














SNHG5 promotes imatinib resistance

Figure 4. ABCC2 was a direct target of miR-205-5p. A: Bioinformatics analysis
showed the prediction for miR-205-5p bindings sites on the 3'TUR of ABCC2.
B and C: Luciferase activity in K562-R cells co-transfected with miR-205-5p
mimics or mimics control and luciferase reporters containing wild type 3'UTR
of ABCC2 or mutant 3’'UTR of ABCC2. D and E: Relative expression of ABCC2
mRNA and protein in K562-R cells transfected with miR-205-5p mimics or mim-
ics control. Significant differences between groups were shown as *P<0.05,

**P<0.01, ***P<0.001.

sequently binding of miRNAs to target mRNAs
[17]. We searched an online database starBase
(http://starbase.sysu.edu.cn) to look for com-
plementary miRNAs [18, 19], which can bind to
SNHG5. MiR-205-5p was found to be one of
potential targets. Furthermore, two luciferase
reporters containing wild type SNHG5 or the
mutant SNHG5 (mutations at predicted miR-
205-5p binding sites) were constructed. We
found that K562 cells transfected with miR-
205-5p mimics dramatically inhibited the activ-
ities of the wild type SNHG5 reporter, but not
that of the mutant one (Figure 3A-C). To vali-
date the direct interaction between SNHG5 and
miR-205-5p, RIP assay was used to pull down
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endogenous MiRNAs asso-
ciated with SNHG5, fol-
lowed by qRT-PCR analysis.
The amount of SNHG5 pull
down for miR-205-5p was
significantly higher than
that of the empty vector
(pLV-MS2), negative control
IgG, and mutant one (Figu-
re 3D). Next, we explored
the correlation between
SNHG5 and miR-205-5p in
K562 cells and CML
patients. After overexpres-
sion of SNHG5 in K562
cells, the expression level
of miR-205-5p was sup-
pressed dramatically (Figu-
re 3E). A further correlation
analysis disclosed that
SNHG5 and miR-205-5p
were negatively correlated
in peripheral blood cells
from CML patients (Figure
3F).

ABCC2 was a direct target
of miR-205-5p

The downstream targets of
miR-205-5p were predicted
by bioinformatics screening
and ABCC2 was found to
be one of the predicted
targets. Subsequently, the
luciferase reporter assay
performed. The ABCC2 3’
UTR sequence (WT) or the
mutant one (MUT) was
cloned into a luciferase
reporter vector and lucifer-
ase reporter assay was performed in K562-R
cells (Figure 4A). A significant decrease in lucif-
erase activity was observed in cells transfected
with miR-205-5p and wild type 3'UTR of ABCC2
in K562-R cells (Figure 4B). However, the lucif-
erase activity was unaffected when co-trans-
fection with the mutant 3'TUR of ABCC2 and
miR-205-5p mimics in K562 cells (Figure 4C).
Furthermore, the changes of ABCC2 expression
after miR-205-5p overexpression were exam-
ined in K562-R cells. We found that the overex-
pression of miR-205-5p resulted in dramatical-
ly reduction of ABCC2 mRNA and protein levels
when compared to control miRNA (Figure 4D
and 4E).
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Figure 5. Altered expression of SNHG5 affects the chemo-sensitivity of K562/
K562-R cells. A and B: The cell viability and IC_ values of imatinib in K562 and
K562-R cells received imatinib treatment. C and D: The cell viability and IC,
values of imatinib in pcDNA3.1 or pcDNA3.1-SNHG5 transfected K562 cells re-
ceived imatinib treatment. E and F: The cell viability and IC values of imatinib
in siRNA control or SNHG5 siRNA transfected K562-R cells received imatinib
treatment. Significant differences between groups were shown as *P<0.05,
**P<0.01, ***P<0.001.

was about ~2 pM in the
K562 cells while it reached
~10 UM in the K562-R cells
(Figure 5A and 5B). After
overexpression of SNHG5,
the K562 cells were less
resistant to imatinib com-
pared with control, and the
IC,, of imatinib in the K562
cells transfected with SN-
HG5 construct was increa-
sed to ~8 yM (Figure 5C
and 5D). In contrast, the
K562-R cells transfecting
with  SNHG5 siRNA were
more resistant to imatinib
when to control siRNA
group, and the IC_ of ima-
tinib was decreased from
~8.5 uM to 2.5 uM (Figure
5E and 5F).

SNHG5 promotes imatinib
resistance through regulat-
ing ABCC2

K562 cells with SNHG5
overexpression had higher
resistance against imati-
nib, showing about four-fold
increase of IC,; and up-
regulation of ABCC2 mRNA
and protein, compared with
control. While overexpress-
ing miR-205-5p or silencing
ABCC2 partially abolished
these effects of SNHG5H
overexpression K562 cells
(Figure 6A, 6C and 6E). In
contrast, K562-R cells with
SNHG5 knockdown had re-
duced imatinib resistance
and down-regulation of AB-
CC2 mRNA and protein,
compared to control siRNA
group; while knock-down
of miR-205-5p or overex-
pression of ABCC2 could
partially rescue the sup-

Altered expression of SNHG5 affects the che- pressive effects of induced by SNHG5 kno-
mo-sensitivity of K562/K562-R cells ck-down (Figure 6B, 6D and 6F). Taken toge-

ther, these data indicated that SNHG5 pro-
The measurement of drug sensitivity showed motes resistance against imatinib in CML
that K562-R cells were much more resistant to cells partially through regulating ABCC2
imatinib than K562 cells, as the IC50 of imatinib expression.
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Figure 6. SNHG5 promotes imatinib resistance through regulating ABCC2. A: The IC, values of imatinib in SNHG5-
overexpressed K562 cells transfected with miR-205-5p mimics or ABCC2 siRNA. B: The IC, values of imatinib in
SNHG5 knock-down K562-R cells transfected with miR-205-5p inhibitor or pPCMV6-ABCC2. C: The mRNA expression
levels of ABCC2 in SNHG5 overexpressed K562 cells transfected with miR-205-5p mimics or ABCC2 siRNA. D: The
mMRNA expression levels of ABCC2 in SNHG5 knock-down K562-R cells transfected with miR-205-5p inhibitor or
pCMV6-ABCC2. E: The protein levels of ABCC2 in SNHG5 overexpressed K562 cells transfected with miR-205-5p
mimics or ABCC2 siRNA. F: The protein expression levels of ABCC2 in SNHG5 knock-down K562-R cells transfect-
ed with miR-205-5p inhibitor or pPCMV6-ABCC2. Significant differences between groups were shown as *P<0.05,
**P<0.01, ***P<0.001.

Discussion tance in CML chemotherapy. For example,
MEG3 could suppress imatinib resistance by
reducing the expression of MRP1, MDR1, and
ABCG2. HOTAIR regulates CML cell drug resis-
tance in a PI3K/Akt-dependent way [20, 21]. In
the present study, we found that the increase
of SNHG5 in CML patients was associated with
an increase in ABCC2 expression. SNHG5 and
ABCC2 were also up-regulated in the K562-R
cells, which indicated that abnormal expres-

Although imatinib is effective in the treatment
of CML, drug resistance cannot be avoided in
some patients, particularly for those CML
patients at advanced stage, and imatinib resis-
tance greatly limits the clinical use of imatinib.
Recently, more and more investigators have
focused on investigating the roles IncRNAs,
which have been well-known for the roles in

oncogenic and tumor suppressor pathways.
Moreover, some IncRNAs have been reported
to involve in the development of imatinib resis-
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sion of SNHG5 and ABCC2 may contribute to
imatinib resistance in CML. Therefore, uncover-
ing the mechanisms underneath will be helpful

Am J Cancer Res 2017;7(8):1704-1713
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for us to have a better understanding of ima-
tinib resistance in CML.

In the further study, overexpression of SNGH5
in K562 cells significantly increased ABCC2
MRNA and protein expression; while knock-
down of SNHG5 drastically decreased the
ABCC2 expression in K562-R cells. Recent
studies have demonstrated that the IncRNAs
can act as competing endogenous RNA
(ceRNA), which serves as molecular sponges
for a miRNA through the miRNA binding sites,
therefore preventing the subsequently binding
of miRNAs to target mRNAs. Bioinformatics
analysis showed that one of the binding sites of
miR-205-5p span the transcript of SNHG5.
Previously, miR-205-5p was shown to regulate
cancer cell proliferation and invasion. In breast
cancer, miR-205-5p could modulate epithelial
to mesenchymal transition [22]. In another
study, overexpression of miR-205-5p could re-
sensitize  gemcitabine-resistant pancreatic
cancer cells and reduce the cell proliferation as
well as tumor growth [23]. Therefore, in the
present study, SNHG5 may mediate imatinib
resistance by interacting with miR-205-5p.
Indeed, through luciferase reporter assay and
RNA immunoprecipitation assay, we found that
SNHG5 directly binds to miR-205-5p and their
expressions were negatively correlated in CML
patients.

The downstream targets of miR-205-5p were
predicted by bioinformatics screening and
ABCC2 was found to be one of the predicted
targets. Overexpression of miR-205-5p result-
ed in dramatically reduction of ABCC2 mRNA
and protein, and SNHG5 regulates ABCC2
expression through binding miR-205-5p, which
suppressed the ABCC2 mRNA degradation. In
the in vitro functional study, we showed that
SNHG5 promoted imatinib resistance of K562
cells, while silence of ABCC2 or overexpression
of miR-205-5p partially abolished this effect.
In the imatinib-resistant cells, SNHG5 knock-
down showed reduced imatinib resistance, and
inhibition of miR-205-5p or overexpression
of ABCC2 partially rescue the suppression
induced by knock-down of SNHG5. Consistently,
previous study has demonstrated that SNHG5
is playing functional roles in oxaliplatin resis-
tance by counteracting STAU1-mediated mRNA
destabilization in the colorectal cancer cells
[15, 24]. Moreover, except for ABC transporter
pathway, imatinib resistance in CML includes

1712

BCR-ABL1 kinase-dependent as well as BCR-
ABL1 kinase-independent pathways, such as
PI3K, MAPK, or JAK/STAT [25-28]. Taken
together, SNHG5 may promote drug resistance
by different mechanisms that would be the
focus of our future studies.

In conclusion, our results suggested that
SNHG5 promotes imatinib resistance in CML
via acting as a competing endogenous RNA
against miR-205-5p. These findings enlight-
ened us that IncRNAs may be a promising tar-
get for CML treatment, especially imatinib
resistance cases. However, the mechanism of
imatinib resistance in CML may be multifacto-
rial and very complex and the precise molecu-
lar mechanism underlying the involvement of
SNHG5 in CML require further investigation.
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