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Abstract (J Korean Assoc Oral Maxillofac Surg 2020;46:341-347)

Objectives: Oral squamous cell carcinoma (OSCC) is one of the most common types of head and neck cancer. MicroRNAs, as new biomarkers, are 
recommended for diagnosis and treatment of different types of cancers. Bevacizumab, sold under the trade name Avastin, is a humanized whole mono-
clonal antibody that targets and blocks VEGF-A (vascular endothelial growth factor A; angiogenesis) and oncogenic signaling pathways.
Materials and Methods: This study comprised 50 cases suffering from OSCC and 50 healthy participants. Peripheral blood samples were collected 
in glass test tubes, and RNA extraction was started immediately. Expression levels of miR-155, miR-191, and miR-494 biomarkers in the peripheral 
blood of OSCC-affected individuals and healthy volunteers in vivo were evaluated using real-time PCR. The influence of Avastin on the expression 
levels of the aforementioned biomarkers in vitro and in the HN5 cell line was also investigated. 
Results: Expression levels of miR-155, miR-191, and miR-494 in the peripheral blood of individuals affected by OSCC were higher than in those 
who were healthy. Moreover, Avastin at a concentration of 400 µM caused a decrease in the expression levels of the three biomarkers and a 1.5-fold, 
3.5-fold, and 4-fold increase in apoptosis in the test samples compared to the controls in the HN5 cell line after 24, 48, and 72 hours, respectively. 
Conclusion: The findings of this study demonstrate that overexpression of miR-155, miR-191, and miR-494 is associated with OSCC, and Avastin is 
able to regulate and downregulate the expression of those biomarkers and increase apoptosis in cancerous cells in the HN5 cell line
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I. Introduction

Oral squamous cell carcinoma (OSCC) is the sixth most 
common cancer worldwide1. Only 50% of patients survive up 
to five years because they are diagnosed in advanced stages2. 
Given the severity and complication of the disease, using a 
diagnostic tool is necessary for clinical prognosis1. This goal 
can be achieved by identification of molecular pathways and 
biomarkers to prognosticate and detect OSCC at early stages. 

MicroRNAs (miRNAs) are small endogenous non-coding 
RNAs of 20-24 nucleotides in length. As regulators, they play 
an essential role in biological processes, such as embryonic 
development (embryogenesis), cell proliferation, cellular dif-
ferentiation, cell migration, and apoptosis3. Therefore, any 
change in miRNA expression level may have a link to vari-
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ous diseases like cancer. A number of miRNAs function as 
both tumor suppressors and as oncogenes (oncomiR)4,5, hav-
ing been shown to be involved in various cancers including 
breast cancer6-8, gastric cancer9-11, and OSCC12-14. Contradic-
tory results have been reported about the miRNA expression 
profiles of OSCC in human societies, and extensive research 
needs to be conducted before clinical use15,16. MiR-191 is one 
of the highly expressed and stable miRNAs found in human 
serum and saliva and is a potential non-invasive biomarker 
in humans17. MiR-191 is overexpressed in some cancers 
such as gastric cancer and has been shown to promote cell 
growth and suppress apoptosis18. MiR-155 plays a prominent 
role in cancer biology and can be both a suppressor and an 
oncogene19. As an oncomiR, miR-155 has been recognized 
as a carcinogen in OSCC20. MiR-494 is also identified as an 
oncomiR and is a key player in advancement of the cell cycle 
and proliferation. MiR-494 overexpression decreases PTEN 
and P27 expression21. 

Bevacizumab, sold under the trade name Avastin and ap-
proved by the U.S. Food and Drug Administration, is a fully 
humanized whole monoclonal antibody22 that is used to cure 
a number of types of cancers, including colorectal cancer, 
lung cancer23, ovarian cancer, and glioblastoma24. Bevaci-
zumab can act as an angiogenesis inhibitor, cause regulation 
of miRNA expression, induce cell apoptosis, and prevent 
OSCC progression25. 

This study aims to investigate the change in expression 
levels of miR-155, miR-191, and miR-494, as diagnostic 
biomarkers, in the serum of OSCC patients compared to that 
of healthy participants. To explore the effects of Avastin on 
apoptosis, the expression levels of miR-155, miR-191, and 
miR-494, as treatment and diagnostic biomarkers, were re-
viewed in the HN5 cell line to avoid the unnecessary and ex-
orbitant cost of medical treatments for unresponsive patients.

II. Materials and Methods

1. Selection of patients and sampling

This case-control study consists of 50 patients who were 
referred to Tehran University of Medical Sciences, Tehran, 
Iran, from March 2019 to January 2020. Cases were selected 
based on physical examination prior to any treatment and 
were suspected to have OSCC. Another 50 healthy partici-
pants were included in this study as the control group after 
being examined by a doctor and signing the letter of consent 
(ethical code: IR.TUMS.VCR.REC.1397.792). These people 

were chosen from the same age groups. Peripheral blood (2 
mL) was collected from the 50 OSCC and 50 healthy sub-
jects, and RNA was immediately extracted. 

2.  Blood RNA extraction and quantitative real-time 
polymerase chain reaction 

The extraction of total RNA and small RNAs was carried 
out using RNeasy Mini Kit (Qiagen, Hilden, Germany), ac-
cording to kit instructions. The quality of the extracted RNA 
was evaluated by NanoDrop, and the ratio of absorbance at 
260 nm and 280 nm was used to assess the RNA concentra-
tion. cDNA was produced using a kit from Zistroyesh (Teh-
ran, Iran), real-time reverse transcription polymerase chain 
reaction (RT-PCR) was performed with the same kit and 
with a Rotor-Gene (Qiagen, Hilden, Germany). To normalize 
miRNA expression, we used U6 as a calibrator (housekeeping 
gene). Temperatures and reaction times were adjusted accord-
ing to kit instructions.(Table 1) The results were interpreted 
after each reaction and based on amplification and melting 
peak curves. Average blood miRNA expression level was cal-
culated using the ΔΔCt method and compared to that of U6 
snRNA.

The 2−ΔΔCT method was used to determine the fold change 
of target miRNA compared to the expressed miRNA in the 
control group. 

3. Cell culture

The HN5 cell line, under the cellular code C196, was ob-
tained from Pasteur Institute of Iran (Tehran) and transferred 
to a laboratory at the University of Tehran to be cultured. 
HN5 cells were incubated and grew in a humidified incuba-
tor at 5% CO2 and 37°C. The growth medium, RPMI-1640 
(Gibco, Carlsbad, CA, USA), was enriched with phosphate-
buffered saline (PBS), 100 U/mL of penicillin, 100 µg/mL of 
streptomycin, and 10% fetal bovine serum (FBS). 

Table 1. Temperature conditions of real-time polymerase chain 
reaction

Cycle Duration of cycles Temperature (ºC)

1 15 min 95
35-40 15-30 s

60 s
95

55-60 
1 Melting analysis 55-95 
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4. MTT cell proliferation assay

Cell proliferation was assessed using MTT assay. HN5 cells 
in the exponential phase were placed in 96-well plates. They 
continued to grow at a concentration of 5×103 cells per well 
in the RPMI-1640 medium supplemented with 10% PBS. 
Different concentrations of Avastin (0-650 μM) dissolved in 
1% DMSO were added to the HN5 cells and incubated in 5% 
CO2 at 37°C for 24, 48, and 72 hours. The HN5 cells were 
then washed with PBS. Next, 200 μL of the culture medium 
containing 0.5 mg/mL of MTT was added to the cells, which 
were incubated in 5% CO2 at 37°C for four hours. The cells 
were lysed after the aforementioned time periods, and purple 
formazan crystals were measured at 570 nm and 630 nm 
wavelengths using an ELISA reader. The percentage of cell 
viability was calculated.

5. Annexin-PI flow cytometry

Apoptosis of cells was analyzed using the annexin V/prop-
idium iodide (PI) test. In detail, 1 mL of the cell suspension 
(equal to 5×105 cells in ml) was poured into six-well plates, 
and then 2 mL of the growth medium plus 10% FBS were 
added to the cells. Subsequently, Vanadium Schiff base com-
plex was added to the cells. After the incubation of cells, six-
well plates were washed with PBS and centrifuged at room 
temperature for six minutes. The liquid at the top of the 
sample was discarded, and 10 μL of annexin was added and 
incubated on ice in the dark. After 30 minutes, 1 mL of PBS 
was added to the samples, which were then evaluated by flow 
cytometry.

6.  Cell culture RNA extraction and quantitative real-time 
RT-PCR

Total RNA was extracted using the RNeasy Mini Kit, ac-
cording to kit instructions. The concentration of extracted 
RNA was assessed by a NanoDrop, and cDNA was produced 

using the Zistroyesh Kit. Real-time RT-PCR was performed 
according to the protocols mentioned in the previous stage. 

7. Statistical analysis

The sample size was calculated considering marker posi-
tivity in both groups, and type I and type II errors were 
perceived to be 5% and 20%, respectively. Results were ana-
lyzed by IBM SPSS Statistics (ver. 20; IBM, Armonk, NY, 
USA), and the mean and standard deviation were measured. 
To analyze the differences between the sample and control 
groups or the link between miRNA expression levels and 
clinical and pathological features, paired sample t-test was 
applied. P-values less than 0.05 were statistically significant.

III. Results

In this research, the statistical population consisted of 
50 OSCC patients and 50 healthy participants. These two 
groups were age-matched. Groups were compared accord-
ing to age using the t-test, and no significant difference was 
found; therefore, it was concluded that age would not be an 
issue in this study.(Table 2) The patient group consisted of 
26 males (52.0%) and 24 females (48.0%) individuals, while 
the healthy group included 28 males (56.0%) and 22 females 
(44.0%) individuals.

All the real-time RT-PCR reactions were performed with 
duplicate repetitions. Two vials of cDNA from each sample 
were made and tested. The results were interpreted according 

Table 2. Mean age comparison of oral squamous cell carcinoma-
affected and healthy participants by t-test

Main group Age (yr) P-value

Patients (n=50) 44.12±8.44 (26-68) 0.442
Healthy participants (n=50) 45.54±9.10 (25-68)

Values are presented as mean±standard deviation (range).
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Fig. 1. The percentage positivity for miR-155, miR-191, and miR-
494 biomarkers in the peripheral blood of cancer patients and 
healthy individuals.
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to the melting curve.
The miR-155, miR-191, and miR-494 biomarkers were 

positive in 39 (78.0%), 36 (72.0%), and 34 (68.0%) of 50 
OSCC-affected participants, respectively, and their numbers 
in healthy individuals were 8 (16.0%), 10 (20.0%), and 7 
(14.0%).(Fig. 1) The statistical comparison of these biomark-
ers in the sick and healthy groups was conducted by two-
sample binomial, which indicated a statistically significant 
difference between these two groups (P<0.001).

1.  Calculating the differences between expression of 
biomarkers in the two groups

First, cycle threshold (Ct) of each sample (as mentioned 
before) was determined. The comparative differences be-
tween the test and control samples were calculated using the 
2–ΔΔCt formula. In peripheral blood, the expression of miR-
191, miR-494, and miR-155 biomarkers was on average 2.4, 
1.5, and 1.08 times higher, respectively, in sick cases than in 
healthy individuals.(Fig. 2) 

2. Cell Viability

The comparison of cell viability at 0 µM concentration 
of Avastin at three times showed significant differences 
(P<0.001). The longer was the elapsed time, the greater was 
the cell growth. The survival of HN5 cells in the 100 µM 
concentration of Avastin also differed significantly with time 
(P=0.02), although that at the 200 µM concentration of Avas-

tin showed no significant difference (P=0.35). The survival 
of HN5 cells in the 400 µM concentration of Avastin after 48 
hours significantly decreased compared to that in the first 24 
hours (P=0.001), and a significant reduction was observed in 
the 600 µM concentration of Avastin after 72 hours compared 
to the first 24 and 48 hours (P=0.005 and 0.05, respectively).

3. Apoptotic cell analysis using flow cytometry

After incubation of the HN5 cell line in the 0, 100, 200, 
400, and 600 µM concentrations of Avastin, apoptosis of 
HN5 cells was analyzed using flow cytometry with annexin 
V and PI after 24, 48, and 72 hours. In the 400 µM concen-
tration, the average percentage of apoptotic cells in the con-
trol samples was 10% at each time marker, while that in the 
test samples was 14.8%, 33.4%, and 38.8% at the 24-, 48-, 
and 72-hour time markers, respectively, which indicated a 
1.5-fold, 3.5-fold, and 4-fold increase in apoptosis in the test 
samples compared to the controls. 

4.  Analysis of expression of miR-155, miR-191, and miR-
494 biomarkers in HN5 cells

The expression of miR-155, miR-191, and miR-494 in 
HN5 cells were analyzed using real-time PCR after 48 hours 
incubation with different concentrations (0, 100, 200, 400, 
and 600 µM) of Avastin. The result indicated the reducing 
effect of Avastin on the relevant miRNA expression and the 
positive effect of the medicine on treatment.(Table 3)

IV. Discussion

There are a number of studies on the role of miRNA and 
miRNA dysregulation in different diseases, including can-
cers. MiRNAs are endogenously expressed small non-coding 
RNAs that play a major role in almost all biological cellular 

Table 3. Real-time polymerase chain reaction results of fold 
change for miR-155, miR-191, and miR-494

Concentration 
(µM)

Fold change

miR-155 miR-191 miR-494

0 1.02 2.2 1.6
100 0.72 1.8 1.1
200 0.6 1.2 0.9
400 0.44 0.8 0.5
600 0.24 0.4 0.3
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Fig. 2. The difference of expression of miR-155, miR-191, and 
miR-494 biomarkers between the test and control samples.
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pathways. Thus, they affect many cancer-related cellular 
processes, such as proliferation, cell cycle control, apoptosis, 
differentiation, cell migration, and cell metabolism26,27. Many 
studies have reported that miRNAs can operate as oncogenes 
or tumor suppressor genes27,28.

Various strategies exist for diagnosing OSCC in later stages 
and after metastasis, such as sputum cytology and endoscopy. 
Therefore, there is a compelling reason to find a proper and 
non-invasive method such as use of tumor biomarkers to en-
able diagnosis in earlier stages29. The unnatural expression 
patterns of miRNAs probably have valuable information as 
important biomarkers for diagnosis, treatment, and progno-
sis30.

In this study, we showed that the expression of miR-155, 
miR-191, and miR-494 in the peripheral blood of those with 
OSCC increased 1.08-fold, 2.4-fold, and 1.5-fold, respective-
ly, so they can be considered as biomarkers with high diagno-
sis potential in early stages. Furthermore, after 24, 48, and 72 
hours of incubation of HN5 cells with Avastin concentrations 
of 0, 100, 200, 400, and 600 µM, in the 400 µM concentra-
tion, the percentage of apoptotic cells in the control samples 
was 10% on average and that in test samples was 14.8%, 
33.4%, (P=0.003), and 38.8% (P=0.02) after 24, 48, and 72 
hours, respectively. This finding shows a 1.5-fold, 3.5-fold, 
and 4-fold increase in apoptosis in the test samples compared 
to the controls. Meanwhile, following real-time PCR in HN5 
cells after 48 hours incubation with Avastin at concentrations 
of 100, 200, 400, and 600 µM, the levels of overexpressed 
miR-155, miR-191, and miR-494 decreased, indicating a 
positive effect of the medicine on treatment. These results 
suggest that the three miRNAs mentioned could be good 
markers for diagnosis and follow-up of treatment.

Evidence has revealed changes in expression of miR-155 
in carcinogenesis. Overexpression of miR-155 has also been 
demonstrated in breast cancer6, non-small cell lung cancer 
(NSCLC)31, gastric cancer9, and osteosarcoma32, which is in 
agreement with our results. However, in the Zare et al.33 study 
on gastric cancer, statistically significant downregulation of 
miR-155-5p (P=0.0018) was reported, which is contradictory 
to the result obtained here.

MiR-191 dysregulation in different cancers, such as in he-
patocellular carcinoma34, breast cancer7, pancreatic cancer35, 
gastric cancer10, different human cell lines of colorectal can-
cer36, and OSCC13, has increasingly been detected, which is 
in agreement with the overexpression of miR-191 in OSCC 
cases in this study. However, downregulation of miR-191 in 
follicular adenoma, anaplastic thyroid carcinoma, and papil-

lary thyroid carcinoma37 and downregulation of miR-191-5p 
in the renal cell carcinoma cell lines ACHN and 786-O38 were 
in conflict with the results of this study. 

MiR-494 expression in breast cancer cell lines MDA-
MB-468 and MDA-MB-23139, NSCLC cancer tissues and 
cell line8, hepatocellular carcinoma40, and colorectal cancer41 
increases, which corresponds with our result regarding miR-
494 overexpression in OSCC. However, some studies have 
indicated a connection between miR-494 downregulation 
and cervical tumors, ovarian tumors42,43, and gastric cancer11, 
which contradicts our findings.

This study lends support to the results obtained by Zhao 
et al.44 concerning the anti-tumor effects of Avastin/bevaci-
zumab on the human colorectal cancer HT-29 cell line. In this 
research, the anti-tumor effects of Avastin was in line with 
the results achieved in the field of effective and improving ef-
fects in treatment of patients affected by different types of tu-
mors such as metastatic renal cell cancer, NSCLC, pancreatic 
cancer, breast cancer24. Induction of apoptosis and prevention 
of tumor growth and liver metastasis in advanced gastric can-
cer are also among the antitumor effects of Avastin45.

In the present investigation, our findings reflect the chang-
es in expression patterns of miR-155, miR-191, and miR-494 
in OSCC. Avastin/bevacizumab controls cell proliferation, 
induces apoptosis, and decreases the viability of cells in the 
HN5 cancer cell line while also decreasing the expression 
levels of miR-155, miR-191, and miR-494. Therefore, it 
seems that the expression levels of the three mRNAs in the 
blood of those affected by OSCC could serve as diagnostic 
biomarkers in the early stages of disease. 

V. Conclusion

In treatment with Avastin in chemotherapy, miR-155, miR-
191, and miR-494 can be regarded as biomarkers for progres-
sion of treatment. Avastin functions as an anti-tumor drug 
that induces apoptosis in the HN5 cell line and downregulates 
the expression of the aforementioned biomarkers in OSCC.
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