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Abstract: To study the effect of paired related homoeobox1 (Prrx1) on the epithelial-mesenchymal transition (EMT) and migration
ability of breast cancer cells. Breast cancer cell lines (including BT-474, ZR-75-1 and Mccoy’s 5A) were filtrated by Real-time PCR to
obtain the cells with the lowest expression of Prrxl. Then the cells were infected with Prrx1 over-expression lentiviral vectors. The
phenotype changes of the cells were observed after the infection was verified to be performed through Real-time PCR. The expression of
Twistl protein was tested by Western blot. At last, the effect of Prrx1 on the migration ability of the breast cancer cell was determined
by Transwell assay. Mccoy’s SA cells were screened to be the lowest Prrx1 expression cells of the three kinds of breast cancer cells. Then
the Mccoy’s SA cells were infected by lentiviral vectors to be Prrx1 over-expressing. We observed that the morphology of these cells
changed from polygon to long spindle appearance. The real-time PCR results showed that the expression of Prrx1, E-adherin and
Vimentin was 225.80, 0.55, and 4.20 times compared with groups without transfection respectively (p<0.05). Western blotting results
showed that the expression of Twistl protein in experimental group was higher than two control groups (p<0.05). Transwell assay
showed that the number of the migration cells in Prrx1 over-expression group (72.64c  5.32yas higher than both non-treated group
(39.520  3.87nnd lentiviral vectors group (42.350  4.11) (p<0.05), while the difference between the two control groups were not
statistically significant (po  0.05).1x1 up-regulation can prompt EMT of breast cancer cells and enhance their migration abilities.
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1 Introduction and migration ability in vitro.

Breast cancer is one of the common malignancy 2. Materials and Methods

Worldwide [1]. Basic research shows that the
abnormal expression of Prrx1 is closely related to the
occurrence and development of pancreatic cancer [2],
lung cancer [3], colon cancer [4]. And other studies
have shown that Prrx1 gene up-regulation in gastric . g
cancer and malignant glioma cells can promote EMT RPMI1640 mediem supplemented with 10% fetal
and closely related to invasion and metastasis [5-6]. bovine  serum  (Hyclone, US),  100mg/ml
In lung cancer, Prrx1 gene expression can reverse the streptomycin and 100U/ml penicillin (Hyclone, US)
EMT and prompt the distant metastasis of the tumor in a saturated humidity, 37 “C, 5% CO, incubator. All
[3], however, in colorectal cancer, Prrxl gene cells were cultured in a logarithmic growth phase for
over-expression can promote distant colonization of experimental use.

tumor cells [4]. It is indicated that different
expression of Prrx1 in different tumor cells on the

2.1. Cell culture

Breast cancer cells BT-474, ZR-75-1 and Mccoy’s
5A were purchased from Shanghai cell bank. The
three kind of breast cancer cells were cultured in

2.2. Real-time PCR

occurrence of tumor EMT and distant colonization
and metastasis are not the same. Furthermore, Prrx1
up-regulation often accompanying with Twistl
expression mediate the production of EMT [7]. At
present, There was few research about Prrx1
up-regulation accompanying Twistl up-regulation
promoting the occurrence of EMT, invasion and
metastasis in breast cancer cells, We constructed
Prrx1 over-expressing breast cancer cell line by
lentiviral infection technique to observe the effect of
Prrx1 over-expression on Twistl in EMT, invasion

Total RNA was extracted from the three kind of
cancer cells using Trizol (TaKaRa, Japan) and 500 ng
total RNA was reverse to cDNA. Real-time PCR was
used to screen out the lowest expression of Prrx1
from the above three kind of cells. The reaction
system is 20ul and the reaction conditions were as
follows: 95°C, 30s pre-denaturation; 98°C, 10s
degeneration; 60°C, 30s annealing; after 40 cycles,
95 °C extension, 40°C cooling. Every group set three
sub-holes and every experiment was repeated in 3
times. The results were analyzed by cycle threshold
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(ACt). The Prrx1 primer sequence was:
F:ACAGGCGGATGAGAAC
R:CTGAGTTCAGCTGGTCAT

2.3. Lentivirus transduction

Prrx1 over-expression lentiviral vector was
customized to Kyrgyzstan company in Shanghai. The
order of the components is:
Ubi-MCS-EGFP-IRES-Puromycin. The experiment
was divided into 3 groups: Mccoy’s 5A cells without
treatment and infected with negative Prrx1were used
for negative control (NC) and blank control group.
Mccoy’s 5A  cells infected with  Prrxl1
over-expressing lentiviral vector were used as
experimental groups. The Mccoy’s 5A cells were
seeded in 12-well plates at a rate of 5x 10* cells / ml
at about 1.5ml per well. The complex infection index
(MOI) 30 was obtained according to pre-experiment
and the adding to the lentiviral vector when the cells
reached approximately 40% confluency. After 72
hours of infected with Lentiviral vector we observe
the expression of green fluorescent protein.

2.4. Western blotting analysis

The protein concentration was determined by BCA
kit (Kangwei century company). Mouse anti-human
primary antibody (actin)( Santa Cruz industry, US,
diluted 1:1000). Goat anti-human Twisl primary
antibody (Raybiotech industry, US, diluted 1:500).
Horseradish enzyme labeled goat anti-mouse 1gG
secondary antibody (Zhongshan Jingiao Company,
China, diluted 1:10000). Horseradish enzyme labeled
mouse anti-goat secondary antibody (Jackson
Immuno Research Laboratories Inc., diluted
1:10000). Equal quantities of 20ul total protein was
loaded into per well and then subjected to
electrophoresis, Transfer membrane and closed at
room temperature for 1h. The membrane was
hatched in primary antibody hybrid bag in the 4°C
refrigerator overnight. Then the membrane was
washed 3 times using phosphate buffer (PBS,
Hyclone, US), each lasting 15min, the membrane
was incubated with the secondary antibody for 1h.
The protein brands and the protein were detected by
enhanced chemiluminescence kit (VILBER, France).

2.5. Prrx1,E-cadherin,

Expression

After infected with lentiviral vector 72 hours, three
groups of cells were collected and the total RNA was
extracted and reverse transcribed into CcDNA.
Real-time PCR procedure was carried out according
detail description of TaKaRa. Every well set three
parallel wells and the Ct value was read. The results
of the experiment were analyzed using the value of 2
~2 2% Protein primer was:

Vimentin mMRNA
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E-cadherin  F:ACACCATCCTCAGCCAAGA
R:CGTAGGGAAACTCTCTCGGT

Vimentin
F:GAGTCCACTGAGTACCGGAGAC
R:TAGGTGGCAATCTCAATGTC

GAPTH F:GGGTGTGAACCATGAGAA
R:CATGGACTGTGGTCATGAG

2.6. Migration assay

Migration assays were performed using Transwell
(Corning Life Science, Corning, NY, USA) 72 hours
after infection, the cells of three groups were
digested with trypsin and suspended with serum free
medium at a density of 3x10% cells/L. 200ul cells
were respectively added to the upper Transwell
chamber and 600ul RPMI11640 supplement with FBS
was added to the bottom chamber. After incubation at
37°C, 5% CO, incubator 24 hours, the cells were
fixed 30 min with 5% pentanediol at 4°C and stained
with crystal violet. Five fields were selected to
observe with microscope and each assay was
performed for three times.

2.7. Statistical analysis

SPSS19.0 statistical software analysis, multi-group
average comparison using single factor analysis of
variance, the two groups were compared using LSD-t
test, P<0.05 for the difference was statistically
significant.

3. Results

3.1. Screening Prrx1 lowly expressed cell lines by

Real-time PCR

The expression of Prrx1 mRNA in breast cancer
BT-474, ZR-75-1 and Mccoy’s 5A cells were
determined using real-time PCR. The results showed
that the expression of Prrx1 mRNA in Mccoy’s 5A
cells was the lowest one in the three kind of cell lines.
So we chose Mccoy’s 5A cell for subsequent testing
(Figure 1).

16+
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mRNA(AcT)
?

Relative expression of Prrx1

Figure 1. The value of AcT of the relative
expression of Prrx1 mRNA( xis).
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3.2. Transduction Efficiency Observation

All the photos taken under 200 times of the
microscope after the cells were infected with
Lentiviral vector at 72h. We observe the same field
of vision under ordinary light and fluorescence in the
fluorescence microscope respectively. The number of
fluorescent cells accounted for 80% -90% of the total
cells was defined as successful of infection in the
majority of experiments. The two control groups
showed closely conjunction with each other, such as
“cobblestone-like clusters” and the experimental
group appear to long spindle appearance and became
loose under ordinary light. The cells in the blank
control and experimental groups showed green
fluorescence and the infection efficiency was more
than 80% under fluorescence, which proved
successful infection of Lentiviral vector (Figure 2).

.

Figure 2. Image of Mccoy’s 5A cells infected with
lentiviral vector by fluorescence microscopy after
72 hours. Image of experimental group(a, b),
Negative control group(c, d) and blank control
group(e, f) under white and fluorescence
microscope, respectively (magnificationx200).

3.3. Prrxl, E-cadherin, Vimentin mRNA

Expression

After infected Lentiviral vector 72h, our results
shows that there was no significant difference
between the two control groups in the expression of
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Prrx1 Vimentin and E-cadherin (p>0.05). While the
difference between the experimental group and the
negative control group were statistically significant
(p<0.001). The mRNA level of Prrx1 in experimental
group was 225.80 times than negative control
group .Vimentin was 4.20 times than negative
control group and E-cadherin was 0.55 times than
negative control group. The results showed that
Successful infection of Prrx1 over-expression of
lentiviral vector and the relative expression of
E-cadherin of epithelial phenotype was decreased
and the relative expression of Vimentin of phenotype
interstitial was increased (Figure 3).

3.4. The expression of Twistl protein

Western blot showed that the expression of Twistl
protein in the experimental group was significantly
higher than that in the negative and blank control
groups (Figure 4). Suggesting that Prrxl
up-regulation accompanying Twistl up-regulation.

3.5. Prrx1 prompting the ability of migration of

Mccoy s 5A cell by inducing EMT

We examined whether Prrx1 promotes Mccoy’s
5A cell migration by inducing EMT. Our Transwell
assay shows that Prrx1 over expression Mccoy’s 5A
cells had obviously higher migration capacities
compared with Mccoy’s 5A cells infected with
negative Prrxl1 (NC) and Mccoy’s 5A parental
cells(blank control) (p<0.05, Figure 5). Our data
indicate that Prrx1 up-regulated Mccoy’s 5A cells
acquired higher migration behaviors compared with
NC and blank control cells, while there was no
significant difference between the two groups
(p<0.001).

4. Discussion

The underlying mechanism of invasion and
metastasis in malignant tumor is still not understood,
the process is very complex, including: local cancer
cell interstitial transformation, actin skeleton
recombination, micro-environment formation and
colonization formation [6]. In recent years,
interstitial transformation has been paid attention to
the research in cancer cell invasion and metastasis
[7]. Transcription factors related to EMT include
SNAI1L, SNAI2, ZEB1, ZEB2, Twisl [8]. However,
Prrx1, a new EMT inducer, leads to complete EMT
in cancer cells [2].After the occurrence of EMT, cell
loss inherent epithelial phenotype and obtain
interstitial phenotype, which conducive to invasion,
migration and stretching of cells[9,10]. The results
showed that after the breast cancer Mccoy’s 5A cells
was infected with lentiviral vector, the mRNA level
of Prrxl in experimental group was significantly
increased than the two control groups, which proved
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that Prrx1 gene has been successfully transfected into
breast cancer Mccoy’s 5A cells. After the
transfection of Prrxl we observed that the
morphology of the cells changed from polygon to
long spindle appearance under the microscope. Due
to the lack of mutual restraint, the polarity of these
type of phenotype cells is very high and form the
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trend of easy to distant metastasis. In general Prrx1
overexpression can induce EMT in Mccoy’s 5A
breast cancer cell lines and provide a histological
basis for breast cancer metastasis.
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Figure 3. RT-PCR analysis of Prrx1,E-cadherin, Vimentin relative expression in three different groups (a,b,c)
The value of AcT of the relative expression of MRNA( x4s). a Relative expression of Prrx1 mRNA between
Prrx1 over expression group and NC, blank control cells (P<0.05). b Relative expression of Vimentin mRNA
between Prrx1 over expression group and NC, blank control cells (P<0.05). b Relative expression of
E-cadherin mRNA between Prrx1 over expression group and NC, blank control cells (P<0.05) the difference
between NC and blank control group was not statistically significant (p>0.05).
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Figure 4. The expression of Twistl protein
between blank control group, negative control
group and experimental group(p<0.05).
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Figure 5. Measurement of migration properties in
Mccoy’s 5A cells transfected with Prrx1 over
expression group, NC and blank control(P<0.05).
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Epithelial phenotype E-cadherin is a tumor
suppressor that plays an important role in the normal
epithelial adhesion process. When it expresses down,
tumor epithelial cells develop into EMT [11,12].
Furthermore, E-cadherin deficiency is related to the
ability of invasion and metastasis in cancer cells[13],
Interstitial phenotypic Vimentin, mainly expressed in
mesenchymal, were abnormal expression in many
epithelial  tumors and closely related to
differentiation, invasion and metastasis in cancer
cells. During EMT process, interstitial markers such
as Vimentin is up-regulation and epithelial markers
such as E-cadherin is down-regulation [14,15]. Our
study shows that the expression of E-cadherin is
decreased and the expression of Vimentin is

increased in Prrx1 over-expression Mccoy’s 5A cells.

The changes of protein expression make cells
changing from stable epithelial cells phenotype into
unstable stromal cells phenotype. Therefore, the cells
were easily to distant metastasis and provide a
molecular basis for breast cancer metastasis. After
transfection with Prrx1, Mccoy’s 5A cells not only
occur EMT but also accompanying with Twistl high
expression comparing with other two control groups.
This illustrates Prrx1 coordination with Twistl
trigger EMT in breast cancer cells. The results also
showed that the ability of invasion and migration in
Prrx1 overexpression of breast cancer Mccoy’s 5A
cells was significantly increased. In conclusion, the
EMT was inducted by Prrx1 and/or Twistl enhancing
invasion and metastasis of cancer cells.

The study shows that Prrx1 overexpression after
accompanying Twistl up-regulation induce EMT in
breast cancer cells and enhance the ability of cell
migration. Which may be one of the important
mechanisms of invasion and metastasis of breast
cancer cells.Twistl may be the downstream target
gene of Prrx1, but its molecular mechanism needs to
be further studied.

Acknowledgements

The authors’ work was support from the project of
Fundprogram National Natural Science Foundation
of China(81302290).

References

[1] Lianidou, E.S. and A. Markou, Circulating
tumor cells in breast cancer: detection
systems, molecular characterization, and
future challenges. Clinical Chemistry, 2011.
57(9):1242-55.

[2] Takano S, Reichert M, Bakir B, et al. Prrx1
isoform switching regulates pancreatic cancer
invasion and metastatic colonization[J].
Genes & Development, 2016, 30(2):233-247.

[3] Ocafa O, Cdarcoles R, Angels Fabra, et al.
Metastatic ~ Colonization  Requires  the
Repression of the Epithelial-Mesenchymal

(4]

(5]

(6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

[14]

[15]

15 (2017) 362-367

Transition Inducer Prrx1[J]. Cancer Cell,
2012, 22(6):709-724.

Takahashi Y, Sawada G, Kurashige J, et al.
Paired related homoeobox 1, a new EMT
inducer, is involved in metastasis and poor
prognosis in colorectal cancer[J]. British
Journal of Cancer, 2013, 109(2):307-311.
Guo J, Fu Z, Wei J, et al. Prrx1 promotes
epithelial-mesenchymal transition through
the Wnt/B-catenin pathway in gastric
cancer[J]. Medical Oncology, 2015,
32(1):1-12.

Sugiyama M, Hasegawa H, Ito S, et al.
Paired related homeobox1 is associated with
the invasive properties of glioblastoma
cells[J]. Oncology Reports, 2014,
33(3):1123-1130.

Brabletz, T., EMT and MET in Metastasis:
Where Are the Cancer Stem Cells? Cancer
Cell, 2012. 22(6): p. 699.

Zhang X, Cheng S L, Bian K, et al.
MicroRNA-26a promotes anoikis in human
hepatocellular carcinoma cells by targeting
alphab integrin[J].  Oncotarget, 2015,
6(4):2277-2289.

Tan E J, Olsson A K, Moustakas A.
Reprogramming  during  epithelial  to
mesenchymal transition under the control of
TGF-B[J]. Cell Adhesion & Migration, 2015,
9(3):233-246.

Khirade M F, Lal G, Bapat S A. Derivation of
a fifteen gene prognostic panel for six
cancers[J]. Scientific Reports,2015, 5:13248.
Rhodes L V, Tate C R, Hoang V T, et
al.Regulation of triple-negative breast cancer
cell metastasis by the tumor-suppressor liver
kinase B1[J]. Oncogenesis, 2015, 4(10):e168.
DOI: 10.1038/oncsis.2015.27.

Li N, Xu H, Fan K, et al, Altered
B16 - GIcNAc branched N - glycans impair
TGF - B - mediated

Epithelial - to - Mesenchymal Transition
through Smad signalling pathway in human
lung cancer[J]. Journal of Cellular &
Molecular Medicine, 2014,
18(10):1975-1991.

Hirano S, Akinao N, Kohei H, et al. Hirano S,
Nose A, Hatta K, et al. Calcium-dependent
cell-cell adhesion molecules (cadherins):
subclass  specificities and possible
involvement of actin bundles[J]. 1988, 105(6
Pt 1):2501-2510.

Chen WC %26 Obrink C. Cell-cell contacts
mediated by E-cadherin  (uvomourulin)
restrict invasive behavior of L-cells[J]. J Cell
Biol, 1991, 114(2):319-27.

Uchikado Y, Okumura H, Ishigami S, et al.
Increased Slug and decreased E-cadherin

Copyright@2017 by Cancer Cell Research 366



Comcer Ce[[ Resem’cﬂ

[16]

[17]

expression is related to poor prognosis in
patients with gastric cancer[J]. Gastric
Cancer Official Journal of the International
Gastric Cancer Association & the Japanese
Gastric Cancer  Association, 2011,
14(1):41-49.

Hu B, Li WH, Guo z, et al. Molecular
markers  of  epithelial-to-mesenchymal
transition in triple-negative breast cancer[J].
nNatl Med J China, 2016, 33(6):1629-1631.
Ryant J L, Britson J, Balko J M, et al. A
microRNA gene  expression  signature
predicts response to erlotinib in epithelial
cancer cell lines and targets EMT[J]. British
Journal of Cancer, 2011, 106(1):148-156.

Copyright@2017 by Cancer Cell Research

15 (2017) 362-367

367



