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Abstract: Lung cancer is a disease presenting high incidence and mortality rates. Its most common type 

is non-small cell lung cancer (NSCLC), constituting about 80-85% of all cases. MicroRNAs (miRNAs) 

are the molecules playing a role in the regulation of genes. Two crucial cytokines in cancer are 

interleukin (IL)-10 and IFN-γ. Our objective was to investigate the expression of miRNA-9, miRNA-

98, JAK, and STAT3 in patients with NSCLC and detect the cytokine level of IL-10. A total of 50 

patients with NSCLC participated in this study. Besides, 50 healthy blood samples were selected as the 

control group. Real-time PCR determined the expression levels of miRNAs so that the RNAs extracted 

from the patients' peripheral mononuclear cells (PBMC) were initially synthesized, and cDNA was then 

extracted. Finally, the synthesized cDNA was amplified using real-time PCR, and its expression was 

compared to the control group. ELISA technique was used to detect IL-10 in plasma. Our result showed 

a low level of expression of miRNA-98, JAK, and STAT3 and a high-level expression of miRNA-9. 

ELISA test indicated a high cytokine level of IL-10 in the NSCLC patients' serum compared to the 

healthy controls. MiRNA-9 could suppress JAK and STAT3 genes in the NSCLC patients, which causes 
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the poor immune response against the cell's proliferation. Besides, IL-10 was enhanced when miRNA-

98 was reduced. Therefore, the elevation of IL-10, as an anti-inflammatory cytokine, could lead to lung 

cancer progression without a strong immune system response.  

Keywords: NSCLC; miRNA-9; miRNA-98; JAK, STAT3; real-time PCR. 
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1. Introduction 

Lung cancer is the leading cancer killer in both males and females worldwide. After 

breast and digestive cancers, this cancer type accounts for the most prevalent cancer among 

men and the third most frequent cancer among women [1-3]. Histologically, there are two 

major types of lung cancer: non-small (NSCLC) and small (SCLC) cell lung cancer, causing 

the annual mortality of about 1.2 million people worldwide. Evidence has shown the 

inflammatory process as one of the potential factors of cancer. Tuberculosis (TB), pneumonia, 

and chronic bronchitis are among the most leading inflammation-inducing factors in the lungs; 

however, TB has a more profound role in cancer emergence [4-6].  

IFN-γ is the key player in anti-tumor responses and induces the expression of PD-L1, a 

well-established inhibitor of anti-tumor immune function. Understanding the molecular 

signaling mechanism by which IFN-γ regulates might improve its anti-tumor efficacy [7-9]. 

Although several cytokines and hormones can modulate cell proliferation activity, the 

predominant activator of some cytokines, such as IFN-γ and interleukin (IL)-10, has an 

essential role in the immune system. The signal transduction pathway initiated by IFN-γ is 

increasingly well characterized. The binding of IFN-γ to cell surface receptors results in the 

activation of the tyrosine kinases JAK13 and JAK2, leading to the phosphorylation of 

cytoplasmic STAT1, which its phosphorylation on Tyr701 gives rise to the dimerization and 

nuclear translocation. Janus kinases (JAKs) and signal transducers and activators of 

transcription (STATs) are the central proteins of the JAK-STAT signaling pathway, and when 

activated, it is known to stimulate cell proliferation, differentiation, cell migration, and 

apoptosis [10,11]. IL-10 is required for T-helper cell functions, T-cell immune surveillance, 

and suppression of cancer-associated inflammation. By promoting tumor-specific immune 

surveillance and hindering pathogenic inflammation, IL-10 could emerge as a key cytokine in 

the battle of the host against cancer [12].  

MicroRNAs (miRNAs) are single-stranded RNA molecules and can influence cell 

proliferation and differentiation. These molecules have the ability to bind to the 3′-UTR of 

cognate mRNAs, thereby giving rise to the degradation of mRNA. They are also responsible 

for numerous diseases, such as lung inflammatory disorders [13-16]. MiRNA-98 negatively 

regulates IL-10 production and endotoxin tolerance in macrophages after lipopolysaccharide 

stimulation [17] and interferes with the expression of IL-10 in peripheral B cells of patients 

with lung cancer [18]. miRNA-9 is a highly conserved miRNA found in insects and primates 

[19]. Ectopic expression of miRNA-9 in HeLa has been demonstrated to inhibit JAK/STAT3 

signaling activity. The tumor suppressor potential of miRNA-9 could also repress 

tumorigenesis by inhibiting IL-6/JAK/STAT3 pathway [20].  

There are various molecular tests for a lung cancer diagnosis; however, the commonly 

used test systems are still insufficient. Owing to the limited knowledge of lung cancer 

biomarkers, we designed this study in the hope of finding miRNAs as biomarkers for the 
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diagnosis of lung cancer and identifying all the molecules that have a crucial role in lung cancer 

progression. 

2. Materials and Methods 

 2.1. Sampling. 

Peripheral mononuclear cells (PBMC) were obtained from healthy donors. This study 

conformed to the principles outlined in the Declaration of Helsinki for human blood use and 

was approved by the Ethics Committee of Experimental Research, Shahid Beheshti University 

of Medical Sciences, Tehran, Iran. ) IR.SBMU.RETECH.REC.1398.107( At first, 5 ml of 

venous blood was acquired from each individual and kept in a refrigerator. Peripheral venous 

blood (1 ml) was then collected from patients and controls by standard venipuncture using 

EDTA-containing tubes after clotting. The specimens were finally centrifuged at 5000 rpm at 

room temperature for 15 min to separate the serum. 

2.2. Total RNA extraction, cDNA generation, and real-time PCR. 

RNA was obtained from whole blood samples. According to the manufacturer's 

instruction, the total RNA was purified with Trizol reagent using miRcute miRNA Isolation 

Kit (Invitrogen, Life Technologies, USA). The reagent was then put into the kit and shook well. 

The solution was transferred to 1.5-ml tubes using chloroform and centrifuged at 12,000 rpm 

at 4ºC for 15 min. After placing in pressure equalizer tubes containing isopropanol, the 

supernatant was centrifuged at 12,000 rpm at 4 ºC for 15 min, and the precipitate was kept. The 

precipitate was treated with ethanol, and diethylpyrocarbonate was used to dissolve the 

precipitate. The NanoDrop 1000 spectrophotometer (NanoDrop Technologies, Wilmington, 

Delaware, USA) was employed to determine RNA concentration by using agarose gel 

electrophoresis. The size fractionation of DNA fragments was evaluated by gel electrophoresis 

on a 1% agarose gel. To generate cDNA from miRNA, we applied a hairpin primer and an 

RNA-dependent reverse transcriptase with the aid of a Master Mix Kit (Takara, Japan) on a 

Rotor-Gene (Qiagen, Germany). All the RNA samples were treated with DNase I enzyme to 

avoid DNA contamination. Real-time PCR was performed in triplicates using a Roche Real-

time (LightCycler 480, Germany) system. Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was used as an endogenous control for conventional genes (STAT3 and JAK). The 

primer sequences of STAT3, JAK, and GAPDH are illustrated in Table 1.  

Table 1. Sequences used to detect the expression levels of genes in real-time PCR. 

Genes  Sequences 

JAK 

 

F 

R 

GACCGTCACCTGCTTTGAGA 

TGATATTCTCCACGTCGCGG 

STAT3 F 

R 

ATTCTGGCTTCCTTCCTGCC 

GCTGAGGCAAGGTGGTTTTG 

GAPDH F 

R 

5`-AATCCCATCACCATCTTCCA-3` 

5`-AAATGAGCCCCAGCCTTC-3` 

2.3. IL-10 measurement. 

The secreted IL-10 was evaluated with ELISA (IL-10 assay, eBiosciences, USA). The 

results were expressed as pictograms per milliliter. 
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2.4. Statistical analysis. 

All the data were analyzed using Graph Pad Prism version 2. Differences between the 

groups were examined for statistical significance with an unpaired student t-test. A p-value less 

than 0.05 was considered statistically significant. 

3. Results and Discussion 

3.1. Analysis of miRNAs levels expression in PBMC. 

MiRNA-9, JAK, STAT3, and miRNA-98 gene expression and the serum levels of IL-

10 secretion were compared in NSCLC patients with the healthy controls. The results revealed 

the miRNA-9 expression level of 3.22±0.23 in the patients and 1.16±0.17 in the healthy 

controls, representing a notably significant increase (p=0.022; Figure 1).  

 
Figure 1. The expression levels of miRNA-9 significantly increased in non-small cell lung cancer (NSCLC) 

patients. 

This study's key point is that the mRNA levels of JAK and STAT3 significantly 

decreased in both groups (Figures 2 and 3). After analyzing the data, we found that the 

expression level of JAK in the patients was 0.53±0.02, while in the healthy group, it was 

1.1±0.02 (p=0.026). Like the expression level of JAK, STAT3 indicated a reduction in its 

expression level in the patients (0.33±0.01) compared to the healthy controls (1.2±0.03).  

 
Figure 2. The expression levels of JAK significantly decreased in non-small cell lung cancer (NSCLC) patients. 
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Figure 3. The expression levels of STAT3 significantly decreased in non-small cell lung cancer (NSCLC) 

patients. 

The miRNA-98 expression level, which was 0.24±0.01 in the patients and 1.1±0.02 in 

the healthy controls (p=0.031), dramatically decreased in NSCLC patients (Figure 4).  

 
Figure 4. The expression levels of miRNA-98 significantly decreased in non-small cell lung cancer (NSCLC) 

patients. 

The serum levels of IL-10 showed a significant increase in the patients (7.2±0.3) in 

comparison to the healthy controls (4.16±0.31; p=0.001; Figure 5). 

 

Figure 5. The serum level of IL-10 significantly increased in non-small cell lung cancer (NSCLC) patients. 
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Studies have addressed miRNAs' differential expression as reflecting disease prediction 

and progression in vivo and in vitro [21-24]. Here, we discuss miRNA-9 and miRNA-98 in 

lung cancer patients, as well as evaluate the expression levels of JAK, STAT3, and IL-10. 

Although the role of miRNA-9 in carcinogenesis has been reviewed in several kinds of human 

malignancies, the biological function of this miRNA type in cancer is still not well understood, 

and its role in lung cancer remains unclear.  

Our result suggested that miRNA-9 enhanced in the lung cancer patients in comparison 

to the healthy controls. The function of miRNA-9 varies with different tumor contexts and 

varied cancer development stages. In certain human cancers, e.g., breast, colon, and gastric 

cancers, miRNA-9 was detected to be silent by hypermethylation and recognized as a tumor 

suppressor by targeting oncogenes, e.g., NF (nuclear factor)-kappaB1, CDX2, and MTHFD2 

[25-31]. Moreover, miRNA-9 induces overexpression in metastasizing tumor tissues of breast 

and liver cancers compared to primary cancer tissues [32-34]. In the human genome, there are 

three independent miRNA-9 precursors, miRNA-9-1, miRNA-9-2, and miRNA-9-3, encoding 

the same mature miRNA-9. Dysregulation of miRNA-9 expression deeply affects cancer 

development; nonetheless, it seems that miRNA-9 has inverse functions in various tissues or 

under multiple cancer contexts by targeting different genes. In brain tumors, miRNA-9 is 

overexpressed [35,36]. In breast and colorectal cancers, it induces cell metastasis by enhancing 

cell motility by targeting E-cadherin [32,37], which denotes the oncogenic potential of 

miRNA-9. In contrast, in gastric and ovarian cancers and malignant melanoma, miRNA-9 has 

the ability to inhibit cell growth and metastasis via targeting NF-kappaB1 [25,38,39], 

signifying the tumor-suppressor role of miRNA-9. Even in the same type of cancer, e.g., breast 

cancer, miRNA-9 could exert anti-proliferating and pro-metastasizing functions through 

targeting MTHFD2 and E-cadherin, respectively [32,40]. Accordingly, the function of 

miRNA-9 is greatly dependent on its downstream target genes.  

IL-10 is an acid-sensitive homodimeric and a major immunosuppressive, pro-tumoral 

cytokine. This pleiotropic molecule possesses an anti-inflammatory function, which regulates 

autoimmunity, cell proliferation, survival, apoptosis, and angiogenesis. IL-10 is chiefly 

secreted by M2 macrophages, Tregs, and Th2 cells, but bronchial epithelial cells, the initial 

source of NSCLC, can also release IL-10 [41-44].  

Tumor-associated macrophages are generally recognized as a promoter of tumor 

progression. miRNA-98 has been shown to suppress the proliferation, migration, invasion, and 

epithelial-mesenchymal transition of HCC cells [45,46]. However, its role in the pathogenesis 

of lung cancer is not yet fully understood. Earlier investigations have evidenced that miRNA-

98 could serve as a therapeutic target for the inhibition of prostate cancer growth and also as a 

biomarker induced by vitamin D [47,48]. It has also been demonstrated that miRNA-98 could 

prevent the migration and invasion of human esophageal squamous cell carcinoma by 

regulating the enhancer of zeste homolog 2 (EZH2) [49,50]. EZH2-specific miRNA-98 has 

suggested inhibiting the proliferation of human ovarian cancer stem cell-like cells by regulating 

the pRb-E2F pathway [51], and miRNA-98 may not directly, but through the intermediate 

factor, takes part in the pathogenesis of human cancer. In the present study, miRNA-98 

inhibited cell proliferation, migration, and invasion in lung cancer cells and negatively 

regulated ITGB3 expression via binding miRNA-98 to the 3′-UTR of ITGB3 mRNA [52]. 
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4. Conclusions 

 We found that miRNA-9 can inhibit JAK and STAT3, as protein adaptors, in the cell 

signaling and can result in immune response deficiency, pushing cells to proliferation in lung 

cancer patients. In addition, miRNA-98 decreased in the patients, while IL-10 increased. Since 

IL-10 is an anti-inflammatory cytokine, its elevation can result in lung cancer progression 

without a strong immune system response. 
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