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Abstract. MicroRNAs serve crucial functions in cancer 
progression by inhibiting the translation of target genes and 
causing mRNA degradation. However, the underlying regula-
tory mechanism of Let-7b in osteosarcoma (OS) has not, to 
the best of our knowledge, been comprehensively elucidated. 
The aim of the present study was to investigate the function 
of Let-7b in OS and clarify the regulation of insulin-like 
growth factor 1 receptor (IGF1R) by Let-7b. It was observed 
that Let‑7b was significantly downregulated in OS tissues and 
cell lines compared with the matched adjacent non-tumorous 
tissues and human normal osteoblastic cell line hFOB 1.19. 
Overexpression of Let‑7b significantly inhibited the prolif-
eration and invasion of U2OS and SAOS-2 cells. A luciferase 
reporter assay validated that IGF1R was a downstream and 
functional target of Let-7b. Let-7b was also able to decrease 
the expression levels of IGF1R protein. Functional studies 
revealed that the antitumor effect of Let-7b was probably due 
to targeting and suppressing IGF1R expression. Furthermore, 
in OS tissues, IGF1R was identified to be significantly 
upregulated and negatively correlated with Let-7b levels. 
In conclusion, the results of the present study indicated that 
Let-7b suppresses OS cellular proliferation and invasion via 
targeting IGF1R. A novel candidate prognostic factor was 
identified and it is suggested that the Let‑7b/IGF1R axis may 
represent a novel anti-metastasis therapeutic target in OS.

Introduction

Osteosarcoma (OS) is one of the most common primary 
malignant tumors of bone and the third most frequent cancer 
in young adolescents and children (1). In the last several 
decades, the treatments for OS have included surgical resec-
tion, radiotherapy and combinatorial chemotherapy, and, 

although the survival rates of patients with OS have improved, 
aggressive invasion into local tissue and a markedly high 
metastatic rate remain the primary causes of tumor-associated 
mortality (2,3). Therefore, identification of novel therapeutic 
approaches against specific targets to systematically combat 
OS is an urgent requirement (4).

MicroRNAs (miRNAs) are a group of small non-coding 
RNA molecules between 19 and 25 nucleotides in length that 
have highly conserved sequences in plants and animals (5,6). 
By binding to the 3'‑untranslated region (UTR) of specific 
genes to degrade mRNA or inhibit translation, miRNAs act 
as powerful post-transcriptional regulators of gene expression 
and have important functions in multicellular organisms (7). 
In various types of cancer, including OS, miRNAs function as 
tumor suppressors or oncogenes as identified in a number of 
studies (8-11). Among the non-coding RNAs, the Let7 miRNA 
family was the first known human miRNA, which consists 
of Let7a/b/c/d/e/f/g/i and miR-98 (12,13). Let7 is involved in 
embryonic development and participates in the proliferation 
and invasion of cancer cells and cancer stem cells (14,15).

However, the function of Let-7b in OS is not fully under-
stood. Preliminary findings (Zhang et al, unpublished data) 
suggested that decreased expression of Let-7b was observed 
in OS cells; therefore, the aim of the present study was to 
investigate the potential functions and mechanisms of Let-7b 
in OS cells.

Materials and methods

Cell culture and transfection. The U2OS, MG63 and SAOS-2 
human OS cell lines and the human normal osteoblastic hFOB 
1.19 cell line were purchased from the American Type Culture 
Collection (Manassas, VA, USA). All cell lines were cultured 
in Dulbecco's modified Eagle's medium (DMEM; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin and 100 U/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.). All cells were 
incubated at 37˚C in a humidified incubator containing 5% 
CO2. All transfections were performed using Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol.

Tissue collection. A total of 60 primary OS tissues and their 
matched adjacent non-tumor tissues were collected by surgical 
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resection from patients who presented at the Department of 
Orthopedics, Linyi Central Hospital (Linyi, China) between 
March 2010 and December 2012. The study was approved by 
the Ethics Committee of Linyi Central Hospital. All patients 
included in the present study had not received any other thera-
peutic treatment prior to surgery. Written informed consent 
was obtained from each patient. The tissues were immediately 
snap-frozen in liquid nitrogen following surgical resection 
and stored at ‑80˚C in liquid nitrogen until use. The clinical 
characteristics of the patients are summarized in Table I. The 
Tumor-Node-Metastasis staging was performed according to 
Fukuma et al (16).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total RNA from the tissues and cell 
lines were extracted using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. A 
total of 2 µg RNA was reverse-transcribed into cDNA using a 
PrimeScript First Strand cDNA Synthesis kit (Takara Bio, Inc., 
Otsu, Japan), according to the manufacturer's protocol. qPCR 
was performed on an ABI 7500 Real-time PCR detection 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The reaction conditions were 95˚C for 10 min, and 35 cycles 
of 95˚C for 30 sec and 60˚C for 1 min. GADPH was used as 
the internal reference gene. To analyze the levels of miRNA 
expression, qPCR was performed using an All-in-One™ 
miRNA qRT-PCR kit (GeneCopoeia, Inc., Rockville, MD, 
USA), according to the manufacturer's protocol. The U6 gene 
was used as an internal control. The relative mRNA level 
was calculated using the 2-∆∆Cq method (17). The primers 
used were as follows: Let7b forward, 5'-TGA GGT AGT AGG 
TTG TGT GGT T-3'; and reverse, 5'-GCT GTC AAC GAT ACG 
CTA CCT A-3'; GAPDH forward, 5'-CCG TCT AGA AAA ACC 
TGC C-3'; and reverse, 5'-GCC AAA TTC GTT GTC ATA CC-3'; 
U6, forward 5'-CTC GCT TCG GCA GCA CA-3'; and reverse 
5'-AAC GCT TCA CGA ATT TGC GT-3' (all GeneCopoeia, 
Inc.).

Western blot analysis. Proteins were extracted by lysing cells 
using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology, Haimen, China) 72 h after trans-
fection. The protein concentration was quantified using a 
bicinchoninic acid assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). Equal amounts of proteins (30 µg) were subjected to 
SDS-PAGE (10% gel) and transferred onto polyvinylidene 
difluoride membranes (Thermo Fisher Scientific, Inc.). The 
membranes were blocked with 5% non-fat milk powder in PBS 
for 1 h at room temperature and was subsequently incubated 
with primary rabbit polyclonal anti-IGF1R antibody (1:1,000 
dilution; cat. no. ab39675; Abcam, Cambridge, UK) and mouse 
monoclonal anti-human GADPH antibody (1:1,000 dilution; 
cat. no. sc-59540; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) at 4˚C overnight. Following washing with Tris‑buffered 
saline containing Tween-20 (0.5%) five times for 5 min 
each at room temperature, the membranes were incubated 
with the corresponding horseradish peroxidase-conjugated 
secondary antibodies goat anti-mouse IgG (cat. no. sc-2005) 
and anti-rabbit IgG (cat. no. sc-2004) (both 1:3,000; Santa 
Cruz Biotechnology, Inc.) at room temperature for 1 h. 
The signals detected were visualized using an enhanced 

chemiluminescence kit (Pierce; Thermo Fisher Scientific, 
Inc.). Densitometric evaluation of the proteins was performed 
using ImageJ (version 1.38; National Institutes of Health, 
Bethesda, MD, USA).

Flow cytometry assay. U2OS or SAOS-2 cells were seeded 
at 3x105 per well in 6‑well plates and cultured to 85% conflu-
ence to analyze the cell cycle. Each group of cells was washed 
five times with PBS at room temperature, then collected by 
centrifugation at 1,000 x g for 5 min. All cells were resus-
pended in 500 µl PBS, and 5 µl Annexin V-FITC and 10 µl 
PI (both Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) 
were added at room temperature for 15 min. The flow cytom-
etry assay was performed and analyzed by the FACSAria cell 
sorter within 1 h of incubation using the FACSuite software 
version 1.0 (both BD Biosciences, San Jose, CA, USA).

Cell proliferation assay. MTT assays (Sigma-Aldrich; Merck 
KGaA) were performed to determine the proliferation of 
cells, according to the manufacturer's protocol. To assess the 
proliferation rates, 1x106 cells in each group were seeded in 
24-well plates and transfected with Let-7b miRNA mimic 
alongside a negative control (NC) (Let-7b mimic sequence, 
5'-UGA GGU AGU AGG UUG UGU GGU U-3'; NC sequence 
5'‑UUC UCC GAA CGU GUC ACG UTT‑3') at a final concentra-
tion of 20 nM. After 24 h of transfection at 37˚C, the cells 
were collected and 3,000 cells/well were seeded in 96-well 
plates and cultured for 0, 24, 48, 72 or 96 h. A total of 20 µl 
MTT solution (5 mg/ml) was added to each well and the cells 
were incubated for a further 4 h at 37˚C. Next, the supernatant 
was removed and 200 µl dimethylsulfoxide was added to each 
well for 10 min at 37˚C to dissolve the formazan product. The 

Table I. Clinicopathological characteristics of the 60 patients 
with osteosarcoma.

 Let-7b expression
 -----------------------------------------------------
Characteristic n Low (n=36) High (n=24) P-value

Sex    0.830
  Male 36 22 14 
  Female 24 14 10 
Age, years    0.863
  <18 36 24 12 
  ≥18 34 22 12 
Tumor size, cm    0.045
  ≥5 32 23 9 
  <5 28 13 15 
TNM stage    0.001
  IIA 29 11 18 
  IIB/III 31 25 6 
Lung metastasis    0.020
  Yes 31 23 8 
  No 29 13 16 

TNM, Tumor-Node-Metastasis.
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absorbance was determined using a Model 680 microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at a 
wavelength of 570 nm.

Invasion assay. Transwell assays were used to evaluate the 
invasive ability of OS cells. The Transwell chambers (8 µm 
pore size; Costar; Corning Incorporated, Corning, NY, USA) 
were coated with 60 µl Matrigel (BD Biosciences, San Jose, 
CA, USA), according to the manufacturer's protocol. The 
cells were collected 48 h after transfection and 2.5x105 cells 
per well were resuspended in 200 µl DMEM without FBS 
and then added into the upper chambers. The lower chambers 
were filled with 800 µl DMEM supplemented with 20% FBS. 
Following incubation for 24 h at 37˚C, cells on the upper 
surface of the membrane were carefully removed with cotton 
swabs. The invading cells on the bottom of the membrane were 
fixed with 100% methanol for 10 min and stained with 0.5% 
crystal violet for 20 min at room temperature. The cells in five 
randomly selected fields were enumerated using an inverted 
microscope (CKX41; Olympus Corporation, Tokyo, Japan). 
All experiments were performed at least three times.

Bioinformatics analysis. Targetscan software (version 5.1; 
www.targetscan.org) was used to predicate the putative targets 
of Let-7b, according to the manufacturer's protocol.

Dual‑luciferase reporter assay. Luciferase activities were 
determined using a Dual-Luciferase Reporter assay system 
(Promega Corporation, Madison, WI, USA), according to the 
manufacturer's protocol. PGL3‑IGF1R‑3'UTR wild‑type (WT) 
and PGL3-IGF1R-3'UTR mutant (Mut) were obtained from 
Shanghai GenePharma Co., Ltd. (Shanghai, China). U2OS 
or Saos-2 cells were seeded in 96-well plates, co-transfected 
with the WT‑IGF1R‑3'UTR or Mut‑IGF1R‑3'UTR luciferase 
reporter plasmid and transfected with the Let-7b mimic or 
NC mimic respectively. After 48 h, luciferase activity was 
determined, and firefly luciferase activity was normalized to 
Renilla luciferase activity. Luciferase assays were performed 
in three independent experiments.

Statistical analysis. All statistical analysis was performed 
using SPSS (version 19.0; IBM SPSS, Inc., Armonk, NY, 
USA). Results are expressed as the mean ± standard deviation 
of three independent experiments. Student's t-test was used to 
analyze the difference between two groups. One-way analysis 
of variance followed by Tukey's test was used to analyze the 
differences between multiple groups. Spearman's correla-
tion analysis was used to investigate the correlation between 
IGF1R mRNA and Let-7b in T1-T2 stage osteosarcoma. 
P<0.05 was considered to indicate a statistically significant 
difference. The associations between the expression of Let-7b 
and the clinical characteristics of patients with OS were 
analyzed using a χ2 test.

Results

Let‑7b is downregulated in OS cell lines and tissues. To reveal 
the function of Let-7b in OS progression, RT-qPCR analysis 
was used to explore the expression of Let-7b in the human OS 
cell lines U2OS, MG-63 and SAOS-2, and the human normal 

osteoblastic hFOB 1.19 cell line. As presented in Fig. 1A, the 
expression of Let‑7b was significantly decreased in the OS cell 
lines. The clinical significance of Let‑7b expression in OS was 
investigated in a total of 60 paired OS tissues and adjacent 
non-tumor tissues. It was observed that the Let-7b level was 
significantly lower in the OS tissues compared with the adja-
cent non-tumor tissues (Fig. 1B). On the basis of the mean value 
of Let-7b expression in patients with OS, tissues were divided 
into high and low Let-7b expression groups. As presented in 
Table I, low expression of Let‑7b was significantly associated 
with increased tumor size, advanced Tumor-Node-Metastasis 
stage (16) and lung metastasis (P<0.05; Table I). However, 
there was no significant difference between Let‑7b expression 
according to age or sex (Table I). These results indicated that 
Let-7b is downregulated in OS cells and tissues and therefore 
that Let-7b may serve a function in inhibiting the development 
of OS in humans.

Let‑7b inhibits the proliferation of OS cells. As Let-7b was 
downregulated in OS cell lines, U2OS and SAOS-2 cells were 
transfected with Let-7b. RT-qPCR indicated that, compared 
with the control groups, transfection with plasmids expressing 
Let-7b significantly upregulated Let-7b levels in U2OS 
and MG63 cells (Fig. 2A). MTT assays were performed to 
examine the proliferation of OS cells. As presented in Fig. 2B 
and C, the overexpression of Let‑7b significantly suppressed 
the proliferation of U2OS and SAOS-2 cells compared with 
that of the control groups. Furthermore, flow cytometry was 
used to examine the cell cycle distribution of the U2OS and 
SAOS-2 cells. The results indicated that overexpression of 

Figure 1. Let-7b is downregulated in osteosarcoma cell lines and osteosar-
coma tissues. (A) RT-qPCR was used to determine the endogenous levels of 
Let-7b in human osteosarcoma cell lines U2OS, MG-63 and SAOS-2, and 
the normal human osteoblastic cell line hFOB 1.19. The expression levels 
of Let-7b were normalized to that of U6 RNA. *P<0.05, **P<0.01 vs. hFOB 
1.19 cells. (B) The expression of Let-7b in a total of 60 paired osteosarcoma 
tissues and adjacent non-tumor tissues was determined by RT-qPCR. *P<0.05 
vs. adjacent tissue. RT-qPCR, reverse transcription-quantitative polymerase 
chain reaction.
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Let-7b led to markedly high levels of cell cycle arrest at G1 
stage (Fig. 2D and E). These results suggested that Let-7b 
exhibited suppressive effects on the proliferation of OS cells.

Let‑7b suppresses the invasion of OS cells in vitro. The inva-
sive capability of OS cells was determined using Transwell 
assays. As presented in Fig. 3A and B, overexpression of 

Figure 2. Let-7b inhibits the proliferation of osteosarcoma cells. (A) The reverse transcription-quantitative polymerase chain reaction was used to determine 
Let-7b expression following transfection with NC or Let-7b mimic in U2OS and SAOS-2 cells. Non-transfected cells were used as a control. MTT assays were 
performed to determine the proliferation of (B) U2OS and (C) SAOS-2 cells following transfection with NC or Let-7b mimic. Non-transfected cells were used 
as control. Flow cytometry was used to determine the cell cycle distribution of (D) U2OS and (E) SAOS-2 following transfection with NC or Let-7b mimic. 
Non-transfected cells were used as a control. *P<0.05, **P<0.01 vs. control. Each sample was analyzed in triplicate. Results are presented as the mean ± stan-
dard error of the mean. NC, negative control; OD, optical density.
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Let-7b markedly suppressed U2OS invasion, compared with 
the non-transfected cells, whereas transfection with NC did 
not affect their invasion. Furthermore, SAOS-2 cell invasion 
was markedly decreased following overexpression of Let-7b 
(Fig. 3C and D). Together, these results suggested that Let-7b 
significantly inhibited the invasive ability of OS cells.

IGF1R is the direct target of Let‑7b. The function of miRNAs 
is to inhibit the expression of their target genes; therefore, the 
potential targets of Let-7b were investigated using Targetscan 
software. IGF1R was identified to be a putative target of 
Let-7b (Fig. 4A). To further identify the mechanisms of 
Let-7b affecting the biological behavior in OS, a luciferase 
activity assay was performed. A luciferase reporter vector 
containing the IGF1R 3'-UTR or a IGF1R mutant 3'-UTR 
was constructed, and the constructs were co-transfected with 
Let-7b or NC into U2OS cells. As presented in Fig. 4B, Let-7b 
significantly inhibited the luciferase activity of the IGF1R 
3'-UTR reporter compared with that of the control groups, 
whereas the IGF1R mutant 3'-UTR eliminated the effect 
of Let‑7b on luciferase activity, as there was no significant 
difference between the effects of the mutation and the control 
groups. In the SAOS-2 cells, a similar tendency was exhibited 
(Fig. 4C). Since miRNAs generally inhibit the expression of 
target genes at the post-transcriptional level, IGF1R protein 
expression was also determined in U2OS cells following 
Let-7b overexpression. The results from the western blot 
analysis identified that overexpression of Let‑7b decreased 
the expression of endogenous IGF1R (Fig. 4D). Similarly, 
in SAOS-2 cells, IGF1R protein levels were decreased in 
the Let-7b transfection groups (Fig. 4E). Consistent with the 
luciferase reporter data, these results indicated that Let-7b 

bound directly to the 3-UTR of IGF1R, and therefore nega-
tively regulated the expression of IGF1R.

IGF1R is involved in Let‑7b‑mediated proliferation and inva‑
sion of OS cells. As IGF1R has been identified to be an oncogene 
in OS, and overexpression of Let-7b led to downregulation of 
IGF1R, it was hypothesized that Let-7b may suppress the prolif-
eration and invasion of OS cells by regulating IGF1R. To verify 
this hypothesis, Let-7b-overexpressing U2OS and SAOS-2 cells 
were further transfected with a pcDNA3.1-IGF1R plasmid or a 
pcDNA3.1 vector. As presented in Fig. 5A and B, the mRNA 
and protein expression of IGF1R was markedly increased in 
the Let-7b+IGF1R group compared with that in the Let-7b 
group; however, transfection with the pcDNA3.1 vector did not 
affect the expression of IGF1R. The results of the MTT assay 
further indicated that the proliferation of U2OS and SAOS-2 
cells was significantly increased in the Let‑7b+IGF1R group 
when compared with that in the Let-7b group (Fig. 5C and D). 
A Transwell assay indicated that the overexpression of IGF1R 
could partially reverse the effects of Let-7b on the invasion of 
U2OS and SAOS-2 cells (Fig. 5E and F). Accordingly, these 
results suggested that IGF1R was indeed involved in the 
Let-7b-mediated suppressive effects in the proliferation and 
invasion of U2OS and SAOS-2 cells.

Increased IGF1R levels are inversely associated with 
Let‑7b in OS tissues. Finally, the expression of IGF1R in 
human OS tissues was investigated. RT-qPCR results indi-
cated that IGF1R was significantly increased in OS tissues 
compared with the adjacent non-tumorous tissues (Fig. 6A). 
Furthermore, a significant inverse correlation was identi-
fied between the expression of Let‑7b and IGF1R in OS at 

Figure 3. Let-7b suppresses the invasion of osteosarcoma cells in vitro. (A) Representative images and (B) quantitative data of the invasion of U2OS cells 
following transfection with NC or Let-7b mimic. Non-transfected cells were used as a control. (C) Representative images and (D) quantitative data of the inva-
sion of SAOS-2 cells following transfection with NC or Let-7b mimic. Non-transfected cells were used as a control. *P<0.05 vs. control. Magnification, x20. 
NC, negative control.
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T1-T2 stage (Fig. 6B), suggesting that the increased expres-
sion of IGF1R may be due to the downregulation of Let-7b. 
Furthermore, the expression of ligand insulin-like growth 
factor (IGF) in the serum of patients with OS was also 
upregulated (Fig. 6C) and exhibited a positive correlation 
with IGF1R (Fig. 6D), which represented an increase in IGF 
signal transduction.

Discussion

It has been identified previously that a number of oncogenes 
and tumor suppressors serve key functions in the progression 
of OS (18). Therefore, understanding the underlying molecular 
mechanisms of OS may enable the development of effective 
therapeutic strategies (19).

IGF1R is a widely expressed cell membrane receptor and 
it is involved in different cancer types (20,21). As identified 

previously, increased expression of IGF1R in OS is associ-
ated with the development of tumor metastasis and indicates 
a poor prognosis, and such molecules usually represent 
an attractive therapeutic target (22,23). These results are 
consistent with the results of the present study that IGF1R 
is significantly increased in OS tissues compared with the 
adjacent non-tumorous tissues. By targeting cadherin 2 and 
IGF1R, miR-194 suppressed OS cell proliferation and metas-
tasis in vitro and in vivo (24). miR-133a inhibited OS cellular 
proliferation and invasion via targeting IGF1R (25). miR-16 
inhibited OS cell proliferation by targeting IGF1R (9). In the 
present study, it was identified that Let‑7b was another regu-
lator for IGF1R in OS. Let-7b bound directly to the 3-UTR 
of IGF1R, and therefore negatively regulated the expression 
of IGF1R.

A single miRNA is able to silence the expression of multiple 
genes simultaneously. It is reasonable to propose the hypothesis 

Figure 4. IGF1R is the direct target of Let-7b. (A) Predicted Let‑7b‑binding sites in the IGF1R 3'‑UTR region identified using bioinformatic analyses. 
WT or mut Let‑7b‑binding sequence in the 3'UTR of IGF1R was subcloned into the pGL3 vector, and luciferase activity was determined in (B) U2OS or 
(C) SAOS‑2 cells co‑transfected with pGL3‑WT‑IGF1R‑3'UTR or Mut‑IGF1R‑3'UTR luciferase reporter plasmids, and NC or Let‑7b mimic, respectively. 
Non-transfected cells were used as a control. *P<0.05 and **P<0.01 vs. control. IGF1R protein expression was determined by western blot analysis in 
(D) U2OS or (E) SAOS‑2 cells transfected with NC or Let‑7b mimic. WT, wild‑type; mut, mutant; NC, negative control; UTR, untranslated region; hsa, 
Homo sapiens.
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Figure 5. IGF1R is involved in Let-7b-mediated proliferation and invasion of osteosarcoma cells. (A) Reverse transcription-quantitative polymerase chain reac-
tion and (B) western blot analysis were used to determine the expression of IGF1R in U2OS and SAOS-2 cells transfected with Let-7b mimic or co-transfected 
with Let-7b mimic and IGF1R plasmid. MTT assays were used to determine the proliferation of (C) U2OS and (D) SAOS-2 cells transfected with Let-7b mimic 
or co-transfected with Let-7b mimic and IGF1R plasmid. Transwell assays were used to determine the invasion of (E) U2OS and (F) SAOS-2 cells. Results are 
expressed as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. control; #P<0.05 vs. Let-7b. IGF1R, insulin-like growth factor 1 receptor; NC, negative 
control; OD, optical density.
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that, in addition to IGF1R, additional target genes are involved 
in suppression of OS by Let-7b. Using TargetScan, putative 
targets of Let‑7b were identified, of which several were associ-
ated with tumor growth or metastasis. These predictions were 
the experimental basis for the present study of the regulatory 
mechanism of Let-7b.

In conclusion, the results of the present study indicated that 
Let-7b suppressed the proliferation and invasion of OS cells 
in vitro. Overexpression of Let-7b downregulated the protein 
level of IGF‑IR, and there was a significant inverse correlation 
between the expression of Let-7b and IGF1R in OS at T1-T2 
stage, which suggested the function of Let-7b as a tumor 
suppressor in OS progression by repression of the expression 
of IGF1R. In the future, investigating further putative target 
genes and understanding the molecular mechanisms of the 
contribution of Let-7b to OS are required. Let-7b may prove to 
be a promising gene therapeutic agent.
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