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Abstract: Imatinib resistance has become a major obstacle for the treatment of chronic myeloid leukemia (CML).
The present study aimed to investigate the effects of the long non-coding RNA, SNHG5 on imatinib resistance in CML
and explored the underlying mechanisms. The quantitative real-time PCR results showed that SNHG5 and ABCC2
expressions were up-regulated in the isolated peripheral blood cells of the CML patients when compared with
healthy controls, and SNHG5 expression levels was positively correlated with ABCC2 in CML patients. In vitro stud-
ies showed that the expressions of SNHG5 and ABCC2 were up-regulated in imatinib resistant cells (K562-R) when
compared to K562 cells. Bioinformatics analysis showed the interaction between SNHG5 and miR-205-5p, which
was further confirmed by luciferase reporter assay and RNA immune-precipitation in K562 cells. Overexpression
of SNHG5 suppressed the expression of miR-205-5p and the expression of SNHG5 was negatively correlated with
the miR-205-5p expression in CML patients. In addition, ABCC2 was predicted as a downstream target of miR-205-
5p, which was further confirmed by the luciferase reporter assay in K562-R cells, and overexpression of miR-205-
5p suppressed the expression of ABCC2 in K562-R cells. In vitro functional assay showed that overexpression of
SNHG5 in K562 cells increased imatinib resistance and knock-down of SNHG5 reduced the imatinib resistance in
K562-R cells. Further experiments showed that SNHG5 promotes imatinib resistance through regulating ABCC2.
Taken together, SNHG5 promotes imatinib resistance in CML via acting as a competing endogenous RNA against
miR-205-5p.
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Introduction from 34.2% to 80-90% [3]. However, some of
the CML patients developed imatinib resis-
tance, which has been suggested to be associ-
ated with copy number mutation of BCR-ABL
gene [4], aberrant expression of drug transport-
ers [5], or epigenetic alterations [6]. Unfor-
tunately, the exact underlying mechanisms

involved imatinib resistance is largely unknown.

Chronic myeloid leukemia (CML) is a type of
cancer that starts in certain blood-forming cells
of the bone marrow, and studies have indicated
CML as a myeloproliferative disorder resulting
from abnormal proliferation of BCR-ABL1-
positive bone marrow stem cells [1]. The annual
incidence of CML is about 1-2 per 100,000

population worldwide, accounting for 15% of
newly diagnosed adult leukemias [2]. The first-
line treatment for CML is imatinib, a competi-
tive inhibitor of tyrosine kinase, can bind to
BCR-ABL protein and suppress the subsequent
signal transduction. As a result, imatinib mark-
edly reduced the proliferation of leukemic cells
and greatly improved the 5-year survival rate

ATP-binding cassette (ABC) transporters are
crucial for chemoresistance [5, 7]. As imatinib
is a substrate for ABC transporters, the mem-
bers of the ABC family may involve in the ima-
tinib resistance in CML. ABCC2 is one of the
family member and also called multidrug resis-
tance protein 2 (MRP2), which has been shown
to involve in chemoresistance in various types
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of cancers [8]. Recently, growing evidence
showed that noncoding RNAs take part in the
regulation of ABCC2 expression. For example,
microRNAs (miRNAs) such as let-7c, miR-27a
and miR-490-3p regulated ABCC2 expression
in a post-transcriptional manner [7, 9, 10].
Another kind of noncoding RNA, long noncoding
RNAs (IncRNAs) were also found to play critical
roles in regulation of gene expression. LncRNAs
are transcripts longer than 200 nucleotides,
which can not translate proteins [11]. In view of
tumor biology, IncRNAs were found to partici-
pate in the pathological process of tumorigen-
esis and the development of drug resistance
[12]. One of the well-studied IncRNAs is small
nucleolar RNA host gene 5 (SNHG5). SNHG5,
also called US0HG, is 524 bp in length, and
SNGH5 has six exons and encodes for the
snoRNAs U50 and U50’. SNHG5 locates at the
chromosomal translocation breakpoint involved
in B-cell ymphoma [13]. Aberrant expression of
SNHG5 has been reported in various human
cancers including colorectal cancer, malignant
melanoma, gastric cancer and so on [14-16].
As far as we know, the functional role of SNHG5
in CML, particularly imatinib resistance, is
largely unknown.

In the present study, the expression pattern of
SNHG5 and ABCC2 in CML patients and cell
lines were examined, and the increase expres-
sion of SNHG5 in CML patients and cell lines
was positively correlated with an increase in
ABCC2 expression. Furthermore, the underly-
ing mechanisms involved in SNHG5-regulated
imatinib resistance in CML was explored.

Materials and methods
CML patients’ recruitment

Total twenty healthy volunteers (10 males and
10 females, age from 35 to 67), and total forty
patients with CML (17 females and 23 males,
age from 40 to 72), were recruited in the pres-
ent study. The CML patients were all under the
treatment of imatinib (400 mg/day) for at least
two years. The study protocol was approved by
the Ethics Committee of Hanzhong Central
Hospital, and informed written consent was
signed by all the healthy volunteers and
patients participating in this study.

Cell culture

The CML cell line K562 was obtained from
ATCC (Manassas, USA), and cultured in RPMI
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1640, containing 10% fetal bovine serum (FBS,
Gibco, Thermo Scientific, Waltham, USA) in a
humidified incubator with 5% CO, at 37°C.
Imatinib-resistant K562 cells (K562-R) were
established as follows: In brief, K562 cells were
first maintained in complete medium contain-
ing 0.05 pM imatinib, and the concentration of
imatinib was increased progressively until a
final concentration of 2.5 uM was reached.
Subsequently, K562-R cells were cultured in
the presence of 2.5 uM of imatinib to maintain
the drug-resistant phenotype.

Vector construction, miRNAs, small interfer-
ence RNAs (siRNAs) and cell transfection

The SNHG5 overexpression vector, pcDNA3.1-
SNHG5 and the relative control, pcDNA3.1
were purchased from Genepharma Company
(Shanghai, China); the pCMV6 overexpression
vector, pCMV6-ABCC2 and the relative control,
pCMV6 were obtained from Shanghai BlueGene
Biotech Co., Ltd (Shanghai, China); miR-205-5p
mimics and miR-205-5p inhibitors, and the
respective controls; the siRNAs for SNHG5 and
ABCC2, and their respective controls, were all
purchased from RiboBio (Guangzhou, China).
The transfection with vector constructs, miR-
NAs or siRNAs were performed by using Lipo-
fectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA) in accordance with the manufactur-
er’'s instructions.

RNA isolation and quantitative real-time PCR
(QRT-PCR)

Tissues and cells were collected and total RNAs
from peripheral blood samples of CML patients
and K562/K562-R cells were extracted using
TRIzol reagent (Takara, Dalian, China), accord-
ing to the manufacturer’s instructions. Briefly,
cDNA was synthesized by by M-MLV reverse
transcriptase (Invitrogen) from extracted RNAs.
Real-time PCR was performed in triplicates
with SYBR Green Real-Time PCR Master Mixes
(Takara) on an ABI 7900 PCR system (Applied
Biosystems, Bedford, USA). GAPDH was used
as an internal control for IncRNAs and mRNA,
U6 was used as internal control for miRNA. The
relative expression of respective genes was
calculated by using comparative Ct method.

MTT assay

The cell viability of K562/K562-R was mea-
sured by the MTT assay. Briefly, cells were
seeded in 96-well plate (5000 cells/well) and
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Figure 1. Expressions of SNHG5 and ABCC2 in healthy donors and CML patients. A: Relative expression of SNHG5
in peripheral blood cells of CML patients (n = 40) and healthy subjects (n = 20). B: Relative expression of ABCC2
mRNA in peripheral blood cells of CML patients (n = 40) and Healthy subjects (n = 20). C: The correlation between
SNHG5 expression level and ABCC2 expression level in the peripheral blood cells of CML patients. D: The definition
of high ABCC2 expression (n = 20) and low ABCC2 expression (n = 20) in the peripheral blood cells of CML patients
based on the median values. E: The relative expression of SNHG5 in peripheral blood cells of CML patients with high
ABCC2 expression (n = 20) and CML patients with low ABCC2 expression (n = 20). The SNHG5 levels and ABCC2
mRNA levels were determined by gRT-PCR. Significant differences between groups were shown as ***P<0.001.

cultured overnight. After imatinib treatment
and/or transfection for 24 h, 10 pl of MTT solu-
tion (5 mg/ml) was added to each well and kept
in the dark at 37°C for 4 h. Then the superna-
tant was removed, 200 pl of DMSO was added
to dissolve the precipitated formazan. Cell via-
bility was determined by measuring the absor-
bance at 570 nm on a micro-plate reader.

Luciferase reporter assay

For the interaction between SNHG5 and miR-
205-5p, wide type SNHG5 and the mutant
SNHG5 were cloned into pmiRGLO reporter
vector, respectively. The pmirGLO-SNHG5 or
pmirGLO-SNHG5-MUT was co-transfected with
miR-205-5p mimics or miRNA mimics control.
For the interaction between miR-205-5p and
ABCC2, wide type 3’UTR of ABCC2 and the
mutant 3'UTR of ABCC2 were cloned into pmiR-
GLO reporter vector, respectively. The pmirGLO-
ABCC2 or pmirGLO-ABCC2-MUT was co-trans-
fected with miR-205-5p mimics or miRNA mim-
ics control. Forty-eight hrs post-transfection,
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Dual Luciferase Assay (Promega, Madison,
USA) was used to determine the luciferase
reporter activities according to the manufac-
turer’s instructions.

RNA immunoprecipitation (RIP)

The RIP assay was performed as follows. K562
cells were co-transfected with pLV-MS2, pLV-
SNHG5-MS2, or pLV-SNHG5 (mutant)-MS2 and
pMS2-GFP (Addgene, Cambridge, USA). Forty-
eight hrs later, Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore,
Billerica, USA) was used to perform the RIP
assay. Cells were lysed and magnetic beads
were pre-incubated with anti-GFP antibody or
anti-rabbit 1gG for 1 h. Then the lysates were
immune-precipitated with beads at 4°C over-
night. RNA was purified, reverse transcribed
and detected by qRT-PCR.

Western blotting

Total proteins were extracted from cells using
lysis buffer containing protease inhibitor and
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Figure 2. Expressions of SNHG5 and ABCC2 in K562 and K562-R cells. (A) Rela-
tive expression of SNHG5 in K562 cells and K562-R cells. Relative expression
of (B) ABCC2 mRNA and (C) ABCC2 protein in K562 cells and K562-R cells.
(D) Relative expression of SNHG5 in K562 cells transfected with pcDNA3.1 or
pcDNA3.1-SNHG5. Relative expression of (E) ABCC2 mRNA and (F) ABCC2 pro-
tein in K562 cells transfected with pcDNA3.1 or pcDNA3.1-SNHGb5. (G) Relative
expression of SNHG5 in K562-R cells transfected with siRNA control or SNHG5
siRNA. Relative expression of (H) ABCC2 mRNA and (I) ABCC2 protein in K562-
R cells transfected with siRNA control or SNHG5 siRNA. The SNHG5 levels and
ABCC2 mRNA levels were determined by qRT-PCR and ABCC2 protein levels
were determined by western blot assay. Significant differences between groups
were shown as *P<0.05, **P<0.01.

protein concentrations were determined by
BCA protein assay kit. Total 30 yg protein was
separated by SDS-PAGE and electro-trans-
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ferred to PVDF membranes.
The membranes were blo-
cked with 5% skimmed milk
for 1 h at room tempera-
ture and incubated with
anti-ABCC2 antibody (San-
ta Cruz Biotechnology,
Dallas, USA) at 4°C over-
night. After washing 3 times
with PBST, the membrane
was incubated with HRP-
conjugated secondary anti-
bodies (Santa Cruz) at
room temperature for 2 h.
GAPDH (Santa Cruz) was
used as an internal control.
The expression of protein
was visualized by the
enhanced chemilumines-
cence system (Roche, Ba-
sel, Switzerland).

Data analysis

All the data are presented
as mean = SD. All in vitro
experiments were repeated
at least for 3 times. All the
data were analyzed by Gra-
phPad Prism Version 6.0
software. Student’s t-test
was used for the compari-
son between two groups
and one-way ANOVA was
used for the comparison for
more than two groups. The
association between SNH-
G5 and ABCC2, and asso-
ciation between SNHG5
and miR-205-5p were ana-
lyzed by Pearson correla-
tion test. P<0.05 were con-
sidered statistically signifi-
cant.

Results

Expression pattern of
SNHG5 and ABCC2 in
healthy donors and CML
patients

Firstly, qRT-PCR was performed to examine the
expression of IncRNA SNHG5 and ABCC2 in
healthy donors and CML patients. The results

Am J Cancer Res 2017;7(8):1704-1713
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Figure 3. SNHGb5 directly interacts with miR-205-5p. A: Bioinformatics analysis showed the prediction for miR-205-
5p binding sites on SNHG5. 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 SNHG5 or mutant SNHG5. D: MS2-RIP, followed by
miRNA gRT-CPR to detect endogenous miR-205-5p associated with SNHG5 in K562 cells. E: Relative expression
of miR-205-5p in K562 cells transfected with pcDNA3.1 or pcDNA3.1-SNHGb5. F: Correlation between SNHG5 ex-
pression and miR-205-5p expression in the peripheral blood cells of CML patients. Significant differences between

groups were shown as **P<0.01, ***P<0.001.

demonstrated the expression levels of SNHG5
and ABCC2 from peripheral blood cells of CML
patients were significantly higher than that
from healthy donors (Figure 1A and 1B). In
addition, the SNHG5 expression level was posi-
tively correlated with the ABCC2 expression
level in CML patients (Figure 1C). According to
the median mRNA expression of ABCC2, the
total 40 CML patients were divided into two
groups i.e. high expression group and low
expression group (Figure 1D). The expression
level of SNHG5 was also compared in these two
groups. Expectedly, the expression of SNHG5
was significantly higher in high ABCC2 expres-
sion group than that in low ABCC2 expression
group (Figure 1E).

Expression pattern of SNHG5 and ABCC2 in
K562 and K562-R cells

The expression levels of SNHG5 and ABCC2
were further examined in K562 and K562-R
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cells, and SNHG5 and ABCC2 were up-regulat-
ed in K562-R cells when compared to K562
cells. We also measured the protein expression
level of ABCC2 in the cells and K562-R cells
showed higher expression level of ABCC2 pro-
tein when compared to K562 cells (Figure
2A-C). Next, we explored the impact of overex-
pression of SNHG5 on K562 cells as well as the
knock-down effect of SNHG5 on K562-R cells.
Twenty-four hrs after transfection, the mRNA
and protein expression levels of ABCC2 were
detected in K562 and K562-R cells. SNHG5
overexpression dramatically increase the
MRNA and protein expression levels of ABCC2
level in K562 cells (Figure 2D-F); while knock-
down of SNHG5 significantly suppressed the
mMRNA and protein expression levels of ABCC2,
compared with respective control (Figure 2G-I).

SNHG5 directly interacts with miR-205-5p

Recent studies suggested IncRNAs can directly
bind to miRNAs, therefore preventing the sub-

Am J Cancer Res 2017;7(8):1704-1713
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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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< 3F).

*

endogenous MiRNAs asso-
ciated with SNHG5, fol-

The amount of SNHG5 pull

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

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).

Am J Cancer Res 2017;7(8):1704-1713
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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



SNHG5 promotes imatinib resistance

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
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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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