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Background: The role of HNF6 in lung cancer growth and progression remains to be characterized.
Results: HNF6 up-regulates p53 and inhibits EMT, cell migration, and invasive growth in lung cancer cells.
Conclusion: HNF6 suppresses EMT and invasive growth of lung adenocarcinoma cells through p53.
Significance: HNF6 is potentially a molecular marker and target for diagnostic and therapeutic purpose for lung adenocarci-
noma cancers.

Epithelial-mesenchymal transition plays an important role in
many patho-physiological processes, including cancer invasion
andmetastatic progression.Hepatocyte nuclear factor 6 (HNF6)
has been known to be an important factor for both physiological
and pathological functions in liver and pancreas. However, its
role in EMT and lung cancer progression remains unidentified.
Weobserved thatHNF6 level canbedown-regulatedbyTGF-�1
in human lung cancer cells. Knockdown of HNF6 induced EMT
and increased cell migration. In contrast, ectopically expression
of HNF6 inhibited cell migration and attenuated TGF-�1-in-
duced EMT. The data suggest that HNF6 plays a role in main-
taining epithelial phenotype, which suppresses EMT.HNF6 also
inhibits both colony formation and proliferation of lung cancer
cells. It pronouncedly reduced the formation of tumor xeno-
grafts in nude mice. In addition, HNF6 can activate the pro-
moter activity of p53bydirectly binding to a specific regionof its
promoter and therefore increase the protein level of tumor sup-
pressor p53. p53 knockdown induced EMT and increased cell
migration, whereas the opposite effect was generated by p53 over-
expression. p53 knockdown also inhibited the effect of HNF6 on
EMT and cell migration, indicating that p53 is required for the
functions ofHNF6herein.Moreover, there is a highpositive corre-
lationamongtheexpression levelsofHNF6,p53,andE-cadherin in
human lung cancer cells and tissues. The data suggest that HNF6
inhibits EMT, cellmigration, and invasive growth throughamech-
anism involving the transcriptional activation of p53.

Epithelial-mesenchymal transition (EMT)2 is a precisely reg-
ulated process through which epithelial cells lose polarity and

cell to cell junction and gain a fibroblast-like morphology. Dur-
ing EMT, the epithelial protein level, such as E-cadherin and
�-catenin (1), are down-regulated, whereas mesenchymal pro-
tein such as N-cadherin, fibronectin, and vimentin are up-reg-
ulated, and the cell skeleton undergoes rearrangement. Higher
invasive growth and metastasis of cancers is often correlated
with higher grade malignancy and poorer prognosis. More and
more evidence show that EMT is a critical step for cancer inva-
sion and metastatic progression (2, 3).
EMT was initially observed in mammalian embryonic devel-

opment. Several liver and pancreas development and functional
related genes controlling EMT have been identified. For
instance, FoxA1/2 (4, 5) andHNF4� (6), which are important in
liver and pancreas development and function, were shown to
maintain the epithelial phenotype and inhibit EMT andmetas-
tasis. HNF6 is a liver-enriched transcription factor, which is
involved in complex biological processes best known in liver
and pancreas such as cell differentiation and organogenesis,
glucose metabolism, biliary duct repair, and cell proliferation
(7). Some studies have shown that HNF6 is required for normal
pancreas and biliary duct development (8, 9). HNF6 expression
was found to be decreased during biliary duct obstruction and
injury, suggesting that its down-regulation in liver is necessary
for the repair of biliary duct (10), a process in which cells may
need to undergo EMT, suggesting a possible relationship of
HNF6 with EMT. HNF6 stimulates the proliferation of normal
hepatocytes during mouse liver regeneration (11). It has been
reported that HNF6 inhibits cell proliferation in some colon
and liver cancer cell lines (12). The different effects of HNF6 on
cell proliferation suggest a complex regulatory mechanism of
its function, which is important to be further explored. It has
been shown that HNF6 may activate or cooperate with FoxA2
to regulate the signaling pathway important in liver cells (13,
14). FoxA2 has also been shown to be implicated in the control
of EMT and tumor metastasis, which suggests a potential con-
nection between HNF6 and EMT. HNF6 has also been shown
to promote hepatic precursor cells to differentiate into mature
hepatocytes by inhibiting the expression of TGF-� and activin
(15), implying a potential inhibitory effect of HNF6 on TGF-�
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signaling. Both HNF6 and FoxA2 have been implicated in colo-
rectal liver metastases (12). The expression level of HNF6 was
found to be much lower in both pancreas cancer tissues and cell
lines comparedwith normal pancreas tissues and cell lines, imply-
ing a possible tumor suppressor role of HNF6 in pancreas (17).
p53 is a very important tumor suppressor gene, which is

mainly involved in cell cycle arrest, apoptosis, senescence,DNA
repair, and the inhibition of angiogenesis (18–20). Recent stud-
ies indicate that p53 is involved in the inhibition of EMT
through regulation of micro-RNAs, such as miR-34, miR-200,
andmiR-130b by targetingZEB1/ZEB2.Mutation or loss of p53
expressionmay induce EMTandmetastasis in cancer cells (21–
23). However, the regulation of p53 by HNFs and its biological
significance in the control of EMT and relevant events have not
been identified. In exploring the role of HNF6 in tumor growth
and progression, we observed that HNF6 is implicated in main-
taining the epithelial phenotype of lung cancer cells and is a posi-
tive regulator for p53 expression. Further studies showed that
HNF6plays suppressive role in the control of EMT,migration and
invasive growth of lung cancer cells. These roles of HNF6 have
been closely related with its regulatory effect on p53 expression.

EXPERIMENTAL PROCEDURES

Materials

293T, A549, NCI-H446, NCI-H358, and NCI-H1650 cells
were originally purchased from the American Type Culture
Collection (Manassas, VA). DMEM and RPMI 1640 were
bought from HyClone (Thermo Fisher Scientific). FBS and
transfection reagentswere purchased from Invitrogen. TGF-�1
was from Chemicon (Millipore, Billerica, MA). Rabbit anti-
HNF6 antibody (ab83564) were purchased from Abcam (Cam-
bridge, MA), Rabbit anti-p53 antibody were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA), Mouse anti- E-cad-
herin, N-cadherin, �-catenin, vimentin, �-actin, and FLAG were
all from BD Biosciences. Lentivirus plasmids pCDH-CMV-MCS-
EF1-Puro, �8.9, VSV-G, and pLKO.1-TRC were purchased from
Addgene (Cambridge, MA).

Methods

Cell Culture and Transfection

A549 and 293T cells were cultured in DMEM containing
10% FBS supplemented with penicillin (100 units/ml) and
streptomycin (100 mg/ml). H446, H358, and H1650 cells were
grown in RPMI 1640 medium containing 10% FBS supple-
mented with penicillin (100 units/ml) and streptomycin (100
mg/ml). All cells were incubated at 37 °C in a humidified atmo-
sphere of 5% CO2. Transfection was carried out using Lipo-
fectamine 2000 as transfection reagent according to the manu-
facturer’s instructions.

Western Blotting and Immunofluorescence Staining

Western blotting and immunofluorescence stainingwas per-
formed as described previously (24).

Plasmids and shRNAs

For knockdown of HNF6 and p53, two independent shRNA
sequences targeting human HNF6 and p53 were used respec-

tively, with one scramble shRNA sequence as a control.
shRNAs were inserted into pLKO.1-TRC plasmid following the
Addgene instructions. All shRNAs were from Generay Biotech
Co. (Shanghai, China). shRNA sequences targeting human
HNF6 are as follows: 5�-GCCTCCATGAATAACCTCTAT-3�
and 5�-TGGAAGTAATTCAGGGCAGAT-3�, and the latter
sequence was used for most experiments. shRNAs for human
p53 were as follows: 5�-GTCCAGATGAAGCTCCCAGAA-3�,
and 5�-CACCATCCACTACAACTACAT-3�, and the latter
sequencewas used formost experiments. The scramble shRNA
sequence is 5�-CCTAAGGTTAAGTCGCCCTCG-3�. For
overexpression of HNF6 and p53, N-terminal FLAG-tagged
full-length human wildtype HNF6 and p53 gene sequences
were inserted into the pCDH-CMV-MCS-EF1-Puro plasmid,
respectively.

Lentivirus Transduction

Lentiviruses for knockdown and overexpression were pro-
duced as described (25).

Real Time qPCR

mRNAwere extracted from cells with TRIzol reagent (Invit-
rogen), and 1 �g for each were use for reverse transcription by
the ReverTra Ace (Toyobo, Japan) following the product
instructions. Real time qPCR was carried out in the ABI-7500
systems by following the instructions from ABI. In brief, cy-
cles were as follows: 95 °C for 10 min, then 95 °C for 15 s, 60 °C
for 1 min, 40 cycles, and adding the annealing curve. For real
time qPCR, primer sequences were as follows: p53, 5�-GCG-
AGCACTGCCCAACAACA-3� (forward) and 5�-GGATCTG-
AAGGGTGAAATATTCT-3� (reverse); GAPDH-F, 5�-GCGCG-
TGCCTTCATCAC-3� (forward) and 5�-TCTGCGCCATAAG-
GTGGTAG-3� (reverse).

Cell Migration Assays

Scratch Assay—Cells were scratched by a pipette tip when
cell confluence reached�90% and further incubated with fresh
medium; media were changed every day. Photographs were
taken just after scratching (0 h) and at time points of 24 h and
48 h, at �40 magnifications.
Transwell Assay—Cell migration assays were performed

using Transwell migration chambers (8-�m pore size, Costar)
according to the manufacturer’s instructions. For all cells, 2 �
104 cells were plated into the insert of the well, and represent-
ative photos were taken at �100 magnifications.

Colony Formation in Soft Agar

Base agar was made by mixing of volume 1:1 of melted 1.2%
agar (DNA grade) and 2� DMEM, 1 ml for each 35-mm dish.
Top Agar final concentration in the DMEM-agar mixture was
0.6%, and 5 � 103 cells were seeded in top agar in each dish.
After the top agar melted, 1 ml of DMEMwith 10% of FBS was
added to each dish. Cells were scored after 2 weeks.

Animal Experiments

All animal experiments were performed under the ethical
guidelines of the Institute of Biochemistry and Cell Biology
(Shanghai Institutes for Biological Sciences, Chinese Academy
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of Sciences). For each mouse, 1 � 107 cells in 200 �l of DMEM
were injected subcutaneously. And the mice were narcotized
and photographed after 6 weeks. To obtain the blood of the
mice injected subcutaneously with lung cancer cells, mice
were narcotized, and blood was gathered by cutting the neck.
Then tumors were finally weighed and statistically analyzed.
Then, RNA for whole blood was extracted and reverse-tran-
scribed into cDNA. Human cells in circulating blood were
examined by real time qPCR by detecting the ratio of human
tubulin expression to mouse GAPDH expression. The specific
primers for human tubulin were as follows: 5�-CAGATGC-
CCAGTGACAAGACC-3� (forward) and 5�-CAATGACCGT-
AGGCTCCAGAT-3� (reverse); and for mouse GAPDH, the
specific primers were as follows: 5�-AGGTCGGTGTGAACG-
GATTTG-3� (forward) and 5�-GGCCTCACCCCATTTGAT-
GT-3� (reverse).

Luciferase Assay

The 2.8 kb (�2810 bp � 0 bp), 300 bp (�2810 bp � �2446
bp), and 2.5 kb (�2446 bp� 0 bp) of p53 promoters was cloned
into pGL3-basic plasmid. The primers used for PCR were as
follows: �2810 bp � 0 bp, 5�-GACTGGTACCGTCTGTCTC-
CCACACAGAAAGCAA-3� (forward) 5�-GTCACTCGAGC-
CCAATCCCATCAACCCCT-3� (reverse);�2810 bp� �2446
bp, 5�-GACTGGTACCCCACACAGAAAGCAAACCAGCC-
CTT-3� (forward) and 5�-GTCACTCGAGGTCACCCAGGC-
TGGAGTGCTGT-3� (reverse);�2446 bp� 0 bp, 5�-GACTG-
GTACCGCCTGGGTGACAGAGCAAGACCTT-3� (forward)
and 5�-GTCACTCGAGCGCCATGACAAGTAAGGGCAA-
GTAA-3� (reverse). Luciferase assays were performed according
to themanufacturer’s instructions by Promega (Madison,WI).

ChIP

ChIP assayswere performed according to themanufacturer’s
instructions (Millipore). HNF6 antibody was used to precipi-
tate DNAs cross-linked with HNF6 in the nuclear extracts of
A549 cells, and normal rabbit IgG (Santa Cruz Biotechnology)
performed in samples in parallel as controls. Enriched DNAs
were then used as templates to assess the binding intensity of
HNF6 to putative binding sites in p53 promoters. Binding
intensity was detected by real time qPCR, and relative binding
intensity was calculated by the ratio of ChIP-enriched DNA
over control IgG input DNA and normalized. Primers used in
this assay are as follows: primer-1, 5�-GTCCTGATGCTT-
GCTGGTTT-3� (forward) and 5�-TGGGCAGGCTGATATC-
AAAT-3� (reverse); primer-2, 5�-CGTCTTGAAAAACAGTC-
CCGTTT-3� (forward) and 5�-GGAGCAGG TGGAATATG-
CAGAAA-3� (reverse); primer-NC, 5�-CGGGACGTGAAAG-
GTTAGAA-3� (forward) and 5�-GACAGGTCTGAAGCCTG-
GAG-3� (reverse).

Tissue Microarray Immunohistochemistry

Human lung adenocarcinoma tissue microarrays were from
National Engineering Center For Biochip at Shanghai, China,
and the product ID of the tissuemicroarray isHlug-Ade060PG-
01. The concentrations of antibodies were as follows: HNF6,
1/150; E-cadherin, 1/500; and p53, 1/75. The immunohisto-
chemistry was done as described (26).

Statistical Analysis

Quantitative data are reported as means � S.D. Statistical
significance was determined by the Student’s t test. A p value
of � 0.05 was considered statistically significant. *, p � 0.05; **,
p � 0.01.

RESULTS

Knockdown of HNF6 Induces EMT and Cell Migration—Our
previous work showed that TGF-�1 can induce EMT in human
lung cancer cell A549 cells (24, 27). To investigate the potential
role of HNF6 in EMT and other relevant cell functions, we
examined whether HNF6 can be regulated by TGF-�1 during
EMT induction. As shown in Fig. 1A, HNF6 levels were
decreased in a time-dependent manner by TGF-�1 in A549
cells, suggesting a role of HNF6 in controlling the epithelial-
mesenchymal plasticity. Interestingly, the HNF6 levels are pos-
itively correlated with epithelial marker E-cadherin and
�-catenin and reversely correlated with mesenchymal marker
N-cadherin, as detected in three human lung cancer cell lines
(Fig. 1B), implying a role of HNF6 as an suppressor of EMT. To
determine this possibility, we knocked down HNF6 in A549
cells and then examined the effect generated. Surprisingly,
HNF6 knockdown caused amorphological change of cells from
flat to elongated shape (Fig. 1C, left). A corresponding decrease
in the levels of E-cadherin and �-catenin and an increase of
N-cadherin can be observed (Fig. 1C, right). HNF6 knockdown
also apparently decreased plasmic membrane level of E-cad-
herin and increased the F-actin rearrangement as shown by
immunofluorescence assay (Fig. 1D). These results indicate
that HNF6 plays a role in maintaining the cell epithelial pheno-
type, which is important in the control of EMT. In accompani-
ment with EMT, there is usually an increase in cell mobility.
Consistent with this phenomenon, HNF6 knockdown pro-
nouncedly increased the cell migration of A549 cells as exam-
ined by scratch and Transwell assays (Fig. 1E).
HNF6 Overexpression Increases Epithelial Cell Phenotype

andAttenuates TGF-�1-induced EMTandCellMigration—To
further investigate the function of HNF6 in EMT, we ectopi-
cally expressed HNF6 in several lung cancer cell lines. In NCI-
H446 cells, which have relatively strong mesenchymal-like
properties, overexpression of HNF6 increased E-cadherin and
�-catenin levels but decreased N-cadherin levels (Fig. 2A,
right), and the cells changed from a scattered and less adherent
morphology to a relatively adherent and more epithelial-like
shape (Fig. 2A, left), suggesting a MET-like event was induced.
In another lung cancer cell line, NCI-H1650, overexpression of
HNF6 also increased E-cadherin level and decreased N-cad-
herin and fibronectin levels (Fig. 2B). Overexpression of HNF6
in A549 cells also caused an increase in the levels of epithelial
marker E-cadherin and �-catenin and a decrease in the levels of
mesenchymal marker protein N-cadherin and reduced TGF-
�1-induced EMT (Fig. 2C). Because HNF6 knockdown
increases the migration of A549 cells, we also determined
whether HNF6 overexpression has the opposite effect. As
expected, the migration ability of H446, H1650, and A549 cells
were decreased as examined by Transwell (Fig. 2D) and scratch
(Fig. 2E) assays.
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Overexpression of HNF6 Represses Anchorage-independent
Growth, Cell Proliferation, and Tumor Xenograft Growth and
Invasion—Anchorage-independent growth is an important
indicator of cancer malignancy, and EMT increases the anoikis
resistance ability of cells thus increases the anchorage-indepen-
dent growth of cancer cells. Our investigations showed that
HNF6 can significantly decrease the colony formation of cells in
soft agar (Fig. 3A). In contrast, HNF6 knockdown increased an
anchorage-independent growth of cells (Fig. 3B). Tumor for-
mation ability is an important indicator of the malignancy of
cancer cells, so we next detected the effect of HNF6 on tumor

formation by subcutaneously A549 cell injection of mice. Sur-
prisingly, overexpression of HNF6 strongly inhibited tumors
growth (Fig. 3C, left). The invasion ability of lung cancer cells
from primary tumor to circulating blood was also examined by
detecting the human tubulin mRNA levels compared with
mouseGAPDHmRNA levels in the whole blood ofmice by real
time qPCR. The results showed that HNF6 can significantly
decrease the cancer cells invasion to blood vessels (Fig. 3C,
right).We also detected the effect ofHNF6 overexpression on cell
proliferation rate of A549 cells. As shown in Fig. 3D, overexpres-
sionofHNF6significantly inhibitedcell proliferation inA549cells,

FIGURE 1. Knockdown of HNF6 induces spontaneously EMT and cell migration. A, A549 cells were treated with TGF-�1 (5 ng/ml) for the time indicated, the
protein level of HNF6, E-cadherin, and N-cadherin were detected by Western blotting. B, HNF6, E-cadherin, and N-cadherin expression level in human lung
cancer cells, A549, H1650, and H446 were detected by Western blotting. C, the effects of HNF6 knockdown on EMT were detected by observing the morphology
and protein marker levels. Two RNAi sequences loaded by pLKO.1 lentivirus system were used to knockdown HNF6. D, the distribution and expression of
E-cadherin and the arrangement of cytoskeleton protein F-actin were detected by immunofluorescence. E, the effect of HNF6 knockdown on cell migration was
detected by scratch assay at the indicated time point (left) and also by Transwell assay (right). A representative result of three independent experiments and
statistic data were presented.
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suggesting that tumor suppressive effect of HNF6 may also be
linked with its effect on cell proliferation besides on EMT.
Correlation between the Level and Effect of HNF6 and p53—

p53 has been in recent years reportedly implicated in the inhi-
bition of EMT. Interestingly, p53 levels are not only positively
correlated with that of HNF6 in A549, H1650, and H446 lung
cancer cells but also positively correlated with the levels of
E-cadherin and reversely correlated with N-cadherin (Fig. 4A).

The data suggest that p53 functions in maintaining epithelial
phenotype. This observation is consistent with the reported
work that shows a loss of wild type p53 in A549 cells activated
EMT (28). Knockdown of p53 in A549 cells induced a morpho-
logical change with the characteristic of EMT (Fig. 4B, left).
Decrease in E-cadherin and increase in N-cadherin level was
also detected (Fig. 4B, right). Correspondingly, a marked
increase in cell migration was observed as detected by Tran-

FIGURE 2. The effects of HNF6 overexpression on EMT and cell migration. A, ectopically expressed FLAG-tagged HNF6 and vector plasmid were transfected
into H446 lung cancer cells. The cell morphology and EMT marker protein level were examined. B, the effect of HNF6 overexpression in H1650 lung cancer cells
were examined by detecting the EMT marker protein level. C, the effect of HNF6 overexpression on TGF-�1 induced EMT in A549 cells were determined by cell
morphology and relevant protein markers. Cells were treated with or without TGF-�1 (3 ng/ml) for 48 h. D, for Transwell assay in H446, H1650, and A549 cells,
a representative result of three independent experiments, and the statistic data were presented. E, decreased cell migration ability by HNF6 in A549 cells were
detected by scratch assay at the time point indicated.

HNF6 Inhibits EMT and Lung Cancer Cell Growth

31210 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 288 • NUMBER 43 • OCTOBER 25, 2013



swell and scratch assays (Fig. 4C). In contrast, overexpression of
wide type p53 in A549 cells increased E-cadherin and �-catenin
levels and decreasedN-cadherin level (Fig. 4D, left). In line with
the above effect, p53 overexpression suppressed cell migration
(Fig. 4D, right). Similar effects of p53 overexpression in H446
cells were also observed (Fig. 4E).
Regulation of p53 by HNF6 and Its Involvement in EMT and

Cell Migration—The fact that p53 is abundant in A549 cells,
and its levels are positively correlated with that of HNF6 in
A549, H446, and H1650 lung cancer cells suggests that HNF6
may act as an upstream regulator of p53 expression in the con-
trol of EMT and cell migration and growth. To test this possi-
bility, we examined the effect ofHNF6onp53 level inA549 cells
and found that HNF6 knockdown apparently reduced p53
mRNA and protein levels (Fig. 5A). While overexpression of
HNF6 increased p53 mRNA and protein levels (Fig. 5B). The

increase of p53 protein levels by overexpression of HNF6 can
also be observed in H446 cells andH358 cells (Fig. 5C).We also
tested the effect of HNF6 on EMT and p53 expression in xeno-
graft tumors. The results showed that HNF6 overexpression
increased the protein levels of E-cadherin and �-catenin. In
contrast, a weak decrease in the level of mesenchymal marker
protein fibronectin in HNF6 overexpressed tumors was
observed. In addition, increased p53 level can be detected in
HNF6 overexpressed tumors (Fig. 5D). To examine whether
p53 is implicated in the function of HNF6, we knocked down
p53 in HNF6-overexpressing cells. As shown, p53 knockdown
fundamentally abolished MET-like change and the inhibition
of cell migration mediated by HNF6 (Fig. 5, E and F).
HNF6 Regulates p53 through Directly Transcriptional Acti-

vation of Its Promoter—Because HNF6 is a transcription factor,
it is likely that HNF6 regulates the p53 level through transcrip-

FIGURE 3. HNF6 overexpression represses anchorage-independent growth, cell proliferation, tumor xenograft growth, and invasion. Experiments
were performed as indicated. A representative result of three independent experiments and the statistic data for each result were presented. A, the effect of
HNF6 overexpression on anchorage independent growth ability in A549 cells and H446 cells were detected by colony formation assay in soft agar. B, the effect
of HNF6 knockdown on anchorage-independent growth ability in A549 cells were detected by colony formation assay in soft agar. C, the effect of HNF6 on
tumor formation ability was determined by subcutaneously injection of HNF6 overexpressed and control A549 cells to nude mice as indicated. Mice were
executed after 6 weeks and tumors were weighted. For invasion, the cancer cells invaded to blood vessels were examined through detecting the mRNA level
of human tubulin and mouse GAPDH in the whole blood of mice by real time qPCR (right). D, the effect of HNF6 on cell proliferation in A549 cells were
determined by counting the cells number. 3 � 105 cells were seeded in each dish, and the cell numbers were counted after 48 h.
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tional activation p53 gene. By an assay using a Dual-Reporter
pGL3 luciferase assay system, we found thatHNF6 significantly
increased p53 promoter activity (Fig. 6A). We also determined
whether HNF6 can directly bind to the p53 gene promoter by
ChIP assay. There are two putative HNF6 binding sites in the
upstream of the p53 cDNA sequence region, which are AAGT-
CAATCA and ATTGAT (13, 30). HNF6 can directly bind to
p53 promoter through the AAGTCAATCA sequence (Fig. 6B).
In addition, the region of �2.8 kb � �2.5 kb of the p53 pro-
moter, which contains the AAGTCAATCA sequence, was
identified to be essential for the activation of p53 promoter
activity by HNF6 (Fig. 6C).
Correlation of the E-cadherin and p53 Levels with HNF6 Lev-

els in Human Lung Cancer Tissues—To confirm the relation-
ship between the expression levels of HNF6 and E-cadherin or
p53 protein levels, we also examined and analyzed their expres-
sion levels in human lung adenocarcinoma tissue microarrays
by immunohistochemistry. As shown in Fig. 7A, the HNF6 and
E-cadherin levels are highly correlated in human lung adeno-
carcinoma tissues. Surprisingly, the high expression level of
HNF6 always correlated with high levels of E-cadherin in 21
cases examined. Similarly, Fig. 7B showed a high correlation

between the HNF6 and p53 levels. These data further suggest
that HNF6 is a regulator for p53 expression and a suppressor of
EMT. Analysis of one microarray data set from NCBI GEO
profiles revealed that during colorectal cancer metastasis,
HNF6 expression was decreased in lymph node metastasis, as
comparedwith primary tumor (Fig. 7C). In addition, during the
multistep pancreatic carcinogenesis, HNF6 expressionwas also
obviously decreased in intraductal papillary mucinous ade-
noma, intraductal papillary mucinous carcinoma, and invasive
cancer of intraductal papillary mucinous neoplasm, as com-
pared with normal pancreatic tissues (Fig. 7D). These data sug-
gest that HNF6 can function as an important suppressor for
tumor progression.

DISCUSSION

HNF6 was initially been identified as an important factor in
liver and pancreas development and organogenesis, and it is
also essential in supporting the normal functions of these
organs. In recent years, a few reports showed that decreased
expression levels ofHNF6 are associatedwith the tumormetas-
tasis and increased cell proliferation, which suggest a possibility
that HNF6 may be implicated in the control of tumor growth

FIGURE 4. p53 inhibits EMT and cell migration. A, the protein level of p53, HNF6, and several epithelial and mesenchymal marker protein levels in A549,
H1650, and H446 cells were examined. B, the effect of p53 knockdown on EMT was assessed by cell morphology and E-cadherin and N-cadherin levels. C, p53
knockdown increases the cell migration ability as examined by Transwell assay and scratch assay. D, the effect of p53 overexpression on the protein level of
E-cadherin, �-catenin, and N-cadherin in A549 cells were examined (left). The effect of p53 overexpression on A549 cell migration ability was determined by
scratch assay at the time point indicated (right). E. The effect of p53 overexpression on the protein level of E-cadherin, N-cadherin and vimentin in H446 cells
(left). The effect of p53 overexpression on cell migration in H446 cells were examined by scratch assay (right).
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and metastasis. However, no experimental evidence and fur-
ther investigation have been reported. The functions of HNF6
in EMT, migration, cancer cell growth, tumor formation, and
invasion remain unclear. In this study, we determined the role
and potential mechanism of HNF6 in EMT, migratory ability,
and invasive growth of A549 lung adenocarcinoma cells. The
disappearance of epithelial phenotype and acquisition of mes-
enchymal phenotype constitute a basicmolecular andmorpho-
logical manifestation of EMT. This process increases cell
mobility and constitutes a critical step in cell migration, which
is associatedwith various biological processes, including cancer
invasion and metastasis. Thus, the maintenance of epithelial
phenotype and suppression of EMThave been increasingly rec-
ognized to be important for preventing cancer progression.
Loss of HNF6 in A549 cells causes the lost of epithelial pheno-
type and the gain of mesenchymal phenotype and also the
increase of cell migration. Overexpression of HNF6 can shift

the epithelial-mesenchymal balance toward the side of epithe-
lial phenotype and decrease the intensity of EMT induced by
TGF-�. These data indicate thatHNF6 is essential for themain-
tenance of epithelial phenotype and changes in its expression
level will disrupt the balance between the epithelial-mesenchy-
mal phenotypes. Similar to HNF6, some other molecules have
been shown to be critical for maintaining the epithelial pheno-
type of cells, such as IRS1, FoxA2, and HNF4�, suggesting that
a signaling network is orchestrated to regulate the balance
between the epithelial-mesenchymal properties. Down- and
up-regulation of molecule(s) required for the maintenance of
the epithelial phenotype causes a loss or gain of the epithelial
phenotype. Likewise, down- and up-regulation of molecule(s)
important for the mesenchymal phenotype such as Snail, Slug,
Twist, ZEB1, and ZEB2 (31) will cause a converse shift between
the balance of epithelial-mesenchymal phenotype. In most epi-
thelial cells, the expression levels or activity of these two groups

FIGURE 5. Regulation of p53 by HNF6 and its involvement in EMT and cell migration. A, the effect of HNF6 knockdown on p53 mRNA level and protein level
in A549 cells were detected by real time qPCR and Western blotting. B, the effect of HNF6 overexpression on p53 mRNA and protein levels in A549 cells were
detected by real time qPCR and Western blotting. C, overexpression of HNF6 in H446 cells and H358 cells increased p53 protein levels. D, the effect of HNF6
overexpression on E-cadherin, �-catenin, fibronectin, and p53 in A549 xenograft tumors were detected by Western blotting. E and F, depletion of the effect of
p53 on epithelial and mesenchymal marker proteins level and cell migration in HNF6 overexpressed A549 cells were detected by Western blotting and
Transwell assays.
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of molecules are stably balanced, with the epithelial gatekeeper
molecules activated and the mesenchymal inducers repressed
at a relative low level, keeping the tissue and organ in a state of
homeostasis. In this report, we show for the first time that,
HNF6 is a gatekeepermolecule for epithelial phenotype, adding
a new member to this group.
Overexpression of HNF6 increased the epithelial phenotype

and inhibited the EMT and the invasive growth of lung tumor
cells. Because anchorage-independent growth is an important
indicator of cancer malignancy, and it could often be increased
after the EMT of cells, HNF6-mediated suppression of anchor-
age independent growth in soft agar and the tumor formation
and invasion in vivo is thereforemore likely due to its inhibitory
effect on EMT and cell proliferation.
p53 is an important tumor suppressor gene. It plays impor-

tant roles in apoptosis, DNA repair, and cell proliferation inhi-
bition, and it has been emerged in recent years a critical inhib-
itor of EMT. A large number of molecules have been reported
to be regulated by p53 (32), and many molecules are shown to
control the stability and activity of p53 (33). While much less

molecules have been reported to regulate p53 expression
through transcriptional regulation of its mRNA level. In this
report, we found that HNF6 can positively regulate p53 expres-
sion by directly activate its promoter activity, suggesting the
roles of HNF6 on EMT, cell migration, cell proliferation, and
tumor growthmay at least partially through its up-regulation of
p53. Besides the roles of p53 mentioned above, stemness inhi-
bition is also an important function of p53 reported in recent
years (34, 35). The inhibitory effect of p53 on cell stemnessmay
also be related to its inhibitory effect on EMTbecause EMTwas
considered to increase stemness in some circumstances (22,
36). However, as an upstream molecule of p53, whether HNF6
is involved in the regulation of cell stemness remains to be
investigated.
E-cadherin is one of themost important indicators of epithe-

lial phenotype. In clinical diagnosis, E-cadherin could be used
as a prognostic factor in some types of cancers (16, 29). High
E-cadherin expression level correlatedwith lessmetastatic abil-
ity of tumors. HNF6 expression level was highly correlated with
E-cadherin not only in lung cancer cell lines but also in human

FIGURE 6. HNF6 regulates p53 through directly transcriptional activation of its promoter. A, the effect of HNF6 on p53 promoter activity in A549 cells and
H446 cells were detected by the Dual-Reporter pGL3 luciferase system. Luciferase activities were detected at 24 h after transfection. B, binding of HNF6 to
predicted regions in the p53 promoter were detected by ChIP assay. C, the effects of HNF6 on the luciferase activity of truncations of p53 promoters were
detected by luciferase assay.
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lung cancer tissues, and HNF6 can up-regulate E-cadherin in
several lung cancer cell lines. High expression of HNF6 corre-
lated with more epithelial phenotype and less metastatic ability
and decreased proliferation. These observations suggest a
potential diagnostic value of HNF6 in early clinical cancer diag-
nosis. In addition, factors that are able to restore or up-regulate
the expression of HNF6 may be considered as potential thera-
peutic candidate molecules in the treatment of some cancers.
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