
 

216 | P a g e  
 

Cell. Mol. Biomed. Rep. (ISSN: 2823-2550)                                                                                              2024, 4(4): 216-225 
https://doi.org/10.55705/cmbr.2024.431239.1216  

1Institute of Health Sciences, Canakkale Onsekiz Mart University, 17100, Canakkale, Turkey 
2Department of Head and Neck Surgery, Faculty of Medicine, Canakkale Onsekiz Mart University, 17100, Canakkale, Turkey  
3Vocational School of Health Services, Canakkale Onsekiz Mart University, 17100, Canakkale, Turkey 
*Corresponding Author: Ozge Caglar Cil (ozgecaglarkbb@yahoo.com) 
 

 

 

Evaluation of circulating cell-free nucleic acids in plasma as 

biomarkers of laryngeal cancer  

Basak Yavuz1, Ozge Caglar Cil2,* , Akin Cayir3 

   

A B S T R A C T 

It has been aimed to compare the level of cell-free nucleic acids 

(DNA, RNA, and miRNA) concentrations in laryngeal cancer patients 

with the control group composed of healthy individuals. It has been 

utilized 46 patients with laryngeal carcinoma who were previously 

diagnosed and treated were included and 46 healthy individuals 

were included as a control group. Peripheral blood samples were 

obtained from all participants. DNA, RNA, and miRNA were 

fluorometrically measured. We applied Mann Whitney U test to 

compare both groups and the adjusted general lineal model to 

identify associations between nucleic acid concentrations and tumor 

stages.  Circulating cell-free microRNA and RNA concentrations in 

the laryngeal cancer patients were significantly different (p<0.05). 

Most importantly, tumor stages were the main factor that altered 

miRNA concentration in circulation. Our findings support that 

circulating cell-free miRNA and RNA have potential to be associated 

with laryngeal cancer. Finally, cell-free miRNAs can be used as a tool 

to predict different stages of laryngeal cancer. 
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1. Introduction 

Cancer rates increase after the fifth decade 
and peak in the seventh and eighth decades. 
The most common type of head and neck 
cancer is squamous cell carcinoma (85-90%) 
[1]. Furthermore, laryngeal cancer (LC) is one 
of the most common cancers of the head and 
neck cancer. Laryngeal carcinoma accounts 
for 30% of all head and neck malignancies [2]. 
In the last 10 years, the incidence of LC has 
increased and it accounts for 2-5% of all 
newly diagnosed malignancies in one year. LC 
was observed in 1.6% of males and 0.4% of 
females [3]. 

Tumor stage, anatomical localization, 
histopathological differentiation, and neck 
metastasis are general prognostic factors of 
Laryngeal carcinoma. Especially neck 
metastasis is accepted as a poor prognostic 
finding [4]. Therefore, biomarkers are needed 
for early diagnosis and treatment, and thus, 

increase the chances of the patients for the 
treatment. Biomarkers are cellular, 
biochemical or molecular alterations that can 
be easily and non-invasively measured in 
human tissues and are directly or indirectly in 
the pathway of disease [5]. 

Recent advancements in molecular 
techniques provide new investigation areas in 
different liquid biopsies such as blood, serum, 
plasma, cell, and urine. Molecular changes in 
bodily fluids provide a unique opportunity to 
explore new biomarkers of diseases. In this 
context, plasma is one of the sources of 
different molecules including cell-free DNA 
(cfDNA), cell-free RNA, and cell-free miRNA.  
cfDNA was first described by Mandel and 
Metais in 1948 [6]. 

It has been reported that the amount of 
cfDNA was higher in cancer patients than the 
healthy HCs, and the concentration of ccfDNA 
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in serum increased after radiation therapy [7]. 
Furthermore, evidence obtained from cancer 
patients indicated that cfDNA originates from 
tumoral tissue since cfDNA has a genetic and 
epigenetic character similar to tumor DNA [8]. 

It is accepted that the mechanisms that 
cause the DNA to become free in the cell are 
also caused to release the RNA. In this context, 
cfRNA presents and measures in a variety of 
bodily liquids. To date, cfRNA has been used 
to investigate the causes of several diseases 
such as diabetes, trauma, stroke and 
myocardial infarction [9-11]. 

A miRNA is a small, endogenously uncoded 
RNA molecule of length 19-25 nucleotides in 
length. Researches have shown that miRNAs 
play a role in cellular functions, proliferation, 
apoptosis, metastasis, and cellular changes 
[12, 13]. 

Currently, more than 2000 miRNAs in the 
human genome have been identified [14], 
which are associated with a number of 
diseases, including cancer and other diseases 
[15, 16]. In addition to being in the cell, 
miRNAs have been determined in bodily 
fluids.  The circulating free or bodily fluid 
microRNAs (cfmiRNA) have been widely 
reported to be markers of several human 
diseases [17, 18].  

There are several reasons to use cell-free 
nucleic acids as candidate biomarkers of 
disease; 1- they are available in many bodily 
fluids, 2- bodily fluids can be easily obtained, 
3- the measurement of cell-free nucleic acids 
is direct, sensitive, inexpensive, and relatively 
simple, 4- the amount of nucleic acids is 
enough for analysis, 5- they can be analyzed in 
terms of genomic, epigenomic and 
epitranscriptomics. Since there is insufficient 
data regarding the role of circulating cell-free 
nucleic acids in plasma samples in LC patients, 
in the present study, we measured the cfDNA, 
cfRNA and cfmiRNA amounts in the plasma 
samples obtained from LC patients. Then we 
compared the findings with the HC group 
results. By investigating whether these 
molecules in plasma samples differed 
between LC patients and healthy individuals, 
we evaluated cfDNA, cfRNA, and cfmiRNA as 
biomarkers of LC.   

2. Material and Methods 

2.1. Study design and participants 

The study was approved by the ethics 
committee of the University (2011-KAEK-
27/2018-E.1800185667). Consent forms 
were obtained from the patients and the study 
was conducted according to the Helsinki 
Declaration. A total of 92 individuals (46 
patients with laryngeal carcinoma) who were 
previously diagnosed and treated were 
included as patients and 46 healthy 
individuals were included as a control group. 
The patient group consisted of individuals 
who applied to the same otolaryngology clinic 
and were followed up in the same clinic. The 
patients generally applied with the complaint 
of hoarseness. The mass was detected in the 
endoscopic examinations, afterward, the 
necessary imaging methods were applied to 
evaluate the neck and mass, and direct 
laryngoscopy-biopsy was applied to the 
patients for a definitive diagnosis. 
Appropriate treatment was planned for 
patients diagnosed with squamous cells. 
Clinical history, age, gender, occupation, 
smoking habits, history of surgery, 
radiotherapy, and chemotherapy, and physical 
examination findings of the patients with 
cancer were recorded. The type of treatment, 
recurrence and metastasis were recorded. In 
the study, the HC group included individuals 
aged 40 years or older, who had no additional 
disease, did not use any drugs for any reason 
and had no family history of cancer. Similarly, 
the demographic characteristics of the HC 
group were recorded.  

2.2. Collection and measurement of nucleic 
acid amount 

For the cfDNA, 5 ml of blood was collected 
in sterilized tubes containing K3-EDTA. After 
taking the blood samples, they were 
immediately centrifuged at 3000 g for 10 min. 
The plasma samples were then centrifuged at 
16000 g for 10 min. The DNA content of the 
plasma samples was measured directly with a 
fluorescence-based Quant-iT™ high-sensitivity 
DNA, RNA, and miRNA assay kits and a 
Qubit® fluorimeter (Invitrogen, Carlsbad, CA, 
USA). 

The Qubit® 2.0 Fluorimeter is used for 
quantitation of DNA, RNA, and miRNA. It uses 
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specific dyes for each type of molecule which 
has extremely low fluorescence until they 
bind to their targets. After binding, they give 
off an intensely fluorescent signal which is 
directly proportional to the nucleic acid 
concentration of any solution. In the present 
study, the cfDNA, cfRNA, and cfmiRNA of each 
individual were measured using a DNA, RNA, 
and miRNA curve obtained from the 
standards of known concentrations. Plasma 
samples were analyzed in duplicate and the 
mean of the two values was used as the final 
nucleic acid amount.  

2.3. Statistical analysis 

We compared the result of circulating 
nucleic acids in both groups by using the 
Mann-Whitney U test. Multiple regression 
analysis was performed to determine the 
effects of other factors of populations. 
Spearman Rho correlation test was used to 
determine the relationship between the 
parameters. 

We applied general linear model analysis 
to evaluate the effects of different variables 
(tumor stages, taking radiotherapy, tumor 
sites, seconder diseases, and urban or rural 
living conditions) and continuous variables 
(age)) on ccfmiRNA, ccfRNA, and ccfDNA 
amounts in different models.  All analyses 
were performed using IBM SPSS Statistics 19. 
Graphs were drawn using GraphPad Prism for 
Windows. 

3. Results 

The demographic characteristics of both 
populations are given as supplemental data. 
All patients were male, and the mean age of 
the patient group was 64.15. All patients also 
have a history of smoking. On the other hand, 
46 individuals included in the study as the 
control group were given. 52.2% of the 
individuals in the control group were male. 
The mean age of the control group was 50.39. 

In this study, the amounts of cfDNA 
obtained from cancer and the control groups 
are given in figure 1. Accordingly, the mean 
cfDNA amount obtained from the cancer 
group was 1137.9 ng/µl, while it was 1216.2 
ng/µl for the control group. When the values 
obtained in both groups were compared with 
the Mann-Whitney U test, no statistically 

significant difference was observed (p>0.05) 
(Figure 1). 

In the study, the amount of cfRNA obtained 
in the cancer was found to be less in 
individuals with cancer than the control 
group. The mean amount of cfRNA was 6221.7 
ng/µl and 7064.1 ng/µl in the cancer group 
and the control group, respectively. When the 
mean values of both groups were compared 
with the Mann-Whitney U test, the amount of 
cfRNA in cancer patients was significantly 
lower than the control group (p<0.05) (Figure 
2). 

The distribution of the amounts of 
cfmiRNA obtained in cancer and control 
groups is given in Figure 3. The cfmiRNA 
amount was 5646.5 ng/µl and 5028.3 ng/µl in 
cancer and control groups, respectively. The 
amount of cfmiRNA obtained in the cancer 
group was found to be higher than the control 
group. When the Mann-Whitney U test was 
applied to the data obtained in both groups, it 
was found that the averages were significantly 
different (p<0.05). 

The relationship between cfDNA and 
smoking is given in Figure 4. Accordingly, no 
statistically significant difference was found 
between smoker cancer patients and smoker 
control individuals (p>0.05). Similar results 
were obtained between smoker cancer 
patients, and control non-smokers (p>0.05). 

The relationship between cfRNA amount 
and smoking is given in Figure 5. Accordingly, 
no statistically significant difference was 
found in smoker cancer with smoker control 
individuals (p>0.05). However, a statistically 
significant difference was found between 
smoker cancer patients with non-smokers 
control individuals (p<0.05). 

The association between cfmiRNA and 
smoking habit is given in Figure 6.  
Accordingly, the difference was found to be 
statistically significant between cancer 
patients who smoke with the control group 
(p<0.05). Accordingly, higher amounts of 
miRNA were detected in cancer patients. On 
the other hand, no statistically significant 
difference was found between cancer patients 
who smoke with control non-smokers (p> 
0.05). 
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Fig. 1. the amounts of cfDNA in the cancer and the 
control groups  
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Fig. 2. the amount of cfRNA in the cancer group 

and the control group 
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Fig. 3. the amount of cfmiRNA in the cancer group 

and the control group 
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 Fig. 4. the amount of cfDNA among the smoker 
cancer with smoker control and non-smokers 
control individuals 
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Fig. 5. the amount of cfRNA among the smoker 
cancer with smoker control and non-smokers 
control individuals 

 

When the association between the amount 
of nucleic acid obtained only from cancer 
individuals was analyzed, significant and 
positive correlations were observed. 
According to Spearman rho analysis (Table 1), 
a positive and statistically significant 
difference between cfDNA and cfmiRNA was 
determined (r=0.78, p=0.001). Similarly, a 
statistically significant difference was found 
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between cfmiRNA and cfRNA (r= 0.394, 
p=0.007). Finally, a positive and statistically 
significant difference was found between 
cfRNA and cfDNA (r = 0.388, p = 0.008). When 
the Spearman rho correlation method was 
applied to the amount of nucleic acid obtained 
in healthy individuals, statistically significant 
differences were found between cfmiRNA and 
cfDNA (r=0.36, p=0.014) and cfRNA (r=0.31, 
p=0.034), (Table 2). 
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Fig. 6. the amount of cfmiRNA among the smoker 

cancer with smoker control and non-smokers 

control individuals 

In this study, the effects of several factors 
were investigated by applying multiple 
regression analysis to the evaluated 
parameters. Firstly, non-normal distribution 
data were determined by the Kolmogorov 
Smirnov test, and then LG10 transformation 
was applied to the nucleic acid amount for 
normalization cfDNA, cfRNA, and cfmiRNA 
were selected as the dependent variable in 
separate models. 

The models were adjusted for several 
factors including age, smoking habits, and 
cancer/healthy. Where cfDNA and cfRNA were 
as a dependent variable in separate models, 
no variable was found to be significant in the 
model. On the other hand, in the case of cfRNA 
as a dependent variable, we found that cancer 
or health is the significant factor that affects 
the cfmiRNA amount in plasma (R2=0.09, 

p=0.01) which indicates the significant 
differences of cfmiRNA amount in 
multivariable model.  

We set up general linear model which 
includes catercorical variable (tumor stages, 
taking radiotherapy, tumor sites, seconder 
diseases, and urban or rural living condition) 
and continius varible (age). With cfmiRNA as 
the dependent variables, we found that only 
tumor stages is the major factor that affected 
the cfmiRNA amount in the circulation.  

When cfRNA is dependent variable, we 
found that seconder diseases can alter the 
level of RNA in circulation (Table 3). In case of 
DNA dependence, we did not find any variable 
which altered the level of DNA significantly.  

Table 1. Correlation coefficients between the 
amounts of nucleic acid obtained in individuals 
with LC. 
 cfmiRNA cfDNA cfRNA 

cfmiRNA 1.00   

cfDNA 0.78** 1.00  

cfRNA 0.39** 0.39** 1.00 

**p < 0.01; (cfmiRNA: circulating free microRNA, 
cfDNA: circulating free DNA, cfRNA: circulating 
free RNA, LC: larynx cancer) 

 

Table 2. Correlation coefficients between the 
amounts of nucleic acid obtained in healthy 
individuals 

 cfmiRNA cfDNA cfRNA 

cfmiRNA 1.00   

cfDNA 0.36* 1.00  

cfRNA 0.31* 0.19 1.00 

*p<0.05 

 

Table 3. General Linear Model  

S.O.V. 

Dependent 
Variable: 
cfmiRNA 

Dependent 
Variable: 

cfRNA 
Sig. Sig. 

Age 0.535 0.273 
Tumor stages (T1, T2, 
and T3)* 

0.019 0.982 

Taking radiotherapy 
(Yes/No) 

0.290 0.967 

Tumor sites (Glottik,  
Supraglottic) 

0.935 0.957 

Additional diseases 0.205 0.042 
Rural/urban life 0.253 0.677 
*We excluded T4 due to lower number of patients 
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4. Discussion 

In this study, we evaluated the levels of 
circulating cell-free nucleic acid amount in the 
plasma samples of the laryngeal carcinoma 
patients and healthy control. Our results 
revealed a consistently altered level of 
cfmiRNA and cfRNA when compared to the 
laryngeal carcinoma patients and healthy 
control. The amount of cfDNA is generally 
higher in patients with different types of 
cancer. Although the presence of nucleic acids 
was determined in the 1940s [19], the 
importance of them has recently been shown 
for some types of cancer and some chronic 
diseases. A higher level of cfDNA was reported 
in pancreatic cancer patients compared with 
healthy individuals [20]. Subsequent studies 
also supported such findings [21]. Higher 
plasma cfDNA amount increased in ovarian 
cancer and thus it was suggested as a new 
biomarker for diagnosis and prognostic 
applications of such patients [22]. Similarly, it 
has been demonstrated that circulating free 
DNA can be used as a marker of breast tumor 
[23]. The amount of free circulating tumor-
derived DNA in the serum can be used to 
diagnose head and neck squamous cell 
carcinoma [24]. In the present study, the 
mean amount of cfDNA obtained in the cancer 
group was 1137.9 ng/µl and 1216.2 ng/µl for 
the HC group. In our study, no difference was 
found in terms of cfDNA when comparing LC 
and healthy individuals. Since there has been 
no study on LC, we could not compare our 
results with different populations.  

Although the release mechanism of RNA 
into bodily fluids is similar to DNA [25], the 
roles of cfRNA have been relatively 
investigated compared to studies with cfDNA. 
Nasopharyngeal carcinoma has been 
associated with cfRNA and thus, cfRNA is 
suggested as a biomarker for the diagnosis 
[26]. In another study, the function of circular 
RNA was investigated in laryngeal squamous 
cell carcinoma tissues [27]. They showed that 
circular RNAs are irregular in these tissues 
and hsa_circRNA_100855 and 
hsa_circRNA_104912 may be potential 
biomarkers for LC [27]. In the present study, 
we found a lower amount of cfRNA in 
laryngeal carcinoma patients. In our study, the 
average cfRNA amount in the cancer group 

was 6221.7 ng/µl, whereas this value was 
7064.1 ng/µl for the HC group. In the same 
study (25), it was reported that the amount of 
circRNA decreases as the tumor stage 
increases or the patients with advenced 
clinical stage. In our study, we found that 
among the patient groups, only the amount of 
cfRNA of patients with comorbidities was 
affected compared to other patients, and this 
was statistically significant. When we looked 
at the patients in the T3 group alone, we 
found that the amount of cfRNA was lower 
compared to T2 and T1s, but we found that 
this was not statistically significant since the 
number of advanced stage patients was small. 

miRNA has been shown to play important 
roles in the stages of cancer formation [28] 
which indicates the importance of miRNAs for 
the diagnosis and treatment of cancer disease. 
It has been reported that 52.5% of miRNA 
genes were in cancer-related genomic regions 
or in fragile regions [29]. Abnormal miRNA 
expression was found to be a common feature 
in different types of cancer [30]. An increase 
in some types of miRNAs has been observed in 
lung cancer [31]. In breast cancer, the 
expression of miR-21 was increased in tumor 
samples, and irregularity was observed in 
other miRNAs [32]. The expression of many 
miRNAs has been shown to have higher 
potential as biomarkers as compared to 
mRNAs for predicting prognosis of colorectal 
cancer and for the diagnosis of specific stages 
[33]. miR-196a may be an important 
biomarker in diagnosing and treating LC, but 
further studies are needed [34]. In another 
study, miRNA-196a was compared between 
laryngeal dysplasia and early-stage laryngeal 
cancers, and it was stated that it could be used 
in diagnostic and therapeutic follow-up since 
expression was observed to increase 
significantly in early stage cancers (33). 

In our study, the amount of cfmiRNA was 
5646.5 ng/µl in the cancer group and 5028.3 
ng/µl in the HC group. The amount of 
cfmiRNA obtained in the cancer group was 
found significantly to be higher than the HC 
group. This shows that our results are 
compatible with previous studies. In addition, 
in our study, it was observed that as the 
tumor stage increased, the amount of 
cfmiRNA increased and this was statistically 
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significant. This supports the literature, too. 
This provided evidence that cfmiRNA can be 
used in the diagnosis and treatment of 
laryngeal cancer. 

In our study, all patients were smokers. 
The HC group was divided into two groups as 
a smoker and a non-smoker. After a 
comparison of ccfDNA and ccfRNA levels, no 
significant difference was found between 
smokers laryngeal carcinoma patients and 
smoker-healthy control. However, more 
miRNA was detected in the plasma of smokers 
with cancer than in the HC group. Especially in 
terms of miRNA, the smoking habit seems a 
factor that affects the amount of circulating 
miRNA. 

It was reported that glottic cancer was 
common in males, while supraglottic cancer 
was common in females [35]. In healthy 
individuals, the amount of cfDNA was found to 
be different between genders. The amount of 
cfDNA of the male was found to be higher than 
that of women [36]. In our study, extracellular 
DNA and RNA were found to be different in 
males. It was found to be less in males with 
cancer. On the other hand, cfmiRNA obtained 
in males with cancer was found to be 
significantly higher than in HC females. 
Although it is difficult to evaluate the results 
of our study since cancer patients were 
completely male, there are some predictions 
that there may be differences in terms of 
gender as a general tendency. In this context, 
more studies are needed in larger and 
sexually balanced populations. In our study, a 
positive and significant relationship was 
found between cfmiRNA and DNA, cfmiRNA 
and cfRNA. On the other hand, a positive and 
significant correlation was also found 
between cfDNA and cfRNA. These results in 
the patient group suggest that these three 
molecules can be released into the blood by 
common mechanisms such as apoptosis 
and/or necrosis [25].  

5. Conclusion 

In summary, according to the results of our 
study, cfmiRNA and cfRNA have the potential 
to become biomarkers for LC. However, this 
study was conducted with a limited patient 
population and there were no non-smokers in 
this group. Further work in large patient and 

HC group populations is required to evaluate 
the suitability of the circulating cell-free 
nucleic acid for investigating different 
biomarkers of LC. Furthermore, subsequent 
studies are recommended to investigate 
genomic, epigenomic and epitranscriptomic 
alterations in circulating cell-free DNA and 
RNA in circular blood.  
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