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INTRODUCTION

The molecular basis of lung cancer is complex and 
heterogeneous. Lung cancer progresses through a 
multi-stage process involving several genetic and 

epigenetic changes, particularly the activation of 
advanced growth pathways and inhibition of tu-
mor suppressor pathways1.

 Lung cancer is one of the leading causes of 
death in both men and women in developed and 
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Abstract – Objective: Despite advances in early diagnosis of lung cancer, most lung cancers are 
diagnosed in the advanced stages of the disease. Disorders of microRNA expression are often associ-
ated with the onset and progression of diseases such as lung cancer. MicroRNAs in plasma or serum 
as biomarkers are effective in early detection and screening for lung cancer. The cdc42 gene has 
also been overexpressed in several types of cancer, including lung cancer and this gene is involved in 
processes such as cell growth and metastasis. Therefore, the expression of cdc42 and miR-372 gene 
expression may be used to predict metastasis and early diagnosis.

Patients and Methods: To conduct the present study, 200 serum samples (100 serum samples 
of healthy individuals and 100 serum samples of people with NSCLC) were collected from people 
referring to Masih Daneshvari Hospital in Tehran. Individual and clinical information of all patients 
were prepared by questionnaires. Then, plasma separation, RNA extraction, cDNA synthesis, and 
primer design were performed, and Real Time PCR method was used to qualitatively evaluate the 
expression of Cdc42 gene and miR-372 expression changes. 

Results: The data showed that serum expression of cdc42 gene and miR-372 in the first to third 
stages did not differ significantly from healthy serum samples. However, in the serum of the fourth 
stage of metastasis, the expression of cdc42 and miR-372 genes, had a significant increase (p <0.05) 
compared to healthy samples, 3.4 (p=0.032) and 7.3 (p=0.022) times, respectively.   

Conclusions: Based on the results of this study, it is possible to predict the stage of metastasis 
in lung cancer by examining the expression of Cdc42 gene and miR-372 in serum.
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adenocarcinoma should be investigated15. Given that 
adenocarcinoma accounts for 40% of NSCLC and 
is more prevalent in individuals, this study was per-
formed on adenocarcinoma10. Also, due to the high 
prevalence and mortality rate, cdc42 and miR-372 
genes can be used as biomarkers for early detection 
and because of the ability to access the serum and the 
ability to identify genes in the serum, in this study, 
the expression of miR-372 and the gene Cdc42 in the 
serum of people with lung cancer were examined. 

MATERIALS AND METHODS

To conduct this research, random sampling was 
performed, and first patient consent was obtained. 
This research was performed in a descriptive-an-
alytical manner. The cdc42 and miR-372 gene 
expression were then quantified in healthy indi-
viduals and people with lung cancer. The study 
sample consisted of 50 serum samples of healthy 
individuals and 50 serum samples of cancer pa-
tients from NSCLC patients who were collected 
from Masih Daneshvari Hospital in Tehran. Pa-
tient samples were collected from people with the 
first to fourth stages of cancer.

Questionnaire design

To record individual and clinical information, 
first consent was obtained from individuals to en-
ter the present study, then a questionnaire was de-
signed. In the questionnaire, patient information 
including name and surname, date of reference, 
age, sex, occupation, smoking (type and dura-
tion), duration of illness, place of residence, type 
of tumor, tumor stage, family history of the pa-
tient, history of other disease, primary tumor, and 
tumor after treatment, were collected.

Blood sampling and plasma separation

From the subjects, 5 ml of blood was prepared, 
and plasma was separated using refrigerated cen-
trifuge (Hanil, Chungcheongnam-do, Republic of 
Korea) at 4°C for 15 min at 1900 rpm. The result-
ing plasmas were poured into RNase free micro-
tubes and stored in the 80°C (JAL-Iran) freezer 
until the experiments were performed. 

Plasma miRNA extraction, quantitative 
and qualitative study of extracted RNA, 
cDNA synthesis

RNA was extracted from plasma using a German 
Qiagen extraction kit (Qiagen, Hilden, Germa-

developing countries and it causes more than 1.5 
million deaths a year2. In Iran, the prevalence of 
lung cancer is 4.9-7.2 per 100,000 people, which 
is the second leading cause of death in men and 
the third leading cause of death in women3. 

Smoking has been associated with a 70% in-
crease in mortality in men and a lower increase in 
mortality in women4.

There are two main types of lung cancer, in-
cluding small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC), which account 
for 15% and 85% of all lung cancers, respectively. 
NSCLC is mainly divided into three categories: 
squamous cell carcinoma, adenocarcinoma, and 
large cell carcinoma5-7.

The (Cell division cycle 42) Cdc42 gene is lo-
cated on the short arm of chromosome 1 (1p36.12)8.

The Cdc42 gene is a member of the Rho GT-
Pase family that is involved in cellular motility, 
proliferation, survival, invasion, and metastasis of 
human cancer cells. Increasing Cdc42 expression 
plays a role in increasing cell proliferation and mi-
gration. Decreased expression of the Cdc42 gene 
also induces apoptosis. Studies have shown that 
extinguished Cdc42 has the ability to reverse me-
tastasis and the growth of colon, bladder and lung 
cancer cells in humans. Frequent changes in the ex-
pression of Cdc42 were detected in NSCLC, but the 
mechanism or mechanisms underlying the changes 
in expression were not fully defined. Cdc42 is the 
main transmitter of the propagation signal to regu-
late the G 1 / S phase of the cell cycle9.

MicroRNAs or miRNAs are a group of small 
RNA molecules, single-stranded, protected, 
non-coding protein and 25-18 nucleotides which 
are involved in the partial connection of comple-
mentary sequences within the target 3´UTR (un-
translated region 3´) mRNAs10. 

MiRNAs are released as a result of cell death 
into the bloodstream or may be actively secreted 
by cells. They may play a pathogenic role in the 
disease process by acting as oncogenes or tumor 
suppressor genes11.

MiR-372 regulates cell cycle, apoptosis, invasion 
and proliferation in many types of human cancers 
and it also increases the rate of metastasis12,13.

Improper expression of miRNAs promotes or in-
hibits tumor metastasis. Identifying miRNAs and bet-
ter understanding their complex functions in tumors 
will provide prognostic and diagnostic biomarkers, as 
well as therapeutic goals for clinical use14. 

Despite the completeness of chemotherapy, radi-
ation therapy, surgery, and targeted molecular thera-
pies performed in the clinic, the survival rate of pa-
tients with advanced pulmonary adenocarcinoma is 
low, so the pathogenesis mechanisms of pulmonary 
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and temperature of each cycle included four stag-
es of incubation at 95°C for 5 minutes, 95°C for 30 
seconds, 60°C for 30 seconds and 72°C for 30 sec-
onds. Finally, the raw data were extracted from 
the device and the expression was measured using 
the ∆∆ct Method. The gene expression was then 
evaluated using REST software. 

In the Real time PCR method, the control 
group consisted of two groups: 1- U6, which is the 
reference cell line and is considered as positive 
control, that is, people with lung cancer. 2- Neg-
ative control, meaning healthy people who do not 
have lung cancer. 

RESULTS

Patient information 

Demographic and clinical information of patients 
was extracted and recorded from the patients’ files 
and the electronic system of the hospital’s Cancer 
Department. Seventy out of 100 patients with lung 
cancer were male and 30 (30%) were female. Of 
these, 72 (72%) smoked and 28 (28%) did not smoke. 
In terms of having a history of cancer among fam-
ily members, out of 50 patients with lung cancer, 
56 (56%) have a history of cancer among members. 
They had no family and 44 people (44%) had a fam-
ily history of cancer. 46 (46%) of the 100 patients 
were in the age range of 70-61 years. 

Evaluate the quality of RNAs extracted 
from blood serum

With the Agarose gel electrophoresis meth-
od, the quality of the RNAs was checked and 
the presence of ribosomal 18S and 28S bands 

ny). Then, with the spectrophotometric (Thermo 
Fisher Scientific, Waltham, MA, USA) and aga-
rose gel electrophoresis (Iran-Padideh Nojen pars) 
methods, the quantity and quality of extracted 
RNA were examined. Using cDNA synthesis kit 
(Thermo Fisher Scientific, Waltham, MA, USA) 
from RNA samples, cDNA (complementary 
DNA) synthesis was performed. NCBI and Allele 
ID software were used to design the primers. The 
sequence of primers used is given in Table 1. In 
this study, house keeping Gene was the U6 gene.

Measuring the efficiency of primers

The performance of the primers was checked, and 
a standard curve was drawn for each. To deter-
mine the efficiency of primers, five dilutions were 
first prepared from cDNAs. Then, for these dilu-
tions, together with each of the primers, the Real 
time PCR reaction was repeated twice, separately. 
Finally, the standard curve for each primer was 
plotted based on the Ct values obtained against 
the dilutions used. Using the slope of the resulting 
curve (Slope) and the relation E= 10(-1/slope) – 1, the 
efficiency of the reaction (E) was calculated for 
each primer.

Real time PCR

Reproduction for cdc42 gene and miR-372 expres-
sion measurements was performed relatively by 
Real time PCR based on standard method. Exicy-
clerTM 96 bioneer (Daedeok-gu, Daejeon, Repub-
lic of Korea) fixed type as well as Eva Green paint 
were used to perform the Real time PCR reaction. 
To perform the reaction, samples were taken to a 
final volume of 20 μl and according to the Univer-
sal RT microRNA qPCR kit protocol made by Ex-
iqon-Denmark (Eva Green Master Mix 10 µl, l5 µ 
cDNA (20 ng / µl), 12 µ specific primers (10 pmol) 
and 3µl Sterilized distilled water) was prepared. 
The Real time PCR reaction was performed with 
the same heat program for cdc42 gene, miR-372 
and reference gene proliferation. The conditions 

TABLE 1. Primers Used in Real Time PCR.

Primer name Sequence Amplicon
  
cdc42 F 5’-GATGGTGCTGTTGGTAAA-3’ 127 bp
cdc42 R 5’-GAGTATATGGTTCTCCACC-3’ 127bp
miR-372 F 5’-GCCCGCAAAGTGCTGCGACAT-3’ 121 bp
miR-372 R 5’-CCAGTGCAGGGTCCGAGGT-3’ 121 bp
U6 F 5’-GCTTCGGCAGCACATATAC-3’ 137 bp
U6 r 5’-ATTCCGTTTCTGGGAGGG-3’ 137bp

TABLE 2. p-value for cdc42 gene and miR-372.

Gene p-value

Cdc42 p<0.05, p=0.032
MiR372 p<0.05, p=0.022
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The rate of expression of miR-372 and 
the cdc42 gene studied by stage of cancer

According to Figure 4, the expression of cdc42 
gene and miR-372 in the serum of people with the 
first to third stages of the disease did not differ 
significantly from the serum of normal individu-
als. The expression levels of the cdc42 and miR-
372 genes increased significantly by 3.4 (p=0.032) 
and 7.3 (p=0.022) times (p<0.05) compared to the 
serum of healthy individuals.

DISCUSSION

Cancer includes all types of malignant tumors, 
which in medicine are more commonly known as 
neoplasms16. 

Genetic factors or factors that disrupt cell 
activity are likely to cause problems in the cell 
nucleus and contribute to cancer. These include 
radioactive materials, chemicals and toxins, or ex-
cessive radiation such as sunlight17. 

Lung cancer begins when lung cells grow out 
of control. Statistics show that the incidence of 
lung cancer is 15% in men and 14% in women18.

The main reasons for the choice of lung can-
cer in this study were the detection of cancer in 
advanced stages, increased prevalence, mortality 
and metastasis.

MicroRNAs are present in a stable form in 
body fluids (e.g., blood, plasma, serum, or spu-
tum). They have the ability to be used as targeted 
therapeutic molecules. Another advantage of us-
ing microRNAs is the repeatability of the test2,19.

Due to the fact that it is easier to get serum 
from people and it is a non-invasive method. Also, 
because serum is a new way to make kits, it’s eas-
ier to transfer and separate biomarkers from the 
serum, so the serum was used in this study.

The cdc42 gene belongs to the large Ras fam-
ily, and excessive cdc42 expression is associated 
with carcinogenesis and the progression of many 
types of human tumors20.

The expression of miR-372 and cdc42 gene 
was measured using Real time PCR method. 
The findings of this study showed that the ex-
pression of miR-372 and cdc42 gene in the first 
to third stages of cancer serum samples were 
not significantly different. However, in the se-
rum samples of the fourth stage of the disease, 
the expression of miR-372 and cdc42 gene had 
a significant increase of 7.3 (p=0.022) and 3.4 
(p=0.032) times, respectively, compared to nor-
mal samples (p<0.05). Therefore, according to 

showed that the extracted RNAs were of good 
quality. These bands are shown in Figure 1 for 
some samples.

Using nanodrapes, the RNA concentration was 
obtained, and its quantity was investigated. The 
adsorption ratio of 260 to 280 determines the pu-
rity of nucleic acids. In this study, the adsorption 
ratio from 260 to 280 was between 1.8 and 2, and 
the quality of the extracted RNAs was confirmed.

Check the performance
of primers

The performance of the primers used in this study 
was obtained by cDNA dilution method of the 
samples, which is shown in Figure 2.

According to Figure 2, the primer efficiency 
for miR-372 and cdc42 gene is 99%.

Check the accuracy of cDNA 
and Conventional PCR

After determining the efficiency of the primers 
used, the conventional PCR step was performed 
to check the size of the PCR products as well as 
their specificity. Figure 3 shows the result.

Using the Q-RT PCR method, the expression 
of Cdc42 gene and miR-372 was measured and 
repeated three times for each sample. REST soft-
ware was used to analyze the results.

Fig. 1. Agarose gel electrophoresis to evaluate the quality 
of the extracted RNA No. 1-6: Examples, No. 7: Marker. A, 
miR-372. B, The cdc42 gene.

A

B
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in lung cancer. The results of this study also 
showed that increasing cdc42 gene expression 
prevents cell proliferation and promotes disease 
progression.

the results of this study and if these results are 
confirmed in more samples, it can be concluded 
that the study of miR-372 expression in serum 
may be used to predict the stage of metastasis 

Fig. 2. Evaluation of the efficiency of spe-
cific primers used for: A, The efficiency 
of the miR-372 specific primer: 99%. B, 
The efficiency of the cdc42 gene specific 
primer: 99%. C, The efficiency of the U6 
gene specific primer: 94%.

A

B

C
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damage and the development of liver cell cancer. 
Also, targeting the cdc42 gene in hematopoietic 
stem cells and bone marrow hematopoietic cells 
leads to loss of hematopoietic stem cell extinc-
tion and excessive proliferation of blood ancestral 
cells21. In our study, the results showed that the ex-
pression of cdc42 gene in the fourth stage of the 
disease, which is the metastatic phase, had a signif-
icant increase (p<0.05, p=0.032).

One group of miRNAs, including five miR-
NAs (miR221, let-7a, miR137, miR372, and 
miR182), has been linked to overall survival and 
disease progression in patients with primary NS-
CLC22. In the present study, miR-372 expression 
was significantly increased only in serum samples 
of the fourth stage of the disease and in patients 
with metastatic lung cancer (p<0.05, p=0.022). 

According to reports, cdc42 has been over-
expressed in colorectal cancer, and cdc42 has an 
oncogenic role in colorectal cancer by regulating 
the transcription of cancer-related pathways. Most 
results support the use of specific cdc42 inhibi-
tors to treat invasive colorectal cancers23. In the 
present study, increasing cdc42 gene expression 
contributed to the progression of the disease. 

According to the demographic information of 
people with lung cancer, it was found that there is 
a significant relationship between sex and smok-
ing with lung cancer (p<0.05). There is also no 
significant difference between the history of lung 
cancer among family members and the incidence 
of lung cancer. It is noteworthy that the disease is 
more common in old age.

According to research, high levels of cdc42 may 
be detrimental to the survival of patients with mel-
anoma and have a positive relationship with prog-
nostic markers. According to the study, which was 
based on the elimination of cdc42 in mice, a tumor 
suppressor role for cdc42 was discovered, indicat-
ing that cdc42 loss in the liver causes chronic liver 

Fig. 3. Conventional PCR with specific primers. A, PCR 
product for U6 and cdc42 genes. Column 1: Negative con-
trol, Column 2: Marker 100 bp, Column 3: PCR product for 
U6, Column 4: The cdc42 PCR product. B, PCR product for 
miR-372 and U6 gene. Column 1: Negative control, Column 
2: Marker 100 bp Column 3: The miR-372 PCR product, 
Column 4: PCR product for U6.

A

B

Fig. 4. The expression of (A) miR-372 and (B) cdc42 gene 
according to the cancer stage.

A

B
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and its expression is directly related to tumor stage, 
lymph node metastasis, and patient survival20. The 
results of our research also showed that excessive 
expression of Cdc42 plays an important role in the 
progression and metastasis of lung cancer cells. 

Studies have shown that miR-372 plays an an-
ti-oncogenic role in cervical cancer by controlling 
cell growth and cell cycle progression by low ex-
pression of CDK2 and cyclin A1 cycles30. In the 
present study, miR-372 had a significant increase 
(p<0.05, p=0.022) in patients with stage IV met-
astatic disease. 

Disabling cdc42 induces apoptosis and stops the 
G1 phase of the cell cycle in gastric cancer cells31. 
In this study, a significant increase in the cdc42 gene 
(p<0.05, p=0.032) in the metastatic stage of lung can-
cer played a role in the increase in metastasis.

Expression of miR-137, miR-182, and miR-372 
increases the invasiveness of lung cancer cells32. 
In our study, it was shown that increasing the ex-
pression of miR-372 increases the process of me-
tastasis and disease progression.

Studies have shown that miR-372 expression in 
ovarian carcinoma was significantly lower com-
pared to normal ovarian tissue and benign tumors. 
In addition, overexpression of miR-372 significantly 
inhibits cell proliferation and increases cell apopto-
sis. The findings show that miR-372 plays an import-
ant role in inhibiting tumor growth and is a valuable 
target for the treatment of ovarian cancer33.

Studies have shown that the expression of miR-
372 in breast cancer tissues and human cell lines is 
significantly reduced compared to breast tissue cell 
lines. In addition, the results of functional assays 
showed that miR-372 inhibits cell proliferation and 
increases apoptosis in MCF-7 in the human breast 
cancer cell line. E2F1 was identified as a direct func-
tional target of miR-372 in breast cancer. As a result, 
the findings suggest that miR-372 may have the po-
tential to act as a new molecule for the diagnosis and 
treatment of breast cancer patients34. CdcC42 in-
duces invasiveness and metastatic activity by breast 
cancer cells35. Studies have shown that CDC42-v2 is 
expressed at lower levels in ovarian cancer cell lines 
and ovarian tumor tissue than in normal control cells 
and tissues. In addition, CDC42-v2 has an inhibitory 
effect on ovarian tumor cell growth, colony forma-
tion, and invasion36.
According to studies and easy access to serum sam-
ples, it is also easy to identify genes and microRNAs 
in body fluids due to the stability of microRNAs in 
body fluids and their non-invasiveness. Therefore, 
the use of serum cdc42 gene and miR-372 is recom-
mended for early detection and screening. Therefore, 
the expression of cdc42 gene and miR-372 should be 
investigated in more samples and its role as serum 
biomarkers should be determined.

Studies have shown that serum levels of miR-
372 after surgery in patients with primary colorectal 
cancer are significantly reduced compared to pre-
operative values. These findings suggest that serum 
miR-372 could be a non-destructive biomarker for 
early detection and prognosis of colorectal cancer24. 
The expression of miR-21, miR-210, and miR-372 in 
saliva (sputum) may be a very sensitive and specif-
ic method for diagnosing NSCLC and as a potential 
complementary screening tool25. The results of the 
present study show that the expression of miR-372 
increases with the progression of the disease, but in 
our study, only in the fourth stage, a significant in-
crease (p<0.05, p=0.022) was obtained.

Metastasis Associated Lung Adenocarcino-
ma Transcript 1 (MALAT1) causes migration 
and invasion of breast cancer cells and reduc-
es the expression of the cdc42 gene26. Research 
has also shown that G-protein-coupled receptor 
kinase interacting protein 1 (GIT1) is involved 
in cellular activation, which is a fundamental 
process during tissue development and cancer 
progression. GIT1 stimulates migration and in-
vasion in NSCLC cells by altering Rac family 
small GTPase 1 (Rac1) / Cdc42 activity27. In our 
study, the expression of the Cdc42 gene in the 
fourth stage of the disease, which is the meta-
static phase, had a significant increase (p<0.05, 
p=0.032) and increased the metastasis process.

In gastric cancer, miR-372/373 are TNFα-in-
duced protein 1 (TNFAIP1) targets and promote 
gastric carcinogenesis. TNFAIP1 appears to be 
involved in DNA synthesis and apoptosis28. In the 
present study, it was found that miR-372 expres-
sion is involved in the metastasis process. 

The cdc42 gene regulates the cell cycle and 
differentiation in lung cancer cells, and reduc-
ing the expression of the cdc42 gene can disrupt 
the progression of the cell cycle9. However, in the 
present study, increasing the expression of cdc42 
gene in the fourth stage of the disease has led to 
the progression of the disease. 

Elevated levels of miR-372 in the sputum, 
along with other miRNAs (miR-21, miR-143, 
miR-155, miR-210), are biomarkers used for early 
detection of NSCLC adenocarcinoma29. However, 
the present study showed that miR-372 can be de-
tected during metastasis. 

Cdc42 has been overexpressed in patients with 
primary lung cancer, and excessive expression of 
Cdc42 plays an important role in the progression 
and metastasis of lung cancer cells. Their results 
also show that inhibiting the expression of the 
cdc42 gene in laboratory conditions and in living 
organisms inhibits the migration and invasion of 
lung cancer cells. Therefore, cdc42 may become 
an important molecule in the treatment of cancer, 



8

DETERMINATION OF MIR-372 AND CDC42 GENE EXPRESSION LEVELS IN THE SERUM OF PEOPLE WITH LUNG CANCER

 15. Ma T, Ma H, Zou Z, He X, Liu Y, Shuai Y, Xie M, Zhang 
Z. The long intergenic noncoding RNA 00707 promotes 
lung adenocarcinoma cell proliferation and migration 
by regulating Cdc42. Cell Physiol Biochem 2018; 45: 
1566-1580.

 16. Hanahan D, Weinberg RA. Hallmarks of cancer: the 
next generation. Cell 2011; 144: 646-674.

 17. Fan L, Strasser-Weippl K, Li JJ, St Louis J, Finkelstein DM, 
Yu KD, Chen WQ, Shao ZM, Goss PE. Breast cancer in 
China. Lancet Oncol 2014; 15: e279-e289.

 18. Kumar N, Sai T, Sai P, Roy A, Paul S, Kumar A. Lifetime 
chance of getting lung cancer: a review. J Cancer Clin 
Trials 2017; 2: 1000138.

 19. Florczuk M, Szpechcinski A, Chorostowska-Wynimko J. 
miRNAs as biomarkers and therapeutic targets in non-
small cell lung cancer: current perspectives. Target On-
col 2017; 12: 179-200.

 20. Chen QY, Jiao DM, Yao QH, Yan J, Song J, Chen FY, 
Lu GH, Zhou JY. Expression analysis of Cdc42 in lung 
cancer and modulation of its expression by curcumin 
in lung cancer cell lines. Int J Oncol 2012; 40: 1561-
1568.

 21. Zheng C, Wang Y, Yang L, Zhou S, Gao Y, Li F, Feng Y, 
Wang Z, Zhan L, Yan Q. Cell division cycle 42 plays a cell 
type-specific role in lung tumorigenesis. Sci Rep 2017; 
7: 1-11.

 22. Guo J, Meng R, Yin Z, Li P, Zhou R, Zhang S, Dong X, Liu 
L, Wu G. A serum microRNA signature as a prognostic 
factor for patients with advanced NSCLC and its asso-
ciation with tissue microRNA expression profiles. Mol 
Med Rep 2016; 13: 4643-4653.

 23. Valdés-Mora F, Locke WJ, Bandrés E, Gallego-Ortega D, 
Cejas P, García-Cabezas MA, Colino-Sanguino Y, Feliú 
J, Del Pulgar TG, Lacal JC. Clinical relevance of the tran-
scriptional signature regulated by CDC42 in colorectal 
cancer. Oncotarget 2017; 8: 26755-26770.

 24. Yu J, Jin L, Jiang L, Gao L, Zhou J, Hu Y, Li W, Zhi Q, 
Zhu X. Serum miR-372 is a diagnostic and prognostic 
biomarker in patients with early colorectal cancer. Anti-
cancer Agents Med Chem 2016; 16: 424-431.

 25. Razzak R, Bédard E, Kim J, Gazala S, Guo L, Ghosh S, 
Joy A, Nijjar T, Wong E, Roa W. MicroRNA expression 
profiling of sputum for the detection of early and local-
ly advanced non-small-cell lung cancer: a prospective 
case–control study. Curr Oncol 2016; 23: e86-e94.

 26. Chou J, Wang B, Zheng T, Li X, Zheng L, Hu J, Zhang Y, 
Xing Y, Xi T. MALAT1 induced migration and invasion 
of human breast cancer cells by competitively bind-
ing miR-1 with cdc42. Biochem Biophys Res Commun 
2016; 472: 262-269.

 27. Chang JS, Su CY, Yu WH, Lee WJ, Liu YP, Lai TC, Jan YH, 
Yang YF, Shen CN, Shew JY, Lu J, Yang CJ, Huang MS, 
Lu PJ, Lin YF, Kuo ML, Hua KT, Hsiao M. GIT1 promotes 
lung cancer cell metastasis through modulating Rac1/
Cdc42 activity and is associated with poor prognosis. 
Oncotarget 2015; 6: 36278-36291.

 28. Cui R, Meng W, Sun HL, Kim T, Ye Z, Fassan M, Jeon YJ, 
Li B, Vicentini C, Peng Y. MicroRNA-224 promotes tu-
mor progression in nonsmall cell lung cancer. Proc Natl 
Acad Sci U S A 2015; 112: E4288-E4297.

 29. Edmonds MD, Eischen CM. Differences in miRNA ex-
pression in early stage lung adenocarcinomas that did 
and did not relapse. PLoS One 2014; 9: e101802.

 30. Tian RQ, Wang XH, Hou LJ, Jia WH, Yang Q, Li YX, 
Liu M, Li X, Tang H. MicroRNA-372 is down-regu-
lated and targets cyclin-dependent kinase 2 (CDK2) 
and cyclin A1 in human cervical cancer, which may 
contribute to tumorigenesis. J Biol Chem 2011; 286: 
25556-25563.

Acknowledgments: 
We would like to thank the research assistant 
of Islamic Azad University of Tehran Medical 
Sciences for helping us with this study. 

ethicAl committee: 
The study was conducted according to the Institutional 
requirements and Helsinki Declaration.

conflict of interest: 
The authors declare no conflict of interest.

REFERENCES

  1. Cooper WA, Lam DC, O’Toole SA, Minna JD. Mo-
lecular biology of lung cancer. J Thorac Dis 2013; 5: 
S479-S490.

  2. Inamura K. Diagnostic and therapeutic potential of mi-
croRNAs in lung cancer. Cancers 2017; 9: 49.

  3. Khosravi A, Esfahani-Monfared Z, Sei S, Karimi S, Ema-
mi H, Khodadad K. Clinicopathological characteristics 
of Iranian patients with lung cancer a single institute 
experience. Asian Pac J Cancer Prev 2016; 17: 3817-
3822.

  4. Cruz CSD, Tanoue LT, Matthay RA. Lung cancer: epi-
demiology, etiology, and prevention. Clin Chest Med 
2011; 32: 605-644.

  5. Zappa C, Mousa SA. Non-small cell lung cancer: cur-
rent treatment and future advances. Transl Lung Cancer 
2016; 5: 288-300.

  6. Castro D, Moreira M, Gouveia AM, Pozza DH, De Mel-
lo RA. MicroRNAs in lung cancer. Oncotarget 2017; 8: 
81679.

  7. Shen J, Jiang F. Applications of microRNAs in the diag-
nosis and prognosis of lung cancer. Expert Opin Med 
Diagn 2012; 6: 197-207.

  8. Powell JE, Fung JN, Shakhbazov K, Sapkota Y, Cloonan 
N, Hemani G, Hillman KM, Kaufmann S, Luong HT, 
Bowdler L, Painter JN, Holdsworth-Carson SJ, Visscher 
PM, Dinger ME, Healey M, Nyholt DR, French JD, Ed-
wards SL, Rogers PAW, Montgomery GW. Endometri-
osis risk alleles at 1p36. 12 act through inverse regula-
tion of CDC42 and LINC00339. Hum Mol Genet 2016; 
25: 5046-5058.

  9. Zhu X, Li Y, Shen H, Li H, Long L, Hui L, Xu W. miR-137 
inhibits the proliferation of lung cancer cells by target-
ing Cdc42 and Cdk6. FEBS Lett 2013; 587: 73-81.

 10. Guz M, Rivero-Müller A, Okoń E, Stenzel-Bembenek A, 
Polberg K, Słomka M, Stepulak A. MicroRNAs-role in 
lung cancer. Dis Markers 2014; 2014: 218169.

 11. Nadal E, Truini A, Nakata A, Lin J, Reddy RM, Chang 
AC, Ramnath N, Gotoh N, Beer DG, Chen G. A novel 
serum 4-microRNA signature for lung cancer detection. 
Sci Rep 2015; 5: 12464.

 12. Wu G, Wang Y, Lu X, He H, Liu H, Meng X, Xia S, Zheng 
K, Liu B. Low mir-372 expression correlates with poor 
prognosis and tumor metastasis in hepatocellular carci-
noma. BMC cancer 2015; 15: 1-12.

 13. Wang Q, Liu S, Zhao X, Wang Y, Tian D, Jiang W. MiR-
372-3p promotes cell growth and metastasis by tar-
geting FGF 9 in lung squamous cell carcinoma. Cancer 
Med 2017; 6: 1323-1330.

 14. Zhou L, Liu F, Wang X, Ouyang G. The roles of microR-
NAs in the regulation of tumor metastasis. Cell Biosci 
2015; 5: 32.



9

DETERMINATION OF MIR-372 AND CDC42 GENE EXPRESSION LEVELS IN THE SERUM OF PEOPLE WITH LUNG CANCER

 34. Zhao Y, Liu H, Ying W, Wang C, Yu Y, Sun W, Liu J. 
microRNA-372 inhibits proliferation and induces apop-
tosis in human breast cancer cells by directly targeting 
E2F1. Mol Med Rep 2017; 16: 8069-8075.

 35. Xiao X, Lv L, Duan J, Wu Y, He S, Hu Z, Xiong L. Regu-
lating Cdc42 and its signaling pathways in cancer: small 
molecules and microRNA as new treatment candidates. 
Molecules 2018; 23: 787.

 36. He X, Yuan C, Yang J. Regulation and functional signif-
icance of CDC42 alternative splicing in ovarian cancer. 
Oncotarget 2015; 6: 29651-29663.

 31. Chen Q, Chen X, Zhang M, Fan Q, Luo S, Cao X. miR-
137 is frequently down-regulated in gastric cancer and 
is a negative regulator of Cdc42. Dig Dis Sci 2011; 56: 
2009-2016.

 32. Yu SL, Chen HY, Chang GC, Chen CY, Chen HW, Singh 
S, Cheng CL, Yu CJ, Lee YC, Chen HS. MicroRNA signa-
ture predicts survival and relapse in lung cancer. Cancer 
Cell 2008; 13: 48-57.

 33. Guan X, Zong Z, Chen S, Sang X, Wu D, Wang L, Liu Y, 
Zhao Y. The role of miR-372 in ovarian carcinoma cell 
proliferation. Gene 2017; 624: 14-20.


