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Abstract. – Radiotherapy (RTH) is still one 
of the leading treatment options for lung can-
cer patients. This treatment option is especially 
significant for patients with diagnosis of locally 
advanced or advanced tumor. To date, it is dif-
ficult to predict RTH outcomes basing only on 
patients’ clinical features. Moreover, there are 
no established molecular markers, which could 
improve the prediction of RTH efficacy. Among 
the most promising markers which could serve 
as valuable biomarkers of RTH, miRNAs seem 
to be the most appropriate. According to litera-
ture reports, these molecules may be used for 
the prediction of RTH response, selection of pa-
tients who could benefit from RTH, as well as 
to estimate the risk of toxicity after irradiation. 
Moreover, thanks to the possibility of its testing 
in blood samples whenever it is required, miR-
NAs seem to be a much more attractive predic-
tive marker of response to RTH than other mo-
lecular factors. In the present mini-review, we 
discuss recent findings of experimental studies 
(cell cultures analysis) and clinical studies con-
cerning the relationship between miRNAs and 
sensitivity of lung tumors to RTH.
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Introduction

Despite recent advances in early lung cancer 
(LC) diagnosis and the availability of novel treat-
ment perspectives, the number of patients who 
could benefit from molecularly targeted therapies 
or immunotherapy is still low. The above-men-
tioned limitations are often caused by the lack of 
characteristic symptoms of the disease at an early 
stage of its development. Moreover, currently 
there are only a few known molecular alterations 
against which molecularly targeted agents can be 
applied1-3. The following concerns, including low 

social awareness regarding tobacco smoking and 
its harmful impact on the human body, disregard 
for screening programs and often insidious and 
latent tumor development contribute to a high 
prevalence of LC in the global population. Unfor-
tunately, all of the mentioned concerns contribute 
to late detection of the disease; hence, LC is still 
both the most prevalent and fatal human neo-
plasm4-7. Certainly, most of LC cases are detected 
in either locally advanced or advanced stage 
of the disease, frequently with the presence of 
distant metastases. Late disease detection (stage 
IIIB-IV and inoperable stage IIIA) is always as-
sociated with unfavorable prognosis. The 5-year 
survival rate varies from 14% for IIIA patients to 
5% in stage IIIB, and it is only about 1% for meta-
static cancer (stage IV)8,9. Treatment perspectives 
for LC include the following: surgery, which is 
the most appropriate option for radical therapy, 
molecularly targeted therapies, as well as chemo-
therapy (CTH) and radiotherapy (RTH), which 
are still characterized by low effectiveness. The 
selection of the therapeutic option depends on 
the disease stage and histological type of tumor. 
Additionally, the qualification of patients for most 
appropriate therapy should be complemented by 
the evaluation of performance status (according 
to ECOG-WHO or Karnofsky’s scale) and the 
consideration of the risk of the post-treatment 
side effects. Eventually, molecular testing can 
be used to consider the qualification of patients 
for personalized therapy7,10,11. Unfortunately, the 
number of patients who could undergo surgery 
or molecularly targeted therapy is low, thus CTH 
and RTH are still leading and most common op-
tions of LC treatment. 

Lung Cancer Radiotherapy
The main purpose of RTH is the destruction 

of tumor cells by ionizing radiation, which can 
result in patient recovery (radical RTH) or alle-
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viation of the disease symptoms associated with 
local tumor development or metastases (palliative 
RTH). This treatment option is especially signif-
icant for patients with the diagnosis of non-small 
cell lung cancer (NSCLC). According to litera-
ture data12-14, approximately 60-70% of NSCLC 
patients require the application of a different type 
of RTH. Radical RTH is often applied in stage 
III of NSCLC, and in patients with an early dis-
ease stage (I-II) in case of disqualification from 
surgery (due to non-tumor associated reasons) or 
because of the patient’s decision to resign from 
surgery13,14. However, the outcomes of radical 
RTH are still unsatisfactory. The 5-year survival 
rate is achieved by only about 20% of patients in 
stage I and II of the disease and up to 10% cases 
in stage III. For early stages of NSCLC, stereo-
tactic body radiotherapy is almost as effective as 
surgical intervention; however, there is still a lack 
of randomized trials comparing results achieved 
with both methods15. A review of the available 
literature reports regarding the effectiveness of 
standard RTH has demonstrated 2-year survival 
in up to 70% of treated cases, whereas 5-year 
survival is achieved in approximately 30% of pa-
tients. Those outcomes also suggest that a higher 
dose of radiation allows achieving better response 
to RTH. Currently, RTH is the leading treatment 
option for stage III of NSCLC and it is usually 
complemented by CTH to improve treatment 
outcomes. Palliative RTH of the chest is consid-
ered to be a therapy regimen used to alleviate 
disease symptoms in selected patients with good 
performance status. Moreover, palliative RTH of 
metastases is used in case of their presence in 
bones and brain. In patients with endobronchial 
localization of the tumor, brachytherapy can be 
considered16,17. 

The indication of RTH application in patients 
with a limited stage of small-cell lung cancer 
(SCLC) is high tumor radisosensitivity and fre-
quent disease recurrence in primary localization. 
Similarly to NSCLC, also in SCLC, RTH is com-
bined with CTH to improve treatment outcomes. 
RCTH reduces the risk of early death and im-
proves survival rate in SCLC patients compared 
to CTH used as a single therapy method. Despite 
that, the most favorable regimen of RCTH for 
SCLC has not been established yet. Both methods 
can be applied simultaneously during treatment or 
sequentially (RTH after CTH)18,19. A meta-analy-
sis conducted by Pignon et al20 demonstrated that 
RTH added to CTH increased 3-year survival 
rate in SCLC by about 5% and reduced the risk 

of early death by 14%. Although RTH and RCTH 
are beneficial for most LC patients, these methods 
are characterized by a high risk of post-radiation 
side-effects and development of severe toxici-
ty21. Unfortunately, the RTH outcomes are often 
difficult to be unequivocally predicted, and the 
improvement of survival time is rather poorer 
than expected. However, the attempts are made 
to improve RTH outcomes and include testing 
of various radiation doses, different schemes of 
RTH or RCTH, and combination of various CTH 
regimens with RTH. Besides there is a lack of 
molecular predictive factors which could allow 
selecting patients who would benefit from therapy 
and in whom RTH could fail. 

MiRNAs and Lung Cancer
Among currently tested molecular factors in 

LC patients, microRNAs (miRNAs) molecules 
seem to be the most attractive. These small, 
non-coding RNA molecules belong to epigenetic 
mechanisms regulating gene expression. How-
ever, single miRNA does not encode genetic 
information, thus it does not carry information 
about protein structure. These molecules play a 
crucial role in the regulation of protein synthesis 
by targeting selected mRNA. MiRNAs, binding 
to untranslated region located in 3’ tail (3’-UTR) 
of mRNA, modulate its function through the 
impact on translation process, therefore miR-
NAs regulate gene expression post-transcription-
ally22,23. In the case of high miRNAs expression, 
these molecules effectively bind to specific or 
partially-specific mRNA sequence leading to a 
decrease in protein level or even totally inhibit 
translation. In consequence, however, the gene 
is either expressed normally or the expression is 
altered and the accumulation or disintegration of 
non-functional mRNA is observed in a cell. In 
healthy cells, there is equilibrium between gene 
expression and miRNAs synthesis. Therefore, the 
gene function is precisely controlled and proteins 
are formed if required for cell cycle. However, 
protooncogenes are repressed by a still high level 
of complementary miRNAs, which prevent their 
transformation into oncogenes. Altered expres-
sion of numerous miRNAs is observed in various 
human diseases, and is especially demonstrated 
in neoplasms - that appears to be the incorrect 
equilibrium between mRNA and miRNA lev-
el, which leads to the uncontrolled synthesis 
of proteins, including oncogene proteins. This 
phenomenon results in the increase or decrease 
in the level of different miRNAs and, in conse-
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quence, unnecessary proteins are formed, while 
the synthesis of proper proteins is inhibited. 
Therefore, miRNAs can also be considered as 
a tumor-suppressor marker and oncogenes24-27. 
All the mentioned alterations affect uncontrolled 
cell development, proliferation, and migration. 
Differences in miRNA expression level observed 
between LC patients and healthy population may 
be potentially used in daily clinical practice. First 
of all, miRNAs can be applied as a potential diag-
nostic marker for early tumor diagnosis, as well 
as an independent prognostic factor of patient 
survival28. Despite that, miRNAs also manifest 
their predictive potential through the regulation 
of protein synthesis. This observation could be 
useful for estimation of CTH, RTH, and RCTH 
effectiveness. It is evident that certain proteins 
regulate the metabolism of chemotherapeutics, 
such as platinum or other cytostatics, and this 
process depends on protein expression. A simi-
lar protein function can also be observed in the 
case of cell irradiation. The altered expression of 
proteins regulating DNA repair mechanism after 
ionizing radiation affects the RTH efficacy, as 
well as the intensity of side effects and toxicity. 
By identifying new miRNAs and understanding 
their role in the regulation of the function of par-
ticular proteins related to RTH response, we will 
be potentially able to test patients with miRNA 
signatures to select group of individuals, who will 
benefit and respond to RTH. Moreover, thanks to 
the possibility of its detection in blood plasma or 
serum whenever it is required, miRNAs seem to 
be a much more attractive predictive marker of 
response to RTH than other molecular factors.

 
MiRNAs and Response to RTH -  
Cell Line Analysis

Ionizing radiation induces mainly DNA dam-
age response in the cells. However, extensive 
DNA damage cannot be repaired; thus, it leads to 
the activation of the programmed death of cells. 
The massive destruction of tumor cells after radi-
ation is the essence of RTH. Unfortunately, tumor 
cells already have or may acquire radioprotective 
(radioresistance) characteristics that enable them 
to escape from radiation-induced cell death. This 
fact may be related to altered gene expression en-
coding proteins involved in the above-mentioned 
process, as well as altered expression of miRNAs 
which mediates the translation process29. A ma-
jor mechanism leading to alteration of miRNA 
expression is the impact of radiation on miRNAs 
synthesis by affecting Dicer and Drosha mecha-

nisms. In the case of their absence, miRNAs syn-
thesis is decreased. Therefore, in cells character-
ized by a reduced amount of miRNAs or even its 
absence, cell survival is decreased and apoptosis 
induced. Currently, it is believed, that radiation 
affects the changes in miRNAs expression pro-
file. However, the basis of this mechanism is still 
unknown. Generally, miRNAs regulate numer-
ous cellular pathways, including DNA damage 
response to radiation29-31.

To date several miRNAs were evaluated as 
potential factors predicting RTH response in LC 
cell lines. One of the first molecules described in 
detail, which can be involved in RTH response in 
LC was miRNA-21. In the study of Wang et al32 

conducted on A549 LC cell line, they investigat-
ed the correlation between miRNA-21 and cell 
response to radiation. MiRNA expression was 
monitored in the time period from 0 to 8 h after 
irradiation. The miRNA-21 level significantly 
increased 4 h after treatment, and authors linked 
this phenomenon with its ability to modulate cell 
response to RTH. To confirm these findings, the 
authors knocked down miRNA-21 by RNAi in 
A549 cells, and afterwards exposed cells to radi-
ation. Results showed that the survival of A549 
cells with knocked-down miRNA-21was signifi-
cantly lower than in control cells. Moreover, the 
knock down of miRNA-21 inhibited growth and 
proliferation of A549 cells. Summarizing, miR-
NA-21 was estimated as a putative novel marker 
of response to RTH, because the low expression 
of miRNA-21 inhibited proliferation of A549 cells 
and sensitized cells to radiation32. Similar conclu-
sions were formulated by Cho et al33, however, 
authors additionally investigated another mech-
anism of miRNA-21 action. The study findings 
showed, that overexpression of miRNA-21 in-
creased radioresistance of A549 cells and up-reg-
ulated EGFR/HER2 signaling pathway, which 
can be associated with epithelial-mesenchymal 
transition (cell invasion, migration, and vascu-
larization). In a mice model, combined treatment 
of anti-miRNA-21 with irradiation progressively 
decreased tumor burden compared to each treat-
ment alone. Authors believed, that miRNA-21 
conferred radioresistance and diverse features 
of epithelial-mesenchymal transition. MiRNA-21 
knock down could be a novel potential strategy 
for improving the efficacy of RTH via modulation 
of pro-survival signaling implicated in radiation 
response and epithelial-mesenchymal transition33. 
Also, Ma et al34 found a correlation between 
miRNA-21 expression and response of A549 cell 
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line to radiation. Interestingly, the authors found 
another molecular pathway of miRNA action. 
Silencing of miRNA-21 in radioresistant A549 
cells sensitized them to radiation. As a result, 
the proliferation of tumor cell was inhibited, 
whereas cell apoptosis was enhanced by inhibi-
tion of PI3K/Akt signaling pathway involved in 
mediation of radiation response by cells medi-
ated by miRNA-21. Several other miRNAs were 
investigated as markers of response to radiation 
in cancer cell lines. In the case of A549 cell 
line, miRNA-451 can also be involved. Over-
expression of this molecule can enhance the 
suppressive effect of radiation on the ability of 
colony forming by A549 cells and also by acti-
vation of PTEN expression. Both mechanisms 
probably lead to radiosensitization of LC cell 
line through the enhancement of apoptosis35. In 
another study analyzing the role of miRNA in ra-
diosensitivity of SCLC and NSCLC cell lines, the 
different molecules including miRNA-21, 1827, 
214, 339, 625, 768, 523, 1227 were differentially 
expressed. Among them, miRNA-214 seems to 
be the most interesting because of its implication 
for p38MAPK pathway. A high expression level 
of miRNA-214 was associated with resistance of 
NSCLC cell lines to irradiation, and it protected 
cells against radiation-induced apoptosis. Protec-
tion is putatively mediated by p38MAPK, thus 
in the future, both miRNA-214 and p38MAPK 
could become interesting treatment targets, and 
their inhibition could reverse the resistance to 
irradiation36. MiRNAs potentially involved in 
modulation of LC cells response to radiation are 
summarized in Table I35-43.

MiRNA and Response to RTH -  
Clinical Findings

Promising findings provided by analysis of cell 
lines encourage researchers to investigate select-
ed miRNAs in LC patients to predict response 

to RTH. Similarly to other uses of miRNA e.g., 
tumor diagnostics, it seems the most appropriate 
to simultaneously analyze a few molecules to 
improve the accuracy of diagnosis. Thanks to the 
possibility of non-invasive testing of miRNAs 
by liquid biopsy at each stage of therapy, those 
molecules are attractive predictive markers of 
RTH. However, to date, only a few studies inves-
tigated the role of miRNAs circulating in blood 
as predictors of tumor radiosensitivity (Table II). 
In the study of Dinh et al44, the authors investi-
gated the level of miRNA-29a and miRNA-150 
expression in plasma samples of NSCLC patients 
scheduled for RTH. Despite the fact that miRNAs 
may be involved in response to RTH, the authors 
also highlighted another interesting phenomenon, 
suggesting that miRNAs are associated with a 
high risk of toxicity after irradiation. Expression 
of both molecules decreased as a result of irradia-
tion, which was related to a decrease in exosomes 
released to circulation. It was concomitant with 
an increase of miRNAs in intracellular space, 
suggesting that exosomal export of miRNAs 
may be downregulated in NSCLC in response 
to irradiation. Interestingly, RTH patients with 
a significant reduction of miRNA-29a level are 
at a higher risk of severe radiation pneumonitis 
compared to patients in whom the miRNA level 
decreased moderately44. In another study, Bi et 
al45 studied serum miRNAs signature for the 
prediction of RTH effectiveness in NSCLC pa-
tients. The study enrolled 134 individuals with 
inoperable tumors treated with RTH who were 
followed-up for at least 18 months. Among 84 
studied miRNAs, two molecules: miRNA-885 
and miRNA-7 demonstrated the most significant 
clinical utility regarding response to irradiation 
and risk of reducing the overall survival (OS) 
depending on radiation dose. The proposed sig-
nature demonstrated diagnostic power, especially 
for individuals treated with doses of over 70 Gy 

Table I. MiRNA potentially involved in radiosensitivity of LC cell lines.

 miRNA Expression level Pathway/miRNA-target involved in resistance Reference

miRNA-451 Downexpression PTEN 35
miRNA-214 Downexpression p38MAPK 36
miRNA-328-3p Downexpression γ-H2AX 37
miRNA-124 Downexpression TXNRD1 38
miRNA-148b Downexpression MLH1 39
miRNA-34a Downexpression Myc 40
miRNA-1323 Downexpression PRKDC 41
miRNA-122 Overexpression MAPK, PI3K 42
miRNA-21-5p Downexpression hMSH2 43
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and it allowed to distinguish between patients 
with either high or low risk of early death (OS 
between groups: 70.7 vs. 18.8 months; p<0.01)45. 
Based on Chen et al46 research, 14 miRNAs were 
selected with putative clinical significance for 
RTH response. Among selected miRNAs, the 
following four miRNA-98, 302e, 495, 613 were 
strongly related to RTH response. Expression of 
all mentioned molecules was significantly higher 
in the group of patients who achieved complete or 
partial remission of the disease compared to the 
group that achieved stable or progressive disease. 
However, there was no correlation between either 
OS or progression-free survival and miRNAs ex-
pression46. Jiang et al47 found serum miRNA-330 
as a novel predictor of RTH in NSCLC patients. 

The expression of the above-mentioned molecule 
was significantly lower in RTH-responders com-
pared to the non-responder group. Moreover, the 
analysis of miRNA-330 demonstrated high diag-
nostic accuracy for predicting RTH sensitivity 
with the sensitivity of 71.7% and specificity of 
90.1% (AUC=0.898). However, after RTH, pa-
tients with low miRNA expression had shorter 
OS in contrast to the group with high miRNA 
level. Most recently, Sun et al48 combined eleven 
miRNAs-based signatures with clinical factors 
of NSCLC patients to generate a dose response 
score (DRS) for prediction of OS in patients 
treated with either standard-dose or high-dose of 
RTH. Subjects qualified to the low DRS group 
based on the above-mentioned criteria showed 

Table II. Recent clinical studies correlating miRNA and effectiveness of RTH in NSCLC patients.

  Sample size/ Disease stage
 Study material of NSCLC  Major study findings

Dinh et al44 25/plasma IIA-IIIB 1. Five miRNAs (29a, 150, 342, 142, and 125b) decreased
    in expression in circulation with increasing radiation
    dose  whereas five miRNAs (101, 30d, 320a, 191, and 
    15b) increased in expression.
   2. Circulating miR-29a and miR-150 improve prediction of
    unexpected responses to radiation therapy, such as toxicity.

Bi et al45 100/serum Inoperable stages  1. Circulating miRNA-885 and miRNA-7 were identified as
  (mostly III)  significant predictors for overall survival of radiotherapy
    treated NSCLC patients.
   2. Two miRNA-based signature predicts survival and 
    radiation resistance in inoperable NSCLC and may
    potentially help to select patients who will not benefit 
    from high-dose radiation.

Chen et al46 54/plasma IIIA-IV 1. Four miRNAs (98, 302e, 495-3p, 613) demonstrated a 
    higher expression in patients, who benefit from RTH
    (complete or partial remission) than in non-responders
    (stable or progressive disease).
   2. Studied miRNAs did not correlate with median PFS or 
    OS in the study group.

Jiang et al47 258/serum IV with brain 1. MiRNA-330 is down-expressed in the radiation-sensitive
  metastases  patients than in the radiation-resistant ones. MiRNA-330
    allows prediction of radiation sensitivity with a sensitivity 
    of 71.7% and a specificity of 90.1%. 
   2. After RTH patients with low miRNA-330 level,
    demonstrated a lower survival rate and a median survival
    time compared to patients with high miRNA-330 level.

Sun et al48 80/serum II-III 1.  Signature of eleven miRNAs (10b, 125b, 125, 134, 155,
    200b, 205, 34a, 92a, 145, 22) combined with clinical 
    factors identified a subset of NSCLC patients who derive
    an overall survival benefit from high-dose RTH (HR=0.22).
   2. In patients with low Dose Response Score measured by
    miRNAs, high-dose RTH conferred decreased risk of 
    distant metastasis and local progression.
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improved OS after therapy with high-dose com-
pared to standard-dose RTH (HR=0.22, p<0.05). 
The study findings revealed miRNA as a useful 
clinical tool for the identification of patients who 
could benefit from high-dose RTH without the 
presence of serious side-effects. Interestingly, 
patients assigned to low DRS score group were 
at a lower risk of local or distant metastases de-
velopment48.

Although the literature reports concerning the 
clinical utility of miRNAs as a predictor of RTH 
are limited, the available data is promising and 
encourages further research49. MiRNAs may be 
assessed as a predictor of RTH to select re-
sponding and non-responding group of patients 
and also to predict survival after the application 
of irradiation. Moreover, some papers seem to 
confirm that miRNAs may also be a valuable 
predictor of post-radiation toxicity development. 
However, the obtained results should be treated 
with caution and need to be confirmed in large 
clinical trials enrolling a large cohort of patients.
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