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SIX1 and DACH1 influence the proliferation and apoptosis of hepatocellular carcinoma
through regulating p53
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ABSTRACTS
This research aimed to explore effects of SIX1 and DACH1 on hepatocellular carcinoma (HCC) cell
proliferation, apoptosis and cell cycle. Fifty paired hepatocellular carcinoma tissues were screened for
differentially expressed genes. SIX1 and DACH1 expressions were subjected to qRT-PCR and western blot
in tumor tissues and cells. The knockdown efficiency of siRNAs and transfection efficiency of cDNAs and
siRNAs were validated by qRT-PCR and western blot as well. Then colony formation assay and flow
cytometry were applied to observe cell proliferation, cell apoptosis and cell cycle changes.
Immunofluorescence co-localization and immunoprecipitation were used to analyze the interaction
between proteins which was quantified using western blot. Effects of SIX1 and DACH1 on tumor growth
and their expressions in tumors were confirmed in vitro in nude mice model. Results of these experiments
showed that SIX1 was overexpressed while DACH1 was suppressed in HCC tissues and cells. The
suppression of SIX1 and overexpression of DACH1 not only inhibited cell proliferation, but also induced
cell apoptosis and arrested cell cycle in G2/M phase compared with control group. Results of
immunofluorescence co-localization suggested that SIX1, p53 and DACH1 were significantly overlapped.
Immunoprecipitation showed that DACH1 (marked with Flag tag) could pull down p53 and SIX1, but SIX1
(marked with His tag) could only pull down DACH1, which indicated that an indirect regulation between
SIX1 and p53. Validated with western blot afterwards, DACH1 overexpression suppressed tumorigenesis in
vivo by up-regulating p53 expression while SIX1 overexpression accelerated tumor growth by down-
regulating p53 expression. Therefore, the decrease of SIX1 facilitated the expression of DACH1, thus
activated the expression of p53 and suppressed the progression of HCC both in vitro and in vivo.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most commonly
diagnosed cancer and the second primary cause of cancer-
related death.1 Numerous advances have been achieved in the
understanding of the molecular basis of HCC. However, the
molecular mechanisms that define the relationships between
early environmental cues and disease phenotypes are poorly
understood. Main reasons are that these interactions are com-
plex, difficult to quantify accurately, and often occur over long
periods of time.2

SIX1, a member of the SIX families of homeodomain transcrip-
tion factors, is essential for the development of numerous organs.3

In fact, it is considered as an oncofetal protein because dysregula-
tion and inappropriate re-expression of SIX1 can result in geno-
mic instability, malignant transformation, and metastasis in
animal models and humans.2 Overexpression of SIX1 has been
found in various human cancers and is associated with increased
tumor progression, metastasis, and decreased survival.3 SIX1 can
promote colorectal cancer growth and metastasis through increas-
ing features of cancer stem cells, and stimulate angiogenesis by
up-regulating vascular endothelial growth factor (VEGF).3

Additionally, increased SIX1 level is associated with poor survival
outcome of osteosarcoma patients.4 However, the biological func-
tion of SIX1 in HCC is rarely investigated.

Dachshund homolog 1 (DACH1), a fundamental compo-
nent of the Retinal Determination Gene Network, is frequently
expressed in epithelial cells. DACH1 abundance is decreased in
a variety of malignancies, involving organs including breast,
prostate, liver, lung, and brain. Massive evidence suggested that
DACH1 might function as a new type of tumor suppressor.5 Ke
Chen et.al identified DACH1 as a novel p53 binding partner
that participated in p53-mediated induction of p21 and cell
cycle arrest.6 The knockdown of DACH1 arrested the cell cycle
progression in myeloid progenitor cells,7 which also suggested
its regulation on cell cycle changes in HCC.

Studies have found that DACH1 was correlated with the
expression of SIX1.8,9 For instance, Miller et al. identified the pro-
tein-protein interaction of SIX and DACH in malignant periph-
eral nerve sheath tumors.10 P53 is another important molecule in
tumor apoptosis and can bind to DACH1 which therefore blocks
the propagation in lung adenocarcinoma cells.11,6 In spite of
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current researches, discussions of the relationship between SIX1
and p53 remain in shortage.

MDM2 interacts with p53 is common in HCC.MDM2 binds
p53 at its transactivation domain and blocks p53-mediated
transcriptional regulation, and p53 regulates MDM2 transcrip-
tion through p53-specific response elements in the promoter
region of MDM2, thus forming an auto-regulatory feedback
loop.12,13 Therefore, MDM2 expression together with p53
expression was evaluated in this study.

Here we evaluated SIX1 and DACH1 expressions in HCC
and their functional mechanism on tumor growth. The possible
mechanism behind the regulation was explored by monitoring
p53 protein expressions. These findings may provide new refer-
ences for the study on the molecular mechanism of hepatocel-
lular carcinoma, contributing to the therapeutic strategy and
the reduction of morality rates of HCC in the future.

Results

High expression of SIX1 and low expression of DACH1
in HCC were detected

To screen out aberrantly expressed genes, we examined 50 cases of
hepatocellular carcinoma tissue samples and 50 adjacent tissue
samples. Among all differentially expressed genes, five high
expressed genes and five low expressed genes respectively were
selected to draw the heat map. SIX1 was high expressed in hepato-
cellular carcinoma tissues and DACH1 was low expressed in hepa-
tocellular carcinoma tissues (Fig. 1A). Both genes showed
significant statistical significance (P < 0.05) (Fig. 1B). Log fold-
change value and P value of SIX1 and DACH1 expressions were
shown in Table 2. A positive log fold-change value of SIX1 indi-
cated a higher expression in tumor tissues compared with adjacent
ones. A negative log fold-change value of DACH1 indicated a
lower expression in tumor tissues compared with adjacent ones.
In order to further validate the results of microarray analysis, we
carried out RT-qPCR on 50 pairs of samples. RT-qPCR results
also showed that SIX1 was high expressed and DACH1 was low
expressed in hepatocellular carcinoma tissues (both P < 0.001,
Fig. 1C–D). Five pairs of patient samples were randomly selected,
and protein expression differences between SIX1 and DACH1 was
detected by Western Blot, confirming the high expression of SIX1
protein and the low expression of DACH1 protein (Fig. 1E). These
results suggested that SIX1 and DACH1 may be potential predic-
tors of HCC. In order to study the effects of SIX1 and DACH1 on
the function of HCC cells, we examined the expression of SIX1
and DACH1 in three HCC cell lines (SK-HEP-1, Huh-7 and
HepG2) and normal cell line HL-7702[L-02] (Fig. 1F). Compared
with normal HCC cell line HL-7702 [L-02], SIX1 was high
expressed in HCC while DACH1 was low expressed in HCC.
HepG2 cells displayed generally the most significant changes and
therefore were selected for further functional experiment study.

SIX1 promoted but DACH1 inhibited HCC progression

Three siRNAs for SIX1 and DACH1 respectively were pre-tested
for the choice of most suitable siRNA to knock down the expres-
sion of SIX1 and DACH1. According to protein expressions
shown in Fig. 2A–B, si-SIX1¡2, si-SIX1¡3 and si-DACH1¡1, si-

DACH1¡3 presented better knockdown efficiency and therefore
were chosen for following experiments. Overexpression (cDNA)
and downregulation (siRNAs) of SIX1 and DACH1 (Fig. 2C–F)
were confirmed by qPCR and western blot. cDNA-SIX1 greatly
up-regulated SIX1 expression and si-SIX1 markedly down-regu-
lated SIX1 mRNA and protein expressions. Similarly, cDNA-
DACH1 significantly enhanced DACH1 expression while si-
DACH1 drastically suppressed DACH1 mRNA expression and
protein expression (Fig. 2C–D). Following the validation of trans-
fection efficiency, colony formation assay further tested influences
of SIX1 and DACH1 on the cell proliferation ability. Results indi-
cated that SIX1 overexpression increased colony numbers and
SIX1 knockdown decreased colony numbers. On the contrary,
high expression of DACH1 inhibited colony formation and low
expression of DACH1 promoted colony formation (Fig. 2E–F)
(P < 0.05). These results suggested that SIX1 could promote
whereas DACH1 could inhibit HCC proliferation. Besides,
si-SIX1¡2 and si-SIX1¡3 could efficiently suppress the prolifera-
tion and si-DACH1¡1 and si-DACH1¡3 could reversely improve
the proliferation (Fig. 3A–B). Flow cytometry results further eval-
uated influences of SIX1 and DACH1 on cell apoptosis as well as
on cell cycle. Cell apoptosis assay showed that overexpression of
SIX1 reduced cell apoptosis rate but overexpression of DACH1
increased cell apoptosis rate (P < 0.05), this suggested that SIX1
acted as an inhibitor while DACH1 played a role of promoter in
cell apoptosis. The inhibition of SIX1 and DACH1 validated the
above results. The knockdown of SIX1 could promote cell apopto-
sis rate while the inhibition of DACH1 expression efficiently
restrained cell apoptosis progress (Fig. 3C–D). Cell cycle assay
showed that cells were retarded at G2 / M phase when SIX1 was
inhibited and when DACH1 was overexpressed. Besides, cells
arrested in G2/M phase were reduced in cDNA-SIX1 group and
si-DACH1¡1 and si-DACH1¡3 group (Fig. 4A–B, P < 0.05).
Cell cycle related proteins were tested as well to further confirm
cell cycle changes. P21 expression was increased and CDK1
expression was decreased when SIX1 was inhibited in si-SIX1¡2
and si-SIX1¡3 group. However, p21 expression was inhibited and
CDK1 expression was elevated in cDNA-SIX1 group. Similarly,
p21 expression was suppressed and CDK1 expression was elevated
in si-DACH1¡1 group and si-DACH1¡3 group while p21 was
increased and CDK1 expression was decreased in cDNA-DACH1
group (Fig. 4C–D).

SIX1/DACH1 regulated p53 expression

Immunofluorescence co-localization experiments ensured that
antibodies bound to the correct target proteins. For instance,
perfect co-localization was observed for proteins DACH1 and
p53 whereas co-localization of SIX1 revealed that SIX1 could
bind to DACH1 as well (Fig. 5A–B). Co-immunoprecipitation
was used to analyze protein-protein interactions. The results
showed that DACH1 labeled by Flag tag co-precipitated p53
and SIX1, while SIX1 marked by HIS tag co-precipitated
DACH1 protein. These results indicated that DACH1 interacted
with SIX1 and p53 while SIX1 could only interact with DACH1
(Fig. 5C). Interactions among DACH1, SIX1, p53 and MDM2
were further validated with western blot. DACH1 and p53 pro-
tein expressions were inversely correlated with the expression
of SIX1 (P< 0.05). SIX1 overexpression suppressed expressions
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of DACH1 and p53. MDM2, which attributed to p53 stability,
was elevated when p53 expression was suppressed. However,
overexpression or silence of DACH1 had no significant effect
on SIX1 protein expression. DACH1 overexpression elevated
expressions of p53, inhibited expressions of MDM2 and had
no marked influence of SIX1 expression (Fig. 5D–E, P < 0.05).
The combination of overexpressed SIX1 and decreased expres-
sion of DACH1 further decreased p53 expression and induced
hepatocellular carcinoma.

Effects of SIX1/DACH1 on HCC cell growth in vivo

In order to further observe the effect of SIX1 and DACH1 over-
expression on tumor growth in vivo, stably infected cells were

injected into nude mice. In blank group, HepG2 cells without
any treatment were injected into mice; in negative control
group, HepG2 cells infected with pc3.1 empty vector were
injected into mice; in cDNA-SIX1 group and in cDNA-DACH1
group respectively, HepG2 cells infected with cDNA-SIX1 vec-
tor or cDNA-DACH1 were injected into mice. Fig. 6A showed
tumor growth in different groups after resection. Changes in
tumor size (Fig. 6B&6D) and tumor weight (Fig. 6C) validated
that SIX1 overexpression promoted tumor growth and DACH1
overexpression alleviate tumor growth. In cDNA-SIX1 group,
tumors had the faster growth rate and larger tumor size as
compared with NC group. In cDNA-DACH1 group, tumors
displayed the lower growth rate and smaller tumor size as com-
pared with NC group (Fig. 6B&6D, P < 0.05). Tumor weight

Figure 1. SIX1 was high expressed and DACH1 was low expressed in HCC tissues and cells. (A) Heat map showed that SIX1 was high expressed and DACH1 was low
expressed in HCC tissues compared with adjacent tissues. (B) Volcano plot of SIX1 overexpression and DACH1 suppression showed statistical significance (P < 0.05). (C-D)
RT-qPCR analysis showed high expression of SIX1 mRNA and low expression of DACH1 mRNA in 50 samples (P < 0.001). (E) WB results showed the high expression of
SIX1 and the low expression of DACH1 in HCC tissues of five patients. (F) SIX1 was high expressed and DACH1 was low expressed in three kinds of HCC cell lines (SK-HEP-
1, Huh-7 and HepG2) compared with normal human hepatoma cell line (HL-7702 [L-02]).
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showed significant increase at day 28 in cDNA-SIX1 group
and great decrease in cDNA-DACH1 group (Fig. 6C,
P < 0.05). Protein expressions were tested in resected tumors
to validate that tumor growth changes were caused by SIX1/
DACH1/p53 expression fluctuations. DACH1 and p53 were
negatively correlated with SIX1; DACH1 exerted no effect on
the expression of SIX1 but positively regulated the expression
of p53 (Fig. 6E, P < 0.05). Therefore, SIX1 could inhibit the
expression of DACH1 which could positively regulated p53
protein and inhibit tumor growth primarily.

Discussion

In the present study, we screened out SIX1, highly expressed
in HCC tissues and cells, and DACH1 with low expression
in HCC tissues and cells. SIX1 promoted cell proliferation
and inhibited cell apoptosis while DACH1 impeded cell

proliferation, promoted cell apoptosis and retarded cell cycle.
Additionally, we found that SIX1 overexpression could inhibit
p53 by suppressing DACH1, which also promoted tumor
growth. Therefore SIX1/DACH1/p53 axis may be the underly-
ing modulation mechanism of HCC progression.

As for SIX1, it is a member of SIX families (SIX1-6) of homeo-
box genes and is an important regulator in cancer. Studies have
found that SIX1 stimulated tumor progression. For instance, Zeng
et al. found that the overexpression of SIX1 positively correlated
with the growth of prostate cancer.14 Lerbs demonstrated the inhi-
bition of SIX1 suppressed pancreatic cancer.15 What’s more, SIX1
contributes to the progression of glioblastoma cell and tumor
growth.16 In this study, SIX1 overexpression could promote cell
proliferation and inhibit cell apoptosis, which is consistent with
the findings of previous studies.

DACH1 belongs to Retinal Determination Gene Network
(RDGN), which mainly includes Dach, Eya and Six family

Figure 2. SiRNAs could significantly inhibit SIX1 and DACH1 expressions. (A-B) WB results showed that si-SIX1-2 had the best inhibition efficiency of SIX1 expression and
si-DACH1-1 had the best inhibition efficiency. (C&E) QPCR and WB verified high expression of SIX1 in cDNA-SIX1 group and low expression of SIX1 in si-SIX1¡2 group and
si-SIX1-3 group. (D&F) QPCR and WB verified high expression of DACH1 in cDNA-DACH1 group and low expression of DACH1 in si-DACH1¡1 and si-DACH1-3 group.
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members. Studies have shown that DACH1 actively partici-
pated in tumor inhibition. For example, Chu et al. demon-
strated that DACH1 inhibited renal cancer cell propagation and
tumor growth.17 Han et al. reported that DACH1 could also
restrain lung adenocarcinoma aggressiveness by blocking
CXCL5 signaling.18 Wu et al. found that the silencing of
DACH1 was also vital for esophageal cancer growth.19 Here,
same as previous discoveries, we found the tumor inhibition
role of DACH1 in HCC.

It is known that p53 is highly connected with the pathway of
apoptosis and contributes to anticancer progresses.11 CD147
promoted cell proliferation in HCC cells by inhibiting the p53-
dependent signaling pathway.20 MiR-221 sustained cell-cycle
progression and apoptotic response to doxorubicin in hepato-
cellular carcinoma–derived cell lines by modulating p53/mdm2

feedback loop.21 Therefore, p53 acts as an important modulator
in tumor progression, which was found to be regulated by
SIX1/DACH1in this study.

However, the limitation of this study should be taken into
consideration. For example, the cell lines chosen for colony-for-
mation assays are not so representative; although we have
examined the correlation between SIX1, DACH1 and p53 and
their effects on HCC, the specific interaction mechanism, espe-
cially the correlation between SIX1 and p53 has not been eluci-
dated and needs further study.

In conclusion, we have found that SIX1 was high expressed
and DACH1 was low expressed in hepatocellular carcinoma tis-
sues and cells; SIX1 overexpression and DACH1 suppression
accelerated HCC cells progression. Moreover, we have exca-
vated the mechanism of SIX1, DACH1 and p53 regulation:

Figure 3. SIX1 promoted proliferation and inhibited apoptosis while DACH1 had an opposite effect. (A-B) SIX1 promoted proliferation while DACH1 inhibited proliferation.
The overexpression of SIX1 and suppression of DACH1 promoted cell proliferation by colony formation assay. On the contrary, the suppression of SIX1 and overexpression
of DACH1 inhibited cell proliferation.

�
P < 0.05 indicated significant difference compared with NC group. (C-D) SIX1 inhibited cell apoptosis and DACH1 promoted cell

apoptosis. The overexpression of SIX1 and the inhibition of DACH1 suppressed cell apoptosis. Oppositely, the inhibition of SIX1 and overexpression of DACH1 promoted
cell apoptosis.
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SIX1 could bind to DACH1, which further decreased p53
expression in hepatocellular carcinoma, and induced tumor
progression. Our findings provided a new sight for mechanisms
of SIX1/DACH1/p53 regulation and may have potential clinical
significance in hepatocellular carcinoma.

Materials and methods

Patient samples

Fifty hepatocellular carcinoma tissue and para-cancerous tissue
specimens were collected at Affiliated Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technol-
ogy. Patient tissue samples were surgically resected without
radiotherapy and chemotherapy. The tissues were immediately
frozen in liquid nitrogen and stored at ¡80�C until total RNAs
or proteins extraction. The study was approved by the Ethics
Committees at Affiliated Tongji Hospital, Tongji Medical

College, Huazhong University of Science and Technology, and
informed consent on revised version of Declaration of Helsinki
was obtained from each patient.

Cell culture and transfection

Non-metastatic human HCC cell lines HepG2, Huh-7, SK-
HEP-1 and human normal hepatocytes HL-7702 [L-02],
HEK293T cells were purchased from BNCC (Beijing, China).
HL-7702, HepG2 and Huh-7 cells were cultured in 90% FBS
and 10% DMSO. SK-HEP-1 Cells were cultured in 50% RPMI-
1640, 40% FBS and 10% DMSO. All reagents were purchased
from BeNa Culture Collection (Beijing, China). For a transient
transfection, siRNAs were designed and commercially obtained
from to target SIX1 and DACH1 as shown in Table 1. The
pcDNA3.1 plasmid was double-digested by HpaI and XhoI
enzymes followed by inserting human SIX1 or DACH1 cDNA
into nuclear acids of the pc3.1 vector to develop the cDNA-

Figure 4. SIX1 promoted cell cycle while DACH1 retarded cell cycle. (A-B) SIX1 suppression and DACH1 overexpression retarded cell cycle at G2/M phase. However, SIX1
overexpression and DACH1 suppression greatly reduced cells that retarded at G2/M phase. (C-D) p21 expression was elevated and CDK1 expression was inhibited when
cell cycle was retarded. p21 expression was suppressed and CDK1 expression was improved when SIX1 was overexpressed and DACH1 was suppressed. Reversely, p21
expression was elevated and CDK1 expression was suppressed when SIX1 was inhibited and DACH1 was overexpressed.

�
P < 0.05 indicated significant difference com-

pared with NC group.
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SIX1 vector and cDNA-DACH1 vector. Cells were seeded in
six-well plates at 2£ 104 cells/well and cultured to 80% conflu-
ence. Transfection was performed by using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instruction.

Microarray analysis

RNA for gene expression analysis was obtained from fifty hepa-
tocellular carcinoma tissue and para-cancerous tissue speci-
mens. GeneChip Human Genome U133 Plus 2.0 Array
(Affymetrix) were used for these studies and detailed informa-
tion was indicated in Table 2. Assays of triplicate samples were
performed at the core facility at the Affiliated Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology.

RT-qPCR

Total RNA was isolated using TRIzolTM Plus RNA Purification
Kit (Invitrogen, USA). First-strand cDNA for real-time quanti-
tative PCR analysis was synthesized from five micrograms of
total RNA using SuperScriptTM III Reverse Transcriptase kit

(Invitrogen). Reverse transcription of mRNA was carried out
using TaqMan high-capacity cDNA kit (Thermo Fisher Scien-
tific, USA) with GAPDH as internal control. Applied Biosys-
tems StepOne real-time PCR was used for testing. Cycling
parameters were as follows: initial denaturation for 3 min at
95�C, followed by 45 cycles of 5 s at 95�C and 30 s at 60�C. Cal-
culations of relative gene expression in treatment samples ver-
sus controls were performed using the 2¡DDCt method. Primers
are listed in Table 3.

Western blot

Frozen tissue or HCC cells were lysed using RIPA buffer (Cell
Signaling, USA, #9806). The collected protein lysates were
quantitatively prepared to a consistent concentration using a
BCA kit (Beyotime Biotechnology, Shanghai, China, Lot #
P0012S). Protein extracts were separated by 12% SDS–PAGE
and transferred to PVDF membranes (Millipore, Billerica, MA,
USA). After being blocked with 5% nonfat milk at room tem-
perature for 1 h, properly diluted primary antibodies (Abcam,
USA, #ab211359, #ab176718, #ab9485) were hybridised with
the membranes at 4�C overnight. The membrane was washed
for three times with TBST for 10 min and incubated with

Figure 5. SIX1/DACH1 regulated p53 expression. (A-B) Immunofluorescence co-localization observed that the relative position of p53 protein and SIX1 protein overlap sig-
nificantly, indicating possible combination. (C) SIX1 co-precipitated with DACH1 and DACH1 co-precipitated with SIX1 and p53. In overexpression group, DACH1, p53 and
SIX1 were detected. In Flag IP group, DACH1 directly interacted with SIX1 and p53. In His IP group, SIX1 directly interacted with p53 only. (D-E) SIX1 suppressed DACH1
and p53 expression but DACH1 could only influence p53 expression. SIX1 overexpression inhibited DACH1 and p53 protein expression and promoted MDM2 expression.
SIX1 suppression promoted DACH1 and p53 protein expression and inhibited MDM2 expression. DACH1 overexpression promoted p53 expression and inhibited MDM2
expression. DACH1 suppression inhibited p53 expression and promoted MDM2 expression.

�
P < 0.05 indicated significant difference compared with NC group.

�
, #, &, $

P < 0.05 indicated statistical significance compared with NC group.
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secondary antibodies (Abcam, #ab97095) at room temperature
for over 1 h. Band signals were determined using ECL Plus sys-
tem (GE Healthcare UK Ltd., Buckinghamshire, UK).

Colony-formation assays

Transfected cells were seeded onto a 6-well plate and incubated
in normal condition. After 2 weeks of cultivation, cells were
fixed by ice-cold methanol for 30 min and stained by 0.04%
crystal violet for 10 min in methanol for 30 min. Colonies
(more than 50 cells) were counted directly on the plate. A light
microscope was used to observe the number of cell colonies
and statistical significance was calculated from three indepen-
dent experiments.

Cell apoptosis analysis

Quantification of apoptotic cells was performed according to
the Annexin-V-fluorescein isothiocyanate (FITC) manufac-
turer’s instructions (KeyGen Biotech, Nanjing, China). Cells
were harvested and fixed overnight with 70% ethanol at 4�C,
followed by resuspension in 500 mL of PBS. Then 2 mL

Annexin-V-FITC and 5mL of PI were added. Analyses were
performed by a flow cytometer (BD FACScan) with Ex D
488 nm, Em D 530 nm. FITC-positive and PI-negative cells
were regarded as apoptotic cells. The sample was incubated for
5 minutes in the dark before analysis by a flow cytometer (BD
Biosciences, San Jose, CA).

Immunofluorescent localization

HepG2 cells counting 3 £ 104 were plated onto slides for 48 h
growth in advance of the experiment. Cells were then washed
with phosphate buffered saline (PBS) prior to fixation for
15 min with 4% ice-cold paraformaldehyde (PFA). Following
the fixation, cells were permeated using 0.1% (w/v) Triton X-
100 (Sigma-Aldrich) in PBS for 3£ 5 min and blocked by 5%
BSA at 37�C for 30 min, incubated with primary antibodies
anti-DACH1 (Abcam, #ab176718), anti-SIX1 (Abcam,
#ab211359) or anti-p53 (Santa Cruz Biotechnology, USA, #SC-
126) at 37�C for 2 h, and stained with Alexa Fluor 488-conju-
gated or 568-conjugated IgG at 37�C for 1 h. Meanwhile, the
nuclei were stained with DAPI, and the images were collected
using fluorescence microscopy.

Figure 6. Effects of SIX1/DACH1 on tumor growth in vivo. (A&B&D) SIX1 promoted tumor growth and DACH1 inhibited tumor growth. Tumor size in cDNA-SIX1 group was
the largest, and in cDNA-DACH1 group was the smallest. (C) Tumor in cDNA-SIX1 group was the heaviest, and in cDNA-DACH1 group was the lightest on day 28. (E) SIX1
was highly expressed, DACH1 was lowly expressed and p53 was lowly expressed in large tumors. On the contrary, SIX1 was lowly expressed, DACH1 was highly expressed
and p53 was highly expressed in small tumors.

�
P < 0.05 indicated significant difference compared with Blank and NC group.
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Immunoprecipitation

Amplified DACH1 cDNA was inserted into pCMV-flag plas-
mids (Riobio, Guangzhou, China) and SIX1 cDNA was subcl-
oned into pCMV-his plasmid (Riobio). HEK 293T cells were
transfected with pFLAG-DACH1, pCMV-his-SIX1 and
pCMV-p53 (Riobio) one by one to overexpress flag-DACH1,
his-SIX1 and p53. Selection with G418 was performed after
each transfection. Transfected 293T cells were harvested in
Tris-NaCl-EDTA (TNE) buffer (10 mM Tris–HCl, pH 7.8,
0.15 M NaCl, 1 mM ethylenediaminetetraacetic acid and 1%
Nonidet P-40) supplemented with a protease inhibitor cocktail
(Roche Diagnostics). Cell lysates were pre-absorbed with
mouse IgG-agarose and subsequently incubated with an anti-
His antibody (Invitrogen) for 2 h at 4�C and then for 1 h with
anti-Flag affinity gel (Sigma-Aldrich). The beads were then
added and the incubation was performed at 4�C for 3 hours.
Afterwards, each tube was centrifuged at 5,000 rpm for 5
minutes at 4�C. The supernatant was obtained and stored in
microcentrifuge tubes at ¡80�C. The beads were then washed
five times with TNE buffer, and the immunoprecipitated pro-
teins were examined by western blot analysis. All experiments
were performed at least twice.

Nude mice study

Animal handling and experimental procedures were approved
by the Affiliated Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology. We inocu-
lated transfected cells subcutaneously into nude mice aging

4–6 weeks purchased from the National Cancer Institute, NIH.
The tumor growth was measured every 7 days for 4 times by
using a digital caliper since day 7 and graphs were drawn.
Tumor weight was measured when mice were sacrificed on day
28 after cell implantation. We measured tumor diameters every
other day, and calculated tumor volume (mm3) as follows: vol-
ume D (shortest diameter)2 £ (longest diameter) £ 0.5.

Statistics analysis

All statistical analysis was performed using Graphpad statistical
software, and the data was expressed as mean standard devia-
tion (mean§SD). The Student’s t-test and one-way ANOVA
were applied to evaluate the differences in groups as appropri-
ate and the significance level was set at 0.05.
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Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology, and informed consent on revised version
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