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Background/aim: Glioma is the most common and malignant nervous system tumor and 

is associated with high-grade malignancy and high recurrence. The mammalian Dachshund1 

(DACH1) is a recognized anti-tumor site and has low expression in several malignant tumors, 

including glioma. We designed and conducted this study to further determine the mechanism 

of DACH1 in glioma.

Patients and methods: The data collected from specimens of patients with glioma from 

GSE16011 and REMBRANDT databases were analyzed. The effect of DACH1 on proliferation, 

migration, and invasion of U87 and U251 cell lines was analyzed in vitro. The symbol targets 

of the Wnt/β-catenin pathway were also evaluated through Western blot.

Results: DACH1 deficiency was found in glioma tissues, and the DACH1 level was negatively 

correlated with the tumor malignancy. DACH1 overexpression inhibited the tumor prolifera-

tion, migration, and invasion. High expression of DACH1 also dampened the Wnt/β-catenin 

pathway, and the activation of the Wnt/β-catenin pathway partly led to the limited proliferation 

in glioma cells.

Conclusion: Downregulation of DACH1 was related to the malignancy and poor prognosis 

of patients with glioma, and DACH1 overexpression inhibited the tumor proliferation via the 

Wnt/β-catenin pathway. These findings might assist in the discovery of novel potential diagnostic 

and therapeutic targets for DACH1, thereby reducing the malignancy and recurrence of glioma.
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Introduction
Glioma is the most common and malignant primary brain tumor in adults. The current 

standard of care consists of surgical resection followed by radiotherapy and chemo-

therapy. However, the median survival time for patients diagnosed with glioma is 

only 12–18 months, with only 3% of the patients surviving longer than 5 years. This 

disease is characterized by high-grade malignancy and a high recurrence, highlighting 

the urgent need to develop novel and effective predictive and therapeutic strategies 

for this devastating and uniformly fatal disease.

Dachshund1 (DACH1) is the human homolog of the Drosophila gene dac, which 

is a dominant inhibitor of ellipse and encodes a key member of the Retinal Determina-

tion Gene Network (RDGN). It was originally classified exclusively as the primary 

administrator of organismal determination in the Drosophila eye, but it is now known 

to carry out various different functions during tumorigenesis and metastasis.1–3 Several 

studies have identified DACH1 as a negative regulator of TGF-β and Wnt signaling 

to repress cancer cell migration and invasion. DACH1 inhibits cell cycle progression 

and oncogenic transformation and blocks paracrine signaling.4–6 DACH1 attenuates 

the transcriptional activity of FOXM1b by competitively binding to a homologic 
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DNA sequence.7 In addition, DACH1 associates with the 

estrogen and androgen receptors (ER and AR) to regulate sig-

nal transduction and proliferation especially in breast and pros-

tate cancer cells.8,9 DACH1 inhibits epithelial–mesenchymal 

transition (EMT) in breast cancer10,11 and blocks mammary 

tumor growth by downregulating Nanog and Sox2.12 DACH1 

can directly associate with p53 and enhance its function in 

breast and lung cancers.13,14 Clinically, the reduced expres-

sion of DACH1 in breast and endometrial cancers correlates 

with tumor progression and poor differentiation and predicts 

a short survival.4,15,16 Another study revealed that the poor 

prognosis of patients with gastric cancer is correlated with a 

lower DACH1 level. Moreover, in prostate cancer, DACH1 

expression is also decreased, and the re-overexpression of 

DACH1 inhibits the proliferation of prostate cancer cells 

in vitro.8 A recent study has also found that the overexpression 

of DACH1 reduces the growth of glioma cells both in vitro 

and in vivo by inhibiting tumor-initiating cells in glioma.18 

Further research has illustrated that DACH1 decreases the 

tumor-initiating cells via inhibiting transcriptional activation 

of fibroblast growth factor 2 (FGF2/bFGF).17

Wnt/β-catenin signaling is a pivotal morphogenetic 

pathway and accordingly is associated with a host of physio-

logical and pathophysiological processes, including embryonic 

patterning, cell proliferation, cell differentiation, angiogenesis, 

and cancer.18–20 Wnt signaling is initiated by the binding of Wnt 

ligands to their cognate receptors, which shuttles palmitoy-

lated Wnts to the plasma membrane, where they are released 

by the cell to initiate autocrine or paracrine signaling. Wnts 

can induce different modes of cellular signaling, either medi-

ated by β-catenin or independent of this protein. According to 

their dependence on β-catenin for inducing cellular effects, 

Wnts are classified into canonical (β-catenin-dependent) and 

non-canonical (β-catenin-independent) subgroups.21,22 Except 

for in several stem cell niches, canonical Wnt/β-catenin 

signaling is typically not active in adult tissues, despite the 

constitutive production of Wnt ligands. In this resting state, 

cytosolic β-catenin is continuously phosphorylated at Ser33, 

Ser37, Thr41, and Ser45 residues located in exon 3 by a 

multiprotein complex consisting of glycogen synthase kinase 

3β (GSK-3β), casein kinase 1α, adenomatous polyposis coli 

(APC), and Axin. These phosphorylations cause β-catenin to 

be recognized and poly ubiquitinated by β-transduction repeat 

containing protein, followed by the degradation of β-catenin 

in the proteasome.23,24 The overall effect is that very little free 

cytosolic β-catenin is available for nuclear signaling, and thus, 

Wnt-mediated gene transcription is absent under normal con-

ditions. Following the binding of Wnt ligands to a complex 

consisting of the FZD receptor and coreceptors, which include 

low-density lipoprotein receptor-related protein 5/6, the scaf-

folding protein disheveled is recruited to the membrane, an 

event that in turn causes the accumulation of β-catenin in the 

cytoplasm and its subsequent translocation to the nucleus. In 

the nucleus, β-catenin binds transcription factors of the T-cell 

factor 4 (transcription factor 7, transcription factor 7-like 1, 

and transcription factor 7-like 2)/lymphoid enhancer-binding 

factor family, triggering the transcription of downstream Wnt 

target genes, including CYCLIND1, AXIN2, MYC, and 

RNF43 (which encodes zinc/ring finger protein 3, ZNRF3).25 

Our study focused on the tumor inhibitory effect of DACH1 

in glioma and revealed that the inhibitory function occurred 

via the Wnt/β-catenin pathway.

Patients and methods
Patients and samples
The data of patients with glioma were gathered from GSE16011 

database (32 low-grade glioma tissues, 85 anaplastic glioma 

tissues, 159 glioma tissues, and eight normal brain tissues) 

and REMBRANDT database (99 low-grade glioma tissues, 84 

anaplastic glioma tissues, 227 glioma tissues, and 21 normal 

brain tissues). Kaplan–Meier survival analysis was used to 

estimate the survival distributions. The long-rank test was used 

to assess the statistical significance between stratified survival 

groups with Graphpad Prism six statistical software.

cell culture
The glioma cell lines U87 and U251 were obtained from 

the American Type Culture Collection (ATCC, Manassas, 

VA, USA). All the cells were maintained in DMEM/F12 

supplemented with 10% fetal bovine serum (Thermo Fisher 

Scientific, Waltham, MA, USA) in a humidified atmosphere 

containing 5% CO
2
 at 37°C.

reagents and antibodies
The following antibodies were used: anti-DACH1 antibody 

(ab223703), anti-GSK-3β antibody (ab93926), anti-p-

GSK-3β antibody (ab131097), and anti-GAPDH antibody 

(ab8245) purchased from Abcam (Cambridge, MA, USA) 

and anti-β-catenin antibody (8480S) and anti-Cyclin D 

antibody (2922S) purchased from Cell Signal Technology 

(Danvers, MA, USA). The following fluorescent secondary 

antibodies were used: goat anti-rabbit IgG: Alexa Fluor 555 

purchased from Thermo Fisher Scientific.

Plasmids and transfection
The DACH1 overexpression vector and the control PCDF 

vector were purchased from Abcam. DACH1-siRNA was 

purchased from Abcam. The identities of the constructs 
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were confirmed by sequencing. The overexpression vectors 

and siRNA were transfected by using Lipofectamine 3000 

(Thermo Fisher Scientific) reagent according to the manu-

facturer’s instructions.

cell proliferation assays
We used the MTT method to determine cell proliferation. 

Herein, 3×103 cells were plated in 96-well plates per well. 

Upon analysis, 100 µL of medium containing 10 µL of 

5 mg/mL MTT in PBS was added to each well, and the cells 

were incubated for another 4 hours at 37°C. The supernatant 

was then removed, and 150 µL of DMSO was added to each 

well. The absorbance of each sample was measured with a 

microplate reader at the wavelength of 570 nm. The surviving 

cells were measured every day for three consecutive days.

Migration and invasion assay
For the migration assay, cells (4×104 cells) were suspended 

in 300 µL of serum-free medium and seeded in the upper 

transwell chamber (8 µm pore size; BD Biosciences, San 

Jose, CA, USA). For the invasion assay, cells in serum-free 

medium were placed into the upper chamber of an insert 

coated with Matrigel (BD Biosciences). After incubation 

for 12 hours at 37°C, non-migrated or non-invaded cells 

on the upper membrane were removed with a cotton swab. 

Cells that had migrated or invaded through the membrane 

were stained with 0.1% crystal violet, and three fields were 

randomly selected for cell number counting.

reverse transcription polymerase chain 
reaction (rT-Pcr)
RNA was extracted from cultured cells or tissues using 

PrimeScript RT Reagent Kit (Takara [Beijing, China]). RT 

reactions were performed with the QuantiFast SYBR Green 

PCR Kit (Qiagen NV, Venlo, the Netherlands). The ampli-

fication protocol started with a 2-minute enzyme activation 

at 95°C, followed by 40 cycles of 95°C for 10 seconds, 60°C 

for 40 seconds. The melting curve analysis was used for the 

verification of the lack of non-specific products. Measure-

ments were normalized for the expression of GAPDH.

Western blot analysis
Cell homogenates were lysed in radioimmunoprecipitation 

assay (RIPA) lysis buffer supplemented with 1% PMSF 

and 1% phosphatase inhibitor (Cell Signaling Technology). 

Total proteins were quantified with a BCA Protein Assay 

Kit (Beyotime, Nanjing, China) and subjected to 8% SDS-

PAGE. The blots were blocked in bovine serum albumin 

(BSA) (5% w/v in PBS+0.1% Tween 20) for 1 hour at 

room temperature and immunostained with antibodies at 

4°C overnight. Immunoreactive bands were visualized with 

chemiluminescent HRP substrate (EMD Millipore, Billerica, 

MA, USA) according to the manufacturer’s instructions. Data 

were normalized to those for β-actin.

immunocytochemistry
U87 cells were plated at 1×104 cells/mL and cotransfected 

with DACH1 or WT for 24 hours. Then, the cells were 

fixed in 4% paraformaldehyde overnight and permeabilized 

with 0.1% Triton-X100 for 15 minutes at room temperature. 

The samples were blocked with 1% BSA in PBS for 1 hour 

at room temperature, incubated with primary antibody 

(β-catenin: 1:200; Cyclin D1: 1:200) overnight at 4°C, and 

then incubated with fluorescent secondary antibody for 

2 hours at room temperature. Images were acquired with a 

Zeiss confocal microscope. Image analysis and algorithm 

generation were performed using the Image-Pro Plus 6.0 

software (Media Cybernetics, Silver Spring, MD, USA). 

A total of 40–80 cells randomly selected from three or four 

replicated experiments were quantified.

statistical analysis
Data were collected from at least three (n$3) independent 

experiments. Two-tailed Student’s test or one-way ANOVA 

was performed using SPSS software (version 16, Armonk, 

New York, USA). Values are presented as mean±SEM. Sig-

nificance of differences was accepted at P,0.05 (*P,0.05, 

**P,0.01, and ***P,0.001).

Results
Dach1 is downregulated and predicts a 
poor prognosis in glioma
To confirm the expression level of DACH1 in glioma, the 

expression pattern of DACH1 was subsequently analyzed in 

the GSE16011 and REMBRANDT databases. In these two 

databases, the expression of DACH1 was downregulated in 

patients with glioma compared with that in low-grade glioma 

samples and normal brain tissues (Figure 1A and B).

Moreover, the expression level of DACH1 was coordi-

nated with the glioma grade (one-way ANOVA P=0.0062 

for GSE16011 and P,0.0001 for REMBRANDT, respec-

tively). Furthermore, we compared the percentage survival of 

patients with glioma with high or low DACH1 expression and 

found that patients with high DACH1 expression survived 

significantly longer than patients with low DACH1 expres-

sion (Figure 1C and D). These results indicated that DACH1 

may play an important role in glioma pathogenesis.
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Overexpression of Dach1 inhibits 
glioma cell proliferation in vitro
In order to determine the precise mechanism of DACH1 in 

glioma pathogenesis, a DACH1 plasmid was constructed by 

cloning full-length DACH1 into the PCDNA3 vector, and the 

expression of DACH1 was verified by Western blotting and 

PCR (Figure 2A). The effects of DACH1 overexpression on cell 

proliferation and viability were first determined. A 3-day growth 

curve showed that the overexpression of DACH1 inhibited the 

proliferation of the U87 and U251 cell lines (Figure 2B). A 

CCK8 assay was performed to assess the role of DACH1 in U87 

and U251 cell viability. The results of the CCK8 assay indicated 

that DACH1 significantly decreased the viability of U87 cells 

compared with that of control group after the transfection of 

DACH1 for 72 hours, but there were no significant differences 

at 24 hours or 48 hours (Figure S1A). However, in the U251 

cell line, at all three time points, DACH1 inhibited the prolifera-

tion and cell viability (Figure S1B). Thus, DACH1 restricted 

the cell proliferation in both the U251 and U87 cell lines.

Overexpression of Dach1 inhibits the 
migration and invasion of glioma cell lines 
in vitro
To determine whether the overexpression of DACH1 plays a 

crucial role in the migration of a single cell, transwell assays 

were performed both in U87 and U251 cell lines. The assay 

results demonstrated that transfection with DACH1 resulted 

in lower migratory activities compared with that in the con-

trol. Compared to a reduction of 20% in the U87 cell line, 

the number of migrating cells decreased by more than 50% 

following the overexpression of DACH1 in the U251 cell 

line (Figure 2C). The inhibitory effect of DACH1 on inva-

sion in the U87 cell line was lower compared to its effect on 

migration: a decrease of 10% by DACH1 compared to that 

by the vector. However, there was no significant difference 

in invasion due to DACH1 in the U251 cell line (Figure 2C). 

Thus, these results indicate that DACH1 facilitates migra-

tion in both U87 and U251 cells in vitro, but only facilitates 

invasion in U87 cells.

Figure 1 The expression of Dach1 is lower in specimens from patients with glioma.
Notes: (A and B) Downregulation of the DACH1 expression level in patients with glioma was confirmed using the GSE16011 and REMBRANDT databases. (C and D) 
Glioma patients with high DACH1 expression have a significantly longer overall survival than those with low DACH1 expression in GSE16011 and REMBRANDT datasets.
Abbreviation: Dach1, Dachshund1.
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Mechanism by which Dach1 inhibits 
glioma proliferation
To determine the underlying mechanism by which DACH1 

affects cell proliferation, the Wnt/β-catenin signaling path-

way was analyzed in U87 cell line. Western blotting was used 

to measure the expression of the Wnt/β-catenin signaling 

pathway at the mRNA and protein level. RT-PCR indicates 

that overexpression of DACH1 decreases the mRNA expres-

sion of β-catenin and DACH1-siRNA reversed the downregu-

lation of β-catenin (Figure 3A). Next, the protein expression 

of β-catenin was evaluated. The results demonstrated that the 

overexpression of DACH1 significantly reduced the level of 

β-catenin and that a higher expression of DACH1 was usually 

accompanied by a lower expression of β-catenin (Figure 3B). 

Cell cycle proteins downstream of the Wnt/β-catenin pathway 

might be responsible for the inhibition of proliferation in 

glioma. To address the underlying mechanisms, the protein 

levels of cell cycle elements were screened by Western blot-

ting. When overexpressed, DACH1 significantly reduced the 

level of Cyclin D1 (Figure 3B). This result suggested that the 

decreased level of Cyclin D1 induced by DACH1 might play 

a key role in the negative regulation of proliferation and cell 

cycle progression in glioma. Thus, these findings indicate that 

DACH1 can suppress glioma cell growth by inhibiting Wnt 

signaling. Based on previous research, β-catenin is inhibited 

by phosphorylation of GSK-3β. Once p-GSK-3β binds to 

β-catenin, β-catenin is phosphorylated and restricts in the 

cytoplasm, inhibiting the transfer to nucleus. Thus, GSK-3β 

was examined via Western blotting following transfection. 

The results demonstrated that the ectopic expression of 

DACH1 significantly reduced the p-GSK-3β/GSK-3β ratio 

compared with those in the negative groups (Figure 3C). 

β

β

Figure 2 Dach1 suppresses glioma cell proliferation in vitro.
Notes: (A) Transfectants with the control vector and DACH1 were identified by Western blotting in the U87 and U251 cell lines. After the transfection of DACH1, the 
protein expression of Dach1 increased compared with the control group. (B) MTT assays were performed to examine the effect of Dach1 overexpression on the relative 
number of viable cells based on the absorbance. After transfection of DACH1, the proliferation rate of U87 and U251 cell lines was inhibited. (C) Transwell assays were 
used to examine the effect of DACH1 on cell migration and invasion in the U87 and U251 cell lines. The migration and invasion of U87 cell line were inhibited but only the 
migration of U251 cell line was inhibited. error bars indicate sD (n=3). *P,0.05 and **P,0.01.
Abbreviation: Dach1, Dachshund1.
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To confirm the effect of DACH1 on the Wnt/β-catenin 

signaling pathway, DACH1-siRNA was used to inhibit the 

DACH1 expression both in normal and overexpressing cell 

lines (Figure 3D). DACH1-siRNA upregulated the expres-

sion of β-catenin and Cyclin D1 (Figure 3E). Moreover, it 

upregulated the p-GSK/GSK ratio (Figure 3E). This result 

indicates that DACH1 upregulated the p-GSK-3β to inhibit 

β-catenin activation by restricting β-catenin in cytoplasm.

In order to further confirm these results, we performed an 

immunofluorescence assay to assess β-catenin and Cyclin D1 

protein expression in U87 cell line. The results showed that 

the transfection of DACH1-plasmid decreased the fluo-

rescence intensity of β-catenin in glioma cells (Figure 4). 

Meanwhile, DACH1 overexpression also decreased the 

Cyclin D1 protein expression (Figure 5A). The inhibition 

of DACH1 using DACH1-siRNA reversed the decrease in 

β-catenin and Cyclin D1, confirming the role of DACH1 in 

the inhibition of the Wnt/catenin pathway.

In conclusion, DACH1 promoted the proliferation and 

migration of U87 cells and activated the Wnt/β-catenin 

signaling pathway by directly regulating the corresponding 

target proteins (Figure 5B).

Discussion
The RDGN has been found to integrate multiple signaling 

pathways, and it is pivotal for the development of many 
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Figure 3 Dach1 inhibits the expression of the Wnt/β-catenin pathway.
Notes: (A) Transfection of Dach1-plasmid or Dach1-sirna affects the mrna expression of β-catenin. Overexpression of Dach1 inhibits the mrna expression 
of β-catenin, and Dach1-sirna reverses the mrna expression. (B) Overexpression of Dach1 inhibits the expression level of both β-catenin and cyclin D1. 
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Abbreviations: Dach1, Dachshund1; gsK-3β, glycogen synthase kinase 3β.
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organs and tissues such as eyes, muscles, ears, gonads, and 

the central nervous system.3 The dachshund gene, a com-

ponent of the RDGN, encodes conserved, nuclear proteins 

that play a prominent role in controlling retinal cell fate 

determination and leg development in Drosophila. Dach/

DACH, the mammalian homologs of the dachshund gene, 

were, respectively, isolated from the mouse and human 

genes. The loss of normal conserved RDGN gene is associ-

ated with tumorigenesis, especially in tumor initiation and 

progression.1–3 Specifically, DACH1 inhibits tumorigenesis 

as well as influences the malignant phenotype in carcinoma, 

including breast,4,10,14 retinal,5 lung,13 colorectal,26 and pros-

tate cancers.8 Recent studies have revealed its opposing roles 

in breast cancer and prostate cancer via distinct mechanisms, 

demonstrating that the functions and regulatory mechanism 

of DACH1 in the progression of different tumors remain 

largely unclear.

Glioma is the most common central nervous system 

cancer, and it is characterized with high malignancy and 

recurrence. In this study, we compared the expression level 

of DACH1 in patients with malignant glioma from two 

databases. The expression of DACH1 was lower in glioma 

tissues and negatively correlated with the malignancy of 

glioma. These results indicated that DACH1 might function 

as an anti-glioma protein in glioma genesis. Thus, gain and 

loss of function studies were carried out to clarify the role 

of DACH1 in glioma. The ectopic expression of DACH1 

inhibited the proliferation of glioma cells in vitro. Distant 

invasiveness is another malignant phenotype, which con-

tributes to the high mortality of glioma, and we found that 

DACH1 attenuated the metastatic ability of glioma cell lines 

in vitro.27,28 However, the transfection of DACH1 could not 

inhibit the invasiveness of U251 cell lines, because U251 

cell line exhibited cell-autonomous growth even with high 

DACH1 expression, there must be additional changes in 

oncogenes/tumor suppressor genes other than DACH1. All 

these results indicated that DACH1 functioned as a tumor 

suppressor in glioma, which agreed with the results of recent 

studies on DACH1 in breast and colon cancers.4,29

We then determined the possible mechanisms of the 

tumor inhibition effect of DACH1 in glioma. The Wnt/ 

β-catenin signaling pathway has been demonstrated to play 

a critical role in modulating diverse processes, including cell 

proliferation, survival, differentiation, metastasis and polarity, 

specification of cell rate, self-renewal in stem cells, and main-

tenance of stem cell properties.19,30 Watson et al31 reported 
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Figure 5 Overexpression of Dach1 inhibits the expression of cyclin D1.
Notes: (A) Immunofluorescent assay confirmed the effect of DACH1 on Cyclin D1. Transfection of DACH1 inhibited the Cyclin D1 expression and the transfection of 
Dach1-sirna reversed the inhibition of cyclin D1. (B) schematic diagram of the mechanisms of Dach1-mediated suppression of glioma cell proliferation based on our 
results. Dach1 reduces the protein level of β-catenin and cyclin D, by affecting the expression of gsK-3β and p-gsK-3β, which subsequently inhibits the activation of 
Wnt/β-catenin signaling.
Abbreviations: Dach1, Dachshund1; gsK-3β, glycogen synthase kinase 3β; ctr, control.

that canonical Wnt/β-catenin signaling was a novel genetic 

driver of Schwann cell tumor development and progres-

sion, and the downregulation of this pathway was sufficient 

to reduce the tumorigenic phenotype of human malignant 

peripheral nerve sheath tumors. Radulescu et al32 demon-

strated that Wnt/β-catenin signaling pathway activation can 

act as an initiator in gastric neoplasia. Abnormal activation of 

Wnt/β-catenin signaling has been recognized as an important 

mechanism of glioma initiation and progression. Our results 

indicated that the ectopic expression of DACH1 inhibited 

canonical Wnt signaling activity in glioma and that the Wnt 

target functional gene Cyclin D1 was downregulated at the 

protein level. These results demonstrated that DACH1 sup-

pressed glioma progression by inhibiting the Wnt/β-catenin 

pathway. We then investigated the possible mechanism by 

which DACH1 inhibits the Wnt/β-catenin pathway. Previous 

studies have suggested that the protein level of β-catenin is 

tightly controlled by the destruction complex composed of 
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APC AXIN, ICAT, and GSK-3β33–36 through which β-catenin 

is finally phosphorylated by GSK-3β at Ser33 and Ser37, 

leading to its proteolytic degradation.20,30,31 We found that 

DACH1 reduced the protein level of β-catenin by reducing 

the phosphor-GSK-3β level. Accumulating lines of evidence 

indicate that GSK-3β mediated β-catenin phosphorylation 

is the key step in generating the β-TrCP-binding site for 

the subsequent degradation.32,37,38 Collectively, our data 

demonstrated that DACH1 exerted its inhibitory function by 

suppressing the Wnt/β-catenin pathway through promoting 

the phosphorylation degradation of β-catenin in a GSK-3β-

dependent manner.

Conclusion
The results of this study indicate for the first time that DACH1 

is a tumor suppressor in glioma that acts by inhibiting the 

Wnt/β-catenin pathway. These findings add to our current 

knowledge of the tumorigenesis process of glioma. The over-

expression of DACH1 may inhibit glioma proliferation and 

distant invasiveness, possibly providing a new therapeutic 

site to restrict glioma genesis and recurrence.
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Supplementary material

Figure S1 DACH1 inhibits cell viability in both the U87 and U251 cell lines.
Notes: (A) DACH1 significantly reduced the viability of U87 cells compared with that in the control group after transfection with DACH1 for 72 h, but there was no 
significant difference after 24 h or 48 h. (B) in the U251 cell line, at all three time points, Dach1 inhibited proliferation and cell viability.
Abbreviations: Dach1, Dachshund1; h, hours.
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