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Introduction

Osteosarcoma is a mesenchymal-derived bone tumor 
that typically develops in the epiphyseal growth plates 
of the femur or the tibia during the rapid growth period 
of long bones (de Azevedo et al., 2020). MicroRNAs 
are considered a large subgroup of non-coding RNAs of 
18-25 nucleotides. MicroRNAs interaction with target 
genes characterizes their role in growth, planed death, 
cellular differentiation and proliferation, and confirms 
the direct function of microRNAs in cancer (Nazarian 
et al., 2019).

It has been found via extensive research that members 
of the miRNA-34 family act as tumor suppressors in a 
range of human malignancies. Three miRNAs make up 
the miRNA-34 family: MiRNA-34a, miRNA-34b, and 
miRNA-34c. When compared to nearby normal tissues, 
human primary OS tumor samples have lower MiRNA-34a 
expression, which raises the possibility that MiRNA-34a 
dysregulation plays a role in the pathophysiology of 
the disease (Lopez et al., 2018). Signal transducers and 
activators of transcription (STATs) are a significant class of 
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cytoplasmic factors that are activated to take part in gene 
regulation. The STAT family consists of seven different 
STATs: STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, 
and STAT6. There are four STAT3 isoforms known as (α, 
β, γ and δ) (Liu et al., 2021).

STAT3 activation is a key component in the malignant 
transformation of cells caused by different protein tyrosine 
kinases, oncogenes, and viruses. It has been demonstrated 
that activation of STAT3 may promote cell transformation 
by inhibiting apoptosis (Kamran et al., 2013, Tolomeo 
and Cascio 2021). A group of 212 amino acids make 
up human IL-6, including a signal peptide with 28 
amino acids (Tanaka et al., 2014, Sellner et al., 2021). 
A ligand-binding glycoprotein (IL-6R), also known as 
CD126, and a signaling component (gp130), also known 
as CD130, make up the cell-surface type I receptor 
complex known as the IL-6 receptor (Kaur et al., 2020). 
In order to start IL-6 signaling, the IL-6/IL-6R complex 
subsequently binds to the gp130 membrane protein, 
causing it to dimerize. A number of signaling pathways, 
such as phosphatidylinositol-3-kinase, extracellular 
signal-regulated kinase, mitogen-activated protein kinase, 
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and STAT3, are activated after dimerization, including the 
Janus kinas (JAK) family. STAT3 activation triggers a large 
number of effector genes that are important in cell survival, 
differentiation, and proliferation (Kitamura et al., 2017).

The aim of this study was to detect the possible 
relationship between expression levels of MiRNA-34a 
and levels of IL-6 receptor and STAT3 in osteosarcoma. 
Also, the possible role of this relationship in development 
of metastasis in these patients.

Materials and Methods

Patients
A total of twenty-four (24) osteosarcoma bone samples 

and twelve (12) normal bone samples were included in the 
study. They were retrospectively collected in the period 
between 2021 and 2022 from the Sugical Pathology 
Department at the National Cancer Institute. Samples were 
anonymous and were given numbers for confidentiality 
issues. The subjects were divided into 3 groups:

- Group (I): Twelve normal bone samples as control 
group.

- Group (II): Twelve patients with non-metastatic 
osteosarcoma.

- Group (III): Twelve patients with metastatic 
osteosarcoma.

Inclusion criteria
Patients diagnosed as osteosarcoma as follows:

- Clinically, by age (bimodal) and by site of the tumor 
(mostly in the proximal part of tibia or the distal part of 
femur).

- Imaging: by X-ray or MRI.
- Biopsy, which is the gold standard.
- Metastases are detected using bone scan, PET scan 

and CT chest.

Both males and females were included in the study.

Patients aged between five and sixty-five years.
Exclusion criteria

1. Primary bone cancers other than osteosarcoma.
2. Patients presenting with bone metastasis for a 

primary tumor not in the bone.
 

Sample Collection and Preparation
Samples were formalin fixed and paraffin embedded 

tissue blocks (FFPE). Each selected paraffin block was 
sectioned at a thickness of 10 µm by the microtome and 
the retrieved section was put into a 1.5 ml collection tube. 
Deparaffination was done using a paraffin solvent (xylene) 
that was exposed to heat at 50°C for an overnight. Sample 
homogenization was performed through the addition of 
phosphate buffer saline, then disruption using a grinder.

Methods
Estimation of IL-6R by ELISA technique

The procedure was done using the Human Soluble 
Interleukin 6 Receptor (SIL-6R) ELISA kit, BT LAB, 
Cat. No. E0226Hu according to the manufacturer’s 
instructions.

Estimation of STAT3 by ELISA technique
STAT3 was measured using Human Signal Transducer 

and Activator of Transcription 3 (STAT3) ELISA kit, BT 
LAB, Cat. No. E0650Hu according to the manufacturer’s 
instructions.

Estimation of expression levels of miRNA 34a by qRT-PCR
Total RNA with preserved small-RNAs was extracted 

using the miRNeasy Mini kit (50) (Qiagen, Germany), 
HB-1277-006 © 2020 QIAGEN, Cat. No. 217004 
according to the manufacturer’s instructions. Then, Using 
a NanoDrop® (ND)-1000 spectrophotometer (NanoDrop 
Technologies, Inc. Wilmington, USA), RNA samples were 
submitted to quantification and purity evaluation.

Reverse transcription was done. In this step, 
complementary DNA (cDNA) was synthesized from total 
micro RNA samples using (TransScript® miRNA First-
Strand cDNA Synthesis SuperMix, Beijing, China) Cat. 
No. AT351 according to the manufacturer’s instructions. 
cDNA was then stored at -20 °C till usage. qRT-PCR was 
performed using a SYBR Green PCR Kit (PerfectStartTM 
Green qPCR SuperMix, Beijing, China) Cat. No. AQ601. 
Amplification and analysis were performed using an 
Applied Biosystem with software version 3.1 (StepOne™, 
USA).

After running RT-PCR, data were expressed in cycle 
threshold (Ct). PCR data sheet included Ct values of 
assessed MiRNA-34a and the house keeping (reference) 
gene; the gene that is normally and continuously expressed 
in the cell (snU6 RNA). The relative miR-34a gene 
expression level was calculated using the equation 2- ΔΔCT 
where ΔΔCT= (CT miR-34a - CT U6) patient sample - (CT 
miR-34a - CT U6) control sample.

Statistical Analysis
Data were coded and entered using the statistical 

package SPSS version 22, Chi square test was used 
when comparing nonparametric data. Numerical data 
were summarized using mean and standard deviation 
and frequency for categorical data. Comparisons between 
groups were done using unpaired t test when comparing 
the two groups and analysis of variance (ANOVA) when 
comparing more than 2 groups. Quantitative variables 
were correlated using Pearson’s correlation coefficient.

Results

Down-regulation of miR-34a in osteosarcoma patients
MiR-34a was significantly down-regulated in both 

osteosarcoma groups (group II and group III) compared to 
the control group (group I) (P< 0.001). A more significant 
decrease in its expression level was found in the metastatic 
group (group III) compared to non-metastatic (group II) 
(P< 0.001) as shown in Figure 1A and Table 1.

Up-regulation of STAT3 and IL-6R in osteosarcoma 
patients

There was a significant increase in STAT3 and 
IL-6R levels in both osteosarcoma groups compared to 
normal control (P<0.001 each), with more significant 
increase in their levels in the metastatic group compared 
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Relation between miR-34a, STAT3 and IL-6R Levels and 
Clinicopathological Characteristics of Osteosarcoma 
Group

As shown in Tables 2 and 3, our results showed 
that expression level of MiRNA-34a bears a significant 
correlation to tumor size in non-metastatic group 
(P=0.006), and bears a significant correlation to age 
(P<0.001) and tumor size (P=0.002) in metastatic group.

We also found that STAT3 level bears a significant 
correlation with tumor size in non-metastatic group 
(P=0.049), and bears a significant correlation with age 
only (P=0.002) in the metastatic group. Regarding IL-6R, 
its level bears a significant correlation with age and tumor 
size in the metastatic group only (P<0.001 each). As for the 
tumor grade, all parameters showed a significant difference 

to non-metastatic (P<0.001 each) as shown in Figure (1B 
and C) and Table (1).

Correlations of miR-34a, STAT3 and IL-6R in the studied 
groups 

Using Spearman’s correlation coefficient showed 
significant positive correlation between STAT3 and IL-6R 
(r=0.868, P<0.001) as shown in Figure 2A. Our data also 
revealed a significant inverse correlation between IL6 and 
MiRNA-34a (r = -0.993, P<0.001) as shown in Figure 2B.

Figure 1. Box Plots for miR-34a, STAT3 and IL-6R Levels among Studied Groups. *, Significant difference versus 
control group; #, Significant difference versus non metastatic group; P value <0.05 is considered significant. 

Variable Control group Non-metastatic group Metastatic group P1 P2 P3
MiRNA-34a (relative expression) 1.02 ± 0.02 0.51 ± 0.08 0.15 ± 0.03 <0.001* <0.001* <0.001*
STAT3 (ng/mg protein) 4.1 ± 0.82 10.1 ± 1.46 19.47 ± 1.31 <0.001* <0.001* <0.001*
IL-6R (ng/mg protein) 16.71 ± 3.45 64.64 ± 13.68 104.2 ± 7.73 <0.001* <0.001* <0.001*

MiRNA-34a STAT3 IL-6R
Age r -0.088 -0.192 0.269

p value 0.785 0.549 0.397
Tumor size r -0.735** -0.578* -0.535

p value 0.006** 0.049* 0.073

*P value <0.05 is significant; P1 comparison between non metastatic and control; P2 comparison between metastatic and control; P3 comparison 
between non metastatic and metastatic group 

Table 1. Level of miRNA-34a, STAT3 and IL-6R in the Studied Groups

**, Correlation is significant at the 0.01 level (2-tailed); *, Correlation 
is significant at the 0.05 level (2-tailed). 

Table 2. Correlation between Studied Parameters in the 
Non-Metastatic Group

MiRNA-34a STAT3 IL-6R
Age r -0.945** -0.790** 0.901**

p value 0.000** 0.002** 0.000**
Tumor size r -0.789** -0.551 0.714**

p value 0.002** 0.064 0.009**
**, Correlation is significant at the 0.01 level (2-tailed).

Table 3. Correlation between Studied Parameters in the 
Metastatic Group
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in high grade tumors compared to intermediate grade in 
the non-metastatic group only with p value <0.05 each.

Discussion

The most prevalent primary bone tumor that develops 
from primary osteoblasts is osteosarcoma. It is the most 
prevalent type of bone cancer in adolescents and children 
between the ages of 10 and 20 (Li et al., 2021). MicroRNAs 
are short non-coding RNAs with 20–24 nucleotides that 
play a key function in controlling the expression of genes 
and several biological activities. It’s interesting that they 
can function as onco-miRNAs or tumor suppressors. 
(Llobat and Gourbault 2021). MiRNA-34a expression was 
discovered to be downregulated in several malignancies, 
including osteosarcoma, and it has a variety of target 
genes to operate upon, including P53, Wnt, and Notch. 
(Yang et al., 2020).

In this study, we aimed to assess the possible 
relationship between expression levels of MiRNA-34a, 
STAT3 and IL-6R in osteosarcoma tissue samples 
compared to normal ones. Also, to detect the possible 
role of this signaling pathway in development of 
metastasis in this disease. Regarding MiRNA-34a, our 
data showed a statistically significant decrease in its 
expression levels in the two osteosarcoma groups (group 
II and group III) compared to the control group (group 
I) (P value < 0.001) and a more significant decrease in 
its level in the metastatic group (group III) compared to 
the non-metastatic group (group II) (P value < 0.001). 
We also found that expression level of MiRNA-34a 
bears a significant correlation to tumor grade and tumor 
size but not the age or tumor location in group (II), and 
bears a significant correlation to age, tumor size but not 
tumor location or tumor grade in group (III). This was 
in agreement with the studies of Wang et al., (2017) and 
Yang et al., (2020) who reported a significant decrease 
in serum and tissue level of MiRNA-34a in osteosarcoma 
group compared to healthy controls.

They also demonstrated that its level was lower in 

patients with distant metastasis, low grade, and poor 
response to chemotherapy. This implies that MiRNA-34a is 
a prognostic factor and an indicator for chemosensitivity. 
This result was also supported by several studies on 
osteoblastic cell lines. Wu et al., (2013) and Shi et al., 
(2019) stated that MiRNA-34a expression levels were 
lower in osteosarcoma tissues than in normal ones and 
osteoblastic cell lines. They referred this to the abnormal 
methylation of the MiRNA-34a promotor CpGs found in 
osteosarcoma cells. Increased MiRNA-34a expression 
downregulated DNA (cytosine-5)- methyltransferase1 
DNMT1, an inhibitor of tumor suppressor genes, which, 
in turn, negatively regulates methylation of promotor 
CpGs. This inhibits cell proliferation and tumorigenesis 
and implies that MiRNA-34a acts as tumor suppressor.

A crucial cytoplasmic transcription factors family 
called STATs, including STAT3, is activated by cytokines 
like IL-6. Once activated, STAT3 binds to specific 
promotor sequences to regulate the transcription of its 
target genes, including cyclin D1, c-myc, Bcl-2, and 
many other molecules involved in cellular proliferation 
and apoptosis (Sajjadi-Dokht et al., 2022). The IL-6/
JAK/STAT3 signaling pathway has been shown to 
promote osteosarcoma cancer progression, including cell 
transformation, invasion, and metastasis both in vivo and 
in vitro (Liu et al., 2021).

STAT3 therefore, may be considered as an oncogene. 
A study done by Zuo et al., 2018 proved this by inducing 
inhibition of STAT3 signaling using Napabucasin, a 
STAT3 inhibitor, through targeting its target genes; 
c-myc, survivin and vascular endothelial growth factor A 
(VEGF-A). This inhibition suppressed osteosarcoma cell 
growth and metastasis in vivo and in vitro. As for STAT3, 
our study showed a statistically significant increase in 
its level in groups (II) and (III) compared to group (I) (p 
value <0.001) with more significant increase in its level 
in group (III) compared to group (II) (p value <0.001). We 
found that level of STAT3 bears a significant correlation 
with tumor grade and tumor size but not the age or tumor 
location in group (II) and bears a significant correlation 
with age but not tumor location or tumor size in group 

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Figure 2. (A) Significant positive correlation between STAT3 and IL6-R (r=0.868, p <0.001). (B) Significant inverse 
correlation between IL6 and miRNA-34a (r=-0.993, p <0.001).
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(III).
These results were consistent with the study of Wang 

et al., (2011). They found a significant overexpression 
of STAT3 level in osteosarcoma tissues compared to 
chondroma tissues and normal tissues. They also stated 
that STAT3 protein expression was positively correlated 
with poor differentiation and presence of metastasis but 
not with age, gender, tumor size or tumor location. They 
demonstrated that downregulation of STAT3 induces 
apoptosis and inhibits proliferation which may be caused 
by downregulation of anti-apoptotic genes; Bcl-xL, 
survivin and Mcl-1. Therefore, they concluded that STAT3 
may be a prognostic factor and a therapeutic target in 
osteosarcoma.

Similarly, studies done by Ryu et al., (2010); Ryu 
et al., (2010); and Liu et al., (2011) also reported 
overexpression of STAT3 and its phosphorylated state 
in osteosarcoma tissues and cell lines using western 
blot and immunohistochemistry. In contrast with the 
previous studies, some papers implicated that STAT3 has 
tumor suppressor functions. In thyroid cancer, activation 
of STAT3 correlates with reduced metastasis and its 
inhibition leads to enhanced tumor growth (Sellier et al., 
2013). In addition, in a mouse model of intestinal cancer, 
inhibition of STAT3 promoted late tumor progression 
(Musteanu et al., 2010). Inflammation, oncogenesis, 
and immunological regulation are all impacted by the 
significant cytokine IL-6, especially in advanced stages 
of tumor development (Weng et al., 2019). After IL-6 
binds to its receptor, the IL-6/IL-6R complex attaches to 
the gp130 signal-transducing membrane protein, causing 
dimerization and the activation of the JAK2/STAT3 
signaling pathway (Baran et al., 2018).

It has been evident that many malignancies, including 
osteosarcoma, have high IL-6 levels (Wu et al., 2017). 
Regarding IL-6R, it was discovered to be elevated in 
the sera of patients with specific malignancies, such as 
colorectal cancer (CRC), and that it associated with the 
size of the tumor, which raises the possibility that IL-6R 
plays a role in the development of this type of cancers. 
(Turano et al., 2021). However, there was little attention 
paid to the clinicopathological significance of IL-6R in 
the setting of osteosarcoma in the literature.

This study has shown a statistically significant 
increase in the level of IL-6R in both group (II) and group 
(III) compared to group (I) (p value <0.001) with more 
significant increase in its level in group (III) compared to 
group (II) (p value <0.001). Its level bears a significant 
correlation with tumor grade but not the age, tumor size 
or tumor location in group (II) and bears a significant 
correlation with age and tumor size but not with tumor 
location or tumor grade. Similarly, the overexpression of 
IL-6R was reported in various types of cancers including 
gastric carcinoma (Simondurairaj et al., 2019), CRC 
(Chung et al., 2006), cervical cancer (Luan et al., 2018) 
and breast cancer (Labovsky et al., 2016). Our results 
showed a significant correlation between IL-6R and 
STAT3. IL-6/IL-6R complex induces dimerization and 
activation of STAT3. High IL-6 levels regulate expression 
of IL-6R through activation of JAK/STAT (Johnson et 
al., 2018).

This study also shows a significant inverse correlation 
between MiRNA-34a and IL-6R. IL-6R is suggested to be 
a direct MiRNA-34a target as MiRNA-34a binds to the 3′ 
UTR of IL-6R mRNA (Zhang et al., 2020). MiRNA-34a 
is believed to be directly repressed by IL-6 mediated 
activation of STAT3 which contributes to invasion and 
metastasis (Shi et al., 2019). In agreement with our results, 
a study done by (Rokavec et al., 2014) proved the presence 
of an IL-6R/STAT3/MiRNA-34a feedback loop in CRC, 
breast cancer and prostatic cancer cell lines. They showed 
that cell lines with mesenchymal phenotype presented 
higher expression of IL-6R and lower expression of 
MiRNA-34a than those with epithelial phenotype which 
indicates that this loop mediates EMT. They also proved 
that ectopic expression of MiRNA-34a in cancer cell lines 
repressed IL-6R, which suggests that IL6R is a direct 
MiRNA-34a target. Also, IL-6 mediated activation of 
IL-6R and STAT3 induces direct repression of MiRNA-34a, 
a signaling pathway required for invasion and metastasis.

Same results were reported by Li et al., (2015).
They performed a study on CRC cell lines. IL-6R level 
was measured using ELISA, and IL-6R mRNA and 
MiRNA-34a expressions were detected by qRT-PCR. Their 
study demonstrated that mesenchymal like CRC cell lines 
expressed higher IL-6R levels and lower MiRNA-34a levels. 
They proved that MiRNA-34a suppresses IL-6R mRNA 
and protein. Therefore, downregulation of MiRNA-34a, 
which is common in cancers, and enhanced production of 
IL-6R produces activation of the JAK/STAT pathway in 
tumor microenvironment.

Taken together, our findings point to a possible 
role of the IL-6R/STAT3/MiRNA-34a feedback loop in 
the molecular etiology of osteosarcoma and state that 
MiRNA-34a, STAT3 and IL-6R are potential targets in 
osteosarcoma treatment.
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