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Abstract

Lung cancer is one of the most common type of cancer and, despite significant advances in screening and diagno-
sis approaches, a large proportion of patients at diagnosis still present advanced stages of the disease with distant
metastasis and bad prognosis. Finding and validating biomarkers of lung cancer is therefore essential. Such studies
are often conducted on European, American and Asian populations and the relevance of these biomarkers in other
populations remains less clear. In that prospect, we investigated the expression level of seven microRNAs, chosen
from the medical literature (miR-16-5p, miR-92a-3p, miR-103a-3p, miR-375-3p, miR-451a, MiR-520-3p and miR-let-
7e-5p), in the blood of Tunisian lung cancer patients, treated or not by chemotherapy, and healthy control individuals.
We found that high expression levels of circulating miR-16-5p, miR-92a-3p and miR-451a in the plasma of untreated
patients discriminate them from healthy control individuals. In addition, miR-16-5p and miR-451a expression levels
are significantly reduced in the plasma of chemotherapy-treated patients compared to untreated patients. Our results
confirmed previous work in other populations worldwide and provide further evidence that circulating miR-16-5p,
miR-92a-3p and miR-451a potentially regulate key pathways involved in the initiation and progression of cancer.
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Introduction

Lung cancer is the most frequent type of cancer in both
sexes worldwide, representing a leading cause for can-
cer-related deaths [1, 2]. Despite advances in its treat-
ment, lung cancer morbidity and mortality remain high.
Early-stage lung cancer is characterized by very mild
and unspecific symptoms and most patients already have
local and distant invasion or metastasis when first diag-
nosed, which limits the effectiveness of treatments and
the survival of patients [1, 2]. Many molecular biomark-
ers (i.e. mRNAs, proteins, non-coding RNAs...) have
been validated for diagnosis, prognosis and prediction of
therapeutic response in order to improve the prognosis
of lung cancer patients. However, most of these stud-
ies have been carried out historically on European and
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North American populations, and they reproducibility in
other populations around the world needs to be assessed.

The use of liquid biopsies is promising in that prospect
since the measure of biomarkers (circulating tumour
cells, mRNAs, proteins, non-coding RNAs...) in the
peripheral blood of lung cancer patients can provide
information onto the tumour (e.g. histologic subtype),
the progression of the disease and the response to ther-
apy [3]. Some cancer-associated circulating microRNAs
(miRNAs) were reported to be present in the blood of
lung cancer patients as compared to healthy individuals
and some of these miRNAs, or combination of miRNAs,
have promising clinical value for the classification and
the prognosis of lung cancer patients [3-9].

miRNAs are short (18—24 nucleotides in length), stable,
non-coding RNAs that regulate the stability and/or trans-
lation of their target messenger RNAs causing the dereg-
ulation of many genes important for cell proliferation,
invasion, metastasis and apoptosis [10]. miRNAs can
therefore exhibit oncogenic or tumour suppressive activi-
ties in cancer and several of these miRNAs have been
identified as promising candidate biomarkers in lung
cancer [4-8, 11-14]. Yet, data from European, American
and Asian studies indicate significant variability across
ethnicities that may be linked to different lifestyle, smok-
ing habits, diet and environments [1, 2, 7, 14, 15]. This
accentuates the need to further study miRNAs in diverse
populations worldwide to be able to draw a clear view of
miRNAs impact on lung cancer and as universal diagnos-
tic tools.

In this study, we investigated the expression levels of
seven miRNAs identified as biomarker of lung cancer in
western populations in a cohort of Tunisian patients. We
monitored by quantitative RT-PCR the expression levels
of miR-16-5p, miR-92a-3p, miR-103a-3p, miR-375-3p,
miR-451a, miR-520-3p and miR-let-7e-5p. These miR-
NAs were chosen based on the literature and their known
deregulation in patients from different countries and
ethnicities. miR-92a is expressed at higher levels in lig-
uid biopsies of lung cancer patients compared to healthy
control individuals [13, 16, 17]. miR-375 is expressed at
higher levels in lung cancer tumours compared to nor-
mal lung tissue. Furthermore, it is differentially expressed
in adenocarcinoma compared to squamous cell carci-
noma, helping the molecular distinction between the two
tumour subtypes [18—20]. miR-let-7e-5p is less expressed
in lung cancer patient compared to healthy individuals
[11, 14, 21]. miR-103a-3p expression is higher in plasma
and tumour biopsies from patients with cisplatin resist-
ant lung cancer tumours compared to patients with
sensitive tumours [22]. miR-16-5p, miR-92a-3p and miR-
451a are expressed at higher levels in plasma from North
American lung cancer patients than control healthy
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individuals [13]. Finally, miR-520-3p is expressed at lower
levels in lung cancer tumours compared to non-tumour
tissues [23, 24].

Here, we monitored the expression of these seven
miRNAs at the plasma level on 3 groups of individu-
als: untreated lung cancer patients, lung cancer patients
treated with chemotherapy and healthy control individu-
als. We also monitored the expression of these miRNAs
in peripheral blood mononuclear cells (PBMCs) from
untreated lung cancer patients and healthy control indi-
viduals. We report differentially expressed miRNAs in
plasma and PBMCs from Tunisian patients with treated
and untreated lung cancer identifying biomarkers of lung
cancer and chemotherapy treatment in this population.
We further investigate the association of 3 circulating
miRNAs (miR-16-5p, mir92a-3p and miR-451a), linked
with lung cancer in our cohort, with their potential gene
targets involved in lung tumourigenesis.

Materials and methods

Ethics statement

This study was approved by the local Medical Bioethics
Committee at the Pasteur Institute of Tunis under the
reference number 2015/04/E/EST. All individuals pro-
vided written informed consent to participate in this
work. Healthy control individuals are under the age of
65 in accordance with the policies and regulations of the
Tunisian Ministry of Health.

Participants: blood samples and clinical data

Patients with lung cancer were recruited at the Abderrah-
mane MAMI hospital (Ariana, Tunisia): 44 patients were
under chemotherapy treatment and were recruited from
the oncology department between 2018 and 2023 (treated
patients), and 29 did not receive any treatment and were
recruited from Ibn Nafees medical department between
2020 and 2023 (untreated patients). Most patients were
in an advanced stage of lung cancer (stage III and IV) and
with non-small-cell lung cancer (NSCLC). Twenty-five
control blood samples were collected through the mili-
tary transfusion centre of Tunis at the same period from
healthy volunteers with no history of malignant diseases.
An overview of the groups, group size, median age, clinical
information is presented in Table 1.

Separation of blood cells on a Ficoll density gradient

8 mL of peripheral vein whole blood were obtained from
each subject, and the peripheral blood mononuclear cells
(PBMCs) were isolated using density gradient centrifuga-
tion with Ficoll solution according to operating instruc-
tions (Eurobio, catalog number CMSMSLO01-01). The
peripheral vein whole blood was diluted with PBS (X1) in
1:1 ratio, and the mixture was transferred into a 50 mL
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Table 1 Clinical characteristics of individuals recruited and of plasma and PBMCs analysed after quality control of samples

Variable Cohort of patients recruited Plasma samples analysed PBMCs analysed
(after passing quality control) (after passing quality
control)
Healthy Lung cancer patients Healthy Lung cancer patients Healthy Lung cancer
control - control - control patients
individuals Untreated Treatedwith  jndividuals Untreated Treatedwith  individuals  untreated
n=25 n=29 chemotherapy =24 n=29 chemotherapy p=17 n=29
n=47 n=37
Gender
Male 21 25 39 21 25 33 17 25
Female 4 4 8 3 4 4 0 4
Age
>60 0 7 26 0 7 17 0 7
<60 25 22 21 24 22 20 17 22
Tumour subtype
NSCLC 29 46 29 36 29
SCLC 0 1 0 1 0
TNM stage
Stage | 0 2 0 0 0
Stage IlI-IV 29 45 29 37 29
Chemo-therapy regimen
Cisplatine + Gemzar® 18 14
Cisplatine +Navelbine® 23 20
Cisplatine +Taxol® 6 3

NSCLC Non-small-cell lung cancer, SCLC Small-cell lung cancer, TNM Tumour, Node, Metastasis

centrifugal tube pre-filled with 8 mL Ficoll (Eurobio, cat-
alog number CMSMSLO01-01). The PBMCs were carefully
collected in the middle layer of the tube following cen-
trifugation for 30 min (500 g). Subsequently, the PBMCs
were washed and centrifuged with PBS 1X for 5 min at
350 g and re-suspended in 10% DMSO / 90% foetal calf
serum and cryopreserved at -80 °C. At the same time, the
plasma layer was collected, centrifuged to remove cel-
lular debris and stored at -80 °C until use. Haemolysis
was quantified by assessing the presence of cell free hae-
moglobin by measuring the absorbance at 414 nm with
a microplate spectrophotometer (Agilent BioTek Epoch
with Gen5 data analysis software). Samples with signs of
haemolysis (OD>0.3) were removed from the analysis
(Supplementary Material 1).

RNA extraction from PBMC and plasma samples,

and reverse transcription

Total RNAs were prepared using TriReagent protocol
(Sigma-Aldrich, catalogue number T9424) and followed
by a standard chloroform purification procedure from
PBMC and plasma. Briefly, 200 pL of plasma was mixed
with 800 pL of TriReagent. PBMCs were centrifuged
and the cell pellet resuspended in 1 mL of TriReagent.
Mixes were then vortexed 15 s and incubated for 10 min
at room temperature. 200 pL of chloroform was added to

each mix, vortexed for 15 s, incubated for 10 min at room
temperature and then centrifuged for 30 min at 4 °C.
Supernatants were transferred in clean tubes, 700 pL of
isopropanol added, as well as glycogen as carrier (1 pg/
pL final concentration; Thermo Fisher Scientific, cata-
logue number R0561) and 50 pL of 3 M sodium acetate.
The tubes were incubated overnight in a -80 °C freezer,
centrifuged at 4 °C for 30 min and the RNA pellet washed
with ice-cold ethanol 70%, dried and resuspended in
50 uL DNAse- and RNAse-free water. RNA quality and
concentration were evaluated using a Nanodrop' " instru-
ment (Thermo Fisher Scientific).

MiRNAs were reverse transcribed using miRCURY®
LNA® RT kit according to manufacturer recommen-
dations (QIAGEN, catalogue number 339,340). RNA
samples were diluted to 5 ng/pL using nuclease-free
water (Invitrogen, catalogue number 10977-035) and
the reverse transcription reactions prepared on ice. We
mixed 2 pL 5x miRCURY SYBR® Green RT Reaction
Buffer (QIAGEN), 5 pL nuclease-free water (Invitrogen,
catalogue number 10977-035), 1 uL 10x miRCURY RT
Enzyme Mix (QIAGEN), 2 pL Template RNA (5 ng/uL)
for a total reaction volume of 10 pL. The reactions were
incubated for 60 min at 42 °C and then incubated for
5 min at 95 °C to heat inactivate the reverse transcriptase,
and immediately cool to 4 °C.
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Real-time quantitative PCR analysis

Reverse transcribed miRNAs were analysed by real-time
PCR on a LightCycler® 480 system (Roche) available at
the GENOM'IC platform at Institut Cochin (INSERM
U1016, Paris, France). Relative miRNA expression levels
were determined on samples run in duplicate with the
miRCURY® LNA® SYBR® Green PCR Kit (QIAGEN,
catalogue number 339,345) using the 2-Cq method and
a set of 3 endogenous noncoding RNAs (U6 snRNA,
SNORD48 and miR-191-5p) for reference.

The miRCURY® LNA® miRNA PCR assay primers
are commercially available (QIAGEN, catalog num-
ber 339,306) with the following GeneGlobe IDs: miR-
let-7e-5p  (YP00205711), miR-16-5p (YP00205702),
miR-92a-3p (YP00204258), miR-103a-3p (YP00204063),
miR-191-5p (YP00204306), miR-375-3p (YP00204362),
miR-451a (YP02119305), miR-520-3p (YP00204074),
SNORD48 (YP00203903) and U6 snRNA (YP02119494).

Receiver operating characteristic (ROC) curves

Area under the ROC curve (AUC) was performed using
GraphPad Prism (GraphPad Software). Analyses were
performed by entering ACp values for the different miR-
NAs from healthy control individuals and lung cancer
patients (untreated). The sensitivity (%) was plotted as a
function of the false-positive rate (calculated as 100% -
specificity%) for the different cut-offs.

Prediction of biological processes regulated by miRNAs
The miRTarBase 9.0 was interrogated on April 9, 2023 to
list experimentally validated target genes of miR-16-5p,
miR-451a and miR-92a-3p [25]. These lists of genes were
intersected with the web-based Venny 2.1 interface
(Oliveros, J.C., 2007, VENNY, https://bioinfogp.cnb.csic.
es/tools/venny/) to identify common and specific target
genes. These lists of genes were functionally annotated
on April 10, 2023 using the g: Profiler interface with the
g: GOSt function for enrichment analysis with default
parameters [26].

Statistical analysis

A Mann-Whitney U test was used to compare the different
groups. P-value P<0.05 was considered significant and
the significance indicated as follow: n.s., not significant;
*, P<0.05; **, P<0.01; ***, P<0.001 and ****, P<0.0001.

Results

miRNAs expression in the plasma of lung cancer patients
We monitored the expression level of seven miRNAs
(miR-16-5p, miR-92a-3p, miR-103a-3p, miR-375-3p, miR-
451a, miR-520-3p and miR-let-7e-5p) chosen accord-
ing to information known in the literature [13, 16-24].
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Expression was monitored at the plasma level in three
groups: 29 untreated lung cancer patients, 37 (chemo-
therapy-)treated lung cancer patients and 24 healthy
control individuals for whom no sign of haemolysis
was detected in plasma (Supplementary Material 1)
and a high-quality RNA preparation was obtained.
Expression was normalised to the ubiquitous expres-
sion of three endogenous small RNAs (miR-191-5p,
SNORD48 and U6 snRNA) and then compared between
groups.

Untreated lung cancer patients versus healthy control
individuals

We observed that the expression level of miR-16-5p,
miR-92a-3p, miR-103a-3p, miR-375-3p and miR-451a
is significantly higher in untreated lung cancer patients
compared to healthy control individuals (Fig. 1a-e). The
level of expression of miR-520-3p is significantly lower in
untreated lung cancer patients compared to healthy con-
trol individuals (Fig. 1f). The level of expression of miR-
let-7e-5p is not different between untreated lung cancer
patients and healthy control individuals (Fig. 1g). Fold-
changes (FC) in expression are rather modest (FC<2)
for most miRNAs, except for miR-451a (FC=5.67), miR-
16-5p (FC=6.55) and miR-92a-3p (FC=2.65), which are
expressed at higher levels in patients.

To further explore the clinical significance of these
miRNAs, we produced ROC curves between healthy
control individuals and untreated lung cancer patients
(Fig. 2). ROC curves show that miR-451a (AUC=0.973),
miR-16-5p (AUC=0.951) and miR-92a-3p (AUC=0.93)
distinguish untreated lung cancer patients from healthy
control individuals (AUC>0.8) (Fig. 2a-c). These 3 miR-
NAs are thus promising miRNAs to help diagnose
advanced lung cancer through blood analysis in the
Tunisian population. The expression of the other miR-
NAs studied does not significantly discriminate the two
groups (Fig. 2d-g).

We further considered the age disparity between the
two groups (see Table 1). To determine whether age is
a confounding factor, we took advantages on a previ-
ous study that identified age-associated microRNAs
in peripheral blood [27]. This study revealed that miR-
16-5p, miR-451a, miR-let7e-5p, and miR-92a-3p are
under-expressed in the plasma of older (66+9 years old)
compared to younger (46t 9 years old) healthy individu-
als [27]. In our study, these miRNAs (miR-16-5p, miR-
92a-3p and miR-451a) are over-expressed in plasma from
cancer patients while miR-let7e-5p is not differentially
expressed. We thus concluded that, despite the age dif-
ference between groups, there is no confounding effect of
age in our analysis.
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We then investigated whether the expression of miR-
451a, miR-16-5p and miR-92a-3p was co-regulated in
untreated cancer patients. The three miRNAs are highly
expressed compared to the other miRNAs monitored

(Fig. 1), still expression levels are not correlated in plasma
samples from patients (Fig. 3). This result indicates that
miR-451a, miR-16-5p and miR-92a-3p are probably not
co-regulated.
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Untreated vs. treated lung cancer patients

We observed that the expression level of miR-16-5p and
miR-451a is significantly lower in treated lung cancer
patients compared to untreated patients (Fig. 1a, b). All
other miRNAs (miR-92a-3p, miR-103a-3p, miR-375-3p,
miR-520-3p and miR-let-7e-5p) are expressed at com-
parable levels between these two groups of individuals
(Fig. 1c-g). Levels of miR-16-5p and miR-451a are thus
affected by chemotherapy in lung cancer patients in the
Tunisian population.

Treated lung cancer patients versus healthy control
individuals

miR-16-5p, miR-92a-3p and miR-375-3p expression is
higher in treated patients compared to healthy control

individuals (FC>2; P<0.05) while miR-451a and miR-
520-3p expression is lower (Fig. 1). Levels of expression
of several of the miRNAs we studied are thus regulated
by chemotherapy regimen.

miRNAs expression in PBMCs of lung cancer patients

To further validate our results, we investigated the
expression of the seven miRNAs in PBMCs. We moni-
tored miRNAs expression in PBMCs of 29 untreated
lung cancer patients and 17 healthy control individuals
by real-time qPCR. The expression levels of miR-16-5p,
miR-103a-3p, miR-375-3p, miR-451a and miR-520-3p are
significantly higher in PBMCs from lung cancer patients
compared to healthy controls individuals (Fig. 4a-e). On
the other hand, the level of expression of miR-92a-3p is
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similar between the two groups (Fig. 4f). The expression
level of miR-let-7e-5p is significantly lower in PBMCs
from lung cancer patients compared to healthy controls
individuals (Fig. 4g).

We then compared the data in plasma and PBMCs of
untreated lung cancer patients. We observed that data
and conclusions drawn from the different blood sam-
ple types (plasma vs. PBMCs) are similar for all miR-
NAs but miR-92a-3p, miR-520-3p and miR-let-7e-5p.
miR-92a-3p is highly expressed in the plasma of lung
cancer patients compared to healthy control individu-
als (FC > 2), while its expression level is not different in
PBMCs between the lung cancer patients compared to
healthy control individuals. miR-520-3p is expressed
at lower levels in the plasma of lung cancer patients
compared to healthy control individuals, while its
expression level is higher in PBMCs of cancer patients.
miR-let-7e-5p is expressed at lower levels in PBMCs
from lung cancer patients compared to healthy control
individuals, while its expression level is not different in
plasma samples between the two groups. This indicates
that among the 3 miRNAs that are discriminating lung
cancer patients from healthy control individuals, miR-
92a-3p expression is more informative in plasma-based
assays, while expression of miR-451a and miR-16-5p
can be monitored both in plasma and PBMCs.

Prediction of miRNAs regulation on biological processes

In order to understand the potential biology processes
regulated by miR-16-5p, miR-92a-3p and miR-451a
we identified experimentally validated target genes

of these miRNAs using the miRTarBase [25]. We then
intersected the lists of target genes and annotated the
common set of target genes. We observed that cell-
growth related pathways were enriched, including ribo-
some (i.e., mRNA translation), mTOR signalling and
autophagy (Fig. 5). The PI3K/AKT/mTOR pathway
is frequently altered in lung cancer and it is assumed
that aberrant activation of this pathway contributes to
tumour growth, tissue invasion, metastasis and drug
resistance [28]. Autophagy and mRNA translation
are central cellular processes. Reports show that they
contribute to cancer progression and the resistance
to chemotherapies in lung and other cancer types [29,
30]. This suggests that miR-451a, miR-16-5p and miR-
92a-3p may play central functions on cell growth and
cancer-related pathways in lung cancer.

Discussion

miRNAs expression in Tunisian lung cancer patients
Monitoring miRNAs expression levels in the plasma of
lung cancer patients holds great promise for diagnosing
the disease [4-8, 11-14, 16, 20, 31]. However, it is still
needed to validate the robustness of the findings in dif-
ferent populations. We therefore studied the expression
of seven miRNAs well known for their diagnostic value in
the Western, Indian and/or Asian population in a cohort
of Tunisian patients. There is currently very limited infor-
mation regarding biomarkers and prognostic factors for
lung cancer survival in the Tunisian population [32-35].
Our study is therefore not only corroborating previous
studies and findings in the field, but it also identifies
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significant differences with studies in the Western, Indian
and Asian population.

miR-16-5p, miR-92a-3p and miR-451a are very highly
expressed in the plasma of Tunisian lung cancer patients
compared to other circulating miRNAs we monitored.
This is also observed in a more comprehensive manner
in previous studies in the North American population
[13]. In addition, the expression level of these miRNAs
is higher in lung cancer patients than in healthy con-
trol individuals and ROC curve analysis indicate that
the expression level of each miRNA can discriminate
untreated lung cancer patients from healthy control indi-
viduals with high selectivity and sensitivity. This is con-
sistent with previous studies reporting that miR-16-5p,
miR-92a-3p and miR-451a are up-regulated in lung
cancer patients from different countries [6, 13, 16, 17].
Importantly, our study interrogated untreated patients
with advanced stage of the disease (stage III and IV) while
other studies were also testing early stage of the disease
(Stage I). This suggest that miR-16-5p, miR-92a-3p and
miR-451a expression might be associated with the pres-
ence of lung cancer rather than a specific stage of the
disease. It would thus be interesting to carry out a study
in the Tunisian population to address this point by moni-
toring earlier stages of the disease and a larger cohort of
patients. Analysis of a larger cohort would also provide
an opportunity to address the question of whether cer-
tain factors have confounding effects. In our analysis, we
concluded, on the basis of a previously published analysis
of age-associated microRNAs, that despite the age differ-
ence between our groups, age did not introduce a con-
founding effect in our analysis. It would be interesting to
test this further with a perfectly age-matched group of
patients, and to also study other potential factors such as
sex, diet and smoking habits.

We observed that miR-92a-3p expression is solely
highly expressed in the plasma, but not in PBMCs, of

untreated lung cancer patients suggesting that monitor-
ing miR-92a-3p in the plasma might be highly informative
to diagnose Tunisian lung cancer patients. In contrast,
miR-92a-3p remains high in the plasma of patients
treated with chemotherapy while the levels of miR-16-5p
and miR-451a are almost indistinguishable from levels
monitored in the plasma of healthy control individu-
als. This finding indicates that miR-92a-3p expression is
not responsive to the chemotherapy and that miR-16-5p
and miR-451a might be promising to help diagnose lung
cancer and assess chemotherapy in the Tunisian popula-
tion. It is reported that miR-92a-3p expression is lower in
patients compared to healthy individuals in India, while
it is higher in patients compared to controls in Western
populations [14, 16, 17]. We observed that miR-92a-3p
is higher in the plasma of Tunisian patients compared
to healthy control individuals. This finding suggests that
circulating miR-92a-3p expression level might depend
partly on environmental conditions and/or genetic fea-
tures shared by Tunisian and Western populations.

All other miRNAs studied were only modestly mys-
regulated in patients compared to healthy control indi-
viduals (Fold change, FC < 2). This might render their use
in the clinic more challenging. We observed that miR-let-
7e-5p expression is lower in PBMCs of untreated lung
cancer patients compared to healthy control individuals.
This is consistent with previous work showing that this
miRNA is down-regulated in lung cancer patients from
India and other countries [11, 14, 21]. We observed that
miR-375p expression is slightly higher in the plasma and
PBMCs of Tunisian patients compared to healthy con-
trol individuals while its expression is lower in patients
in other studies worldwide [18—20]. This suggests a rela-
tionship between miR-375p expression and environ-
mental factors. Nonetheless, it is also important to note
that miR-375 was found unsuitable as a biomarker in
the Indian population [14]. Our data suggest that many
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miRNAs that are used in the clinic worldwide, for diag-
nosis and prognosis, may not be suitable for the diagnosis
of Tunisian patients.

Our study reports the expression level of 7 miRNAs in
the plasma and PBMCs of Tunisian lung cancer patients.
Three of these miRNAs, namely miR-16-5p, miR-92a-3p
and miR-451a distinguish untreated lung cancer patients
from healthy control individuals, and our bioinformat-
ics investigation predicts these miRNAs are important
regulators of multiple pathways involved in cancer ini-
tiation and progression. In addition, we observed that
miR-16-5p and miR-451a expression levels are reduced
in cancer patients upon chemotherapy in the Tunisian
population. The findings, although highly significant, and
reproducing previous results in Western and Asian pop-
ulations, will need further validation in other cohorts and
with higher numbers of patients. Still, our study identi-
fied miR-16-5p, miR-92a-3p and miR-451a as promising
markers of lung cancer in the Tunisian population.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12181-1.

[ Supplementary Material 1. }

Acknowledgements

We would like to thank the members of the team “Epigenetics, DNA replica-
tion and Cancer”and colleagues at Institut Cochin for expertise and discus-
sions (INSERM U1016, CNRS UMR8104, Université Paris Cité, Paris, France). Alya
Boutabba warmly thank the university of Tunis EL-Manar, Faculty of sciences of
Tunis for funding her internship at Institut Cochin (Paris, France).

Authors’ contributions

All authors have read and agree to the final version of the manuscript.
Conceptualization, Raja Marrakchi; Data curation, Alya Boutabba, Fadoua
Missaoui, Hela Kamoun, Hadhemi Rejeb, Akram Dlala, Khalil Ben Salem, Amira
Gabsi, Anne Letessier, Benoit Miotto and Raja Marrakchi; Formal analysis, Alya
Boutabba and Benoit Miotto; Funding acquisition, Anne Letessier, Benoit
Miotto and Raja Marrakchi; Investigation, Alya Boutabba and Benoit Miotto;
Methodology, Alya Boutabba and Benoit Miotto; Resources, Hela Kamoun,
Hadhemi Rejeb and Raja Marrakchi; Writing - original draft, Alya Boutabba,
Anne Letessier, Benoit Miotto and Raja Marrakchi; Writing - review & editing,
Alya Boutabba, Anne Letessier, Benoit Miotto and Raja Marrakchi.

Funding

This work was supported by Labex “Who am I?" (ANR-11-LABX-0071 and ANR-
11-IDEX-005-02), Fondation pour la Recherche Médicale (AJE20151234749)
and CNRS to Benoit Miotto. University of Tunis EL-Manar, Faculty of sciences of
Tunis awarded a travel grant and a scholarship to Alya Boutabba.

Availability of data and materials
Raw data are available upon reasonable request from Benoit Miotto, benoit.
miotto@inserm.fr.

Declarations

Ethics approval and consent to participate

This study was approved by the local Medical Bioethics Committee at the
Pasteur Institute of Tunis under the reference number 2015/04/E/FST. All
participants provided written informed consent to participate in a study
analysing circulating microRNAs.

Page 9 of 10

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 September 2023 Accepted: 26 March 2024
Published online: 04 April 2024

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424.

2. ZhouB, Zang R, Zhang M, Song P, Liu L, Bie F, et al. Worldwide burden
and epidemiological trends of tracheal, bronchus, and lung cancer: a
population-based study. EBioMedicine. 2022,78:103951.

3. Kemper M, Krekeler C, Menck K, Lenz G, Evers G, Schulze AB, et al. Liquid
biopsies in lung cancer Cancers. 2023;15:1430.

4. BianchiF, Nicassio F, Marzi M, Belloni E, Dall'olio V, Bernard L, et al. A serum
circulating miRNA diagnostic test to identify asymptomatic high-risk
individuals with early stage lung cancer. EMBO Mol Med. 2011;3:495-503.

5. Boeri M, Verri C, Conte D, Roz L, Modena P, Facchinetti F, et al. MicroRNA
signatures in tissues and plasma predict development and prognosis of
computed tomography detected lung cancer. Proc Natl Acad Sci U S A.
2011;108:3713-8.

6. Sozzi G, Boeri M, Rossi M, Verri C, Suatoni P, Bravi F, et al. Clinical utility of a
plasma-based miRNA signature classifier within computed tomography
lung cancer screening: a correlative MILD trial study. J Clin Oncol off J Am
Soc Clin Oncol. 2014;32:768-73.

7. YuH, Guan Z, CukK, Brenner H, Zhang Y. Circulating microRNA biomark-
ers for lung cancer detection in western populations. Cancer Med.
2018;7:4849-62.

8. Yul,Todd NW, Xing L, Xie Y, Zhang H, Liu Z, et al. Early detection of lung
adenocarcinoma in sputum by a panel of microRNA markers. Int J Cancer.
2010;127:2870-8.

9. Yang X, Zhang Q, Zhang M, SuW, Wang Z, Li Y, et al. Serum microRNA
signature is capable of early diagnosis for non-small cell lung cancer. Int J
Biol Sci. 2019;15:1712-22.

10. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell. 2004;116:281-97.

11. Jin X, ChenY, Chen H, Fei S, Chen D, Cai X, et al. Evaluation of tumor-
derived exosomal miRNA as potential diagnostic biomarkers for early-
stage non-small cell lung cancer using next-generation sequencing. Clin
Cancer Res off J Am Assoc Cancer Res. 2017;23:5311-9.

12. Leng Q LinY, Jiang F, Lee C-J, Zhan M, Fang H, et al. A plasma miRNA
signature for lung cancer early detection. Oncotarget. 2017;8:111902-11.

13. Reis PP, Drigo SA, Carvalho RF, Lopez Lapa RM, Felix TF, Patel D, et al. Circu-
lating miR-16-5p, miR-92a-3p, and miR-451a in plasma from lung cancer
patients: potential application in early detection and a regulatory role in
tumorigenesis pathways. Cancers. 2020;12:2071.

14. Kumar S, Sharawat SK, Ali A, Gaur V, Malik PS, Kumar S, et al. Identification
of differentially expressed circulating serum microRNA for the diagnosis
and prognosis of Indian non-small cell lung cancer patients. Curr Probl
Cancer. 2020;44:100540.

15. Montani F, Marzi MJ, Dezi F, Dama E, Carletti RM, Bonizzi G, et al. miR-
Test: a blood test for lung cancer early detection. J Natl Cancer Inst.
2015;107:djv063.

16. Xu X, Zhu S, Tao Z, Ye S. High circulating miR-18a, miR-20a, and miR-92a
expression correlates with poor prognosis in patients with non-small cell
lung cancer. Cancer Med. 2018;7:21-31.

17. YuY, Zuo J, Tan Q, Zar Thin K, Li P, Zhu M, et al. Plasma miR-92a-2 as a
biomarker for small cell lung cancer. Cancer Biomark Sect Dis Markers.
2017;18:319-27.

18. Gan TQ, Chen WJ, Qin H, Huang SN, Yang LH, Fang YY, et al. Clinical
value and prospective pathway signaling of MicroRNA-375 in lung


https://doi.org/10.1186/s12885-024-12181-1
https://doi.org/10.1186/s12885-024-12181-1

Boutabba et al. BMC Cancer (2024) 24:417

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

adenocarcinoma: a study based on the Cancer Genome Atlas (TCGA),
Gene expression Omnibus (GEO) and bioinformatics analysis. Med Sci
Monit Int Med J Exp Clin Res. 2017,23:2453-64.

Patnaik S, Mallick R, Kannisto E, Sharma R, Bshara W, Yendamuri S, et al.
MiR-205 and MiR-375 microRNA assays to distinguish squamous cell
carcinoma from adenocarcinoma in lung cancer biopsies. J Thorac Oncol
off Publ Int Assoc Study Lung Cancer. 2015;10:446-53.

Lu S, Kong H, Hou Y, Ge D, Huang W, Ou J, et al. Two plasma microRNA
panels for diagnosis and subtype discrimination of lung cancer. Lung
Cancer Amst Neth. 2018;123:44-51.

Zhu W-Y, Luo B, An J-Y, He J-Y, Chen D-D, Xu L-Y, et al. Differential expression
of miR-125a-5p and let-7e predicts the progression and prognosis of
non-small cell lung cancer. Cancer Invest. 2014;32:394-401.

Zhu H, Yang J, Yang S. MicroRNA-103a-3p potentiates chemoresistance to
cisplatin in non-small cell lung carcinoma by targeting neurofibromatosis
1. Exp Ther Med. 2020;19:1797-805.

Lv X, Li CY, Han P, Xu XY. MicroRNA-520a-3p inhibits cell growth and
metastasis of non-small cell lung cancer through PI3K/AKT/mTOR signal-
ing pathway. Eur Rev Med Pharmacol Sci. 2018;22:2321-7.

Li X, FuQ, Li H, Zhu L, Chen' W, Ruan T, et al. MicroRNA-520c-3p func-
tions as a novel tumor suppressor in lung adenocarcinoma. FEBS J.
2019;286:2737-52.

Huang HY, Lin YCD, Cui S, Huang Y, Tang Y, Xu J, et al. miRTarBase update
2022: an informative resource for experimentally validated miRNA-target
interactions. Nucleic Acids Res. 2022;50:D0222-230.

Raudvere U, Kolberg L, Kuzmin |, Arak T, Adler P, Peterson H, et al.
g:Profiler: a web server for functional enrichment analysis and conver-
sions of gene lists (2019 update). Nucleic Acids Res. 2019;47:W191-198.
Huan T, Chen G, Liu C, Bhattacharya A, Rong J, Chen BH, et al. Age-associ-
ated microRNA expression in human peripheral blood is associated with
all-cause mortality and age-related traits. Aging Cell. 2018;17:212687.
Sanaei M-J, Razi S, Pourbagheri-Sigaroodi A, Bashash D. The PI3K/Akt/
mTOR pathway in lung cancer; oncogenic alterations, therapeutic oppor-
tunities, challenges, and a glance at the application of nanoparticles.
Transl Oncol. 2022;18:101364.

Elhamamsy AR, Metge BJ, Alsheikh HA, Shevde LA, Samant RS. Ribosome
Biogenesis: a central player in cancer metastasis and therapeutic resist-
ance. Cancer Res. 2022,82:2344-53.

Guo W, Du K, Luo S, Hu D. Recent advances of autophagy in non-small
cell lung cancer: from basic mechanisms to clinical application. Front
Oncol. 2022;12:861959.

WangY, Zheng D, Tan Q, Wang MX, Gu L-Q. Nanopore-based detection
of circulating microRNAs in lung cancer patients. Nat Nanotechnol.
2011,6:668-74.

Soussi G, Ben Alaya N, Chaouch N, Racil H. Development and validation
of a prognostic index for survival in non-small cell lung cancer: results
from a Tunisian cohort study. Cancer Epidemiol. 2018;53:111-8.

Missaoui N, Hmissa S, Landolsi H, Korbi S, Joma W, Anjorin A, et al. Lung
cancer in central Tunisia: epidemiology and clinicopathological features.
Asian Pac J Cancer Prev APJCP. 2011;12:2305-9.

B'chir F, Pavanello S, Knani J, Boughattas S, Arnaud MJ, Saguem S. CYPTA2
genetic polymorphisms and adenocarcinoma lung cancer risk in the
Tunisian population. Life Sci. 2009;84:779-84.

B'chir F, Laouani A, Ksibi S, Arnaud MJ, Saguem S. Cigarette filter and the
incidence of lung adenocarcinoma among Tunisian population. Lung
Cancer Amst Neth. 2007;57:26-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10



	Circulating miR-16-5p, miR-92a-3p and miR-451a are biomarkers of lung cancer in Tunisian patients
	Abstract 
	Introduction
	Materials and methods
	Ethics statement
	Participants: blood samples and clinical data
	Separation of blood cells on a Ficoll density gradient
	RNA extraction from PBMC and plasma samples, and reverse transcription
	Real-time quantitative PCR analysis
	Receiver operating characteristic (ROC) curves
	Prediction of biological processes regulated by miRNAs
	Statistical analysis

	Results
	miRNAs expression in the plasma of lung cancer patients
	Untreated lung cancer patients versus healthy control individuals
	Untreated vs. treated lung cancer patients
	Treated lung cancer patients versus healthy control individuals
	miRNAs expression in PBMCs of lung cancer patients
	Prediction of miRNAs regulation on biological processes

	Discussion
	miRNAs expression in Tunisian lung cancer patients

	Acknowledgements
	References


