SOX2 
siRNA inhibited thisinteraction(Fig. 5F). 



 
Fig.5. Effect  ofcell migration and proliferation in SOX2siliencingMDA-DM-231. The cell migration and 

proliferation were inhibited after SOX2siliencing (A, B). Compared with SOX2 siRNA(+), the expression of 

MAP3K1 were higher and KLF4 was lower in siRNA(-) (D, E, P<0.05), inhibited interaction with MAP3k1 and 

KLF4 in SOX2siliencingMDA-DM-231 (F). PTX work in coordination withSOX2 siRNA(+) promote the 

expression of MAP3k1 and KLF4 to compare with SOX2 siRNA(+) (D, E). 



Discussion 
Metastatic disease is incurable and is the primary cause of death in majority of TNBC 
patients. The exact mechanism of metastasis lacksindepthunderstandingabout its 
development, progression and new therapeutic means [3]. To find the relationship 
between tumor metastasis and its associated features viz. tumor weight, volume and 
pathological feature are all analysed herein. The results showed that the comparison 
between the migrated and non-migrated tumor weights and volumes revealed a 
significant increase in TNBC model. Duringmetastasisstage, the primary tumor is 
comprised of solid sheets of epithelial cells with little or no remaining acinar structure 
visible. The malignant cells in metastasized tumor have marked variation in cellular 
and nuclear size and shape with vesicular nuclei and prominent nucleoli in 
comparison to non-metastasized tumors (Fig.1). Clinical trials have shown that each 
chemotherapeutic agent alone provides small or no benefit in TNBC patients [29]. 
Therefore, understanding the molecular mechanisms involving TNBC metastasis and 
identifying the molecules contributing to provide a reliable target for clinical 
treatment are needed.  

MAP3K1 andSox2 have been reported to be very important for cancer 
progression[8,14]. The expression of MAP3K1 in metastasis modelswashigher than in 
non-metastasis models, while the expression of SOX2 was converse (Fig. 
2A).Thepooled results of studies involving multiple cases of metastasis and 
non-metastasisprovide compelling evidence of a significant but positive correlation 
between Sox2 and MAP3K1at translational level and an increased tumor size, weight, 
higher histological grade, lung/liver metastasis(Fig.1,2). MAP3K1 is a component of 
an evolutionarily conserved signal transduction cascade, which can activate MAPKs, 
which in mammalian cells includes extracellular signal-regulated kinase (ERK, 
member of Ras/MAPK), and c-Jun N-terminal kinase (JNK) [7, 8]. The active JNK 
are linked with progesterone receptor-negative status in breast tumors with or without 
estrogen receptor α [30]. 

In the Ras-Raf-MEK-ERKMAPK cascade, Ras binds to and promote activation of 
Raf [7, 31]. Over-expression of Ras activates MAPKs, is fully capable to induce 
metastatic mammary tumors in mice [7, 10, 22] and also help induce human 
mammary epithelial cells to form ductal carcinoma in situ, followed by development 
of invasive ductal carcinoma in mouse mammary glands [32, 33] (our mice model is a 
ductal carcinoma model [17]). ERK can trigger tumor suppressor pathways such as 
cellular senescence, apoptosis and differentiation. KLF4 is induced by ERK 
activation,andhelp mediate growth inhibition in human colon cancer cells[10, 34, 
35]or KLF4 is overexpressed in primary breast and promote tumor development and 
progression[12,13]. Herein, current study finds that KLF4 and ERK1/2 protein 



expression levels in metastasis tumor samples were lowerthan those in non-metastasis 
tumor samples, whereas Ras andRafremainedhigher in TNBC metastaticmice model 
(Fig.3B,D). 

Sox2 is an essential tumor initiation factor in a mouse model of spontaneous breast 
cancer [36]. The over-expression of SOX2 has been reported to correlate with poor 
progression and metastasis of cancer [35-37], which suggests that SOX2 might serve 
as a novel candidate oncogene in carcinogenesis. It is further found that high 
expression of SOX2 is linked with shorter survival time for patient. 

To further investigatehow MAP3K1 affects tumor metastasis, silenced MAP3K1 in 
MDA-DM-231was used in vitro. The results indicate that silencing MAP3K1 had a 
stimulatoryeffect on MDA-DM-231 migration, increased cell proliferation and 
increased the expression of KLF4 whereasthe expression of SOX2 was seldom effect. 
Interestingly, SOX2-induced expression of PI3K/AKT signaling is a critical 
mechanism for SOX2-driven triple negative breast carcinoma proliferation [38-39]. 
The literature elucidated that over-expression of KLF4 decreases proliferation in the 
cancer cell lines, whereas its silencing increases cell number in tumors [34]. 
Furthermore, KLF4 directly binds to SOX2 in MDA-DM-231 cells [38-39] while 
MAP3K1 siRNA inhibits the interaction of SOX2 with KLF4and can 
coordinatePTXto regulate the expression of KLF4 and Sox2. This function of 
MAP3K1 may be one of the reasons for inhibiting tumor migration and may be an 
important treatment target. 

Compared with other breast cancer subtypes, agents or regimens that may result in 
higher response rates to treatment may be incrementally more important for patients 
with TNBC. Current treatment strategies include Taxanes, which may be agents of 
choice for patients with metastatic triple negative breast cancer[39].Current study 
findspaclitaxel (PTX) significantly inhibited the cancer cell migration, proliferation 
(data no shown) and corresponds toMAP3K1 siRNA which mimics same, but 
increased MAP3K1 and KLF4 levels, and deceased SOX2 expression (Fig, 3). Soit is 
speculated that KLF4/SOX2 interaction is potentially a novel predictive marker of the 
TNBC treatment and a potential therapeutic target. 

Multiple factors interact and their interplay at the molecular level determines the 
gene expression patterns of the concerned genes. The functional specificity of SOX2 
and tissue specificity is largely determined by its differential associations with other 
transcription regulators [36]. SOX2 also regulate cancer cell proliferation through the 
MAP3K1 signaling pathway in human cancer cells[40-41]. Herein, it is found 
SOX2siRNA could effectively down-regulate the expression of SOX2, and hence 
inhibited MDA-DM-231 cells proliferation, migration (Fig.5a,b),decreased the 
expression of MAP3K1 or increased the expression of KLF4 (p<0.05) and prohibit its 



interaction with MAP3K1 in MDA-DM-231 cells. While SOX2 siRNA could work in 
coordi -nation with PTX to significantly decrease the MDA-DM-231 cells 
proliferation, migration (Fig.5A,B), increase the expression KLF4, and 
MAP3K1.These findings are mimicking previous reports where silencing of 
MAP3K1reverses the inhibition of metastasis induced by SOX2siRNA [40-41]. Also, 
the proliferation and metastasis induced by SOX2is potentially suppressed by 
MAP3K1 (Fig. 5). Thus, we can suppose that SOX2 siRNA inhibits the proliferation 
and metastasis in MDA-DM-231 cells through down-regulating MAP3K1 mediated 
by MAPKs. 

5. Conclusion 

Together, our data highlight an important role for SOX2 and MAP3K1 in 
controlling TNBC metastasis through MAPK signaling cascade. Silencing MAP3K1 
and SOX2 inhibits their interaction with KLF4, and work in coordination with PTX to 
inhibit MDA-DM-231 cells proliferation and migration. Soit is speculated that 
MAP3K1/KLF4 and SOX2/KLF4 could be developed as a promising drug candidate 
targeting the prevention of TNBC metastasis. 
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