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ABSTRACT

Purpose: The Epidermal Growth Factor Receptor (EGFR) gene and its associated pathways have recently emerged
as promising targets in precision medicine for Non-Small Cell Lung Cancer (NSCLC). This study serves as a proof of
concept, leveraging exosomal miRNAs as a cost-effective and minimally invasive liquid biopsy method. We aim to
investigate four exosomal miRNAs: miR-22-3p, miR-221-3p, miR-30b and miR-30c and with miR-1288 serving as
control. These miRNAs have been previously defined in the literature.

Materials and Methods: A total of thirty-six samples from distinct Non-Small Cell Lung Cancer (NSCLC) cases are
included. Exosomes are derived from the patients' plasma, followed by miRNA isolation, cDNA synthesis, and
quantitative polymerase chain reactions. The A/A Ct approach is employed for quantification of miRNAs.

Results: The controls: miRNA and miR-1288 are expressed in almost all samples. One sample is an exception. The
two target miRNAs, miR-30c and miR-22-3p, generated successful polymerase chain reaction (PCR) curves.
However, the remaining two miRNAs, miR-221-3p and miR-30b produced PCR curves with low amplitude.
Conclusion: miR-30b, miR-30c, miR-221-3p, miR-22-3p have previously been reported to be associated with lung
cancer, but they have not been studied in a patient series until now. In our study, exosomal miR-22-3p and miR-30c
were isolated from the cancer patients’ plasma, suggesting that they could serve as potential lung cancer biomarkers.

Keywords: EGFR, exosome, liquid biopsy, miRNA, Non-Small Cell Lung Cancer (NSCLC).

INTRODUCTION 29,314. Majority of those cases are male patients and
Among the world, lung cancer is the leading cause the mean age of patients at the time of lung cancer
cancer related deaths. World Health Organization diagnosis is 60. The 80.7% of them have Non-Small
reported the incidence for lung cancer cases is about  Cell Lung Cancer (NSCLC) type. At the time of
2 million per year (1). In Turkey, the incidence is diagnosis, about 47% of them are in the advanced

205



J Basic Clin Health Sci 2025; 9: 205-211

stage (2). Patients diagnosed at an early stage have
a chance of cure with surgery, but patients diagnosed
at a late stage do not have this chance. Therefore,
new treatment approaches are needed.

Emerging therapeutic approaches are being
developed to address the genetic profile of tumors. In
clinical settings, key biomarkers for NSCLC are the
driver mutations associated with the EGFR, KRAS,
ALK, ROS1 and MET genes. About 15% of NSCLC
patients have mutations in the Epidermal Growth
Factor Receptor (EGFR) gene. Exon 19 deletions and
the L858R mutation of EGFR enhance the tyrosine
kinase activity. Medications such as erlotinib,
gefitinib, and afatinib, which target these EGFR
mutations, improve progression-free survival (3).
However, in 50% of cases, additional EGFR
mutations (such as T790M) lead to drug resistance
(4). Examining EGFR mutations has become a
standard procedure in advanced-stage NSCLC
cases. Somatic EGFR mutations need to be
monitored intermittently throughout the cancer
process and the genetic profile in different metastatic
foci needs to be determined. Liquid biopsy has
provided the answer to this need.

Liquid biopsy, includes four main concepts:
Extracellular Vesicles (EVs), Tumor-educated
platelets (TEPs), Circulating tumor cells (CTCs), Cell-
free DNA (cfDNA). Exosomes are subclass of EVs,
and they are stable in plasma (5). Exosomes are
membrane vesicles and they are 40-150 nm in
diameter. Exosomes may be detected in plasma,
ascites and other body fluids and. Recent studies
suggest that those vesicles function as
communicators between tumor cells and far body
sites. Exosomes released by tumors contribute to
tumor progression and play key roles in
immunomodulation,  angiogenesis, and drug
resistance (6). They transport active genetic material,
with miRNA notably influencing the pre-metastatic
niche (7). It is proposed that exosomal miRNAs may
have relations with EGFR variants, making them
potential biomarkers for NSCLC cases (8). Thus, we
aim to examine four miRNAs associated with the
exosomal EGFR pathway in metastatic NSCLC
patients tested for EGFR variants through liquid
biopsy.

MATERIALS AND METHODS

Participants

Four miRNA targets associated with the EGFR
pathway were used for analysis: miR-221-3p, miR-
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22-3p miR-30b and miR-30c. The miR-1228 and the
housekeeping gene SNORD48 were analyzed as
internal controls. Patients diagnosed with advanced
stage NSCLC participated in the study. EGFR
somatic mutation research results of solid biopsy
samples taken at the time of diagnosis and liquid
biopsy samples taken during follow-up are used in the
study. Since there are no guidelines regarding the
sampling criteria and when liquid biopsy samples
should be taken during routine patient follow-up, the
results of available liquid biopsy samples are used.

Study Group

The study group included NSCLC patients who
underwent EGFR mutation testing via liquid/solid
biopsies and were managed at the Department of
Pulmonary Medicine, Ege University Hospital, and
the Genetic Evaluation Center, Tepecik Training and
Research Hospital. The study has been approved by
the ethics committee of Dokuz Eylul University, Non-
invasive Clinical Research Ethical Committee (Date:
13.02.2019, Decision no: 2019/03-72).

RNA Isolation and Sample Collection

Blood samples were collected from 36 cases, and
plasma was separated within 24 hours. Plasma
samples were kept at -80°C until exosome extraction.
Sequentially, exosome extraction, miRNA isolation
(50 pL total), and cDNA synthesis were performed
using commercial kits as per the manufacturers'
protocols [Midi Kit for Plasma/Serum Exosome
Purification and RNA Isolation (58500), Norgen,
Canadal.

Quantitative Polymerase Chain Reaction (Q-PCR)
The cDNA samples are diluted to a concentration 80
times lower than the original. PCR reactions are
carried out using the “LightCycler® 480 SYBR Green
| Master” (Roche Molecular Systems, USA) along
with specific primers targeting the desired miRNAs
and reference genes. The A/ACt approach is applied
to normalize the Ct values of miRNAs and perform
relative quantification (9).

Statistical Analysis

The statistical analyses were performed to assess the
frequency and distribution of mutations detected in
solid and liquid biopsies, as well as the association
between mutation status and patient response to
targeted therapies. Descriptive statistics, including
frequencies and percentages, were used to
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summarize categorical data. Continuous variables
were analyzed using mean and standard deviation
values where applicable. For the evaluation of
mutation prevalence in solid biopsies, the data
revealed a significant distribution across different
mutation types. Chi-square tests were employed to
determine whether the observed differences in
mutation frequencies (e.g., Exon 19 deletion, Exon 21
mutation, and combined mutations) were statistically
significant. Similarly, comparisons were made
between the mutation detection rates in solid biopsies
and the first liquid biopsies to evaluate concordance
and sensitivity. A second liquid biopsy is performed
in patients with decreased response to targeted
therapy to investigate the presence of mutations
associated with drug resistance. In cases requiring a
second liquid biopsy, mutation dynamics were
analyzed to assess the emergence of drug
resistance-associated mutations. The proportional
differences in mutation detection rates between the
first and second liquid biopsies were evaluated using
Fisher’'s exact test, given the small sample size. This
approach allowed for robust statistical evaluation of
the emergence of T790M mutations and other
resistance-related genetic alterations. All statistical
analyses were conducted using [software name, e.g.,
SPSS, R], and a p-value of <0.05 was considered
statistically significant. Results are reported with 95%
confidence intervals to ensure the reliability of the
findings.

RESULTS

The descriptive characteristics of 36 patients are as
follows: Twenty males (55.6%) males and 16 females
(44.4%). The mean age of the patients was 60.1£11.7
and the median was 58.0 [38.0-85.0]. When the
distribution of patients according to smoking status is
evaluated: 11.1% (n=4) are smokers (active
smokers), 19.4% (n=7) are non-smokers, and 25.0%
(n=9) are ex-smokers (former smokers). When the
distribution of patients according to survival status is
evaluated: 33.3% (n=12) are dead and 30.6% (n=11)
are alive (Table I). The patient samples are previously
investigated for somatic, driver EGFR mutations as
routine workup of NSCLC cases by Roche Cobas
(USA) system according to the producer's
recommendations.

When the mutation detection status of the patients in
solid biopsy is evaluated: No mutation is detected in
47.2% (n=17) of the cases, Exon 19 deletion is
detected in 36.1% (n=13) of the cases, Exon 21
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mutation in 5.6% (n=2), Exon 19 deletion and L858R
mutation in 8.3% (n=3). In the first liquid biopsy of
patients, Exon 19 deletion mutation is detected in
8.3% (n=3) of the cases, Exon 20 insertion is detected
in 2.8% (n=1), and no mutation is detected in 88.9%
of the cases. In the second liquid biopsy of patients
Exon 19 deletion is found in 25.0% (n=1), Exon 19
deletion and T790M mutation in 50.0% (n=2), and
Exon 20 insertion in 25.0% (n=1) of patients (Table
1). While there are 13 cases in which Exon 19
deletion is detected in solid biopsy; and 2 of these
cases could be detected in the first liquid biopsy
(Table 2).

Table 1. Descriptive characteristics of 36 patients.

No ‘ %
Gender
Male 20 55.6
Female 16 44 .4
Total 36 100.0
Median £ SD Median
[min-max]
Age 60.1+11.7 58.0 [38.0-85.0]
Smoking Status
Unknown 16 44 .4
Ex smoker 25.0
Non-smoker 19.4
Smoker 4 111
Total 36 100.0
Survival
Death 12 333
Alive 11 30.6
Unknown 13 36.1
Total 36 100.0
Solid Biopsy Result
No mutation 17 47.2
Exon19 deletion 13 36.1
Exon 21 2 56
Exon 20 insertion 1 28
Exon 19 deletion & L858R 3 8.3
Total 36 100.0
Liquid Biopsy (first)
Exon 19 deletion & T790M 3 8.3
Exon 20 insertion 1 2.8
No mutation 27 88.9
Total 31 100.0
Liquid Biopsy (second)
Exon 19 deletion 1 25.0
Exon 19 deletion & T790M 2 50.0
Exon 20 insertion 1 25.0
Total 4 100.0
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Table 2. The mutation status of patients by solid biopsy and first liquid biopsy.

Solid Biopsy Results and First Liquid Biopsy Results, Crosstabulation

Liquid Bx 1
- Total
Exon 19 deletion Exon 20 .
and T790M insertion | \® :11(1‘;3)t|on n (%)
n (%) n (%) °
n 2 0 11 13
Exon 19 — —
deletion % within Solid Biopsy 15.4% 0.0% 84.6% 100.0%
o, 0, Y i —
n (%) % within E")'_f; Liquid 66.7% 0.0% 34.4% 36.1%
Exon 19 n 0 0 3 3
deletion and PR —— S - . .
L858R % within Solid Biopsy 0.0% 0.0% 100.0% 100.0%
mﬁt(?,}';’" % within E")'_f; Liquid 0.0% 0.0% 9.4% 8.3%
(]
n 0 1 0 1
Solid .EXOI’I.ZO o, ithi H H o, 0, 0, 0,
. insertion % within Solid Biopsy 0.0% 100.0% 0.0% 100.0%
Biopsy % % within First Liquid
n (%) T Biopey 0.0% 100.0% 0.0% 2.8%
n 0 0 2 2
Exon 21 — —
mutation % within Solid Biopsy 0.0% 0.0% 100.0% 100.0%
o o, Y . Po—
n (%) % w'th'gi 5")':’; Liquid 0.0% 0.0% 6.3% 5.6%
n 1 0 16 17
No n:;t)ation % within Solid Biopsy 5.9% 0.0% 94.1% 100.0%
o o PN S0 Lo
% within E")'_f; Hiquid 33.3% 0.0% 50.0% 47.2%
n 3 1 32 36
Total n (%) % within Solid Biopsy 8.3% 2.8% 88.9% 100.0%
% within ;’:‘; Hiquid 100.0% 100.0% 100.0% 100.0%
Amplification Curves @m

2 1

2% 2B 31 R M 3B ¥ N0 £ 4 44 48 50
Cycles

Figure 1. Amplification curves of the control and target probes. The control probe miR1288 has Ct values between
16-21 cycles (left side). The mean Ct values for miR-22-3p and miR-30c are 30.8 and 38.4, respectively (center
panel). In contrast, two of the miRNAs, miR-221-3p and miR-30b, exhibit low PCR amplification curves, with Ct
values exceeding 40 (right panel).

The control miR1288 was identified in every sample,
except for one, whereas SNORD48 did not amplify in
seven samples. This indicates that miR1288 is a
reliable Q-PCR control. Two target miRNAs, miR-
221-3p and miR-30b, yield insufficient PCR
amplicons.
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Because of the limited quantity of extracted miRNA
(50 yL), these targets cannot be reassessed and are
therefore excluded from the study. The remaining
miRNAs, miR-22-3p and miR-30c, generate PCR
amplification curves, with average Ct values of 30.8
for miR-22-3p and 38.4 for miR-30c (Figure 1).



J Basic Clin Health Sci 2025; 9: 205-211

Among the samples analyzed, four cases showing
amplification for miR-22-3p and miR-30c also exhibit
EGFR mutations in their initial liquid biopsy: Three
cases involve exon 19 deletions combined with the
T790M mutation, and one case presents with an exon
20 insertion.

DISCUSSION

The EGFR gene is the most widely investigated target
for personalized new therapies in routine oncology
practice. Drug-sensitive and resistant variants are
determining the management of NSCLC cases (11-
13). Academic research is also focused on EGFR-
related pathways and looking for genetic and
epigenetic variations (14-15). Tumor tissues from the
solid biopsies have the advantage great amount of
tumor DNA but the disadvantages are also present:
Resampling and simultaneous monitorization of
tumor genotype evolution in all metastatic foci are
almost impossible in most of the NSCLC cases.
Monitorization is mandatory to realize the therapeutic
targets. Therefore, the liquid biopsies from tumor-
derived molecules such as ctDNA in the plasma get
their role in clinical management. Moreover, other
liquid biopsy techniques are emerging. One of them
is based on EVs.

miRNAs are promising targets due to their potential
as predictive biomarkers and their prospective role as
therapeutic agents. Recently, several miRNAs have
been investigated in the context of lung cancer,
including microRNA-133b, microRNA-135, miR-
181a, miR-223, microRNA-155, microRNA-200c,
miR-30a-5p, microRNA-106a, miR-26a, miRNA-212,
miR-486-5p, miR-3127-5p, miR-130a, miR-138-5p,
microRNA-137, and the cluster miR-134/487b/655
(16-32).

Two of the targeted miRNAs, namely miR-221-3p and
miR-30b, are omitted from the study. We consider
that if the first miRNA isolate is adequate, we may
have the opportunity to get proper PCR curves for
them also. Starting with a minimum 100ul miRNA
sample, would make a difference in success rates
because of the exclusive lung cancer patient group,
most of the time it is not possible to resample.
SNORD48 does not appear to be an appropriate
control for exosomal miRNA research, but miR1288
just failed in one sample so it could be preferred as a
control.

A comprehensive study with 845 cases of EGFR
mutation status of lung adenocarcinoma patients from
our region is previously reported elsewhere (10).
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Therefore, the presented study does not focus on
EGFR mutations but briefly: The most frequent EGFR
mutation is exon 19 deletion in our study group, and
it is found in 36.1% of solid biopsies, 8.3% of first
liquid biopsies and 25% of second biopsies (Table II).
The distinct positive mutation rates seem to be
related to patient selection for testing. Because the
same laboratory and methods are used for all
samples (Roche Cobas, California, USA).

CONCLUSION

As a conclusion, in literature, EVs and miRNAs are
investigated as potential promising biomarkers
separately because of the challenging patient group,
microvesicle, mMiRNA extraction, and Q-PCR
protocols. Extracellular vesicles (EVs) carry a
representative sample of cancer cell contents,
including miRNAs (5), making exosomal miRNAs
clinically significant. In our proof-of-concept study,
exosomal miR-30c and miR-22-3p were successfully
isolated from the NSCLC cases’ plasma in a cost-
effective manner, highlighting their potential as
biomarkers for these patients. Among the cases
analyzed, four exhibit EGFR mutations, with average
Ct values of 30.8 for miR-22-3p and 38.4 for miR-30c.
These values are comparable to those from non-
mutant samples and fall within acceptable ranges for
routine laboratory use. We consider that the
investigation of the presented and recently reported
lung cancer-associated miRNAs by our approach in
exosomes would reveal a clinically significant
genotype-phenotype correlation in NSCLC cases
(16-32).
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