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Figure 6. miR-182 affected cell viability, migration, invasion and apoptosis in K562 and HL60 cells through regu-
lating ZEB1 expression. A-C. K562 and HL60 cells were co-transfected with si-NC/si-ZEB1 and miR-182 mimic/
mimic control. MTT, and transwell assays were used to determine cell viability, migration and invasion respectively
in co-transfected cells. D. Apoptosis rate was determined by flow cytometry in co-transfected cells. E. Western blot
was used to determine the expression levels of apoptosis related proteins in co-transfected K562 and HLGEO cells.
*P < 0.05.
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Figure 7. MiR-182 silence deactivated JNK and Wnt/B-catenin signaling
pathways through downgulating ZEB1 expression. A. K562 and HL60 cells
were co-transfected with pEX/pEX-ZEB1 and miR-182 inhibitor/inhibitor
control. Expressions of ZEB1 and proteins related to JNK signaling pathway
were measured by western blot in transfected cells. B. Protein expression
levels of Wnt3a, Wntb5a and B-catenin in transfected cells were determined

by western blot.

and miR-182 mimic (P < 0.05). Considering
CAT104 positively regulated the expression of
miR-182, these findings suggested that knock-
down of CAT104 inhibited cell viability, migra-
tion and invasion, and promoted cell apoptosis
in leukemia cells maybe through downregulat-
ing the expression of miR-182.

miR-182 upregulated the expression of ZEB1

ZEB1 is reported for its contributing role in
cancer invasion and metastasis [23]. We next
identified the regulatory effect of miR-182 on
ZEB1 in both mRNA and protein levels. As
shown in Figure 5A, overexpression of miR-182
caused an increase in the expression of ZEB1
MRNA, while inhibition of miR-182 had an
inverse effect (P < 0.05). Western blot showed
that the protein expression level of ZEB1 was
increased by overexpression of miR-182, while
was decreased by miR-182 suppression (Figure
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< 0.05). Then we evaluated
cell viability, migration, inva-
sion and apoptosis in the case
of overexpression of miR-182
with or without inhibition of
ZEB1 expression. As shown in
Figure 6A, overexpression of
miR-182 increased cell viabili-
ty in both K562 and HL60
cells, while miR-182 overexpression and inhibi-
tion of ZEB1 expression simultaneously decr-
eased cell viability (P < 0.05). The same trend
was found in migration and invasion assays
(Figure 6B and 6C). Overexpression of miR-182
alone increased cell migration and invasion
rates in both K562 and HLG0 cells (P < 0.05). In
contrast, the migration and invasion rates of
these two cell lines co-transfected with miR-
182 mimic and si-ZEB1 were decreased (P <
0.05).

In apoptosis assay (Figure 6D), the apoptosis
rates of K562 and HLEO0 cells transfected with
miR-182 mimic were significantly decreased
compared to that of cells transfected with
mimic control (P < 0.05). On the contrary, co-
transfection ofmiR-182 mimic and si-ZEB1 dra-
matically resulted in increases of the apoptosis
rates of these two cell lines (P < 0.05). The
same trend was observed in analyzing expres-
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sion of apoptosis related proteins by western
blot (Figure 6E). Overexpression of miR-182
alone increased the expression of the Bcl-2 and
decreased expressions of Bax, cleaved-cas-
pase-3 and cleaved-caspase-9. These effects
were reversed by co-transfection of miR-182
mimic and si-ZEB1. These results suggested
that overexpression of miR-182 promoted cell
viability, migration and invasion and inhibited
cell apoptosis in leukemia cells through upregu-
lating ZEB1 expression.

MiR-182 silence deactivated JNK and Wnt/3-
catenin signal pathways through downregulat-
ing ZEB1 expression

Finally, we sought to investigate the underling
mechanisms in which miR-182 and ZEB1 in-
volved. Firstly we measured the expression lev-
els of JNK and c-Jun proteins in the case of
miR-182 inhibition with or without ZEB1 overex-
pression. As shown in Figure 7A, inhibition of
miR-182 alone decreased expressions of ZEB1,
p-JNK and p-c-Jun. However, co-transfection
with miR-182 inhibitor and pEX-ZEB1 causedin-
creases in expressions of ZEB1, p-JNK and p-c-
Jun compared to that with miR-182 inhibitor
and pEX. These results supported that knock-
down of miR-182 deactivated JNK signal path-
way possibly through downregulating ZEB1.

Next, we measured the expression levels of
Wnt3a, Wntba and B-catenin proteins in the
case of miR-182 inhibition with or without over-
expression of ZEB1. As shown in Figure 7B,
inhibition of miR-182 alone decreased expres-
sions of Wnt3a and [B-catenin proteins, while it
had no effect on Wnt5a. However, co-trans-
fection with miR-182 inhibitor and pEX-ZEB1
caused increases in expressions of Wnt3a and
B-catenin proteins compared to that with miR-
182 inhibitor and pEX. These results supported
that knockdown of miR-182 also could inhibit
Wnt/B-catenin signal pathway through down-
regulating ZEB1.

Discussion

More and more IncRNAs were found to play
important rolesin AML. For example, Wang et al
identified RUNXOR as a novel IncRNA involved
in a long range DNA interaction of RUNX1 in
AML [24]. LncRNA-CCD26 has been shown to
control the growth of myeloid leukemia cells
through the regulation of KIT expression [25].
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Another INcRNA (ZNF571-AS1) may be involved
in AML via JAK/STAT signal pathways [26]. Com-
pared to the huge number of IncRNA (about
27,919) [27], amount of IncRNAs which we
have understood isonly the tip of the iceberg.
CAT104 was identified recently as a novel
IncRNA involved in predicting the survival of
breast cancer [20]. However, the effect of
CAT104 on AML is unknown. In the present
study, we for the first time found that CAT104
was upregulated in human leukemia cell lines
(K562 and HL60). In addition, knockdown of
CAT104 significantly increased cell apoptosis
and inhibited cell viability, migration and inva-
sion of K562 and HL60 cells. These findings
supported that IncRNA-CAT104 might intervene
in pathogenesis and function as an oncogene
in AML.

Recent reports supported that IncRNAs could
potentially interact with other classes of non-
coding RNAs especially miRNAs and modulate
their regulatory role [28]. For instance, INcCRNA-
CCAT1 negatively regulated miR-218-5p to pro-
mote the development of gallbladder cancer
[29]. However, how IncRNA-CAT104 exerts on-
cogenic functions in AML is not clear. In the
present study, we found CAT104 positively reg-
ulated the expression of miR-182, which in turn
affected cell survival, migration and invasion of
leukemia cells.

miR-182 has been recognized as anonco-miR-
NAin various cancers such as breast cancer
[22], urinary bladder cancer [30], and cervical
cancer [21]. However, there is little research
regarding the role of miR-182 in AML. Our data
indicated that miR-182 promoted cell growth
and inhibited cell apoptosis in leukemia cells.
Therefore we concluded that miR-182 also
behaved as an onco-miRNA in AML. We further
found miR-182 exerted its oncogenic functions
through upregulating the expression of ZEB1.
When ZEB1 was knocked down, miR-182 would
lose its oncogenic functions. ZEB1 has been
reported to be a master inducer of epithelial-
mesenchymal transition (EMT) and its expres-
sion is related to growth, survival, and drug
resistance of tumor cells [23]. It has emerged
as one of the master regulators for metastasis
[31] and played critical roles in tumour initia-
tion at distant sites [32] and invasion [23].
Consistent with these reports, our study indi-
cated that ZEB1 played an essential role in the
viability, migration, invasion and apoptosis of
leukemia cells.
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In order to reveal the underling mechanism of
miR-182 in AML, we tested the association be-
tween miR-182, ZEB1 and Wnt/B-catenin and
JNK signal pathways. Activated JNK regulates
several important cellular functions including
cell growth, differentiation, survival and apop-
tosis by activating some molecules such as
cJun [33]. However there is little research
focused on the association between miR-182
and JNK signal pathway. We found miR-182
silence deactivated JNK signal pathways inleu-
kemia cells. On the other hand, the canonical
Wnt-pathway can elevate the level of B-catenin
to activate transcription of specific target genes
and lead to tumor development [34]. Wnt/j-
catenin signal pathway was reported to be acti-
vated by miR-182-5p in human bladder cancer
[35]. Similarly, we found miR-182 silence deac-
tivated Wnt/B-catenin signal pathway in leuke-
mia cells. In addition, miR-182 silence deacti-
vated JNK and Wnt/B-catenin signal pathways
by downregulating ZEB1 in AML.

In conclusion, we demonstrated that IncRNA-
CAT104 silence exerted anti-cancer functions
in human leukemia cells by downregulating miR-
182 expression. miR-182 may play an oncogen-
ic role in human leukemia cells through upregu-
lating ZEB1 expression. Furthermore, miR-182
silence deactivates Wnt/B-catenin and JNK sig-
nal pathways via downregulating ZEB1 expres-
sion. The illustration of relationships among
these molecules may promote understanding
the pathogenesis of AML. In addition to trying
to downregulate miR-182 levels, designing
strategies to manipulate the expression of
IncRNA-CAT104 may represent an alternative
therapeutic approach for the treatment of AML.
However, further research is still needed.
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