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and hsa-miR-155b-5p in NSCLC patients

Abstract: Lung cancer is one of the leading causes of cancer deaths worldwide. Presently for lung cancer
patients various treatments are available, such as surgery, chemotherapy and radiotherapy. Nevertheless the
5 year overall survival remains still low. As many modern studies show, microRNAs can be novel and reliable
biomarkers to predict the prognosis of lung cancer. Therefore, the aim of this study was to investigate the
expression levels of hsa-miR-19b-3p, hsa-miR-125b-5p and hsa-miR-155b-5p in plasma of patients with
non-small cell lung cancer (NSCLC) to clarify the relationships of free-circulating microRNAs expression
with clinical factors and prognosis of NSCLC patients. Total RNA was extracted from blood samples
of 49 NSCLC patients before treatment, 37 NSCLC patients after platinum-based chemotherapy and 50
healthy controls. The relative expression levels of microRNAs were evaluated by real time-polymerase
chain reaction (RT-PCR). Kaplan-Meier method was used to analyze the survival curve. Plasma hsa-miR-
19b-3p, hsa-miR-125b-5p and hsa-miR-155b-5p expression levels in NSCLC patients were significantly
upregulated compared with those in healthy individuals (all P <= 0.01). In plasma of NSCLC patients
the expression level of hsa-miR-155b-5p significantly decreased in response to chemotherapy (P <0.01).
NSCLC patients with high plasma hsa-miR-19b-3p and hsa-miR-155b-5p expression levels had a shorter
overall survival than patients with low expression levels of these microRNAs (P =0.005). Thus, the free-
circulating hsa-miR-19b-3p and hsa-miR-155b-5p levels may serve as promising prognostic biomarkers in
patients with NSCLC and hsa-miR-155b-5p can be used as biomarker for monitoring of effectiveness of
antitumor therapy.
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hsa-miR-155b-5p, overall survival.

Introduction

MicroRNAs are a class of small non-coding en-
dogenous RNAs with a length of 21-25 nucleotides
that play an important role in the post-transcriptional
regulation of gene expression by targeting mRNA
followed by translation repression. MicroRNAs are
involved in the pathogenesis of numerous diseases,
including autoimmune, neurodegenerative diseases
and cancer. Recently, the study of the level of free-
circulating miRNAs has an increasingly widespread
practical application in the diagnosis, prevention and
treatment of various diseases [1]. Many studies have
shown that microRNAs participate in tumorigenesis
and progression of various types of cancer, including
lung [2; 3]. Lung cancer is one of the leading causes
of cancer deaths worldwide [4]. Unfortunately, to
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date, 100% sensitive and specific biomarkers for
lung cancer have not been found. Moreover, some
cancer-specific biomarkers were also found in plas-
ma of healthy people [5]. Perhaps the development of
microRNA-based panels would be effective for the
early diagnosis of lung cancer.

Therefore, the purpose of this study was to assess
the predictive value of free-circulating microRNAs
hsa-miR-19b-3p, hsa-miR-125b-5p and hsa-miR-
155b-5p for diagnosis, prognosis and effectiveness
of antitumor therapy in NSCLC patients.

Materials and methods
Patients. A total of 86 blood samples of NSCLC

patients and 50 blood samples of healthy individuals
collected between 2015 and 2018 from Astana On-
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cology Center and Akmola region Oncology Hospi-
tal. All cases were newly diagnosed, previously un-
treated and histologically confirmed. Clinical stage
was classified according to the sixth edition of the
tumor-node-metastases (TNM) classification of the
International Union Against Cancer.

49 samples were obtained before anticancer
treatment, including surgery, chemotherapy and ra-
diotherapy. 37 samples were obtained from patients
after a course of platinum-based chemotherapy. The
treatment was carried out in accordance with the
Clinical Protocol for the Diagnosis and Treatment of
Lung Cancer, recommended by the Expert Council
of the Republican State Health Service at the Repub-
lican Center for the Development of Health Care of
the Ministry of Health and Social Development of
the Republic of Kazakhstan dated October 30, 2015
(Protocol No. 14) [6].

The study was approved by the Ethical Commit-
tee of the Astana Medical University, Kazakhstan
(Astana, Kazakhstan; approval no. 4).

All participants were informed about the purpose
and procedures, and their written informed were ob-
tained.

RNA extraction from blood. A 10 ml sample of
whole peripheral blood was collected from each sub-
ject into ETDA containing tubes. Blood was centri-
fuged at 3,000 x g for 10 min and supernatant stored
in aliquots at -80°C. Total RNA from 200 pL plasma
was isolated using the miRCURY RNA Isolation
Kit — Biofluids (#300112, EXIQON, Vedback, Den-
mark) in accordance with the protocol.

microRNAs analysis by qPCR. The expression
levels of microRNAs were determined by evaluating
the level of fluorescence emitted by SYBR GREEN
tracer. MiRCURY LNA™ UNIVERSAL RT mi-
croRNA PCR LNA™ kit, including microRNAs
specific primers hsa-miR-19b-3p (#204450, Exiqon,
Denmark), hsa-miR-125b-5p(#205713, Exiqon, Den-
mark), hsa-miR-155-5p(#204308, Exiqon, Denmark)
was used to amplify microRNAs according to the
manufacturer’s instructions. cDNAs were prepared
using Universal synthesis Kit (#203301, EXIQON,
Vedbacek, Denmark) according to the manufacturer’s
instructions. Real-time PCR amplification was per-
formed in the CFX96 Touch™ Real-Time PCR De-
tection System (Bio-Rad). Each reaction was carried
out using 4 uL of cDNA, 1 pL of PCR primer mix
and 5 pL. SYBR-Green PCR Master mix (#203403,
EXIQON, Vedbaek, Denmark) in a final 10 pL vol-
ume. The qRT-PCR was performed at 95°C for 10
min for one cycle, then 95°C for 10 sec with 60°C
for 60 sec for 40 cycles. Gene expression was nor-
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malized to RNU6B (#203907, EXIQON, Vedbaek,
Denmark). All reactions were carried out in tripli-
cate, and the 274 method was used to quantify the
relative microRNA amount [7].

Statistical Analysis. Differences in microRNA
levels between NSCLC patients and healthy control
were compared using a paired Student’s t-test. Ka-
plan-Meier method was used to analyze the survival
curve. P value < 0.05 considered as significant. These
statistical analyses were performed using GraphPad
Prism 7.0 (Graphpad software Inc., CA, USA).

Results and discussion

Study design. The study included 50 volunteers
without pulmonary pathologies and acute/chronic
inflammatory diseases (control), among them 11
women and 39 men. The average age in the group
was 47 years. The group consisted of 8 smokers, 41
non-smokers and 1 former smoker. The group of lung
cancer patients included 86 people, among them 16
women and 70 men. The average age in the group
was 65 years. The lung patients group consisted of
34 smokers, 33 non-smokers and 19 former smokers.

The group of lung cancer was consisted of 20
patients with pathologic stage I NSCLC, 32 patients
with stage II, 25 patients with stage III and 9 patients
with pathologic stage IV NSCLC.

Comparison of two groups (“Lung cancer” and
“Control”) by sex, age and smoking status presented
in Table 1.

Table 1 — Characteristics of the subject participating in the study

Lung cancer Control p
(n=86) (n=50)
Male 70(81%) 39 (78%) ol
Female 16 (19%) 11(22%)
Age <60 30 (35%) 21 (42%)
Age >60 56 (65%) 29 (58%) 033
Non-smokers 33 (34%) 41 (82%)
Smokers 34 (39%) 8 (16%) 0.36
Former Smokers 19 (27%) 1(2%)

NSCLC patients were divided into two experi-
mental groups: lung cancer before treatment and lung
cancer after treatment, depending on the presence/ab-
sence of chemotherapy. The first group consisted of
49 people; the second group consisted of 37 people.
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Comparison of the experimental groups “Lung can-
cer after treatment” and “Lung cancer before treat-
ment” are shown in Table 2.

Table 2 — Comparative characteristic of the experimental
groups “Lung cancer before treatment” and “Lung cancer after
treatment”

Lung cancer Lung cancer
after treatment | before treatment P
(n=37) (n=49)
Male 31(84%) 39(80%) 078
Female 6 (16%) 10(20%)
Age <60 18 (27%) 14(8%) 051
Age >60 27 (73%) 45(92%)
Non-smokers 9 (24%) 24(49%)
Smokers 21(57%) 13(27%) 0.52
S}:n?f)‘lf;rs 7 (19%) 12(24%)

The level of relative expression of free-circulating
microRNA hsa-miR-19b-3p in lung cancer patients

The results showed that the level of expression of
hsa-miR-19b-3p in patients with lung cancer before
treatment was 6.5 times higher than in healthy people
(p <0.0001). Similar data were obtained by analyz-
ing the expression of hsa-miR-19b-3p in the plasma
samples of patients with lung cancer after treatment.
In this group, the level of hsa-miR-19b-3p was 6.9

Figure 1 — Relative expression level of hsa-miR-19b-3p in
patients with lung cancer before and after treatment compared
to control
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times higher compared with the control (p <0.0001)
(Figure 1). There was no difference in expression of
hsa-miR-19b-3p in both groups of lung cancer pa-
tients.

The level of relative expression of free-circulat-
ing microRNA hsa-miR-125b-5p in lung cancer pa-
tients

The relative expression level of hsa-miR-125b-
5p in plasma samples of lung cancer patients before
treatment was 4 times higher than that in plasma
samples of healthy individuals (p <0.001). The re-
sults showed no differences in the expression level of
hsa-miR-125b-5p in plasma of lung cancer patients
after treatment and healthy people from the control
group. Comparison of the expression level of hsa-
miR-125b-5p in blood plasma of lung cancer patients
showed that the expression level was almost 2 times
lower after treatment than in lung cancer patients be-
fore treatment (Figure 2).

The level of relative expression of free-circulating
microRNA hsa-miR-155-5p in lung cancer patients

In plasma of patients with lung cancer before
treatment, the expression level of hsa-miR-155-
S5p was 2 times higher compared to the control
group (p <0.001). Difference in the level of hsa-
miR-155-5p expression between the lung cancer
patients after treatment and healthy individuals
was not detected. A twofold decrease in the level
of free-circulating hsa-miR-155-5p was observed
in plasma samples of lung cancer patients after
treatment compared to patients before treatment (p
<0.01) (Figure 3).

Figure 2 — Relative expression level of hsa-miR-125b-5p in
lung cancer patients before and after treatment compared to
control
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Survival of lung cancer patients according to the
expression levels of free-circulating microRNA hsa-
miR-19b-3p, hsa-miR-125b-5p, hsa-miR-155-5p

Univariate analysis revealed that patients with
high expression of hsa-miR-19b-3p had shorter sur-
vival time than those with low expression (HR =
2.33, 95% CI: 1.04-5.230, p = 0.02) (Figure 4A).
Plasma level of hsa-miR-125b-5p was not associated
with survival in lung cancer patients (p = 0.2). High
expression level of hsa-miR-155b-5p was signifi-
cantly associated with worse survival in lung cancer
patients (HR = 2.78, 95% CI: 1.32-5.88, P = 0.005)
(Figure 4D).

Then combination of plasma hsa-miR-19b-3p
and hsa-miR-155b-5p was analyzed. Using the low-
risk group (low hsa-miR-19b-3p and hsa-miR-155b-

Figure 3- Relat_ive expression level of hsa-miR-lSSb-Sp in Sp expression) as a reference, patients Wlth hlgh hsa_
lung cancer patients before alsrd lafter therapy compared to miR-19b-3p and hsa-miR-155b-5p expression had
contro .
2.14- (95% CI: 1.147 to 4.092, p=0.005) increased
risk of death.
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Figure 4 — Kaplan-Meier survival curves of lung cancer patients according to the expression levels
of free-circulating microRNA hsa-miR-19b-3p (A) and hsa-miR-155-5p (B)
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Despite the accuracy of diagnostic methods used
in modern pathology has dramatically improved, the
early diagnosis of lung cancer remains challenging.
Unique microRNA expression profiles have been
observed in various cancer types at different stages,
suggesting their potential as diagnostic and prognos-
tic biomarkers. In addition, there is a requirement to
new sensitive and specific prognostic markers which
can be used to determine the effectiveness of chemo-
therapy and the individual response of the patient to
the treatment.

microRNAs can modulate the expression of mul-
tiple genes, playing essential roles in many cellular
processes, and thus microRNAs can directly influ-
ence the development and progression of many types
of cancer [1]. Unique microRNA expression profiles
have been observed in various cancer tumors [1], sug-
gesting their potential as diagnostic and prognostic
biomarkers. The miR-19 family (miR-19a and miR-
19b) are key oncogenic components of the miR-17-
92 cluster [8]. It was shown that miR-19b enhances
the proliferation and apoptosis resistance of cancer
cells by the epidermal growth factor receptor (EGFR)
signaling pathway [9]. Moreover, overexpression of
miR-19b observed in human cancer cells can dimin-
ish p53 protein levels [10].

In our study we have shown aberrant expres-
sion level of hsa-miR-19b-3p in plasma of NSCLC
patient. Our data are consistent with other studies
[11; 12]. Considering these results, hsa-miR-19b-3p
might serve as an oncogene, and play a crucial role
during tumor development of lung cancer. However,
it is interesting that the expression of hsa-miR-19b-
3p remained at the same level in the group after plat-
inum-based chemotherapy.

Based on the altered this microRNA expression in
plasma of NSCLC patients, we further analyzed the
clinical value of hsa-miR-19b-3p in lung cancer prog-
nosis. According to the Kaplan—Meier survival analy-
sis, we observed that patients with high hsa-miR-19b-
3p expression had a shorter survival time than those
with low expression, suggesting that overexpression
of hsa-miR-19b-3p might be closely correlated with
poor overall survival of lung cancer patients.

There are a lot of controversial data about role
of hsa-miR-125b in human cancer. Thus, Gong et
al. shown that miR-125b may promote apoptosis by
suppressing the anti-apoptotic molecules of the Bcl-2
family [13]. One there over hand, it was demonstrat-
ed, that miR-125b is an important negative regula-
tor of p53 and p53-induced apoptosis [14; 15]. There
is the same situation in the question about a role of
miR-125b as biomarkers for diagnosis of lung cancer.
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Different studies have shown that miR-125b is up-
regulated [16] or down-regulated [17] in lung cancer.
Our results are consistent with the data from other
authors on the role of hsa-miR-125b as an oncomiR
since over-expression of this microRNA is observed
in plasma blood samples of lung cancer patients.
The trend of down-regulation of hsa-miR-125b in
NSCLC patients after treatment was found (p=0.06).
There was no significant relationship between high
expression levels of blood free-circulating hsa-miR-
125b and patient survival prognosis. Li et al. had
shown that miR-125b promoted tumor metastasis in
NSCLC patients [18]. In our study we could not find
correlation between metastasis progression and the
expression level of hsa-miR-125b (data not shown).

Many studies had shown that altered expression
of miR-155 was associated with various physiologi-
cal and pathological processes, including hematopoi-
etic lineage differentiation [19], immune response
[20], inflammation [21] and tumorigenesis [22]. Fur-
thermore, Lv et al. [23] found that miR-155 drives
therapy resistance mechanisms in human lung can-
cer A549/dox cells. Our results demonstrated over-
expression of hsa-miR-155b-5p in blood plasma of
NSCLC patients compared to control. Moreover,
high hsa-miR-155b-5p expression level was found to
be correlated with poor survival in lung cancer pa-
tients. Our data suggest that has-miR-155b-5p can be
promising biomarker for monitoring of effectiveness
of antitumor therapy. Because, the significant de-
crease in the level of free-circulating hsa-miR-155-
5p was observed in NSCLC patients after treatment
compared to patients before treatment. Our data are
consistent with the results of Van Roosbroeck [24],
who showed, that combined treatment of miR-155
inhibitor and cisplatin significantly reduced viability
of lung cancer cells.

Conclusion

Present study showed that plasma levels of hsa-
miR-19b-3p, hsa-miR-125b-5p and hsa-miR-155b-
5p were associated with lung cancer and could be
useful for further development of microRNA-based
panels for early diagnosis of NSCLC. Free-circulat-
ing hsa-miR-19b-3p and hsa-miR-155b-5p can be
used as prognostic biomarkers for NSCLC patients.
Plasma levels of hsa-miR-155b-5p may serve as bio-
marker for NSCLC patients receiving platinum-based
chemotherapy. Further studies are needed to investi-
gate the role of hsa-miR-125b-5p as biomarker for
monitoring of effectiveness of antitumor therapy in
NSCLC.
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