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Abstract. Increasing evidence has revealed that microRNAs 
(miRNAs) are closely associated with multiple myeloma 
(MM) pathogenesis and progression. Therefore, an in‑depth 
understanding of the biological functions of miRNAs in MM 
may be helpful for the identification of promising therapeutic 
techniques for patients with MM. miRNA‑765 (miR‑765) has 
been reported to be dysregulated in many types of human 
cancer. However, the expression pattern, specific roles and 
underlying mechanisms of miR‑765 in MM remain largely 
unknown. In the present study, plasma miR‑765 significantly 
increased in patients with MM and cell lines. The downregu-
lation of miR‑765 in MM cells attenuated proliferation and 
promoted apoptosis. Bioinformatics analysis predicted that 
SRY‑Box 6 (SOX6) was a putative target of miR‑765. This 
was experimentally verified using a luciferase reporter assay, 
reverse transcription‑quantitative PCR and western blot anal-
ysis. Furthermore, plasma SOX6 was downregulated in patients 
with MM and the downregulation of SOX6 was inversely 
correlated with that of miR‑765 expression. Furthermore, 
SOX6 knockdown markedly abrogated the effects of miR‑765 
underexpression on cell proliferation and apoptosis in MM. 
The current study demonstrated that miR‑765 serves an onco-
genic role in MM progression by directly targeting SOX6, 
suggesting that miR‑765 may be a potential therapeutic target 
for MM prevention and treatment. 

Introduction 

Multiple myeloma (MM), the second most common hema-
tologic malignant tumor, is characterized by the clonal 
proliferation and accumulation of plasma cells (PCs) in 

bone marrow  (1). The morbidity of MM is 0.5‑1/100,000 
in Asia, whereas the morbidity in Africa and America is 
10‑12/100,000 (2). Currently, immunomodulatory medicine, 
proteasome inhibitors and autologous stem cell transplantation 
are primary therapeutic strategies for patients with MM (3). 
The techniques used for the diagnosis and therapy of patients 
with MM have recently progressed; however, the clinical 
outcomes of patients with MM remain poor with a 5‑year 
survival rate of only 30‑40% remaining (4). Further research 
is therefore required to understand the mechanisms underlying 
MM pathogenesis and to develop novel treatment options for 
patients with this disease.

microRNAs (miRNAs) are endogenous, non‑coding, 
short RNA molecules that are ~22 nucleotides in length (5). 
miRNAs are able to silence gene expression by directly 
interacting with complementary sites within the 3'‑untrans-
lated regions (3'‑UTRs) of their target gene to cause mRNA 
degradation and/or translational suppression (6). Each miRNA 
may regulate hundreds of different genes. Thus implicating the 
regulation of a wide range of biological processes, including 
cell proliferation, cycle, apoptosis, invasion, epithelial‑mesen-
chymal transition, metastasis and drug resistance  (7‑9). 
Previous studies have disclosed the importance of miRNAs in 
MM formation and progression (10‑12). A variety of miRNAs 
have been revealed to be dysregulated in MM (13‑15). For 
example, miR‑338‑3p (16), miR‑324‑5p (17) and miR‑320c (18) 
are downregulated in MM; whereas miR‑19a (19), miR‑32 (20), 
and miR‑210  (21) are upregulated in MM. Dysregulated 
miRNAs may serve as oncogenes or tumor suppressors, thus 
contributing to MM malignant progression (22,23). Therefore, 
further clarification concerning the expression pattern, roles 
and underlying molecular mechanisms of miRNAs in MM 
would provide novel clinical intervention tools for patients 
with this fatal malignancy. 

miR‑765 is reportedly abnormally expressed and contrib-
utes to the tumorigenesis of many different types of human 
cancer, such as esophageal squamous cell carcinoma (24), 
osteosarcoma  (25) and hepatocellular carcinoma  (26). 
However, the expression pattern, specific roles and underlying 
mechanism of miR‑765 in MM remain largely unknown. 
The expression of miR‑765 in MM cell lines and MM patient 
plasma was detected in the present study. In addition, the 
detailed roles and associated mechanisms of miR‑765 in MM 
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were examined. Data obtained in the present study may aid the 
elucidation of the functional roles of miR‑765 in MM carcino-
genesis and progression. 

Materials and methods 

Clinical specimens. Bone marrow aspirates were collected 
from 27 MM patients (15 males, 12 females; age range, 
23‑57 years) and 11 healthy individuals (7 males, 4 females; 
age range, 36‑52 years) at The First Affiliated Hospital of 
Nanchang University, Nanchang, P.R. China between June 
2015 and August 2017. Patients treated with radiotherapy, 
chemotherapy, immunomodulatory medicine, proteasome 
inhibitors and autologous stem cell transplantation were 
excluded from the current study. Plasma cells were purified 
from bone marrow aspirates using CD138 MicroBeads (cat. 
no.  130‑051‑301; Miltenyi Biotec GmbH) in accordance 
with manufacturer's protocol. Plasma cells were quickly 
frozen in liquid nitrogen and then maintained at ‑80˚C. The 
current study was approved by the Ethics Committee of The 
First Affiliated Hospital of Nanchang University (Nanchang, 
China). All participants provided written informed consent 
prior to enrollment.

Cell lines. Three human MM cell lines (U266, MM1S and 
RPMI‑8226) were purchased from the American Type Culture 
Collection. RPMI‑1640 medium supplemented with 10% fetal 
bovine serum and 1% penicillin/streptomycin (all, Gibco; 
Thermo Fisher Scientific, Inc.) was used to culture all MM cell 
lines. Cells were maintained at 37˚C in a humidified chamber 
supplied with 5% CO2.

Transfection assay. A miR‑765 inhibitor (5'CAU​CAC​CUU​
CCU​UCU​CCU​CCA3'), a corresponding negative control 
miRNA inhibitor (NC inhibitor; 5'ACU​ACU​GAG​UGA​CAG​
UAG​A3'), a small interfering RNA (siRNA) targeting SOX6 
expression (SOX6 siRNA; 5'GCA​GGA​AUU​UGG​ACA​CCU​
U3') and a negative control siRNA (NC siRNA; 5'UUC​UCC​
GAA​CGU​GUC​ACG​UTT3') were ordered from Shanghai 
GenePharma Co., Ltd. Cells were plated into six‑well plates 
at a density of 5x105 cell per well and cultured overnight at 
37˚C. Cell transfection was performed using Lipofectamine 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
in accordance with the manufacturer's protocol. Reverse 
transcription‑quantitative (RT‑q) PCR and flow cytometric 
analysis of cell apoptosis were performed 48 h following 
transfection. A Cell counting kit‑8 (CCK‑8) assay and western 
blot analysis were conducted at 24 and 72 h post‑transfection, 
respectively. 

RT‑q PCR. Total RNA was extracted from tissues or cells 
using a TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. A NanoDrop 
2000 spectrophotometer (Thermo Fisher Scientific, Inc.) 
was used to determine the concentration of total RNA. To 
detect miR‑765 expression, cDNA was synthesized from total 
RNA using a TaqMan MicroRNA Reverse Transcription kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
temperature protocol for reverse transcription was as follows: 
16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. qPCR 

was then performed using a TaqMan MicroRNA PCR kit with 
an Applied Biosystems 7500 Sequence Detection system (each 
from Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The temperature protocol for qPCR were as follows: 50˚C 
for 2 min, 95˚C for 10 min; 40 cycles of denaturation at 95˚C 
for 15 sec; and annealing/extension at 60˚C for 60 sec. For 
the measurement of SOX6 mRNA expression, reverse tran-
scription was performed using a PrimeScript RT Reagent kit 
(Takara Biotechnology Co., Ltd.). The temperature protocol for 
reverse transcription was as follows: 37˚C for 15 min and 85˚C 
for 5 sec. Synthesized cDNA was subsequently used for qPCR 
using a SYBR Premix Ex Taq™ kit (Takara Biotechnology 
Co., Ltd.). The temperature protocol for qPCR was as follows: 
5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 
65˚C for 45 sec. U6 small nuclear RNA and GAPDH served 
as an internal control to normalize the relative expression level 
of miR‑765 and SOX6 mRNA, respectively. Relative gene 
expression was calculated using the 2−ΔΔCq method (27). The 
following primers were utilized for qPCR: miR‑765 forward, 
5'‑GUA​GCC​AAG​GAA​TCC​GAA​GGA‑3' and reverse, 5'‑GCG​
AGG​AAG​GAG​GAG​GAA​GGT‑3'; U6 forward 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'; SOX6 forward, 5'‑CCC​GTA​CAG​TTC​ATT​CCG​
TC‑3' and reverse, 5'‑AGC​CTT​GGG​TTA​ATT​TGT​GG‑3'; 
GAPDH forward, 5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​
TAT‑3' and reverse, 5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​
GAC‑3'.

Cell counting kit‑8 (CCK‑8) assay. Cellular proliferation 
was determined using a CCK‑8 assay (Dojindo Molecular 
Technologies, Inc.) as per the manufacturer's protocol. 
Transfected cells were collected at 24 h post‑transfection, 
suspended in RPMI‑1640 medium and inoculated into each 
well of a 96‑well plate at a density of 3x103 cells. Cells were 
then incubated at 37˚C with 5% CO2 at different time points 
(0, 24, 48 and 72 h). A total of 10 µl CCK‑8 solution was added 
into each well and incubated for 2 h at 37˚C. Absorbance at 
450 nm was determined using a microplate reader (Bio‑Rad 
Laboratories, Inc.).

Flow cytometric analysis of cell apoptosis. Following incuba-
tion for 48 h, transfected cells were harvested and washed with 
PBS. The apoptosis rate of transfected cells was examined 

Figure 1. Determination of miR‑765 expression in the plasma of patients with 
MM and human MM cell lines. (A) RT‑qPCR was performed to determine 
miR‑765 expression in the plasma of 27 patients with MM and 11 healthy 
individuals. (B) Expression of miR‑765 in three MM cell lines (U266, 
MM1S and RPMI‑8226) was detected via RT‑qPCR. *P<0.05 vs. healthy 
individuals. miR‑765, microRNA‑765; MM, multiple myeloma; RT‑q, reverse 
transcriptase‑quantitative.
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using an FITC Apoptosis Detection kit (Biolegend, Inc.) 
according to the manufacturer's protocol. Transfected cells 
were resuspended in 100 µl of binding buffer followed by 
staining with 5 µl of Annexin V–FITC and 5 µl of propidium 
iodide. After 15 min incubation at room temperature in the 
dark, stained cells were detected via flow cytometry FACScan 
(BD Biosciences). CellQuest version 5.1 (BD Biosciences) 
software was used to analyze data. 

Bioinformatics analysis and luciferase reporter assay. The 
putative targets of miR‑765 were predicted using two microRNA 
target prediction websites: TargetScan (http://targetscan.org/) 
and miRDB (http://mirdb.org/). Luciferase reporter plasmids, 
including pMIR‑SOX6‑3'‑UTR wild type (wt 1 and 2) and 
pMIR‑SOX6‑3'‑UTR mutant (mut 1 and 2), were chemically 
created by Shanghai GenePharma Co., Ltd. For the reporter 
assay, cells were inoculated into 24‑well plates at a density of 
1.0x105 cells/well 12 h prior to transfection. A miR‑765 inhib-
itor or NC inhibitor along with the pMIR‑SOX6‑3'‑UTR wt or 
pMIR‑SOX6‑3'‑UTR mut was co‑transfected into cells using 
the Lipofectamine 2000 reagent, based on the manufacturer's 
protocol. A dual‑luciferase reporter assay system (Promega 
Corporation) was applied to measure the luciferase activity at 
48 h post‑transfection. The firefly luciferase activity of each 
well was normalized to that of the Renilla luciferase activity.

Western blot analysis. A Total Protein Extraction kit (Nanjing 
KeyGen Biotech Co., Ltd.) was utilized to isolate total protein 
from cultured cells. The concentration of total protein was 
determined using a BCA Protein Assay kit (Pierce; Thermo 
Fisher Scientific, Inc.). Equal quantities of protein were sepa-
rated via 10% SDS‑PAGE and transferred to PVDF (Merck 

KGaA). Subsequent to 2  h blocking at room temperature 
with 5% dried skimmed milk in TBST, membranes were 
incubated with primary antibodies overnight at 4˚C against 
SOX6 (1:1,000; cat. no. ab84880) or GAPDH (1:1,000; cat. 
no.  ab9484; each, Abcam). This was followed by further 
incubation with horseradish peroxidase‑conjugated secondary 
antibodies (1:6,000; cat. no. ab6789; Abcam) for 2 h at room 
temperature. Protein signals were detected using an enhanced 
chemiluminescent reagent (GE Healthcare Life Sciences). 
GAPDH was used as a loading control. Quantity One software 
version 4.62 (BioRad Laboratories, Inc.) was utilized for the 
analysis of density. 

Statistical analysis. SPSS 19 software package (IBM Corp.) 
was used for statistical analysis. Differences between groups 
were analyzed using a student's t‑test or one‑way ANOVA. 
A post‑hoc Student‑Newman‑Keuls test was then utilized. 
A Spearman's correlation analysis was utilized to determine 
the correlation between miR‑765 and SOX6 mRNA levels in 
the plasma from patients with MM. All data was presented 
as the mean ± standard deviation from at least three repeats 
of each independent experiment. P<0.05 was considered to 
indicate a statistical significant difference.

Results 

miR‑765 is upregulated in plasma from patients with MM and 
MM cell lines. To assess the expression status of miR‑765 in 
MM, the expression of miR‑765 was determined in the plasma 
cells of 27 patients with MM and 11 healthy individuals. 
The results of RT‑qPCR revealed that miR‑765 was highly 
expressed in plasma samples from patients with MM compared 

Figure 2. miR‑765 downregulation suppresses cell proliferation and induces apoptosis in MM. (A) Expression of miR‑765 was evaluated in U266 and 
RPMI‑8226 cells after transfection with miR‑765 inhibitor or NC inhibitor by RT‑qPCR. (B) Cellular proliferation was determined via a CCK‑8 assay in U266 
and RPMI‑8226 cells transfected with a miR‑765 inhibitor or NC inhibitor. (C) Flow cytometry analysis was performed to measure the percentage of apoptotic 
U266 and RPMI‑8226 cells treated with a miR‑765 inhibitor or NC inhibitor. *P<0.05 vs. NC inhibitor. miR‑765, microRNA‑765; MM, multiple myeloma; NC, 
negative control; RT‑q, reverse transcriptase‑quantitative; CCK‑8, cell counting kit‑8.
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with healthy individuals (P<0.05; Fig. 1A). miR‑765 expression 
in three human MM cell lines was then examined, including 
U266, MM1S and RPMI‑8226. Consistently, the expression of 
miR‑765 was higher in all three MM cell lines compared with 
that in the plasma samples from healthy individuals (P<0.05; 
Fig. 1B). These results suggest that miR‑765 is upregulated 
in MM, and this upregulation may serve an important role in 
MM progression. 

Inhibition of miR‑765 attenuates cell proliferation and 
promotes apoptosis in MM. U266 and RPMI‑8226 cell 
lines possessed a relatively high miR‑765 expression among 
the three MM cell lines and thus, were selected for further 
functional experiments. To assess the role of miR‑765 in MM 
cells, miR‑765 was significantly knocked down in U266 and 
RPMI‑8226 cells by transfection with a miR‑765 inhibitor 
(P<0.05; Fig. 2A). A CCK‑8 assay was then performed at 
different time points to determine the effect of miR‑765 in MM 
cell proliferation. It was observed that the downregulation of 
miR‑765 significantly impaired the proliferation of U266 and 
RPMI‑8226 cells after 48 and 72 h (P<0.05; Fig. 2B). Since 
cell proliferation is closely associated with cell apoptosis, flow 
cytometry analysis was performed to detect the proportion of 
apoptotic U266 and RPMI‑8226 cells after transfection with a 
miR‑765 inhibitor or an NC inhibitor. Apoptosis rate was deter-
mined to be significantly increased in U266 and RPMI‑8226 
cells transfected with the miR‑765 inhibitor relative to that in 
cells transfected with the NC inhibitor (P<0.05; Fig. 2C). The 
results indicate that miR‑765 may serve an oncogenic role in 
the development of MM.

SOX6 is a direct target gene of miR‑765 in MM cells. It is gener-
ally accepted that miRNAs contribute to cancer initiation and 
progression by regulating their target genes (6). To determine 

the mechanisms underlying miR‑765 activity in MM cells, 
bioinformatics analysis was performed to search for potential 
targets of miR‑765. Two putative miR‑765‑binding sites were 
located in the 3'‑UTR of SOX6 (Fig. 3A). SOX6 was selected 
for further experimental validation as SOX6 is involved in 
the tumorigenesis and tumor development of multiple types 
of human cancer  (28‑30). A luciferase reporter assay was 
performed to confirm whether miR‑765 directly targets the 
3'‑UTR of SOX6. The results revealed that co‑transfection with 
the pMIR‑SOX6‑3'‑UTR wt (1 and 2) and miR‑765 inhibitor in 
U266 and RPMI‑8226 cells led to a significant increase in lucif-
erase activity (P<0.05; Fig. 3B). However, the luciferase activity 
in cells transfected with the pMIR‑SOX6‑3'‑UTR mut (1 and 2) 
and miR‑765 inhibitor was not of significance. Furthermore, the 
mRNA and protein levels of SOX6 were evaluated in U266 and 
RPMI‑8226 cells upon miR‑765 downregulation. The results 

Figure 4. SOX6 is downregulated in the plasma of patients with MM and is 
negatively correlated with miR‑765 levels. (A) reverse transcription‑quan-
titative PCR detection of SOX6 mRNA expression in the plasma from 
27 patients with MM and 11 healthy individuals. *P<0.05 vs. healthy indi-
viduals. (B) The correlation between miR‑765 and SOX6 mRNA levels in 
the plasma of patients with MM was assessed through Spearman correlation 
analysis. r=‑0.5530, P=0.0028. SOX6, SRY‑Box 6; MM, multiple myeloma; 
miR‑765, microRNA‑765.

Figure 3. SOX6 is a direct target gene of miR‑765 in multiple myeloma cells. (A) Wild‑type and mutant complementary sequences of miR‑765 in the 3'‑UTR of 
SOX6. (B) U266 and RPMI‑8226 cells were transfected with a reporter plasmid carrying wild type or mutant binding sites along with a miR‑765 inhibitor or 
NC inhibitor. Relative luciferase activity was detected at 48 h post‑transfection. (C) Reverse transcriptase‑quantitative PCR and (D) western blot analysis were 
performed to measure SOX6 mRNA and protein expression in U266 and RPMI‑8226 cells following miR‑765 inhibitor or NC inhibitor transfection. *P<0.05 
vs. NC inhibitor. SOX‑6, SRY‑Box‑6; miR‑765, microRNA‑765; UTR, untranslated region; NC, negative control; wt, wild type; mut, mutant.
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revealed that the downregulation of miR‑765 significantly 
increased SOX6 expression in U266 and RPMI‑8226 cells at 
mRNA (P<0.05; Fig. 3C) and protein levels (P<0.05; Fig. 3D). 
These results demonstrate that SOX6 is a direct target gene of 
miR‑765 in MM cells. 

Downregulation of SOX6 is negatively correlated with 
miR‑765 expression in the plasma from patients with MM. 
To further determine the association between miR‑765 and 
SOX6 in MM, SOX6 expression was assessed in the plasma 
of 27 patients with MM patients and 11 healthy individuals. 
RT‑qPCR analysis revealed that SOX6 mRNA expression was 
significantly lower in the plasma of patients with MM (P<0.05; 
(Fig. 4A). In addition, a significant negative correlation was 
identified between miR‑765 and SOX6 mRNA expression 
in the plasma of patients with MM (r=‑0.5530; P=0.0028; 
Fig. 4B), as determined via Spearmans correlation analysis. 
These results suggest that the downregulation of SOX6 in MM 
may be, at least in part, caused by miR‑765 upregulation.

SOX6 is required for miR‑765‑induced phenotypes in MM 
cells. As SOX6 was validated as a direct target of miR‑765, 
rescue experiments were subsequently performed to investigate 
whether SOX6 was essential for miR‑765 inhibitor‑induced 
proliferation suppression in MM cells. A miR‑766 inhibitor 
was co‑transfected with SOX6 siRNA or NC siRNA into U266 
and RPMI‑8226 cells. Western blot analysis revealed that the 
upregulation of SOX6 caused by miR‑765 downregulation was 
recovered in U266 and RPMI‑8226 cells after co‑transfection 
with SOX6 siRNA (P<0.05; Fig. 5A). Functional assays also 
revealed that recovered SOX6 expression reversed the effects of 
miR‑765 downregulation in the proliferation (P<0.05; Fig. 5B) 
and apoptosis (P<0.05; Fig. 5C) of U266 and RPMI‑8226 cells. 
These data confirm that miR‑765 may serve as an oncogene 
in MM cells, at least partly, through the regulation of SOX6 
expression. 

Discussion 

Previous studies have demonstrated that miRNAs are closely 
associated with the occurrence and development of MM via 
the regulation of cell proliferation, cycle, apoptosis, angio-
genesis and metastasis (31‑33). miRNAs have been proposed 
to be novel diagnostic biomarkers and effective therapeutic 
targets for anticancer therapy (34). Accordingly, an in‑depth 
understanding of the biological functions of miRNAs in MM 
may be helpful to identify promising therapeutic techniques 
for patients with MM. In the present study, a series of experi-
ments were performed to determine the expression status of 
miR‑765 in MM and to assess its role in MM development. 
The molecular mechanisms underlying the action of miR‑765 
in MM were also explored. The results revealed that miR‑765 
may serve as a diagnostic biomarker and antitumor therapeutic 
agent for MM. 

 miR‑765 is aberrantly upregulated in esophageal squamous 
cell carcinoma tissues and cell lines (24). The upregulation 
of miR‑765 is strongly associated with tumor stage, lymph 
node metastasis and clinical stage of patients with esophageal 
squamous cell carcinoma (24). Patients with esophageal squa-
mous cell carcinoma and high miR‑765 levels exhibit poorer 
overall survival and disease‑free survival rates than patients 
with low miR‑765 levels (24). Multivariate analysis has previ-
ously identified miR‑765 as an independent biomarker for 
the prediction of overall survival and disease‑free survival 
for patients with esophageal squamous cell carcinoma (24). 
miR‑765 expression is also increased in osteosarcoma (25) and 
hepatocellular carcinoma (26). Expression levels of miR‑765 
are significantly correlated with the better prognosis of osteo-
sarcoma patients (25). In contrast, miR‑765 is downregulated 
in tongue squamous cell carcinoma (35). However, the expres-
sion pattern of miR‑765 in MM remains unclear. In the current 
study, RT‑qPCR was performed to measure the expression of 
miR‑765 in the plasma of patients with MM and cell lines. 

Figure 5. SOX6 silencing abrogates the effects of miR‑765 knockdown in multiple myeloma cells. The miR‑765 inhibitor in combination with SOX6 siRNA 
or NC siRNA was co‑transfected into U266 and RPMI‑8226 cells. (A) The transfected cells were subjected to western blot analysis for the determination of 
SOX6 protein expression. The (B) proliferation and (C) apoptosis of aforementioned cells was determined via a CCK‑8 assay and flow cytometry analysis, 
respectively. *P<0.05 vs. NC inhibitor. #P<0.05 vs. miR‑765 inhibitor+NC siRNA. SOX‑6, SRY‑Box‑6; mir‑765, microRNA‑765; siRNA, small interfering 
RNA; NC, negative control.
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The results revealed that miR‑765 was highly expressed in 
the plasma from patients with MM and MM cell lines. These 
inconsistent results suggest a cancer‑specific expression 
pattern of miR‑765 in human malignant tumors. 

 miR‑765 is an oncogene in hepatocellular carcinoma (26). 
The upregulation of miR‑765 induces the proliferation and 
tumorigenesis of hepatocellular carcinoma cells by regulating 
polyphosphate 4‑phosphatase type II (26). Inversely, miR‑765 
serves a role in tumor suppression in tongue squamous cell 
carcinoma. miR‑765 directly targets laminin subunit gamma 
2 to inhibit tongue squamous cell carcinoma cell proliferation 
and invasion to increase cell cycle arrest (35). However, the 
exact roles of miR‑765 in MM remain poorly understood. To 
the best of our knowledge, the present study revealed that the 
downregulation of miR‑765 restricts cell proliferation and 
promotes cell apoptosis in MM. These results suggest that 
miR‑765 may serve as a novel therapeutic target for patients 
with these specific types of cancer. 

Identifying the direct target genes of miR‑765 in MM may 
facilitate the development of promising therapeutic targets. 
SOX6, a member of the Sox transcription‑factor family (36), 
is demonstrated to be a direct target gene of miR‑765 in MM 
cells. SOX6 is aberrantly upregulated in numerous types of 
cancer, including pancreatic cancer (37), prostate cancer (38), 
ovarian cancer (29), colorectal cancer (39) and hepatocellular 
carcinoma (40). SOX6 may contribute to the occurrence and 
development of tumorigenesis and tumor development through 
the regulation of various biological features, including cell 
proliferation, cycle, apoptosis, epithelial‑mesenchymal transi-
tion and metastasis (28‑30). The current study demonstrated 
that miR‑765 directly targets SOX6 to implicate the progres-
sion of MM. The restoration of SOX6 using miR‑765 based 
targeted therapy may therefore be considered a novel and 
promising therapeutic opportunity for the treatment of patients 
with this aggressive cancer.

In conclusion, the present study revealed that miR‑765 
is upregulated in the plasma of patients with MM and MM 
cell lines. In addition, miR‑765 may serve oncogenic roles in 
MM by regulating cell proliferation and apoptosis in vitro. 
Furthermore SOX6 was identified as a direct target gene of 
miR‑765 in MM cells. The results indicate that the inhibition 
of miR‑765 may have great potential in inhibiting the rapid 
proliferation and accumulation of MM cells, confirming that 
miR‑765 is a promising target for MM prevention and treat-
ment. However, the effects of SOX6 in MM cells were not 
examined in the current study. This limitation however, should 
be resolved in future research. 
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