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Epithelial-mesenchymal transition (EMT) is widely-considered 
to be a modulating factor of anoikis and cancer metastasis. We 
found that, in MDA-MB-231 cells, TP53I11 (tumor protein P53 
inducible protein 11) suppressed EMT and migration in vitro, 
and inhibited metastasis in vivo. Our findings showed that 
hypoxic treatment upregulated the expression of HIF1, but 
reduced TP53I11 protein levels and TP53I11 overexpression 
reduced HIF1 expression under normal culture and 
hypoxicconditions, and in xenografts of MDA-MB-231 cells. 
Considering HIF1 is a master regulator of the hypoxic 
response and that hypoxia is a crucial trigger of cancer 
metastasis, our study suggests that TP53I11 may suppress EMT 
and metastasis by reducing HIF1 protein levels in breast 
cancer cells. [BMB Reports 2019; 52(6): 379-384]

INTRODUCTION

Metastasis, an important characteristic of malignant tumors, is 
one of the most life-threatening pathological events (1), and is 
the end-product of a multi-step cell-biological process (2). 
Epithelial-mesenchymal transition (EMT), which has been 
well-characterized in embryonic development, is widely- 
considered to be a modulating factor for anoikis and cancer 
metastasis (3-7). Many studies have suggested that the loss of 
epithelial features and the acquisition of mesenchymal 
properties are the major characteristics necessary for the 
progression of breast cancer (8).

Hypoxia is a hallmark of solid tumors, and can activate 
hypoxia inducible factors (HIFs). As a group of DNA binding 
proteins, HIFs participate in the regulation of angiogenesis, 
glycolysis, metabolic adaptation, erythropoiesis, cell survival, 
EMT, and metastasis (9, 10). HIF1 was reported to induce 
EMT and metastasis by regulating EMT regulators, including 
TWIST, vimentin, Slug, and E-cadherin (11). 

TP53I11 (tumor protein P53-inducible protein 11) was first 
reported as one of the early transcriptional targets of TP53 
(12). So far, the studies on TP53I11 were mostly focused on 
the positive effect of TP53I11 on apoptosis as a tumor 
suppressor in cancer cells (13, 14). However, the underlying 
mechanisms of TP53I11 are still unclear. We found that 
TP53I11 suppressed EMT and the metastasis of breast cancer 
cells. Hypoxic stress decreased endogenous TP53I11 protein 
levels in MDA-MB-231 cells. The overexpression of TP53I11 
suppressed HIF1 protein levels in cells under both normal 
and hypoxic culture conditions. The results suggest that 
TP53I11 may affect EMT and metastasis through regulation of 
HIF1.

RESULTS

TP53I11 inhibits mesenchymal traits
MCF10A is an immortalized human non-tumorigenic 
mammary epithelial cell line and is widely-used for in vitro 
studies of normal breast cell function and transformation. 
MDA-MB-231 is a highly-metastatic breast cancer cell line 
with typical mesenchymal traits. Our previous study showed 
that TP53I11 promoted anoikis in MCF10A and MDA-MB-231 
cells (15). Anoikis is regarded as a hallmark of oncogenic EMT. 
To determine if TP53I11 was associated with EMT, we 
constructed a TP53I11-overexpressing breast cancer MDA-MB- 
231 cell line (M231-P11-OE) and its vector control cells 
(M231-V-OE) (Fig. S1A). The effect of TP53I11 on the 
expression of EMT markers was examined using MDA-MB-231 
cells (Fig. 1A and B). We found that TP53I11 overexpression 
reduced the expression of CDH2 (N-cadherin), VIM 
(vimentin), SNAI2 (Slug), and SNAI1 (Snail), and enhanced the 
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Fig. 1. TP53I11 reduces the protein levels of mesenchymal markers
in MDA-MB-231. (A) Immunoblotting assay of EMT markers in 
MDA-MB-231 derived cells. (B) Quantification of the relative 
protein expression (normalized to -actin) in immunoblots. V-OE, 
vector control for overexpression; OE, overexpression; MDA231, 
MDA-MB-231 cell line. **P ＜ 0.01, ***P ＜ 0.005. P values 
were determined using a two-tailed student’s t-test. Error bars 
represent the S.D.s from the average of at least three biological 
replicates.

expression of CDH1 (E-cadherin), CLDN1 (claudin-1), and 
TJP1 (zonaoccludens 1, ZO-1) (Fig. 1A and B). These results 
showed the negative effect of TP53I11 on mesenchymal 
transition.

TP53I11 inhibits cell migration
Considering mesenchymal transition is required for cell 
migration, we therefore investigated if TP53I11 also affected 
on the migration and invasion of MDA-MB-231 cells (Fig. 2). 
The results showed that overexpression of TP53I11 
suppressed, and loss of TP53I11 promoted, wound closure, 
cell migration, and invasion in MDA-MB-231 cells (Fig. 2).

TP53I11 inhibits tumor metastasis in vivo
We transplanted M231-V-OE and M231-P11-OE cells into 
BALB/c female nude mice by orthotopic injection into the 
mammary fat pads or by tail-vein injection. According to the 

immunohistochemical (IHC) staining results of tumor sections 
in the orthotopic injections, we found that TP53I11 
overexpression reduced the expression of mesenchymal 
markers hVIM and CDH2 (Fig. 3A). Three distinct layers in 
primary tumors were detected by hematoxylin and eosin 
(H&E) staining. The necrotic tumor center (n) was surrounded 
by a healthy, viable rim (v), and the outermost layer was 
dermis (Fig. 3B and D). Compared with the control 
M231-V-OE tumors, the M231-P11-OE tumors generally 
demonstrated a smaller viable tumor rim (Fig. 3B and D). We 
found that TP53I11 overexpression substantially suppressed 
local invasion (Fig. 3B and C) and significantly reduced the 
metastatic burden in mice lungs (Fig. 3E and F). The 
colonization of breast cancer cells into the lungs was also 
measured by H&E and IHC for human VIM in mice with 
tail-vein injections (Fig. 3G and H). We found that TP53I11 
overexpression significantly reduced the number and the size 
of tumor colonies in the lungs (Fig. 3I). These in vivo results 
confirmed our in vitro findings that TP53I11 suppressed EMT, 
cell migration, and invasion.

Hypoxia treatment decreases TP53I11 protein levels and 
TP53I11 reduces HIF1protein levels
In our study, under hypoxic conditions, HIF1 expression was 
upregulated, as previously reported (Fig. 4A and B) (16), but, 
the expression level of TP53I11 in MDA-MB-231 cells was 
markedly decreased (Fig. 4A and C). A few studies have 
reported that TP53I11 functioned as a tumor suppressor in 
some cancer cells (13, 14), and HIF1 acted a crucial role in 
EMT and metastasis (11, 17). Here, we found that 
overexpression of TP53I11 decreased, and loss of TP53I11 
increased, HIF1 expression under normal culture and 
hypoxic conditions (Fig. 4D-I). IHC staining of tumor sections 
showed that overexpression of TP53I11 reduced the HIF1 
expression in MDA-MB-231 xenografts (Fig. 4J). The results in 
Fig. 4 indicate that TP53I11 may suppress the EMT and 
metastasis by inhibiting HIF1 expression in MDA-MB-231 
cells.

DISCUSSION

Our previous research demonstrated that TP53I11 promoted 
anoikis in MCF10A and MDA-MB-231 cells (15). The fact that 
anoikis has been widely-considered to be a hallmark of 
oncogenic EMT motivated us to investigate if, and how 
TP53I11 affected EMT and cell migration in MDA-MB-231 
cells. In this study, we reported that TP53I11 suppressed EMT 
and cell migration in MDA-MB-231 cells, and inhibited 
metastasis to mice lungs in vivo. This work supports other 
findings in which TP53I11 was regarded to be a tumor 
suppressor gene (13, 18).

As a key mediator of cellular adaptation to hypoxia, HIF1 
enhances cell EMT and tumor metastasis (17, 19). Under 
hypoxic conditions, HIF1 was stabilized and translocated 
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Fig. 2. TP53I11 suppresses migration 
and invasion in MDA-MB-231. Re-
presentative images of wound healing 
assays (A), transwell migration assays 
(C), and invasion assays (E) of MDA- 
MB-231 derived cells. The images 
were captured at the indicated times 
of cell culture. The percentages of 
wound areas were calculated and 
shown in (B). The number of migrated
cells and invaded cells in each visual 
field were counted and shown in (D) 
and (F), respectively. V-OE, vector 
control for overexpression; OE, over-
expression; V-K, vector control for 
knockdown or knockout; KD, knock-
down; **P ＜ 0.01, ***P ＜ 0.005. 
P values were determined using a 
two-tailed student’s t-test. Error bars 
represent the S.D.s from the average 
value of at least three biological 
replicates.

into the nucleus, which resulted in formation of an active 
HIF1 transcription factor (20). TP53I11 has been reported to 
be a target gene of Mir-210 (21), and Mir-210 was directly 
regulated by HIF1 (22). This suggests that HIF1 may 
regulate TP53I11 expression by regulation of Mir-210. We 
found that the expression level of HIF1 was upregulated, but 
TP53I11 expression was reduced by hypoxic treatment. 
Moreover, HIF1 expression was upregulated by the loss of 
TP53I11 and downregulated by the overexpression of 
TP53I11. We also found that TP53I11 exerted no effect on 
HIF1 transcription (data are not shown). These findings 
suggest that the TP53I11 may have regulated HIF1 protein 
accumulation in MDA-MB-231 cells, which then affected EMT 
and cancer metastasis. Of course, whether HIF1 regulates 
TP53I11 expression by regulation of Mir-210, and how 
TP53I11 affects HIF1 accumulation needs more research in 
the future. Overall, for the first time, we reported the effect of 
TP53I11 on EMT and breast cancer metastasis and provided 
new insight into the mechanism of TP53I11 as a tumor 
suppressor.

MATERIALS AND METHODS 

Cell culture
MDA-MB-231 (ATCC, Manassas, VA, USA) cells were grown 
in complete Dulbecco’s Modified Eagle Medium (DMEM) 
(Gibco) supplemented with 10% fetal bovine serum and 1% 
penicillin/streptomycin under humidified conditions in 95% 
air and 5% CO2 at 37oC (3). For hypoxic treatment, MDA- 
MB-231 were cultured for 12 hours in 1% oxygen, 5% carbon 
dioxide, and 94% nitrogenin a hypoxia chamber as previously 
described (15). 

Plasmids construction, viral production, and transduction
The human TP53I11 cDNA was cloned from MDA-MB-231 
cells by RT-PCR with primers (Table S1) and inserted into a 
pQCXIH retrovector (Clontech Laboratories, Mountain View, 
CA). TP53I11 and a control vector retrovirus were produced 
and used to infect cells for 48 hr. After infecting, the cells were 
selected with 100 g/ml hygromycin B. The shRNA for 
TP53I11 knockdown (Table S1) was cloned into a pLKO.1 
vector. Cells were infected with TP53I11-shRNA lentivirus for 
48 hr and selected with 1 g/ml puromycin. Overexpression 
or knockdown of genes was evaluated by qRT-PCR using the 
primers shown in Table S1 and by immunoblotting.

Quantitative real-time polymerase chain reaction (qRT-PCR)
The qRT-PCR was performed according to our previous study 
(3). The qRT-PCR primers for TP53I11 (F: 5’-GGCTCAGGG 
TCTGGCAGTT-3’; R: 5’-CCATCAAAGACCGCATCATAGA-3’) 
and GAPDH (F: 5’-ACCCACTCCTCCACCTTTGA-3’; R: 
5’-TGTTGCTGTAGCCAAATTCGTT-3’) were designed using 
Primer Express software (version 2.0, Applied Biosystems).

Immunoblotting
Cell lysates were prepared in lysis buffer (25 mM Tris pH 7.4, 
150 mM NaCl, 1 mM EDTA, 10% glycerol, 1% Nonidet P-40, 
0.1% SDS, and 1% sodium deoxycholate) supplemented with 
1 × protease cocktail. The lysates were cleared by 
centrifugation at 21,000 × g for 15 minutes at 4oC, separated 
on SDS-PAGE gels, and transferred to polyvinylidene 
difluoride (PVDF) membranes. The membranes were blocked 
with 5% non-fat milk for 1 hr and incubated with primary 
antibodies overnight at 4oC, followed by incubation with the 
corresponding HRP-conjugated secondary antibody. Finally, 
the membranes were visualized by chemiluminescence. The 
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Fig. 3. TP53I11 overexpression reduces MDA-MB-231 cells metastasis in vivo. Orthotopic injection: 231-P11-OE (OE) and vector control 
231-V-OE (V-OE) cells were injected into the mammary fat pads of immunodeficient mice. Mice were euthanized 48 days later. (A) The 
tumors were sectioned and stained for hVIM and CDH2, and with hematoxylin and eosin (H&E). The necrotic center “n” is surrounded 
by a section of viable tumor rim “v” with an outer dermal layer “d” (B-D). TP53I11 overexpression reduced tumor invasion into nearby 
tissues. Black arrows point to the invasion locations. Red lines show the thickness of the viable tumor rim. Scale bar = 500 m. (E) IHC 
staining for hVIM in lung tissue sections and (F) hVIM-positive nodules in the lungs of mice with orthotopic injections. Tail vein injection: 
231-P11-OE (OE) and vector control 231-V-OE (V-OE) cells were injected into immunodeficient mice through the tail veins and the mice 
were sacrificed 35 days later. (G) H&E and (H) IHC (hVIM) staining of lung tissue sections. (I) The number and size of metastatic nodules. 
V-OE, vector control for overexpression; OE, overexpression. ***P ＜ 0.005. P values were determined using a two-tailed student’s
t-test.Results are expressed as mean ± SD from the indicated number of mice.

band intensities were analyzed with Image J software and 
normalized to -actin or GAPDH. Antibodies against the 
following proteins were purchased from Cell Signaling 
Technology (Beverly, MA, USA): GAPDH, -actin,N-cadherin 
(CDH2), E-cadherin (CDH1), vimentin (VIM), Slug (SNAI2), 
Snail (SNAI1), claudin-1 (CLDN1), ZO-1 (TJP1), and 
TCF8/ZEB1 (ZEB1).The antibodies against N-cadherin (CDH2) 
and vimentin (VIM) used for IHC were purchased from 
ImmunoWay (Plano, TX, USA). The goat anti-rabbit or 
anti-mouse HRP-conjugated secondary antibodies were also 
purchased from Cell Signaling Technology (Beverly, MA, 
USA). The primary antibody against TP53I11 was generated by 
GL Biochem Ltd (Shanghai, China). Briefly, three mice were 
immunized three times with the YDAVFDGAQVTSKTP 
polypeptide. Serum was obtained from blood samples and the 

specificity of the antibody against TP53I11 was confirmed by 
immunoblotting using a FLAG antibody against TP53I11-FLAG 
fusion protein.

Wound healing, Transwell migration, and Matrigel invasion 
assays
For wound healing, cells were seeded into 6-well plates at a 
density of 2 × 105 cells per well and cultured at 37oC in 
growth medium. Monolayers with 90% confluency were 
starved overnight and a single scratch wound was created 
using a 200 l micropipette tip. Wounds were visualized and 
images were captured by phase-contrast microscopy (Nikon 
Eclipse TS100) at the indicated hours post-wounding. Areas of 
the wounds were measured by ImageJ software and 
normalized to the initial wound area. The migration and 
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Fig. 4. TP53I11 reduces the HIF1
protein level. (A) Immunoblotting assays
showing decreased protein levels of 
TP53I11 and increased HIF1 after 
hypoxic treatment. (B and C) Quantifi-
cation of the relative protein expres-
sion (normalized to GAPDH) in im-
munoblots. The HIF1 protein levels 
were also examined in MDA-MB-231- 
derived cells under normal culture 
(D), hypoxic treatment (G) and in vivo
(J). (E, F, H, and I) Quantification of 
the relative protein expression 
(normalized to GAPDH) in immuno-
blots. V-OE, vector control for over-
expression; OE, overexpression; V-K, 
vector control forknockdown or knock-
out; KD, knockdown. **P ＜ 0.01, 
***P ＜ 0.005. P values were deter-
mined using a two-tailed student’s
t-test. Error bars represent the S.D.s 
from the average of at least three 
biological replicates.

invasion assays were performed according to our previous 
study (3). For the migration assay, MDA-MB-231-derived cells 
were starved overnight, then plated in the top upper transwell 
chambers (8 m pore size; Corning) and cultured in growth 
medium. Growth medium (500 l) was added to each bottom 
lower chamber as an attractant for migration. At the indicated 
times, cells on the basal side of the membrane were fixed with 
100% methanol and stained with 0.1% crystal violet solution. 
For the invasion assay, each upper chamber was first coated 
with 50 l basement membrane growth factor-reduced 
Matrigel, then seeded with cells and incubated for the 
indicated hours. The number of cells on the basolateral 
microporous membrane was determined as described above 
for the transwell migration assay.

Metastasis assays
The metastasis assays were conducted with our previous 
methods (3). For orthotopic inoculation, cells (6 × 106 in 60 
l) were injected orthotopically into the mammary fat pad of 
6-week-old female nude mice. All animals were sacrificed 48 
days after the initial implantation. Primary tumors and lung 
tissues were collected and fixed in 4% paraformaldehyde for 
further analyses. For tail inoculation, 1 × 106 viable cells were 
injected into the lateral tail vein. All animals were sacrificed 
after 35 days of inoculation. Lung tissues were collected and 
fixed in 4% paraformaldehyde for further analyses. 
Paraformaldehyde-fixed tumors and lungs were paraffin- 

embedded and sectioned (5 m). Hematoxylin and eosin 
(H&E) staining and immunohistochemical (IHC) assays using 
antibodies, such as anti-N-cadherin (CDH2) and anti-human 
vimentin (hVIM) were performed. The stained sections were 
observed and the images were acquired using a microscope 
(ZEISS AXIO microscope, Axio Scope A1). The number of 
metastatic nodules in each lung was calculated. ImageJ 
Processing and Analysis software was used to quantify areas of 
abnormal tissue, which were defined as tissue that appeared as 
areas of solid mass compared to normal sparsely-looking 
tissue. The percentage of abnormal lung tissue was calculated 
using the following formula: ((area of abnormal tissue / total 
tissue area) × 100). Three sections were used for each animal.

Statistical analysis
All data are expressed as mean ± the standard error of the 
mean from at least three independent experiments. The mean 
and S.D. were calculated using Microsoft Excel or GraphPad 
Prism 5 software. Statistical significance was determined by 
one-way ANOVA or unpaired two-tailed student’s t-test and P 
＜ 0.05 was considered statistically significant. 
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