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Background: Detecting non-small-cell lung cancer at an early stage has become
a great challenge due to the lack of a specific non-invasive marker. MicroRNAs are
small, non-coding RNA molecules that play a role in carcinogenesis and cancer
progression, as indicated by their abnormal expression in the patients’ plasma. Herein,
we investigated the plasma level of circulating miRNA-30a and miRNA-221 as noninvasive markers for an early detection of non-small-cell lung cancer.
Method: A cross-sectional study was conducted at Assiut University Hospital,
Egypt, to investigate miRNA-30a and miRNA-221 expression via quantitative realtime PCR in the plasma of patients with non-small-cell lung cancer (n=70) and healthy
controls (n=34). Receiver operating curves were used to evaluate the diagnostic value
of miRNA-221 and miRNA-30a in non-small-cell lung cancer. The relationship
between both markers and patient clinical parameters was further assessed.
Result: Circulating plasma miRNA-30a and miRNA-221 levels were significantly
higher in the non-small-cell lung cancer patients compared with those in the healthy
controls (P<0.05). There was a significant difference regarding the plasma miRNA30a level among the three groups (the highest levels were recorded in adenocarcinoma,
followed by large cell carcinoma and squamous cell carcinoma). ROC curve analysis
of miRNA-30a and miRNA-221 showed that specificity and sensitivity were 60%
and 80%, and 40% and 75%, respectively.
Conclusion: miRNA-30a and miRNA-221 may be non-invasive biomarkers for
early detection and screening or therapeutic targets in patients with NSCLC. Future
studies are warranted regarding the use of biomarkers as therapeutic targets.
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Introduction
Non-small-cell lung cancer (NSCLC), a
common type of lung cancer, is among the most
frequently diagnosed types of cancer and is the
leading cause of mortality worldwide.
Unfortunately, however, most patients with
NSCLC are diagnosed at advanced stages.1,2
MicroRNAs (miRNAs) are small, noncoding
RNA molecules found in eukaryotes that contain
approximately 22 nucleotides and play negative
roles in transcriptional and post-transcriptional
gene expression regulation.3 Some studies have
concluded that more than 30% of proteins in the
human body are regulated by miRNAs via several
mechanisms. 4 Therefore, miRNAs may be
important factors that not only regulate various
biological processes, but also modulate
carcinogenesis and the progression of diverse
human cancers.5 miRNAs are found to be stable
in plasma and serum,23 thereby representing an
important role in clinical practice which may
reduce unnecessary surgical interventions for
early NSCLC diagnosis. These molecules are
found to be higher in NSCLC tissues and cells
compared with normal tissues and cells.24
MiRNA-221 is a member of the miRNA221/222 family, reported to play a critical role in
multiple cancers.6 Down-regulation of miRNA-

221 is associated with poor patient prognosis and
drug resistance in NSCLC.7, 8 MiRNA-30a, a
member of the miRNA-30 family, is located on
human chromosome 6q13 and has two mature
forms: miR-30a-3p and miRNA-30a-5p. 8
Increasing evidence has confirmed the close
relationship between the expression level of
miRNA-30a and numerous types of human
cancers; however, the exact role of miRNA-30a
in cancer remains controversial. Some studies
have suggested that miRNA-30a may act as a
tumor suppressor, while others have suggested
that it acts as an oncogene.9,11,12,13
This study was aimed to investigate the
expression pattern of miRNA-30a and miRNA221 in the plasma of NSCLC patients and to
evaluate the potential of plasma miRNA-30a and
miRNA-221 levels as novel tumor biomarkers
for NSCLC diagnosis and prognosis.

Patients and Methods
In the present case-control study, blood samples
were collected from 70 patients with NSCLC and
34 healthy control subjects after obtaining the
approval of Institutional Research Board (IRB).
All participants were recruited from the Chest
and Clinical Oncology Departments, Assiut
University Hospital, Assuit, Egypt, between

Figure 1. Fold change of miRNA marker among the studied patients.
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Table 1. Socio-demographic and clinical data differences in NSCL cases vs. control

Age in years
Sex
• Male
• Female
Smoking status
• Non
• Smoker
Tumor pathological type
• SCC
• Adenocarcinoma
• Large cell carcinoma
TNM staging
• Stage II
• Stage III
LN metastasis
• No
• Yes

NSCL Cases
(No.=70)
63.20 ± 5.7

Control
(No.=34)
55.60 ± 3.8

P-value

49 (70%)
21 (30%)

17 (50%)
17 (50%)

= 0.197**

11 (16%)
59 (84%)

17 (50%)
17 (50%)

= 0.018**

< 0.001*

35 (50%)
24 (34%)
11 (16%)
28 (40%)
42 (60%)
39 (56%)
31 (44%)

*Independent t-test was used to compare the mean difference between groups; **Chi-square test was used to compare the percentages between groups

February 2015 and January 2017. Informed
consent was further obtained from each patient
and control prior to participation in the study.
The lung cancer subjects included 35 patients
with squamous cell carcinoma, 24 with
adenocarcinoma and 11 with large cell carcinoma.
These patients were at various clinical stages,
including 28 at stage II of the disease and 42 at
stage III according to the International Association
for the Study of Lung Cancer Staging System.
Additionally, the patients were classified according

to TNM status: 31 with intrathoracic lymph node
metastasis and 39 without metastasis (Table 1).
Exclusion criteria
Patients with pulmonary infections or TB,
heart disease, hepatic or renal insufficiency, active
bleeding, peptic ulcer, or malignancy elsewhere,
and patients who received previous treatment for
lung cancer were excluded from this study.

Figure 2. Mi-RNA 30a and mi-RNA 221 expression levels in NSCLC patients (n=70) with different TNM stages. (a) Plasma level of miRNA 30a in non-small lung cancer patients with different stages, (stage II, n=34) and (stage III, n=36). (b) Plasma level of mi-RNA 221
in non-small lung cancer patients with different stages, (stage II, n=34) and (stage III, n=36). P-values were calculated using unpaired ttest. Data are presented as “fold change”.
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Table 2. Biochemical parameters in NSCL cases and control

• WBCs *109/L
• Hb (gm/dl)
• SGOT (U/L)
• SGPT (U/L)
• Serum Creatinine (mg/dl)
• Blood Urea (mg/dl)
• PT Concentration %
• Blood PH
• Na (mmol/L)
• K (mmol/L)
• Platelet *109/L
• miRNA-30A ct
• miRNA-221 ct

NSCL Cases
(No.=70)
6.51 ± 0.9
10.05 ± 1.2
37.20 ± 3.8
31.55 ± 2.8
1.02 ± 0.1
36.25 ± 11.8
78.59 ± 9.3
7.37 ± 0.1
132.77 ± 2.8
3.77 ± 0.5
166.50 ± 40.8
23.67 ± 0.9
36.69 ± 1.9

Control
(No.=34)
7.56 ± 0.5
13.51 ± 1.7
31.80 ± 2.4
30.30 ± 1.8
0.95 ± 0.01
28.60 ± 7.0
94.40 ± 8.3
7.40 ± 0.1
139.61 ± 2.2
4.27 ± 0.4
246.80 ± 15.2
19.21 ± 1.1
35.56 ± 1.4

P-value*
= 0.297
< 0.001
= 0.239
= 0.754
= 0.261
= 0.017**
< 0.001
= 0.052
< 0.001
= 0.007
= 0.004**
< 0.001
= 0.036

*Independent t-test was used to compare the mean difference between groups; **Mann Whitney U test was used to compare the median difference between groups

Plasma specimen collection
Five milliliters of venous blood were collected
from each participant in the study into an EDTAanticoagulant tube (BD, Franklin Lakes, NJ, USA)
and centrifuged at 2000 rpm for 10 minutes.
Plasma was transferred to a fresh tube and stored
at 80°C until use.
RNA extraction and reverse transcription
Total RNA, including miRNA, was extracted
from plasma using a Direct-zol™ RNA MiniPrep
Kit (Zymoresearch, Catalog No. R2053, CA,
USA). The RNA purity and concentration were
determined using a Biotech Nanodrop system.
Poly (A) polymerase enzyme (NEB, New
England; Cat.no. M0276L) was used to increase

the poly A tail of small noncoding miRNAs, and
reverse transcription was conducted with a Thermo
Scientific Revert Aid Reverse kit (Thermo,
Waltham, MA, US). cDNA was collected
following transcription.
qRT-PCR analysis of miRNAs
Quantitative real-time PCR (qRT-PCR) was
performed using a 7500 Fast Real-Time PCR
System (Applied Biosystems, CA, USA) under
the following conditions: hot-start step at 95°C
for 7 min, followed by an initial denaturation for
20 sec at 95ºC, and annealing and extension for
60 sec at 59 ºC for 40 cycles. The relative miRNA30a transcript levels were calculated via the
following equation: fold change=2^-ΔΔct. U6-

Figure 3. A significant difference was observed in the plasma level of mi-RNA 30a in non-small lung cancer patients with different
histopathological types including (Scc, n=35) vs. (adeno carcinoma n=24) vs. (large cell carcinoma n=11) P=0.03*, while there was no
significant difference in the plasma level of mi-RNA 221 in non-small lung cancer patients with different histopathological types including
(squamous cell carcinoma, Scc, n=35) vs. (adeno carcinoma n=24) vs. (large cell carcinoma n=11) (P=0.9).
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Table 3. Goodness criteria of miRNA biomarkers for the diagnosis of NSCLC

AUC
Cut-off
Accuracy
Sensitivity, %
Specificity, %
PPV, %
NPV, %

Goodness criteria for miRNA Biomarkers
miRNA-30A
miRNA-221
0.625
0.668
27.75
34.84
70%
57.5%
80%
75%
60%
40%
66.7%
55.6%
75%
61.5%

*Sensitivity (true positives/all diseased); specificity (true negatives/all non-diseased); PPV (true positives/all test positives); NPV (true negatives/all test negatives).

snRNA acted as an internal control, and all primers
were synthesized by RiboBio Co. (Guangzhou,
China).
Statistical analysis
The collected data were verified, coded by the
researcher, and analyzed using IBMSPSS/PC/VER 21 and Graph Pad Prism 7
Software (San Diego, California, USA). Further
calculated were the following descriptive statistics:
mean, standard deviation, median, range,
frequencies, and percentage. Test of significances:
Chi square and Fisher Exact tests were used to
compare the differences in the distribution of
frequencies. Student t-test and Mann-Whitney U
test were used to test the mean differences in
continuous variables between groups (parametric
and non-parametric). Using the 2-ΔΔCt method,

gene expression profile modulations were
evaluated comparing Ct values between treated
and non-treated cells. ROC curve depicted the
diagnostic performance of NSCL biomarkers,
analyzed as area under the curve (AUC), standard
error (SE) and 95% CI. Validity statistics
(sensitivity, specificity, and positive and negative
predictive value, PPV and NPV) were further
calculated. Significant test results were considered
when P value was ≤ 0.05.
Sample size calculation
Sample size calculation was carried out using
G*Power 3 software . A calculated sample of 100
respondents (70 NSCL cases and 30 controls)
will be required to detect an effect size of 0.3 in
NSCL biomarker levels, with an error probability
of 0.05 and 90% power on a one-tailed test.

Figure 4. The plasma expression level of circulating mi-RNA 30a and mi-RNA 221 measured using qRT-PCR in (n=70) non-small cell
lung cancer patients with different clinical status; (a) plasma level of mi-RNA 30a in non-small lung cancer patients with clinical status,
(with metastasis, n=31) and (without metastasis, n=39). (b) plasma level of mi-RNA 221 in non-small lung cancer patients with different
stages, (with metastasis, n=31) and (without metastasis, n=39). P-values were calculated using unpaired t-test. Data are presented as
“fold change”.
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Results
Demographics
The minimum required sample was 100, and
we recruited 104 patients. The demographic characteristics of the patient groups enrolled in the
study are summarized in table 1.
The results showed a highly significant
difference between the NSCLC patients (n=70)
and the healthy controls (n=34) regarding the
level of plasma miRNA-30a and miRNA-221
expression (P<0.001, P=0.036), (Table 2).
Plasma miRNA-30a and miRNA 221 levels
in the NSCLC patients and controls
The results shown in figure 1 indicate that
there was a significant difference in the level of
plasma miRNA-30a and miRNA-221 expression
between the NSCLC patients and controls.
Plasma miRNA-30a and miRNA 221 levels in the
NSCLC patients with different clinical status
The results showed no significant difference
concerning the level of plasma miRNA-30a and
miRNA-221 expression between the NSCLC
patients at stage II (n=28) and stage III (n=42)
of the disease (P=0.3 and P=0.1, respectively), (Figure
2).

Plasma levels of miRNA-30a and miRNA-221
and histological types
As shown in figure 3a, there was a significant
difference regarding the plasma miRNA-30a level
among the three groups (P=0.03), the highest
levels were recorded in adenocarcinoma, followed
by large cell carcinoma and squamous cell
carcinoma). However, the results showed no
significant differences among these three groups
(P=0.9) as regards the plasma miRNA-221 level
(Figure 3b).
Plasma miRNA-30a and miRNA 221 levels in the
NSCLC patients with different clinical status
Based on the results, there was an increase in
the plasma level of miRNA-30a and miRNA-221
expression in the NSCLC patients at different
clinical stages (with intrathoracic lymph node
metastasis (n=31) versus without lymph node
metastasis (n=39; P=0.1 and P=0.057). The difference
was not statistically significant (Figure 4).
Diagnostic value analysis of miRNA-30a and
miRNA-221 levels using receiver operating
characteristic (ROC) curves
Table 3 and figure 5 show the cut-off values,
sensitivity, specificity, predictive values and area
under the curve for miRNA-221 and miRNA-

Figure 5. ROC curve of miRNA Biomarkers for the diagnosis of NSCLC.
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30a. The best cut-off value of miRNA-221 was
the index for NSCLC 34.84, with a sensitivity of
75% and a specificity of 40%. The best cut-off
value of miRNA-30a was 27.75, with a sensitivity
of 80% and a specificity of 60%, indicating that
miRNA-30a has a more specific and sensitive
biochemical diagnosis value (Figure 5).

Discussion
NSCLC is considered as the most common
pulmonary carcinoma and a leading cause of
mortality worldwide.10 Identifying reliable blood
biomarkers for early diagnosis and prognostic
stratification of various human diseases is an area
of intensive investigation.11 Proteins, DNA, and
mRNA can be detected in the circulatory system
of cancer patients, and have been suggested in
some studies to reflect the disease activity.12
Owing to their stability and ease of detection,
miRNAs have recently emerged as reliable
biomarkers for disease status in several cancers
and other diseases. miRNAs are endogenous,
short non-coding RNAs that play a role in gene
expression regulation by binding to their mRNA
targets at both the coding and untranslated regions
via base pairing with complementary
sequences.13,16
The results of the present study demonstrated
that the expression levels of circulating plasma
miRNA-30a and miRNA-221 were significantly
higher in the NSCLC patients compared with
healthy controls. Regarding the miRNA-30a and
miRNA-221 plasma levels, there was no
significant difference between patients at stages
II and III of non-small cell lung cancer. Results
showed that the plasma miRNA-30a and miRNA221 levels were higher (though not significantly)
in the lung cancer patients with metastasis than
in lung cancer patients without metastasis. There
was a significant difference between squamous
cell carcinoma, adenocarcinoma and large cell
carcinoma patients concerning plasma miRNA30a levels. However, in terms of miRNA-221
plasma levels, the difference between SCC,
adenocarcinoma and large cell carcinoma patients
was not statistically significant. ROC curve
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analysis of miRNA-30a and miRNA-221 showed
that the best cut-off value for miRNA-30a was
27.75, with a sensitivity of 80 % and a specificity
of 60 %; on the other hand, the best cut-off value
of miRNA-221 was 34.84, with a sensitivity of
60 % and a specificity of 40 %, meaning as a
biomarker for detection of non-small-cell lung
cancer, miRNA-30a was more specific and
sensitive than miRNA-221.
Over the past few years, scientists have found
enough evidence to confirm the aberrant miRNA
expression between cancer patients and healthy
individuals, strongly correlated with cancer
development. In this regard, the results of our
study provide additional support, as we observed
a highly significant difference regarding miRNA30a and miRNA-221 expressions between lung
cancer patients and healthy controls. The present
results agree with a previous study where the
average miRNA-30a level dramatically increased
in the plasma of NSCLC patients compared with
those in both the benign control and the healthy
groups. This suggests that miRNA-30a may be a
useful biomarker for NSCLC diagnosis. 17
Additionally, a recent study reported a statistically
significant difference in miRNA-221 expression
between NSCLC patients and a healthy control
group, further corroborating our results. 18
Collectively, this finding suggests that miRNA30a and miRNA-221 may be employed as
diagnostic biomarkers for NSCLC.
The present study indicated no significant
difference between younger and older individuals
regarding the plasma miRNA-30a and miRNA221 levels, which is in accordance with a previous
study where no significant difference was observed
among NSCLC patients of different ages
concerning miRNA-30a level.17
We further conducted stratified analyses of
different clinicopathological subgroups according
to smoking habits (smoker vs. non-smoker), tumor
stage (stage II vs. stage III), and histological type
(adenocarcinoma vs. squamous carcinoma vs.
large cell carcinoma). No significant difference
was seen in the plasma miRNA-30a and miRNA221 levels of NSCLC patients at different TNM
stages (stage II vs. stage III), suggesting their
Middle East J Cancer 2020; 11(1): 50-58
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important value in the screening and early
detection of lung cancer, which might reduce the
false-positive rate of computed tomography
screening scans.19 A recent study reported no
significant difference between NSCLC patients
at different clinical stages regarding the plasma
miRNA-221 level, which provides additional
support for the present results.20
Based on the histopathologic types of NSCLC,
Sun et al. found no significant correlation between
miRNA-30a level and NSCLC clinicopathological
features, including histological type, age, gender,
smoking history, TNM classification, lymph node
metastasis, distant metastasis, and clinical stage.17
Interestingly, the present study found that the
plasma miRNA-30a level was significantly
upregulated in the NSCLC patients with
adenocarcinoma compared with other histological
types (squamous cell carcinoma and large cell
carcinoma), while no significant difference was
found among the NSCLC patients with different
histopathological types regarding plasma miRNA221 level. More research is to be conducted on a
larger number of patients in order to explain this
result.
Our results further showed that the plasma
miRNA-30a and miRNA-221 levels were (not
significantly) higher in NSCLC patients with
metastasis compared with NSCLC patients
without metastasis. In agreement with this finding,
Zheng and colleagues reported that the expression
level of miRNA-221 was associated with lymph
node metastasis. miRNA-221 has been suggested
to promote NSCLC H460 cell growth21 and inhibit
the growth of NSCLC cell lines.22 The specific
underlying mechanism of miRNA-221 which
affects NSCLC needs further studies.
A limitation of this study was the relatively
small number of patients and the lack of followup to assess the plasma miRNA levels following
different therapeutic modalities. More research
is required to explain the exact oncogenic
mechanisms of action in these markers.
In conclusion, this study revealed that miRNA221 and miRNA-30a may be sensitive and specific
biomarkers for early NSCLC diagnosis, and that
increased circulating miRNA-30a and miRNAMiddle East J Cancer 2020; 11(1): 50-58

221 expression levels may facilitate tumor
progression. Therefore, miRNA-30a and miRNA221 may be good prognostic biomarkers or
therapeutic targets for patients with NSCLC.

Conflict of Interest
None declared.

References
1.

Dela Cruz CS, Tanoue LT, Matthay RA. Lung cancer:
epidemiology, etiology, and prevention. Clin Chest
Med. 2011;32(4):605-44. doi:10.1016/j.ccm.
2011.09.001.
2. Novello S, Barlesi F, Califano R, Cufer T, Ekman S,
Levra MG, et al. Metastatic non-small-cell lung cancer:
ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2016;27(suppl
5):v1-v27.
3. Felekkis K, Touvana E, Stefanou Ch, Deltas C.
microRNAs: a newly described class of encoded
molecules that play a role in health and disease.
Hippokratia. 2010;14(4):236-40.
4. Wahid F, Shehzad A, Khan T, Kim YY. MicroRNAs:
synthesis, mechanism, function, and recent clinical
trials. Biochim Biophys Acta. 2010;1803(11):123143. doi: 10.1016/j.bbamcr.2010.06.013.
5. Ha, T.Y., MicroRNAs in human diseases: From cancer
to cardiovascular disease. Immune Netw. 2011; 11(3):
135-54. doi:10.4110/in2011.11.3.135.
6. Liu S, Sun X, Wang M, Hou Y, Zhan Y, Jiang Y, et al.
A microRNA 221- and 222-mediated feedback loop
maintains constitutive activation of NFkappaB and
STAT3 in colorectal cancer cells. Gastroenterology.
2014;147(4): 847-59.e11.
7. Yin Z, Xu M, Li P. miRNA-221 acts as an oncogenic
role by directly targeting TIMP2 in non-small-cell
lung carcinoma. Gene. 2017;620:46-53.
doi:10.1016/j.gene.2017.04.007.
8. Yang X, Chen Y, Chen L. The versatile role of
microRNA-30a in human cancer. Cell Physiol
Biochem. 2017;41(4):1616-32. doi: 10.1159/
000471111.
9. Zhang N, Wang X, Huo Q, Sun M, Cai C, Liu Z, et
al. MicroRNA-30a suppresses breast tumor growth
and metastasis by targeting metadherin. Oncogene.
2014. 33(24): 3119-28.
10. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA.
Non–small cell lung cancer: epidemiology, risk factors,
treatment, and survivorship. Mayo Clin Proc. 2008.
83(5):584-94.
11. Hamam R, Ali AM, Alsaleh KA, Kassem M, Alfayez
M, Aldahmash A, et al. microRNA expression profiling
on individual breast cancer patients identifies novel
panel of circulating microRNA for early detection.

57

Soad M. Abdel Ghany et al.

Sci Rep. 2016;6:25997. doi: 10.1038/srep25997.
12. Petricoin EF 3rd, Ornstein DK, Paweletz CP, Ardekani
A, Hackett PS, Hitt BA, et al. Serum proteomic patterns
for detection of prostate cancer. J Natl Cancer Inst.
2002. 94(20): 1576-8.
13. Macfarlane LA, Murphy PR .MicroRNA: biogenesis,
function and role in cancer. Curr Genomics. 2010.
11(7): 537-61.
14. Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2−ΔΔCT method. Methods. 2001;25(4):402-8.
15. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power
3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav
Res Methods. 2007;39(2):175-91.
16. Zhou X, PC Yang. MicroRNA: a small molecule with
a big biological impact. Microrna. 2012. 1(1):1.
17. Sun L, Chen Y, Su Q, Tang X, Liang Y, Che G, et al.
Increased plasma miRNA-30a as a biomarker for nonsmall cell lung cancer. Med Sci Monit. 2016. 22:647-55.
18. Geng Q, Fan T, Zhang B, Wang W, Xu Y, Hu H. Five
microRNAs in plasma as novel biomarkers for
screening of early-stage non-small cell lung cancer.
Respir Res. 2014. 15:149. doi: 10.1186/s12931-0140149-3.
19. Rothschild SI. Epigenetic therapy in lung cancer –
role of microRNAs. Front Oncol. 2013;3:158. doi:
10.3389/fonc.2013.00158.
20. Zheng D, Haddadin S, Wang Y, Gu LQ, Perry MC,
Freter CE, et al. Plasma microRNAs as novel
biomarkers for early detection of lung cancer. Int J
Clin Exp Pathol. 2011;4(6):575-86.
21. Xu Y, Zhong C, Ding S, Huang H, Shen Z. MicroRNA221 promotes human non-small cell lung cancer cell
H460 growth. Int J Clin Exp Med. 2015;8(2):202430.
22. Yamashita R, Sato M, Kakumu T, Hase T, Yogo N,
Maruyama E, et al. Growth inhibitory effects of
miR-221 and miR-222 in non-small cell lung cancer
cells. Cancer Med. 2015;4(4):551-64. doi:
10.1002/cam4.412.
23. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman
SK, Pogosova-Agadjanyan EL, et al. Circulating
microRNAs as blood-based markers for cancer
detection. Proc Natl Acad Sci U S A. 2008;105(30):
10513-8. doi: 10.1073/pnas.0804549105.
24. Yin Z, Xu M, Li P. miRNA-221 acts as an oncogenic
role by directly targeting TIMP2 in non-small-cell
lung carcinoma. Gene. 2017;620:46-53. doi:
10.1016/j.gene.2017.04.007.

58

Middle East J Cancer 2020; 11(1): 50-58

