cells (Figure 2C and 2D) (p < 0.05). On the contrary, cell
growth was greatly inhibited after transfection with miR-
410 inhibitors compared with the NC in both A549 and
95D cells (Figure 2C and 2D) (p < 0.05). To explore the
possible mechanism of miR-410 promoting cell growth,
we performed apoptotic analysis. Apoptotic assay via
FACS showed that apoptotic rate was reduced in cells
transfected with miR-410 mimics than that of NC, while
conversely, apoptotic rate was elevated in cells transfected
with miR-410 inhibitors than that of NC (Figure 2E) (p
< 0.05). These results suggested that miR-410 could
promote cell proliferation and inhibited apoptosis of

NSCLC cells in vitro. Next, we determined the in vitro
effects of miR-410 on invasion and migration in A549
and 95D cells. By in vitro Transwell assay, we observed
cell invasion were significantly impaired after transfecting
with miR-410 inhibitors, and enhanced after transfecting
with miR-410 mimics compared with respective scramble
control in A549 and 95D cells (Figure 3A and 3B) (p <
0.05). In vitro Millicell assay displayed cell migration
was impaired after transfecting with miR-410 inhibitors
and strengthened after transfecting with miR-410 mimics
compared with respective scramble control in both A549
and 95D cells (Figure 3C and 3D) (p < 0.05).

Figure 4: MiR-410 promoted proliferation, invasion and migration of NSCLC cells through targeting SLC34A2 in
vitro. A. QRT-PCR detection of SLC3442 mRNA in NSCLC A549 and 95D cells after transfecting with siRNA-SLC3442/siRNA-NC. B.
and C. MTT assay showed that inhibition of cell proliferation was partly restored in A549 B. and 95D C. cells after co-transfecting with
siRNA-SLC3442 and miR-410 inhibitor compared with that of cells transfected with miR-410 inhibitor. Transwell D. and E. and Millicell
F. and G. assay indicated that inhibition of cell invasion and migration was partially restored in A549 and 95D cells after co-transfecting
with siRNA-SLC3442 and miR-410 inhibitor compared with that of cells transfected with miR-410 inhibitor (100%). Data are presented as
the mean value + SD from triplicate experiments. *, p < 0.05; **, p <0.01.
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To further investigate the role of miR-410 on the
growth and metastasis of NSCLC in vivo, we firstly
established the miR-410 stable knockdown cells (INH-
LV) and relevant scrambled control cells (INH-NC-LV) in
A549 cell lines. Then, we injected these cells into mice via
tail vain to build lung metastasis nude mouse model. About
10 weeks later, lungs of five mice in each group were
injected intratracheally with India ink and fixed in AAF
solution (85% ethanol, 10% acetic acid, 5% formalin) to
count the number of metastatic tumor nodules on lung
surfaces. We firstly observed that tumor metastasis nodules
in the lungs of mice reduced by 71.6% in mice treated with
miR-410 stable knockdown cells INH-LV compared with
scrambled control cells INH-NC-LV (Figure 3E and 3F) (
p <0.01). And the metastasis nodules were also bigger in
mice treated with miR-410 stable knockdown cells INH-
LV than those of mice treated with scrambled control cells
INH-NC-LV (Figure 3E). Consistently, H&E staining of
lung tissue sections also displayed that the lungs of the
mice treated with miR-410 stable knockdown A549 cells
had much fewer nodules, and most of the lungs were out
of tumor nodules (Figure 3G). These results confirmed that
miR-410 promoted growth and metastasis of NSCLC both
in vitro and in vivo.

MiR-410 promoted proliferation, invasion and
migration by down-regulating SLC3442 in
NSCLC cells

To further investigate whether miR-410-activating
cellular effects were mediated through down-regulation

A B
g
P
L A &
: 60 A U
2 50 A g
§ 40 A 5
[=% A ':c
S = 7
o .cs
-E 24 AAAMAAA v E
= é% vV _v g
& 04 Vou 2
02 2
AU T @
[
=}
,& ,,93"» 2
¥ ¢ g

¢ B

expression signature versus to the total relavant

of SLC34A42 in NSCLC cells, miR-410 inhibitors were
transfected into A549 and 95D cells with or without
siRNA-SLC3442 and subsequently scored for cell
proliferation, migration and invasion. Firstly, SLC3442
mRNA was detected to check the knockdown efficiency
of siRNA-SLC34A42 in A549 and 95D cells before
transfection. The expression levels of SLC3442 mRNA
in siRNA-SLC34A42-transfected cells were significantly
decreased compared with that of siRNA-NC-transfected
cells (Figure 4A). Cell proliferation was inhibited in
cells transfected with miR-410 inhibitors, while partly
enhanced when cells were cotransfected with miR-410
inhibitors and siRNA-SLC3442 compared with their
respective NC control via MTT assay (Figure 4B and 4C).
Similarly, the effects on cell migration and invasion were
also checked using Millicell and Transwell assay. Cell
migration and invasion were inhibited in cells transfected
with miR-410 inhibitors, while partly promoted when cells
were cotransfected with miR-410 inhibitors and siRNA-
SLC34A2 compared with their respective NC control
(Figure 4D, 4E and Figure 4F, 4G) (p < 0.05). These results
proved that miR-410 promoted proliferation, invasion and
migration in NSCLC cells partially dependent on down-
regulation of SLC34A42 in vitro.

Increased expression of miR-410 and reduced
expression of SLC34A42 frequently existed in
NSCLC tumor tissues

To determine the clinicopathological significance
of the miR-410 and SLC34A42 aberration, we evaluated

100+ Metastasis
B Non-metastasis
[ Low-differentiation
89 8 Moderate-differentiation
B stage 11
. B Stage III/TV
40 4
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Figure 5: MiR-410 was highly expressed while SLC34A2 was lowly expressed in NSCLC tumor tissues. A. The miR-
410 expression was statistically higher while SLC34A42 expression was considerably lower in 45 of 75 pairs of NSCLC tissues compared
with their matched non-tumorous tissues. The expression level of miR-410 and SLC34A42 were detected in 75 pairs of NSCLC frozen
tissues and the adjacent non-tumorous tissues by qRT-PCR, and in 45 pairs of NSCLC tumor tissues that miR-410 expression levels were
remarkably higher while SLC34A42 expression levels were significantly lower. U6 small nuclear RNA and f-actin were used as internal
control respectively. B. MiR-410"e" /SLC34A42" expression signature in NSCLC tumor tissues might not be correlated to the metastasis,
differentiation or histopathological stage of NSCLC. *, p <0.05; **, p <0.01.
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the mRNA expression of miR-410 and SLC34A42 in 75
pairs of frozen human NSCLC tumor tissues and adjacent
non-tumorous lung tissues using qRT-PCR. MiR-410 or
SLC34A2 expression was not significantly associated with
age and gender of the NSCLC patients (Table 1). However,
miR-410 expression levels were remarkably higher while
SLC34A2 expression levels were significantly lower in 45
of 75 pairs of human NSCLC tumor tissues (45/75=60.0%)
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than that of their matched adjacent non-tumorous tissues
respectively (Table 1, Figure 5A). Moreover, the rate of
miR-410"e"/SLC3442"" cases with tumor metastasis
was lower than that of miR-410""/SLC3442" cases
without tumor metastasis, while there was no statistical
significance (p > 0.05) (Figure 5B). In addition, the rate
of miR-410"e"/SLC3442"" cases with low-differentiated
tumors was not significantly different from that of miR-
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Figure 6: MiR-410 functioned by targeting SLC34A2 through Wnt/B-catenin pathway in NSCLC cells. (A and B)
Western blotting analysis of f-catenin, DVL2 and Gsk3[ protein expression in A549 A. and 95D B. cells after transfecting with miR-410
inhibitors/NC or mimics/NC. Overexpression of miR-410 significantly up-regulated DVL?2 and f-catenin respectively, and down-regulated
Gsk3p, while inhibition of miR-410 down-regulated DVL2 and f-catenin respectively, and up-regulated Gsk3p in both A549 A. and 95D
B. cells compared with their respective control. (C and D) Western blotting analysis of f-catenin, DVL2 and Gsk3f protein expression in
A549 C. and 95D D. cells after cotransfecting with p3.1-SLC3442/p3.1 or siRNA-SLC3442/siRNA-NC. Overexpression of SLC34A42
significantly down-regulated DVL2 and f-catenin respectively, and up-regulated Gsk3f, while inhibition of SLC34A42 up-regulated DVL2
and f-catenin respectively, and down-regulated Gsk3/ in both A549 C. and 95D D. cells compared with their respective control. (E and F)
Western blotting analysis of f-catenin, DVL2 and Gsk3p protein expression in A549 E. and 95D F. cells after cotransfecting with miR-410
inhibitors and siRNA-SLC34A2. Down-regulation of DVL2 and f-catenin, and up-regulation of Gsk3f were partly impaired in both A549
E. and 95D F. cells after cotransfecting with miR-410 inhibitors/NC and siRNA-SLC3442 compared with that of cells transfecting with
miR-410 inhibitors/NC. *, p < 0.05; **, p <0.01, significant difference vs NC control.
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410Me"/SLC34A42° cases with moderate-differentiated MiR-410 functioned as oncogene by
tumors (p > 0.05), and the rate of miR-410"¢"/SLC3442'" downregulating SLC34A42 via activating Wnt/p-

cases with tumors in stage I/II was also not significantly catenin pathway in NSCLC cells
different from that of miR-410"¢"/SLC34A42"" cases with

tumors in stage [II/IV (p > 0.05) (Figure 5B). Therefore,

the expression of miR-410 and SLC34A2 were conversely Wnt/f-catenin pathway played a significant role
correlated, and the miR-410"¢"/ SLC34A42"" expression in lung cancer tumorgenesis. To explore the mechanism
signature frequently existed in human NSCLC tumor of how miR-410 functioning via targeting SLC34A2 in
tissues but might not be correlated to the metastasis, NSCLC cells, miR-410 inhibitors/NC or miR-410 mimics/
differentiation or histopathological stage of NSCLC. NC were firstly transfected into A549 and 95D cells and

western blotting was performed to detect the change
of core protein levels of Wnt/f-catenin pathway. We
found that overexpression of miR-410 significantly up-
regulated the protein expression of DVL2 (1.1 fold and
1.33 fold respectively) and fS-catenin (1.27 fold and 1.79
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Figure 7: Abnormal expression of miR-410 is not regulated by methylation or acetylation in NSCLC cells. A. CpG island
located in the gene locus of miR-410 according to UCSC database (http://genome.ucsc. edu/cgi-bin/hgGateway). Blue areas: predicted
CpG islands (Locus: chr14: 101531644-101532384, GC content 67.2%, Obs/Exp value 0.8). (B and C) Primers were designed to cover the
CpQG islands upward miR-410 for methylation analysis. Primer sets for MSP B. and BSP C. according to MethPrimer (http://www.urogene.
org/methprimer/index1.html). D. MSP results detected by 2% agarose gel electrophoresis in A549, 95D and HBE cells. U, unmethylated,;
M, methylated. HBE, human bronchial epithelial cells. The result indicated that miR-410 was partly methylated in normal HBE and 95D
cells, but almost totally methylated in A549 cells. E. Bisulfite sequencing analysis of miR-410 in A549, 95D and HBE cells. Black dot,
methylated; White dot, unmethylated. The result of bisulfite sequencing (BSP) showed that all the 12 CpGs sites sequenced were completely
methylated in A549 cells, and 6 of 12 CpGs sites (50%) were methylated in 95D cells, and 7 of 12 CpGs sites (58.3%) were methylated in
HBE cells, in consistent with the result of MSP. F. Expression levels of miR-410 were detected by qRT-PCR in A549 and 95D cells after
treatment with DNA methylation inhibitor 5’-aza-2’-deoxycytidine (DAC) and/or histone deacetylase (HDAC) inhibitor trichostatin A
(TSA). Data are expressed as means + SD of triplicate assays. *, p < 0.05; **, p <0.01, significant difference vs untreated group.
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Table 1: Patient clinical features, miR-410 and SLC34A2 expressions profile

. . Normalized
. | R omor | SLC34A2
Patient Gender | Aee | Differentiation Metastatic or | Histological | Clinical tissues relative | €Xpression in tumor
No. g non-metastatic | grade stage ¢ di _ | tissues relative
o adjacent non .
tumorous tissues to adjacent non-
tumorous tissues
1 M 45 [ Medium N A 111B 1.755 0.7214
2 M 68 |[Low Y A 1A 0.5587 2.1412
3 F 47 |Low Y A 111B 0.6028 1.7791
4 M 51 |Low Y A IITA 0.1763 1.4826
5 M 56 |Low N A 1B 0.4247 0.7351
6 M 47 |Low N A ITA 7.4267 0.703
7 F 65 |Low Y A ITA 3.6209 0.2017
8 F 25 |Low Y A v 1.1366 2.2838
9 F 71 | Medium Y A ITA 0.1811 0.561
10 M 67 |Low Y A v 0.4827 1.9724
11 F 54 |[Low N A 1B 0.7007 1.523
12 F 72  |Low Y A 111B 0.2345 1.351
13 M 43 |Low Y A 1IB 1.3632 0.38
14 F 62 |Low Y A IITA 1.1689 4.0905
15 F 48 |Low N A ITA 0.2972 2.7211
16 F 54 |Low Y A 1ITA 51.0135 0.3841
17 F 53 | Medium N A 1A 0.3602 0.1363
18 F 74 | Low Y A ITA 0.6011 0.6031
19 M 71 |Low N A 1B 64.0105 0.2201
20 F 52 |Low N A 1B 2.3203 0.0344
21 F 59 |Low Y A 111B 1.2101 0.0516
22 F 79 |Low N A 1B 17.6035 0.195
23 F 74 |Low N A 1B 7.0731 0.6887
24 F 61 |Low Y A IITA 13.0809 0.2298
25 F 69 |Low N A 11B 2.0741 0.1422
26 F 64 | Medium N A 1B 57.0217 0.215
27 M 67 |Low N A 1B 0.0711 0.2539
28 F 73 |Low Y A 111B 1.4009 1.0359
29 M 64 | Medium N A 1B 0.2662 1.5619
30 M 49 |Low Y A IIIA 1.7752 0.185
31 M 62 | Medium-high |N A IITA 0.8688 0.6332
32 M 73 | Medium Y A IITA 0.0588 1.6946
33 F 70 | Medium Y A 11B 11.9298 0.2562
34 F 62 | Medium N A 1TA 0.0783 5.3182
35 F 62 | Medium-high [N A JLIN 0.8982 2.1794
36 F 28 |Low N A 1I1A 1.4345 0.1355
37 F 57 |Low Y A 1IB 0.5228 0.2823
38 M 61 |Medium N A 1B 2.6379 0.0468
39 M 63 | Medium Y A ITA 0.1181 0.828
40 M 48 |Low Y A IITA 1.3259 2.2234
41 M 41 [Medium N S 111 0.4298 8.7846
42 M 57 | Medium N S 11B 0.2844 0.8287
43 M 59 | Medium N S 1B 3.1964 0.0037
44 M 76 | Low N S II1A 4.298 0.1547
45 M 54 | Medium N S 1B 1.1705 0.3275
46 M 63 | Medium N S 1A 0.2511 0.1481
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