T

872 THE JOURNAL KAZAKH-RUSSIAN MEDICAL UNIVERSITY

YK 616-006.6, 616-079.4
MPHTH 34.15.51, 76.29.49

POSTOPERATIVE DYNAMICS OF PLASMA MICRORNA
IN PATIENTS WITH NON-SMALL CELL LUNG CANCER

DOI: https://doi.org/10.64854/2790-1289-2026-53-3-05

Y. Y. Ashirbekov '*, A. M. Nurgazy ', K. S. Satken ',
B. O. Imanbekov?, K. O. Sharipov '+#
' RSE on REM «Aitkhozhin Institute of Molecular Biology and Biochemistry» of the Science Committee
of the Ministry of Science and Higher Education of the Republic of Kazakhstan, Kazakhstan, Almaty
2 NJSC «Al-Farabi Kazakh National University», Kazakhstan, Almaty
3 JSC «Kazakh Institute of Oncology and Radiology», Kazakhstan, Almaty
4 NJSC «Asfendiyarov Kazakh National Medical University», Kazakhstan, Almaty
* Corresponding author

Abstract

Relevance. Circulating microRNAs are promising minimally invasive biomarkers for the diagnosis of
non-small cell lung cancer. However, their biological origin remains insufficiently understood. If the pri-
mary tumor represents their principal source, surgical tumor resection would be expected to reduce their
plasma levels.

Objective. To determine whether plasma levels of previously identified diagnostic miRNAs decrease
following surgical tumor resection in patients with non-small cell lung cancer.

Materials and methods. The study included 18 patients with histologically confirmed non-small cell
lung cancer and 41 healthy controls who participated in our previous study. Paired patient plasma samples
were collected before surgery and 14—119 days after surgery, prior to adjuvant therapy. The experimental
workflow included magnetic bead-based RNA isolation, reverse transcription, TagMan-based real-time
PCR, and normalization to the exogenous spike-in control ath-miR-159a. Statistical analyses included cor-
rection for multiple comparisons.

Results. Seven miRNAs (miR-130b-3p, miR-1-3p, miR-423-5p, miR-200a-3p, miR-154-5p, miR-376a-
3p, and miR-18b-5p) were significantly elevated in preoperative plasma compared with healthy controls.
Five remained significantly elevated after surgery. No statistically significant postoperative decrease in
NSCLC-associated candidate miRNAs was detected after correction for multiple comparisons. Three miR-
NAs (miR-495-3p, miR-191-5p, and miR-543) showed postoperative decreases at nominal p < 0.05, but
these differences did not remain significant after correction. Their preoperative levels did not differ signifi-
cantly from those of healthy controls. No statistically significant correlation was detected between postop-
erative miRNA levels and the time from surgery to postoperative blood sampling in this sample.

Conclusions. No statistically significant postoperative decrease in non-small cell lung cancer-associated
candidate miRNAs was detected after correction for multiple comparisons. These findings do not establish
their cellular origin or validate their utility for postoperative disease monitoring. Larger prospective studies
are required.

Keywords: carcinoma, non-small-cell lung, circulating microrna, plasma, biomarkers, tumor.

Introduction

Lung cancer (hereinafter — LC) remains one of
the leading causes of cancer-related mortality world-
wide and represents a major public health challenge
[1; 2]. Despite advances in diagnostic imaging and
therapeutic strategies, a substantial proportion of

patients are still diagnosed at advanced stages, re-
sulting in poor clinical outcomes. Since prognosis
is closely linked to disease stage at diagnosis, the
development of reliable approaches for early detec-
tion remains a clinical priority. Current approach-
es to LC diagnosis, including imaging for lesion
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detection and histopathological examination for di-
agnostic confirmation, have important limitations.
Radiological findings alone are often insufficient to
reliably distinguish malignant from benign pulmo-
nary lesions as well as infectious and inflammato-
ry diseases, making accurate differential diagnosis
challenging [2; 3]. Although tissue biopsy remains
the diagnostic gold standard, it is invasive and may
not be feasible in all patients because of lesion loca-
tion, procedural risks, or patient-related factors [4].

In this context, circulating microRNAs (miR-
NAs) have attracted considerable attention as po-
tential minimally invasive biomarkers. miRNAs are
small non-coding RNAs that regulate gene expres-
sion at the post-transcriptional level and are involved
in key biological processes, including cell prolifer-
ation, apoptosis, and tumor progression. Numerous
studies have demonstrated that miRNA expression
profiles are altered in cancer and may serve as dis-
ease-specific signatures [5]. Importantly, miRNAs
are remarkably stable in biological fluids, including
plasma, due to their association with protein com-
plexes or encapsulation in extracellular vesicles,
which protects them from degradation. These char-
acteristics make circulating miRNAs particularly
attractive as liquid biopsy biomarkers [6; 7].

Several studies have identified miRNA-based
biomarkers with promising diagnostic performance
in LC using different biospecimens, including blood
and exhaled breath condensate [8§—10]. In particular,
our previous work demonstrated that selected cir-
culating miRNAs can effectively discriminate LC
patients not only from healthy individuals but also
from patients with tuberculosis, highlighting their
potential clinical utility in differential diagnosis
[11]. Nevertheless, despite the growing body of ev-
idence supporting the diagnostic value of circulat-
ing miRNAs, important questions remain regarding
their biological origin and dynamics in relation to
tumor presence.

It is generally assumed that tumor cells contrib-
ute to the pool of circulating miRNAs through active
secretion and passive release during cell death [12].
If tumor cells represent a major source of circulat-
ing tumor-associated miRNAs, surgical removal of
the tumor would be expected to reduce their plas-
ma levels. However, this hypothesis has not been
consistently validated, and circulating miRNAs
may also reflect systemic responses to malignancy
and surgical intervention, including inflammation
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and tissue remodeling, thereby complicating their
interpretation.

As a continuation of our previous study [11],
we investigated changes in circulating miRNA
levels in patients with non-small cell LC (herein-
after — NSCLC) using a paired study design com-
paring plasma samples collected before treatment
and after surgical tumor resection. We hypothesized
that miRNAs previously identified as NSCLC-
associated biomarkers would decrease in plasma
following surgery if the primary tumor represented
amajor source of these circulating miRNAs. Testing
this hypothesis may provide important insights into
the biological origin of circulating miRNAs and fur-
ther substantiate their application not only as diag-
nostic biomarkers but also for monitoring disease
dynamics and treatment response.

Materials and methods

Type of study. This was an observational study
comparing paired pre- and postoperative plasma
samples from patients with NSCLC and plasma
samples from healthy controls.

Ethics approval. The study protocol was ap-
proved by the Local Ethics Committee of the
Aitkhozhin Institute of Molecular Biology and
Biochemistry (Protocol No. 9, dated 08.12.2021).
Written informed consent was obtained from all
participants prior to sample collection.

Subjects. Blood samples from 18 patients with
histologically confirmed NSCLC were collected
at the Kazakh Research Institute of Oncology and
Radiology (Almaty, Kazakhstan) before treatment
between August 2022 and May 2023. A second
blood sample was collected 14119 days after sur-
gical tumor resection, prior to the initiation of adju-
vant chemotherapy or radiotherapy. Exclusion crite-
ria were severe comorbidities, HIV infection, other
malignancies, and mental disorders. Blood samples
from 41 healthy donors (control group) were collect-
ed at the Almaty Multidisciplinary Clinical Hospital
(Almaty, Kazakhstan) between February and April
2023. Blood was collected into vacuum tubes con-
taining 3.2 % sodium citrate as an anticoagulant,
which had demonstrated a high miRNA yield during
preliminary RNA extraction experiments.

The preoperative patient samples and the sam-
ples from healthy controls were collected as part of
our previous study [11], and the same miRNA panel
and experimental workflow were retained.

Plasma preparation. Blood samples were
stored at 4 °C for no longer than 2 h prior to plasma



L ew

472

THE JOURNAL KAZAKH-RUSSIAN MEDICAL UNIVERSITY

separation. After gentle inversion, samples were
centrifuged at 1000 x g for 15 min at 4 °C. The plas-
ma supernatant was transferred to fresh tubes and
centrifuged again at 2500 x g for 15 min at 4 °C.
The resulting plasma was aliquoted into 100 pL por-
tions and stored at —70 °C until RNA isolation.

RNA isolation. Total RNA was isolated from
100 pL of plasma using the MagMAX™ mirVana™
Total RNA Isolation Kit (Thermo Fisher Scientific,
Cat. No. A27828, Waltham, MA, USA) according
to the manufacturer’s instructions. Before RNA
isolation, 2 fmol of the exogenous spike-in control
ath-miR-159a (5'-phosphorylated RNA oligonucle-
otide; Thermo Fisher Scientific, Cat. No. 10620310)
was added to each sample.

cDNA synthesis. cDNA was synthesized using
the TagMan™ Advanced miRNA cDNA Synthesis
Kit (Thermo Fisher Scientific, Cat. No. A28007) ac-
cording to the manufacturer’s instructions.

Quantitative PCR. Amplification was per-
formed using TagMan™ Advanced miRNA Assays
(Thermo Fisher Scientific, Cat. No. A25576) to-
gether with TagMan™ Fast Advanced Master Mix
(Thermo Fisher Scientific, Cat. Nos. 4444556,
4444557, and 4444964) on a StepOnePlus™ Real-
Time PCR System (Applied Biosystems, Thermo
Fisher Scientific) according to the manufacturer’s
protocol.

Primary data were analyzed using StepOnePlus
Software v2.2.2 and ExpressionSuite Software
v1.3. Relative miRNA expression was expressed
as ACt values, calculated as ACt = Ct(reference) —
Ct(target), with the exogenous spike-in ath-miR-
159a used as the normalization control, as described
previously [13]. Effect estimates for group com-
parisons were calculated on the ACt scale and re-
ported as log2 fold-change (log2FC) values with
corresponding 95% confidence intervals. For inde-
pendent-group comparisons, positive log2FC val-
ues indicated higher miRNA levels in the first group
listed. For paired postoperative versus preoperative
comparisons, negative log2FC values indicated a
postoperative decrease in miRNA levels. For com-
parative visualization of miRNA levels between
groups, boxplots were generated using the SRplot
online platform [14].

Statistical analysis was performed using Jamovi
v2.6.44 software [15]. Age was compared between
independent groups using Student’s t-test, while

independent-group comparisons of miRNA levels
were performed using the Mann—Whitney U test.
Categorical variables were analyzed using Fisher’s
exact test. Paired preoperative and postoperative
miRNA levels were compared using a one-sided
Wilcoxon signed-rank test because a postopera-
tive decrease was prespecified as the direction of
the primary hypothesis. Corresponding nonpara-
metric effect estimates and 95% confidence in-
tervals were reported. Given the relatively small
number of paired observations, the results of the
paired analyses were interpreted with consideration
of effect estimates and confidence intervals rather
than statistical significance alone. P-values < 0.05
were considered statistically significant. For multi-
ple comparisons, p-values were adjusted using the
Benjamini—Hochberg false discovery rate (herein-
after — FDR) procedure. Adjusted p-values < 0.05
were considered statistically significant [16].

Results

To test the hypothesis that the tumor represents
the primary source of circulating miRNA biomark-
ers, we compared preoperative and postoperative
miRNA levels in patients with NSCLC. In addi-
tion, both preoperative and postoperative miRNA
levels were compared with those of healthy con-
trols to confirm the cancer-associated alterations in
circulating miRNA expression before surgery and
to evaluate whether miRNA levels shifted toward
those observed in healthy individuals following tu-
mor resection.

The demographic and clinical characteristics of
the study groups are summarized in Table 1. Patients
and controls did not differ significantly in age, sex
distribution, smoking status, alcohol consumption,
or family history of cancer (p = 0.982, 1.000, 0.422,
0.322, and 0.578, respectively). The mean time
from surgery to postoperative blood sampling was
54.72 +25.24 days (range 14-119 days).

The results of the quantitative analysis are sum-
marized in Table 2. Representative examples are
shown in Figures 1 and 2. Preoperative plasma
levels of seven miRNAs (miR-130b-3p, miR-1-
3p, miR-423-5p, miR-200a-3p, miR-154-5p, miR-
376a-3p, and miR-18b-5p) were significantly high-
er in NSCLC patients than in healthy controls, with
log2FC values ranging from 1.12 to 2.61. All of
these differences remained statistically significant
after correction for multiple comparisons.
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Table 1. Demographic and clinical characteristics of the study groups

Characteristics Controls NSCLC patients
Total 41 18
Male/Female 30/11 13/5
Never-smokers/Former smokers/Current smokers™ 23/4/14 7/2/9
Non-drinkers/Occasional drinkers/Frequent drinkers 33/8/0 12/6/0
Family history of cancer (Yes/No) 2/39 2/16
Lung adenocarcinoma/Squamous cell lung carcinoma - 10/8
Tumor stage (I/11/11T) - 6/4/8
Time from surgery to postoperative blood sampling, days - 54.72 +£25.24
Age, years (mean + SD) 58.46 + 8.09 58.41 + 8.83

* Former smokers who had quit smoking less than 3 years before enrollment were classified as current smokers;
Source: Compiled by the authors.

At postoperative sampling, five of the seven
miRNAs remained significantly elevated compared
with healthy controls, even after FDR correction for

multiple comparisons. In contrast, postoperative lev-
els of miR-154-5p and miR-18b-5p were no longer
significantly different from those of the control group.

Table 2. Comparison of plasma miRNA levels between pre- and postoperative NSCLC patients and healthy

controls
miRNA Pre-op vs. Controls' Post-op vs. Controls' Post-op vs. Pre-op?
log FC (95 % CI)*| p-value |log FC (95 % CI)"| p-value |logFC (95 % CI)* |p-value
miR-130b-3p | 2.20 (1.37;2.99) [4.8x107*| 1.71 (0.95;2.64) | 3.2x10** | -0.62 (-Inf; 0.18) | 0.111
miR-1-3p | 2.61 (1.33;3.48) [1.7x10°*| 2.80 (2.09; 3.52) |3.8x107* | 0.38 (-Inf; 1.19) | 0.842
miR-423-5p | 1.55(0.95;2.25) {2.9x10°*| 2.00 (1.35; 2.69) | 5.0x10** | 0.50 (-Inf; 1.10) | 0.959
miR-200a-3p | 1.45(0.76;2.10) |7.4x10*| 1.52 (0.73;2.07) | 4.8x10“** | 0.02 (-Inf; 0.50) | 0.517
miR-154-5p | 2.26 (0.76; 5.04) | 0.0024* | 0.88 (-0.67;3.22) | 0.269 -1.26 (-Inf; 0.13) | 0.058
miR-376a-3p | 1.44 (0.58;2.42) | 0.0012* | 1.57 (0.75; 2.40) | 2.6x10** | 0.04 (-Inf; 0.79) | 0.552
miR-18b-5p | 1.12 (0.34; 1.90) | 0.010* | 0.86 (-0.05; 1.70) | 0.064 -0.32 (-Inf; 0.53) | 0.169
miR-191-5p | 0.73 (-0.08; 1.79) | 0.066 | 0.27 (-0.92;0.95) | 0.642 | -0.92 (-Inf; -0.33) |0.0083"*
miR-375-3p | 0.74 (-0.11; 1.56) | 0.082 | 0.66 (-0.03; 1.33) | 0.055 -0.14 (-Inf; 0.83) | 0.380
miR-29b-2-5p | 1.06 (-0.53; 2.65) | 0.222 | 0.70 (-1.18;2.25) | 0.508 -0.92 (-Inf; 0.81) | 0.204
miR-382-5p | 0.86 (-0.71;2.52) | 0.235 |-0.38 (-2.88;1.67)| 0.788 -1.11 (-Inf; 0.88) | 0.180
miR-543 | 0.95(-0.77;2.95) | 0.248 [-0.76 (-4.25;1.04)| 0.508 | -2.70 (-Inf; -0.57) | 0.025%
miR-15b-5p | 0.87 (-0.72;2.30) | 0.276 |-1.20 (-3.14; 0.50)| 0.151 -1.45 (-Inf; 0.62) | 0.096
miR-495-3p | 0.69 (-0.78;2.42) | 0.339 |-2.19(-4.35;0.13)| 0.066 | -2.37 (-Inf; -0.97) |0.0045*
miR-204-5p |-0.62 (-2.11; 0.90)| 0.419 |-0.49 (-2.27;1.17)| 0.610 -0.05 (-Inf; 1.59) | 0.483

Abbreviations: Pre-op, preoperative patient samples, Post-op, postoperative patient samples.
I Mann—Whitney U test for comparisons between independent groups;
? One-sided Wilcoxon signed-rank test with corresponding one-sided 95 % confidence intervals to assess
postoperative decreases in miRNA levels,; -Inf indicates an unbounded lower confidence limit,
"log2FC values are positive when miRNA levels are higher in the first group listed in each comparison;
* Significant at p < 0.05;
* Significant after false discovery rate (FDR) correction for multiple comparisons (adjusted p < 0.05).
Source: compiled by the authors.
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Figure 1. Relative expression of selected circulating miRNAs
in healthy controls and NSCLC patients before and after surgery.

Abbreviations: Pre-op, preoperative patient samples, Post-op, postoperative patient samples.
Comparisons between independent groups were performed using the Mann—Whitney U test.
Postoperative decreases were evaluated using a one-sided Wilcoxon signed-rank test.

The significance annotations show nominal, unadjusted p-values. FDR-adjusted significance is indicated
in Table 2. ns, not significant; * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.
Source: compiled by the authors.
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Figure 2. Individual changes in plasma levels of selected miRNAs
in NSCLC patients before surgery and at postoperative sampling.
Abbreviations: Pre-op, preoperative patient samples, Post-op, postoperative patient samples.
Statistical comparisons were performed using a one-sided Wilcoxon signed-rank test.
The significance annotations show nominal, unadjusted p-values. FDR-adjusted significance
is indicated in Table 2. ns, not significant; * p < 0.05; ** p < 0.01.
Source: compiled by the authors.

In the unadjusted paired analyses, postoper-
ative decreases were observed for miR-495-3p,
miR-191-5p, and miR-543 (nominal p < 0.05).
However, none of these associations remained sta-
tistically significant after correction for multiple
comparisons. miR-154-5p showed an estimated

postoperative decrease (log2FC = —1.26); howev-
er, the statistical evidence for this difference was
inconclusive (p = 0.058).

No statistically significant correlations were
detected between the time from surgery to post-
operative blood sampling and either postoperative
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miRNA levels or postoperative levels normalized to
the corresponding preoperative values.

Exploratory secondary analyses were performed
to examine potential associations between miRNA
levels and selected demographic, lifestyle, and clin-
icopathological characteristics.

Neither preoperative nor postoperative miR-
NA levels differed significantly between patients
with adenocarcinoma and those with squamous cell
carcinoma.

Postoperative levels of miR-18b-5p, miR-1-3p,
and miR-376a-3p were significantly higher in men
than in women (p=0.0022, 0.016, and 0.022, respec-
tively). In addition, normalized postoperative levels
of miR-18b-5p, miR-130b-3p, and miR-29b-2-5p
were also significantly higher in men (p = 0.019,
0.035, and 0.035, respectively). However, after cor-
rection for multiple comparisons, only the differ-
ence in postoperative miR-18b-5p levels remained
statistically significant (adjusted p = 0.033).

Smokers exhibited significantly higher postop-
erative and normalized postoperative levels of miR-
18b-5p than non-smokers (p = 0.040 and 0.032,
respectively); however, these differences were
no longer significant after correction for multiple
comparisons.

Occasional alcohol drinkers showed signifi-
cantly higher postoperative levels of miR-1-3p,
miR-130b-3p, miR-376a-3p, and miR-18b-5p
(p = 0.0063, 0.018, 0.031, and 0.034, respective-
ly), as well as higher normalized postoperative lev-
els of miR-18b-5p, miR-130b-3p, and miR-15b-5p
(p =0.0032, 0.0069, and 0.013, respectively), com-
pared with non-drinkers. After correction for mul-
tiple comparisons, only normalized postoperative
miR-18b-5p levels remained significantly different
(adjusted p = 0.048).

No significant differences in postoperative or
normalized postoperative miRNA levels were ob-
served according to the presence or absence of a
family history of cancer.

No significant associations were found between
normalized postoperative miRNA levels and dis-
ease stage.

Discussion

Whether diagnostic circulating miRNAs origi-
nate predominantly from the primary tumor remains
an important but insufficiently explored question.
The present study addressed this issue by investigat-
ing whether circulating miRNAs previously identi-
fied as diagnostic biomarkers of NSCLC decrease
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following surgical tumor resection. The principal
findings can be summarized as follows. First, most
miRNAs with previously demonstrated diagnostic
performance remained significantly elevated in the
present subset of patients compared with healthy
controls. Second, contrary to our prespecified hy-
pothesis, the majority of these biomarkers did not
demonstrate a clear and consistent decline follow-
ing surgical resection of the primary tumor. Finally,
no statistically significant association was detected
between postoperative miRNA levels and the time
from surgery to postoperative blood sampling in this
sample, although the limited sample size precludes
excluding a time-dependent association.

In an earlier study, we identified a panel of cir-
culating miRNAs capable of discriminating LC
patients from both healthy individuals and patients
with tuberculosis, including subjects with stage |
disease [11]. The present study included a subset
of patients from that cohort for whom paired post-
operative plasma samples were available. Despite
the reduction in the number of patients from 68
to 18, seven of the previously identified biomark-
ers remained significantly elevated in preoperative
plasma compared with healthy controls. Thus, the
present subset largely reproduced the diagnostic dif-
ferences observed in the original cohort.

In this sample, we did not find statistically sig-
nificant evidence that surgical tumor resection was
followed by a consistent reduction in circulating
levels of NSCLC-associated miRNAs. None of the
miRNAs that were consistently elevated in patients
compared with healthy controls demonstrated a sta-
tistically significant postoperative decrease after
correction for multiple comparisons. Although miR-
495-3p, miR-191-5p, and miR-543 exhibited sig-
nificant postoperative reductions before correction
for multiple comparisons, none of them had shown
elevated preoperative levels relative to healthy con-
trols, and they were therefore not considered can-
didate biomarkers. Among the miRNAs elevated
before surgery, miR-154-5p showed an estimated
postoperative decrease (log2FC = —1.26); however,
the statistical evidence for this difference was in-
conclusive (p = 0.058). Collectively, these findings
leave the cellular origin of elevated circulating miR-
NAs in NSCLC patients unresolved.

According to published studies, all four of the
aforementioned miRNAs are involved in cancer
development. miR-191-5p has been described as a
circulating diagnostic and prognostic biomarker in
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several malignancies [17], and we previously re-
ported its diagnostic value in breast cancer in the
Kazakh population [18]. miR-495-3p is generally
regarded as a tumor suppressor and has been pro-
posed as a potential diagnostic, prognostic, and
therapeutic biomarker in multiple cancers [19; 20].
miR-543 has also been implicated in cancer biolo-
gy; however, its function appears to be highly con-
text-dependent, with both oncogenic and tumor-sup-
pressive roles reported in different tumor types [21].
miR-154-5p has been associated with multiple can-
cer-related processes and is generally considered a
tumor-suppressive miRNA [22].

One possible explanation for the absence of
substantial postoperative changes is that circulat-
ing miRNAs originate from multiple cellular sourc-
es rather than exclusively from the primary tumor.
In addition to malignant cells, circulating miRNAs
may be released from platelets, leukocytes, endothe-
lial cells, fibroblasts, and other non-malignant cells
through both passive mechanisms, including apop-
tosis, necrosis, and inflammation, and active secre-
tion in extracellular vesicles or protein complexes
[23-25]. Consequently, circulating miRNA profiles
may reflect systemic host responses to malignancy
rather than direct tumor shedding alone. Our find-
ings are consistent with this concept and suggest
that elevated plasma levels of NSCLC-associated
miRNAs may reflect persistent systemic processes
associated with malignancy, such as chronic inflam-
mation, immune activation, angiogenesis, or tissue
remodeling, rather than solely direct release from
the primary tumor. This may explain why the di-
agnostic differences between patients and healthy
controls persisted despite surgical tumor resection.

An alternative explanation for the lack of post-
operative normalization is that circulating miRNA
levels may require a longer period to return toward
baseline after surgery. In the present sample, we did
not detect statistically significant associations be-
tween the time from surgery to postoperative blood
sampling and either postoperative miRNA levels
or levels normalized to preoperative values over
a postoperative sampling interval of 14-119 days.
However, given the small sample size and heteroge-
neous timing of postoperative sampling, a time-de-
pendent association cannot be excluded.

From a clinical perspective, our results suggest
that diagnostic and monitoring biomarkers should
not necessarily be considered interchangeable.
Although the investigated circulating miRNAs

remain promising candidates for the early and dif-
ferential diagnosis of NSCLC, their utility for post-
operative disease monitoring, particularly as direct
markers of primary tumor removal, appears to be
limited. Further studies are required to elucidate the
mechanisms underlying these observations.

Among the secondary findings, miR-18b-5p was
the only miRNA that remained significantly asso-
ciated with clinical characteristics after correction
for multiple comparisons, showing higher postoper-
ative levels in men and higher postoperative levels
normalized to preoperative values in participants re-
porting occasional alcohol consumption. Although
the biological basis of these associations remains
unclear, they suggest that circulating miR-18b-5p
may be influenced not only by tumor-associated
processes but also by host-related factors. This is
consistent with previous reports demonstrating that
circulating miRNA profiles may be affected by life-
style factors, including cigarette smoking, empha-
sizing the importance of considering these variables
in biomarker studies [26].

The present findings should be interpreted in light
of several potential study limitations. First, the num-
ber of patients with paired preoperative and postop-
erative samples was relatively small. The relatively
small number of paired samples limited statistical
power, particularly for detecting small-to-moder-
ate postoperative changes. Therefore, the absence
of statistically significant postoperative decreases
should not be interpreted as evidence of absence of
a true biological effect, and the findings require con-
firmation in larger prospective cohorts.

Second, analysis was performed using total plas-
ma rather than isolated extracellular vesicles. It is
possible that profiling extracellular vesicle-associ-
ated miRNAs would provide greater specificity for
detecting tumor-related signals and their changes
following surgical resection. However, isolation
of extracellular vesicles introduces an additional
pre-analytical step and substantially reduces the
amount of available miRNA for analysis, thereby
increasing the analytical demands on downstream
detection methods.

Finally, interpretation of circulating miRNA
studies remains challenging because of the limited
methodological standardization across laboratories.
Differences in sample type, pre-analytical handling,
RNA isolation procedures, normalization strate-
gies, and analytical platforms substantially contrib-
ute to the variability reported between studies [27;
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28]. In the present study, these sources of technical
variability were minimized by using a standard-
ized workflow, including two-step centrifugation
to obtain platelet-poor plasma, exclusion of hemo-
lyzed samples, magnetic bead-based RNA isolation,
TagMan-based quantitative PCR, and normalization
using the exogenous spike-in control ath-miR-159a.
These measures minimized technical variability
within the present study, although broader method-
ological standardization remains necessary to im-
prove comparability across studies.

Conclusion

In this cohort, most circulating miRNAs previ-
ously identified as diagnostic biomarkers of NSCLC
remained elevated at postoperative sampling after
surgical tumor resection. No statistically significant
postoperative decrease in the NSCLC-associated
candidate miRNAs was detected after correction for
multiple comparisons. These findings suggest that
circulating miRNAs with diagnostic value may not
directly reflect the presence or removal of the pri-
mary tumor and may therefore have limited utility
as standalone biomarkers for postoperative disease
monitoring. Given the small number of paired sam-
ples and variability in postoperative sampling time,
these observations should be confirmed in larger
prospective studies.
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YCAK KACYIIAJIBI EMEC OKIIE OBbIPBI BAP HAYKACTAPJIAFbI
MJIA3ZMAJIBIK MUKPOPHK-HBIH OTAJIAH KEATHTT JUHAMHMKACHI

E. E. Amup6exos '*, A. M. Hypra3ssi ', K. C. CaTken ',
B. O. Uman6exos *, K. O. Illapunos '*
' KP FXXBM FoutbiM komuTeTiHiH « M. O. AUTXOKUH aThIHAAFbl MOJIEKYJIAIBIK OHONIOTHS
xoHe ouoxumus nHCTUTYTH LIDKK PMK, Kaszakcran, AnmaTsl
2 «On-Dapabu ateigarsl Kazak ynrteik yauBepcuteTi» KeAK, Kasakcran, AnMatsl
* «Ka3ak OHKOJIOTHS KOHE PaJMoJI0rus FeUIbIMU-3epTTey HHCTUTYTh» AK, Kazakcran, Anmarsl
*«C. JI. AchenausipoB atbiHaarsl Kaszak yaTTeik MeauinHa yausepeuteTi» KeAK, Kazakcran, Anmarsr
* Xam-xabapea stcayanmovl agmop

AHaaTna

Ozexminiei. Hupkynauusaarsl MUKpoPHK ycak jkacymianel emec ekme OOBIpbIH JUArHOCTHKAIAyFa
apHaJFaH TNEepCHEeKTHBAbl, a3 HWHBA3WUIBIK OuoMapkepiep Ooibll TaObulafbl. Anaia ojapiblH
OMOJIOTUSIIBIK IIBIFY TEr1 )KEeTKITIKTI 3epTTenmMereH. Erep onap/sIH Herisri ke3i 0acTamnksl icik 6osica, 1CiKTi
XUPYPTUSUIBIK aJIbI TACTAFAHHAH KEHiH OJIap/IbIH KaH IU1a3MaChIHAFbl JEHIeill TOMEeHey1 THiC.

Makcamur. Y)XEOO OGap nanueHTTepAe ICIKTI XUPYPIUsUIBIK ajblll TacTaFaHHaH KeHiH OypbiH
aHBIKTAJIFaH JuarHoctukaiblk MUKpoPHK-HBIH m1a3mMaare! eHreili ToMeHeHTiHIH aHbIKTAY.

9oicmepi. 3epTTeyre aNAbIHFbI 3epTTEyiMi3re KaThbICKaH, T’MCTOJIOTUSIIBIK TYPFbIIAH PacTaliFaH YCaK
Kacy1anbl eMec okme o0bIpsl 6ap 18 manuent xxone 41 aeHi cay epikTi enrizuial. [lanmuenTrepain xKynTaaran
IU1a3Ma yIriiepi onepaunusra JeiliH xoHe onepanusaal keiin 14—119 kyH eTKeH COH, aJbIOBaHTThI €M
Oacrasiranra JieiiiH anbiHabl. DkcnepuMeHT PHK-HBI MarHuTTIiK GesekTep apKblibl 06N amyabl, Kepi
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TpaHcKpumuusiHbl, TagMan TeXHONOTHCHIHA HETi3AeNTreH HaKThl yakbITTarbl [ITP-nb1 sxone ath-miR-
159a sx3orenni Gakpiaaybl OOMBIHIIA KalbIIKa KENTIpyAl KamTblibl. CTaTUCTHKANBIK Tajlaay KONTIK
CaITBICTBIPYJIApFa TY3€Ty €HT13y apKbLIbI KYPIi3iii.

Homuorcenepi. Keti mukpoPHK-ub1H (miR-130b-3p, miR-1-3p, miR-423-5p, miR-200a-3p, miR-154-
5p, miR-376a-3p xeHe miR-18b-5p) oneparust anabiHAAFb TUIa3MalaFbl ICHIeHl JeH] cay epikTijepMeH
CaJIBICTBIPFAH/Ia CTATUCTUKAJIBIK TYPFBLIAH MOH/I1 )KOFaphl 007161. Onieparusgand KeiiH onap/IbH OeceyiHiH
JIeHreii MoHI >KoFapbl Ooybin Kanasl. KenTik calbIcThIpyJiapFa TY3€Ty EHTI3UINeHHEH KeWiH ycak
KacyIaJibl eMecC OKIe OOBIPBIHMEH OailIaHBICTHI KaHIUATTHIK MUKpOPHK neHreinepiniy onepamusaan
KEH1H CTaTUCTUKAJIBIK MOHJII TOMEH ieyl aHbIKTaiMaabl. Y i1 MUKpoPHK (miR-495-3p, miR-191-5p xone
miR-543) momuuanger p < 0,05 ke3iHme omepanusiaH KeWiH TOMEHIETEHIMEH, TY3eTyJeH KeHiH Oy
allBIpMAIIBUIBIKTAp CTATHCTUKAIIBIK MOHAUIITIH JKOFanTThl. OnapblH omepanus ajiJblHAaFbl JeHTeilnepi
0akplUIay TOOBIHIAFHI JICHICHIIEPICH CTAaTUCTHKAIBIK TYPFBIIAH MOHII epekieneHoOeni. Ocbl ipikTemene
ornepanusaan keiinri MukpoPHK neHreiinepi MeH onepanusiian KeiiHri KaH YITiCiH aiyFa IeHiHT1 yaKbIT
apachIH/Ia CTATHCTUKAIIBIK MOH/II KOPPEJISIIHS aHBIKTAaIMAa/Ibl.

Kopvimuinovl. KenTik canbpICTBIpyJIapFa TY3€Ty CHTI3UITCHHEH KEHiH ycak JKacyllajibl eMeC OKIIe
OOBIpBIHMEH OaiiaHbICThl KaHIUAATTHIK MUKpOPHK neHreiinepiniy onepanusgaH KeiH CTAaTHCTUKAIIBIK
MOH/II TOMEH/ICY1 aHBIKTAIMAa Ibl. ByJl HOTHIKEIep ONap/IbIH KACYIIAIBIK IIBIFY TETiH aHBIKTayFa HEMece
aypyzsl oTiepanusIa KeiliH OaKpUIayFa )apaMIbUIBIFBIH pacTayFa MyMKiHIIIK Oepmeiiai. [pi mpocrekTuBTi
3epTTeyJiep KakKeT.

Tyiiin ce30ep: ycax dcacyuwianvl emec ekne odowvipel; yupkyarayuaoazoel mukpoPHK, kan naasmacei,; icik
buomapkepepi.

HOCJIEOITIEPAIMOHHASA TUHAMMUKA IIVIASMEHHBIX MUKPOPHK
Y HAHMEHTOB C HEMEJIKOKJIETOYHBIM PAKOM JIEI'KOI'O

E. E. Ammmp6exos '*, A. M. Hypra3si ', K. C. Carken 2,
Bb. O. Umanoexos *, K. O. Lllapunos '*
' PI'TI na IIXB «MHCTUTYT MOJIEKYIISIPHON OUOJIOrMH U OMOXUMHHU
uMm. M. A. Aitxoxkxuna» Komutera nayku MHBO PK, Kazaxcran, Anmatel
2 HAO «Kazaxckuii HallMOHAJIbHBIA YHUBEPCUTET UMEHHU anb-Dapaduy, Kazaxcran, AnMatsl
* AO «Kazaxckuil Hay4yHO-UCCIIEI0BATENbCKUIA HHCTUTYT OHKOJIOTUU U PaJIMOJIOTHIY,
Kazaxcran, AimMaThl
* HAO «Ka3axckuii HallHOHAIbHBIA MEIUIIUHCKUI YHUBEPCUTET
umenu C. [[. AchennusapoBay, Kazaxcran, AiamaTsl
* Koppecnonoupyrowuti asmop

AHHOTaNud

Axmyanvrnocms. Hupkynupyromne MukpoPHK sBisiroTCA NepcieKTHBHBIMA MUHUMQJIbHO MHBA3UBHBIMU
OuoMapkepaMu JJsi TUATHOCTHKM HEMEJIKOKJIETOYHOro paka Jérkoro. OpHako HX OHOJOTHYECKOE
MIPOUCXOXKACHUE OCTAETCS HEAOCTATOUHO U3YUEHHBIM. ECiy nepBUYHAs OMyXOJIb SIBJISIETCS UX OCHOBHBIM
HUCTOYHHUKOM, €€ XUPYPrUuecKoe y1ajJeHue J0HKHO TPUBOJAUTH K CHUYKEHUIO UX YPOBHEH B MJIa3Me KPOBH.

Llens. Omnpenenutb, CHUXKAIOTCS JU IUIA3MEHHBIE YPOBHHM paHEE BBISIBICHHBIX JIMATHOCTHUYECKUX
MukpoPHK nocnie xupyprudeckoro ynanenus onyxosu y nanuestos ¢ HMPJL

Memoowi. B wuccienmoBaHue BKIIOYEHBI 18 TAIMEHTOB € THUCTOJOTMYECKH TOATBEPKIAEHHBIM
HEMEJIKOKJIETOUYHBIM PakoM JIErKOro U 41 310poBbIil JOOPOBOIIEI U3 HAILIETO MPEABIAYIIETO UCCIICTOBAHMSL.
[Tapable 00pa3Ilbl Ta3MBbl MAIMEHTOB MOJIYYEHHI 10 onepanuu u yepe3 14—119 nueit mocne oneparuu, 10
Hayaja aJbIOBAaHTHOM Teparnuu. JKCepuMeHT Bkitoual BeiieeHne PHK ¢ momonibio MarHuTHBIX 4acTHIl,
oOpatnyto Tpanckpuniuto, [TL{P B peanpsHOM BpeMeHH Ha OCHOBE TexHOJIOTrMH TaqgMan u HOpMaInu3aIuio
M0 9K30TeHHOMY KOHTposo ath-miR-159a. Cratuctuyeckuii aHanmW3 MPOBOAWIMA C TONPABKOH Ha
MHOECTBEHHbIE CPABHEHUSI.
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Peszynomameui. Ilpenonepanmonnsie ypoBau cemu MUKpoPHK (miR-130b-3p, miR-1-3p, miR-423-5p,
miR-200a-3p, miR-154-5p, miR-376a-3p 1 miR-18b-5p) Obutu cTaTHCTUYECKH 3HAYMMO BBILIE, YEM Y
3I0POBBIX A0OpOBOIIBIEB. [lociie onepannu ypoBHU MATH M3 HUX OCTABAJIHCh 3HAYMMO MOBBIIICHHBIMU.
[Tocne mompaBKM Ha MHOXKECTBEHHBIC CPABHEHMS CTATHCTHUECKH 3HAYMMOIO IOCIECONEPALHOHHOTO
CHIKeHUs KaumunaTHex MHKpoPHK, acconmmmpoBaHHBIX ¢ HEMEIKOKJIETOYHBIM DPAaKOM JIETKOTO, HE
BbisiBiieHO. Tpu MukpoPHK (miR-495-3p, miR-191-5p u miR-543) mnoxazanu mnocieonepanoHHOE
CHIDKEHHE PU HOMUHAJIBHOM p < 0,05, 0JTHaKO MOCIIe MOMPABKY 3TH PA3IUYUS YTPATHIIN CTATUCTUUECKYIO
3HaYUMOCTh. VX TpenonepanroHHbIE YPOBHH CTaTUCTUYECKH 3HAYUMO HE OTIMYAIUCh OT YPOBHEH B
KOHTPOJIBHOU Tpytine. B maHHON BBIOOpKE HE BBISBICHO CTATUCTUYECKU 3HAYMMOUM KOPPEISAIIUN MEKITY
MOCJIeONepalHOHHBIMU YpoBHIMU MUKpOPHK 1 Bpemenem ot onepanmu 10 ocieonepannoHHoro 3adbopa
KPOBH.

Bvigoowr. Ilocne mompaBKM Ha  MHOXECTBEHHBIE CpPaBHEHMS CTATUCTHYECKH 3HAYUMOTO
MOCTICONEePAIIIOHHOTO CHIDKEHHS KaHIuAaTHeIX MUKpoPHK, acconmmpoBaHHBIX ¢ HEMEIKOKIETOYHBIM
pakoM JETKOTO, HE BBIABICHO. [loydeHHBIE pe3ysibTaThl HE IMO3BOJISIOT YCTAHOBUTH HMX KJIETOYHOE
MPOMCXOXKICHUE WM MOATBEPIUTH MPUTOAHOCTH IS MTOCIEONEPAMOHHOTO MOHUTOPHHTA 3a00IeBaHuSI.
Heo6xoanMmel 6os1ee KpyIHbIE POCIIEKTUBHBIC UCCIIEIOBAHMUS.

KiroueBble ¢j10Ba: HeMeIKOKIEMOUHbLU paK 1é€2Kko20, yupkyaupyowue mukpoPHK, niasma kposu,
onyxo.egvle OUOMApKepbl.
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