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Transwell assay

We used polycarbonate mem-
brane (8 um pore) in 24-well
plate and added Matrigel (BD
Bioscience, San Jose, CA) to
the upper surface of the mem-
brane. Cells (3 x 10° cells in
100 ul serum-free medium)
were cultured in the upper
chamber, and the lower cham-
ber was filled with medium
containing 10% FBS (fetal
bovine serum). After incuba-
tion for 20 h, we stained cells
with hematoxylin (Sigma) and
selected 10 fields (400 x mag-
nification) randomly by micro-
scope to get the number of
invaded cells.

Figure 1. Immunostaining of Dact3, c-Myb, B-catenin and c-Myc in normal

bronchial epithelial cells (A, D, G, J), lung squamous cell carcinoma (B, E, H,

MTT assay

K) and lung adenocarcinoma (C, F, I, L). Original magnification x 400; scale

bar, 20 ym.

Table 2. Relationship among Dact3, c-Myb, c-Myc and B-catenin

expressions in NSCLC

We plated cells (different
treatment) in 96-well plates
(3000 cells in each well) and
cultured them in medium con-
taining 10% FBS for 4 days.

Dact3 For demonstrating the surviv-

Normal Reduced Correlation coefficient P al status of cells, we added 20

c-Myb pl MTT (thiazolyl blue, 5 mg/

Positive 271 164 0.626 0.000 ml) solution to each well and

Negative 51 12 mcubgted it for 4 h at 37°C.

e Myc Then it was replaced by the

N resultant MTT formazan so-

Positive 43 128 -0.173 0.006 lubilized in DMSO (150 pl).

Negative 35 48 We obtained the results by

B-catenin the way of spectrophotome-

Nuclear positive 7 45 -0.190 0.002 ter (490 nm) under micropl-

Nuclear negative 71 131 ate reader (Bio-Rad, Hercules,
CA).

prepared by using Nuclear and Cytoplasmic
Protein Extraction kit (Beyotime Biotech, China).
The steps of Western blot were the same as
previous report [10]. The primary antibodies
are as follows: Dact3 (Mouse monoclonal,
1:1000; Sigma-Aldrich), c-Myb (Mouse mono-
clonal, 1:2000; Abcam), c-Myc (Mouse mono-
clonal, 1:300; Santa Cruz), B-catenin (Mouse
monoclonal, 1:300; Santa Cruz), LaminB1
(Mouse monoclonal, 1:500, Santa Cruz), B-
actin (Mouse monoclonal, 1:3000, Sigma),
ao-tubulin (Mouse monoclonal, 1:500, Santa
Cruz).
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Dual-luciferase assay

Cells were plated in 24-well plates for 24 h and
then transfected with TOPFlash or FOPFlash
plasmid (Addgene, Cambridge, USA). We us-
ed Dual-Luciferase Assay System (Promega,
Madison, WI) to examine the expression of
reporter gene after incubation for 30 h at 37°C.
The activity of Tcf-mediated gene transcription
was determined from the ratio of TOPFlash
to FOPFlash luciferase activity normalized to
Renilla luciferase activity from the control plas-
mid pRL-TK. All experiments were performed by
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Table 3. Relationship among c-Myb, Dact3, c-Myc and 3-catenin
expressions in NSCLC

c-Myb
Positive Negative Correlation coefficient P

three times. Dact3 cDNA was
co-transfected with TOPFlash
or FOPFlash plasmid for ana-
lyzing the effect of Dact3 on
Wnt/B-catenin signaling.

Statistical analysis

SPSS 17.0 was performed for
this study. We applied Chi-
squared test to evaluate the
correlation with clinicopatho-
logical characteristics. The Sp-
earman correlation test was
applied to assay the correla-
tions among the expression
of Dact3, c-Myb, c-Myc and
B-catenin. Kaplan-Meier anal-
ysis was selected to compare
survival time among various
NSLSC patients. A two-tailed
P<0.05 was thought to be sta-
tistically significant.

Results

Dact3 expression is nega-

Dact3 tively correlated with c-Myb
Normal 27 51 -0.626 0.000 expression in NSCLC tissues
Reduced 164 12

c-Myc Dact3 was expressed in the
Positive 135 36 0.125 0.047 cytoplasm of bronchial epithe-
Negative 56 27 lial cells in normal lung tis-

B-catenin sues, while it was significantly
Nuclear positive 46 6 0.156 0.013 reduced in NSCLC samples
Nuclear negative 145 57 (69.3%, 176 cases, Table 1;

the other 78 cases were nu-

clear expression and cytoplas-

A549 H157 mic expression, data not shown) (Figure 1A-C).

NG+ - ) - o+ -+ In the 104 cases with TNM stage |, Dact3
Dacts - + - + expression was reduced in 63 samples (60.6%).

-+ -+
Dacts = W e v (N W,
ohyb —— U = S 72(Da
Chyc —— - W 0,
B-catenin e w— ‘ — “ . B 92Da

a-tubulin - “ 55kDa
- @B W 674Da

Cytoplasm  Nucleus Cytoplasm Nucleus

LaminB1

Figure 3. The effect of Dact3 transfection on B-catenin
nuclear translocation and the expressions of c-Myb
and c-Myc in A549 and H157 cells. a-tubulin: cyto-
plasm control. Lamin B1: nuclear control.
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In the 150 cases with TNM stage II-1ll, reduced
expression of Dact3 was shown in 113 sam-
ples (75.3%). The ratio of Dact3 reduced
expression was significantly higher in stage II-lI
than in stage | (P<0.05). Dact3 reduced expres-
sion was also associated with lymph node
metastasis of NSCLC (P<0.05, Table 1). Then
we detected the expression of c-Myb in normal
lung and NSCLC tissues. We found that c-Myb
was expressed mainly in the nucleus of NSCLC
tumor cell (Table 2, 191 cases, 191/254 =
75.2%; the other 63 cases were mainly in cyto-
plasm, data not shown), while loss expression
was shown in bronchial epithelial cells of nor-
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Figure 4. The effect of Dact3 transfection on the canonical Wnt signaling activity (B, C), cell proliferation (D) and
cell invasion (E, F) in H157 and A549. (A) Dact3 protein level in H157 and A549 with Dact3 transfection; B-actin:
reference control. The graph in (E, F) shows the number of invading cells. *, P<0.05 compared with negative control

(NC). Error bars, S.D.

mal lung tissues (Figure 1D-F). Positive expres-
sion of ¢c-Myb was correlated with high patho-
logic TNM stage and lymph node metastasis of
NSCLC (P<0.05, Table 1).

Above results showed that Dact3 expression
was reduced in NSCLC. In contrast, c-Myb
expression was positive in NSCLC tissues,
mainly located in nucleus. Dact3 was negative-
ly correlated with c-Myb in NSCLC tissues (R =
-0.626, P = 0.000, Table 2).

We used the Kaplan-Meier analysis to examine
the differences of postoperative survivalamong
the patients with different Dact3 and c-Myb
expressions. Dact3 reduced expression was
correlated with shorter postoperative survival
(50.516+2.953 vs 64.033+4.344 months,
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P<0.05, Figure 2A); positive c-Myb expression
was correlated with shorter postoperative sur-
vival (50.21942.799 vs 68.152+4.862 months,
P<0.05, Figure 2B). The patients with reduced
Dact3 and positive c-Myb expressions had sig-
nificantly shorter postoperative survival time
than others (49.959+3.042 vs 63.247+4.094
months, P<0.05, Figure 2C). Above results
showed a negative relationship between Dact3
and c-Myb in the progression of NSCLC.

Dact3 inhibits c-Myb-induced activation of
Wnt/B-catenin signaling in NSCLC cell

The target genes of c-Myb contain ¢c-Myc, which
is associated with Wnt/B-catenin signaling [17,
18]. The expressions of B-catenin and c-Myc
were detected by immunohistochemistry in
NSCLC tissues (Figure 1G-L).

Int J Clin Exp Pathol 2017:10(12):11580-11587



Dact3 and ¢c-Myb in NSCLC

canonical Wnt/B-catenin sig-
naling (Figure 4B, 4C). siRNA-
Dact3 transfection had the
opposite effect in SPC cell
line (with high expression of
Dact3) (Figure 5).

The effect of Dact3 in the
proliferation and invasiveness
of NSCLC cells

We performed MTT and Tran-
swell to further test the above-
mentioned effects of Dact3 in
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the biological behavior of
NSCLC cells. In both A549 and
H157 cells, Dact3 transfec-
SPC tion significantly inhibited cell
proliferation and invasion co-
mpared to the control group
(Figure 4D-F). In SPC cells,
siRNA-Dact3 transfection had
the opposite effect (Figure 5).
Above results suggested that

o
o
o

NC siDact3 1

Dact3 might inhibit cell prolif-

Days eration and invasion through

its downregulation of c-Myb.

Figure 5. The effect of Dact3-siRNA transfection on B-catenin nuclear

translocation and the expressions of c-Myb and c-Myc (A), cell invasion (B),

Discussion

canonical Wnt signaling activity (C) and cell proliferation (D) in SPC cells.

a-tubulin: cytoplasm control. LaminB1: nuclear control. *, P<0.05 compared

with negative control (NC). Error bars, S.D.

Statistical analysis showed that Dact3 reduced
expression were negatively associated with nu-
clear positive expression of B-catenin (R =
-0.190, P = 0.002), as well as c-Myc positive
expression (R =-0.173, P = 0.006) and ¢c-Myb
positive expression (R = -0.626, P = 0.000,
Table 2); positive c-Myb expression was signifi-
cantly associated with B-catenin nuclear accu-
mulation as well as positive c-Myc expression
(Table 3), suggesting that Dact3 might inhibit
Wnt/B-catenin signaling through negatively reg-
ulation of c-Myb.

Dact3 transfection significantly upregulated
the level of Dact3 (Figure 3), which resulted in
downregulation of c-Myb expression in both
A549 and H157 cells (with low expression of
Dact3). In addition, B-catenin nuclear translo-
cation and c-Myc expression were negatively
regulated by Dact3 (Figure 3). The detection of
B-catenin promoter luciferase reporter also
confirmed that Dact3 inhibitory effect on
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Dact takes part in various
types of signaling pathways
during embryo development
and tumorigenesis [10, 19]. It functions as an
antagonist of Wnt signaling [8, 20]. As a mem-
ber of Dact family, Dact3 negatively regulate
Wnt/B-catenin signaling in colorectal cancer
[8]. In this work, we found that Dact3 expres-
sion was significantly reduced in NSCLC tis-
sues, compared with normal bronchial epitheli-
um. In addition, its effect on biological behavior
of NSCLC cells indicated that Dact3 might
inhibit the progression of NSCLC. However, the
mechanism by which Dact3 is involved in
NSCLC progression is unclear.

Abnormal activation of Wnt/B-catenin pathway
is important for cancer progression [21]. There
are many signal factors in Wnt/B-catenin sig-
naling. The activation of Wnt/B-catenin path-
way results in B-catenin nuclear translocation
s0 as to induce transcription of TCF (T-cell spe-
cific transcription factor) target genes, includ-
ing c-Myc [22]. c-Myb promotes cell invasion
through the Wnt/B-catenin pathway in breast

Int J Clin Exp Pathol 2017:10(12):11580-11587
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cancer [23]. In addition, c-Myb bound to the
c-Myc promoter and upregulated its expression
[18]. According to our results, positive c-Myb
expression was significantly associated with
B-catenin nuclear accumulation as well as posi-
tive c-Myc expression, which is correlated with
the poor prognosis of NSCLC.

Our statistical analysis showed a strong nega-
tive correlation between Dact3 and c-Myb
expression in NSCLC tissues. Dact3 transfec-
tion inhibited c-Myb expression of NSCLC cells,
as well as c-Myc expression and [-catenin
nuclear translocation. siRNA-Dact3 transfec-
tion had the opposite effect. These results
were in accordance with previous reports [8,
18].

Epigenetic regulation is important for tumor
progression. Promoter hypermethylation could
cause transcriptional gene silence of Dactl in
gastric cancer [24]. Dact2 is frequently silenced
by promoter region hypermethylation in human
lung cancer [25]. Repression of Dact3 in colon
cancer does not require DNA methylation but
instead involves bivalent histone modifications
[10]. Thus Dact3 reduction in NSCLC is likely to
be due to epigenetic regulation.

In conclusion, Dact3 and c-Myb are closely
associated with the progression of NSCLC.
Dact3 may influence the progression of NSCLC
through downregulation of c-Myb in Wnt/B-
catenin pathway.
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