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OBJECTIVE

Oral squamous cell carcinoma (OSCC) comprises about 10% of head and neck cancer. 5-fluorouracil (5-
FU) is commonly used for the treatment of OSCC. However, it has many limitations due to its identified
side effects. Therefore, this work compared squamous cell carcinoma (SCC) cells’ chemosensitivity to
5-FU, mesenchymal stem cells-derived microvesicles (MVs), and their combination.

METHODS

Human SCC cell line (SCC152) was subjected to 5-FU or MVs or their combination for 24 h and 48
h. Inverted microscopic evaluation of apoptosis, MTT cell proliferation assay, DNA comet assay, and
detection of NFKp, Kras, and Braf genes’ expression were performed.

RESULTS

The combination group, compared to 5-FU or M Vs treated groups, showed the most apparent apoptotic
features. Cell proliferation was significantly decreased, while the tailed DNA% was significantly increased
in the combination group versus either the 5-FU or MV groups. The combination group showed a signifi-
cant decrease in NFKp, Kras, and Braf genes’ expression than the 5-FU or MV treated groups. The cor-
relation between cell proliferation and the studied genes showed a very strong positive linear relationship,
while a strong negative linear relationship existed between cell proliferation and tailed DNA%.

CONCLUSION

The combination of MVs and 5-FU enhanced the genotoxicity and cytotoxicity of the SCC152 cell line
compared to using either of them alone. Moreover, downregulation of NFKf, Kras, and Braf genes’ expres-
sion was associated with enhanced apoptotic features, decreased cell proliferation, and enhanced tailed
DNA%.
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Introduction

Oral squamous cell carcinoma (OSCC) is a patholog-
ical type of oral cancer, accounting for over 90% of
oral cancers.[1] Oral cancer is the 8" among the most
common causes of cancer-related deaths worldwide.
[2] Oral and oropharyngeal cancers are reported to ac-
count for approximately 220.000 new cases/year (5% of
all cancers) worldwide.[3] Molecular and genetic tech-
niques have empowered us to untangle a portion of the
basic events related to oral malignancy and precancer
advancement.[4]

5-Fluorouracil (5-FU) is a chemotherapeutic drug
commonly used for the treatment of solid cancers.
5-FU interferes with nucleotide synthesis and is in-
corporated into DNA, which may have a mutational
impact on both surviving tumor and healthy cells.[5]
Despite its many advantages, clinical applications have
been limited, as 5-FU treatment is associated with a
high incidence of leukopenia, stomatitis, diarrhea,
nausea, and vomiting.[6]

Fluoropyrimidines are intracellularly converted into
the antifolate 5-fluorodeoxyuridine monophosphate that
can form a covalent intermediate with folate-dependent
enzyme thymidylate synthase.[7] Consequently, de-
oxythymine monophosphate formation from deoxyuri-
dine monophosphate is inhibited, which results in an
imbalance of the nucleotide pool that affects DNA syn-
thesis. This imbalance is possibly through incorporating
uracil, which has negative consequences on rapidly di-
viding cells such as cancer cells. Moreover, it has been
proposed that 5-fluorodeoxyuridine triphosphate can
be directly incorporated into genomic DNA as well.[8,9]
Therefore, it is believable that fluoropyrimidines have
mutagenic potential, although the mutational conse-
quences of 5-FU treatments are still poorly understood.

Mesenchymal stem cells (MSCs) have been the focal
point of unusual interest for regenerative treatment due
to their capability to target the site of damage and their
multilineage differentiation potential, and potent in
vitro expansion.[10] The quality of MSCs can markedly
change based on cell source, media composition, and
cell passage, which is reflected as altered cell morphol-
ogy, DNA abnormalities, cell senescence, decreased
proliferation, and differentiation capacity, in addition
to changed cellular plasticity.[11,12] Variations in the
quality of MSCs can influence reproducibility, creating
discrepancies in in vivo outcomes, and eventually, clin-
ical trials.[13,14] Regarding the potential benefits of
MSCs’ use, Biancone et al.[10] have demonstrated that
MSCs can improve chronic kidney damage through a
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paracrine activity represented by MSCs derived mi-
crovesicles (MVs).

Extracellular vesicles (EVs) are a heterogeneous
group of membrane-bounded vesicles that are believed
to be produced and secreted by apparently all cell types
under physiological and pathological conditions, in-
cluding tumors. MVs, a subtype of EVs, contain biologi-
cally active functional proteins and nucleic acids such as
mRNA and microRNA. They could act as mediators of
tissue biomechanical properties and as a bond between
cancer multidrug resistance and increased tissue rigid-
ity of the malignant mass.[15] MVs have been emerging
as a novel bio-therapeutic platform to efficiently deliver
therapeutic agents to treat a broad range of diseases, in-
cluding cancer. Similarly, their presence in various body
fluids makes them a potential biomarker for early diag-
nosis, prognostication, and cancer surveillance.[15,16]

Hence, the present study aimed to investigate the
chemosensitivity of squamous cell carcinoma (SCC)
cells to 5-FU, MSCs-MVs, or their combination.

Materials and Methods

Cell Culture and Chemicals

The human SCC cell line (SCC152) was obtained from
the American Type Culture Collection (ATCC, CRL-
3240; Minnesota, USA). It was cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) and enriched with
10% fetal bovine serum (FBS) in addition to a 1% con-
centration ratio of penicillin and streptomycin (Lonza,
Verviers, Belgium). Cultures of SCC152 cells were pre-
served in a typical humidified incubator supplied with
5% CO,, 95% air at 37°C. 5-FU was bought from Sigma-
Aldrich Chemical Co., St. Louis, Mo, USA. MVs were pre-
pared and derived from adipose MSCs. 5-FU and MV's
were freshly solubilized in phosphate buffer saline (PBS).
Our studied groups involved: SCC152, SCC152+5-FU,
SCC152+MVs, and SCC152+5-FU+MVs.

MVs Isolation

MVs were obtained from supernatants of human adi-
pose MSCs (hAMSCs). Briefly, hAMSCs were cultured
in DMEM without FBS and 0.5% human serum albu-
min (Sigma-Aldrich) was added overnight. The viabil-
ity of the cell-culture overnight was >99%, as detected
by trypan blue exclusion. The conditioned medium
was collected and stored at -80°C. The medium was
centrifuged at 2000 g for 20 min to remove debris, and
then ultra-centrifuged at 100,000 g in a SW41 swing
rotor (Beckman Coulter, Fullerton, CA, USA) for 1
h at 4°C. MVs were washed once with serum-free
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M199 (Sigma-Aldrich) containing 25 mM 4-(2-hy-
droxyethyl)-1-piperazineethanesulfonic acid (pH=7.4)
and submitted to the second ultracentrifugation in the
same conditions. MVs were stored at -80°C for the ex-
periments. MVs were isolated from the hAMSCs un-
der non-hypoxic or hypoxic conditions to quantify the
protein content using Bradford method.[17]

Morphological Assessment of Apoptosis
Morphological apoptotic changes of the cultured cells
were assessed using a phase-contrast inverted micro-
scope (Leica DMI 3000B, Germany) at X200 magnifi-
cations. In brief, 5x10° cells were incubated for 24 h
and 48 h with or without the selected treatments in
tissue culture dishes. The medium was discarded, and
cells were washed once with PBS before observing the
apoptotic cells.[18]

MTT Cell Proliferation Assay

Cytotoxicity of 5-FU, MVs, or their combination on
SCC152 cells was assessed through colorimetric MTT
assay. SCC152 cells were grown at 37°C for 24 h and 48
h in 96-well plates and treated with 5-FU, M Vs, or their
combination. MTT stock solution (100 pl; 2 mg/ml in
PBS) was then added to each well for 4 h of incubation.
Formazan was further added to each well for overnight
incubation. Measuring each well’s absorbance was per-
formed on an ELISA plated reader at a wavelength of
about 540 nm.[19]

DNA Comet Assay

For the detection of DNA damage, DNA comet assay
was applied as follows: First, cells were suspended in
low melting point agarose at 37°C, on microscopic slide
covered with a cover slip, then gelled at 4°C, and the
cover slip was removed. DNA damaging for the pre-
pared cells and their subsequent lysis was performed.
The final step was electrophoresis, where the lysed cells
were immersed in an electrophoresis solution, and an
electric field of 300 mA and 25 V was applied. After-
ward, the slides were washed with neutralizing buffer
(0.4 M Tris, pH 7.5), followed by ethanol to do fixation.
Finally, DNAs were stained with ethidium bromide (60
wl of a 20 pl/ml). Randomly chosen cells were measured
by Comet Assay automatic image analysis system fitted
with Leica fluorescence microscope.[20]

Quantitative Real-Time Polymerase Chain Reaction
(QRT-PCR)

The effect of 5-FU, MV or their combination on NFKp,
Kras, and Braf genes’ expression were assessed using

gRT-PCR. SCC152 cells at a concentration of 1x10°
cells/well were grown in a 6 well plate at IC50 concen-
tration of 5-FU, MVs, or both. Cells were washed with
cold PBS, trypsinized, harvested, and centrifuged. Cells
were suspended in 200 ul cold RNA lysis buffer with 5
ul RNase (20 pg/ml) for 15 min. The cells were chilled
on ice and further subjected to RNA extraction and pu-
rification using Thermo Fisher Scientific Inc. Germany
(Gene J.E.T., Kit, #K0732) following the manufacturer’s
instructions. The yield of total RNA obtained was de-
termined at 260 and 280 nm using Beckman dual spec-
trophotometer. Gene’s expressions were determined
using RT-PCR (Step One, version 2.1, Applied Biosys-
tems, Foster City, USA). 1000 ng of the total RNA from
each sample was used for cDNA synthesis followed by
PCR amplification cycles using Sensi FAST™ SYBR®
Hi-ROX One-Step Kit, catalog no.PI-50217 V, UK. The
thermal cycling profile was 15 min at 45°C for cDNA
synthesis, followed by 5 min at 95°C for reverse tran-
scriptase inactivation and polymerase activation. PCR
amplification 40 cycles were followed, consisting of 15
s of DNA denaturation at 95°C, 20 s primers anneal-
ing at 55°C, and 30 s at 72°C for the amplification step.
Changes in each target gene expression were normal-
ized relative to the mean critical threshold (CT) val-
ues of the housekeeping gene, Glyceraldehyde-3-phos-
phate dehydrogenase, by the AACT method. Primer
sequences for each gene are demonstrated in Table 1.

Statistical Analysis

All obtained data were implied using the statistical
package SPSS version 22. Data were expressed as mean
and standard deviation. Comparisons between groups
were made using analysis of variance with multiple
comparison post hoc tests when comparing more than
two groups. Comparison between the two durations

Table1  Primers sequence of all studied genes

Gene bank
accession number

Gene Primer sequence
symbol from 5’to 3’

NFKB F: AACGGCCTTCTGCACAGCGG
R: CCAGGTAACAGGGCGTGGCC

Kras F: AAAATGACTGAATATAAACTTGTGG

NM_001024872.1

R: CTCTATTGTTGGATCATATTCGTC XM014544259
Braf F: CTTCATGAAGACCTCACAGT

R: CATCCACAAAATGGATCCAG XMO006185354
GAPDH  F: CCTCTACTGGCGCTGCCAAGGCT

R: GTCCACCACTGACACGTTGG NT009759

NFKR: Nuclear factor kappa beta; GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase
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within the same group was performed using a paired
sample t-test. In addition, correlations between the
quantitative variables: Cell proliferation, tailed DNA%,
NFKp, Kras, and Braf, were accomplished using Pear-
son correlation coefficient.[21]

Results

Inverted Microscopic Results (Fig. 1)

The inverted microscopic examination revealed that
most of the control (untreated) SCC152 cells, at both
24 h and 48 h, retained their original morphology and
were highly cohesive as well as being adherent to the
culture dishes. They displayed rounded or polyhedral
morphology, with prominent nucleoli, and they main-
tained cell to cell contact. On the other hand, exposure
of SCC152 cells to 5-FU resulted in typical apoptotic
features such as rounding of cells, shrinkage, blebbing
in the cell membrane, loss of adherence, and losing
contact with neighboring cells. These features were
more noticeable in the 5-FU group than in the MVs
and were more enhanced in the combination group
than in the 5-FU group.

Statistical Results

MTT cell proliferation results

At 24 h duration, a significant decrease in cell prolif-
eration occurred in the 5-FU and combination groups
compared to the control one (p<0.001). In contrast,
in the MVs group, cell proliferation was insignifi-
cantly decreased than that in the control group. On
the other hand, at 48 h duration, a significant decrease
occurred in the 5-FU, MVs, and combination groups
compared to the control one (p<0.001). Furthermore,
at both durations, a significant increase in cell prolif-
eration occurred in the MVs group compared to the
5-FU one, while a significant decrease was detected
in the combination group compared to the MVs one
(p<0.001) (Fig. 2a).

Comparing cell proliferation results at 24 h and
48 h durations in each group revealed that in the con-
trol group, a significant increase in cell proliferation
was observed at 48 h duration compared to that at 24
h (p=0.008). However, in the 5-FU, MVs, and combi-
nation groups, there was a significant decrease in cell
proliferation at 48 h duration compared to that at 24 h
(p<0.001) (Fig. 2b).

DNA comet assay (tailed DNA%) results
At both 24 h and 48 h durations, a significant in-
crease in tailed DNA% occurred in the 5-FU, M Vs,
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Fig. 1. Photomicrographs showing morphological chang-
es of SCCI152 in the control group at 24 h and 48
h respectively (a and b), 5-fluorouracil group at 24
h and 48 h, respectively (c and d), microvesicles
group at 24 h and 48 h, respectively (e and f) and
combination group at 24 h and 48 h, respectively
(g and h) (1) Control cell, (2) membrane blebbing,
(3) cell shrinkage, (4) apoptotic bodies, (5) apop-
totic cells, and (6) apoptotic spikes (Original mag-
nification: x200; scale bars: 50 pm).

and combination groups compared to the control
one (p<0.001). However, at both durations, a signif-
icant decrease in tailed DNA% was observed in the
MVs group compared to the 5-FU one, while a sig-
nificant increase occurred in the combination group
compared to the 5-FU and MVs groups (p<0.001)
(Fig. 3a).

Comparing results at 24 h and 48 h durations
in each studied group revealed that in the control
group, there was no significant difference between
24 h and 48 h duration (p=0.49). However, in the
5-FU, MVs, and combination groups, there was a
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significant increase in the tailed DNA% at 48 h du-
ration compared to 24 h (p=0.04, 0.001, and 0.006,
respectively) (Fig. 3b).

qRT-PCR results
A significant decrease in NFK( gene expression oc-
curred in the 5-FU, MVs, and combination groups
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compared to the control group at 24 h (p=0.017, 0.016,
and 0.001, respectively) and 48 h duration (p<0.001).
On the other hand, at both 24 h and 48 h, no significant
difference existed between 5-FU, MVs, and combina-
tion groups (p>0.05) (Fig. 4a).

Regarding qRT-PCR results of Kras gene expression,
at both 24 h and 48 h duration, a significant decrease in
Kras gene expression occurred in the 5-FU, MVs, and
combination groups compared to the control group
(p<0.001). At 24 h, there was a significant decrease in
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Kras expression in the MVs group compared to the
5-FU group (p=0.006). Similarly, a significant decrease
in Kras expression occurred in the combination group
compared to the MVs group (p=0.001). However, no
significant difference was observed between the 5-FU,
MV, and combination groups at 48 h (p>0.05) (Fig. 4b).

Finally, the QRT-PCR results of Braf gene expression
at 24 h and 48 h durations showed a significant decrease
in Braf gene expression in the 5-FU, MVs, and combi-
nation groups compared to the control group (p<0.001).
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Fig. 4. A graph comparing the means+SD of all target genes among the four studied groups. (a) NFKp, (b) Kras, and (c)
Braf, p<0.05 was significant (*) Denotes significant difference versus control group. (#) Denotes significant differ-
ence versus 5-FU group. ($) Denotes significant difference versus MVs group.

NFKp: Nuclear factor kappa beta, 5-FU: 5-fluorouracil, MVs: Microvesicles.
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At 24 h, a significant decrease in Braf expression
was observed in the MVs group compared to the 5-FU
one (p=0.01), likewise, a significant decrease in Braf
expression occurred in the combination group com-
pared to the MVs group (p=0.001). However, at 48 h
duration, no significant difference existed between the
5-FU, M Vs, and combination groups (p>0.05) (Fig. 4¢).

Besides, Comparing results of NFKp at both dura-
tions in each studied group revealed that in the control,
5-FU, MVs, and combination groups, there was no sig-
nificant differ- ence between 24 h and 48 h duration
(p=0.4, 0.17, 0.23, and 0.5, respectively) (Fig. 5a).

Similarly, comparing results at 24 h and 48 h dura-
tions in each studied group revealed that in the con-
trol, 5-FU, and MVs groups; no significant difference
existed between 48 h and 24 h durations (p=0.4, 0.09,
and 0.2, respectively), while in the combination group;
a significant decrease occurred at 48 h compared to 24
h (p=0.049) (Fig. 5b).

Finally, comparing results at 24 h and 48 h dura-
tions in each studied group revealed no significant dif-
ference between both durations in the control, 5-FU,
MVs, and combination groups (p=0.14, 0.7, 0.058, and
0.11, respectively) (Fig. 5¢).

Results of correlations between quantitative variables
Correlation between cell proliferation and the genes:
NFKB, Kras, and Braf revealed a very strong positive

linear relationship (p<0.01 and r=0.970, 0.932, and
0.912, respectively) (Fig. 6a-c); while a strong negative
linear relationship existed between cell proliferation
and tailed DNA% (p<0.001 and r=-0.776) (Fig. 6d).

On the other hand, correlation between tailed
DNA% and the genes: NFKp, Kras, and Braf revealed
a strong negative linear relationship (p<0.01 and r=-
0.753, -0.756, and -0.707, respectively) (Fig. 7a-c).

Finally, the correlation between NFKp and the
genes: Kras and Braf revealed a very strong positive
linear relationship (p<0.01 and r=0.975 and 0.968,
respectively) (Fig. 8a, b). Similarly, the correlation be-
tween Kras and Braf genes’ expression presented a very
strong positive linear relationship where the p<0.01
and r=0.975 (Fig. 8¢).

Discussion

Oral cancer is the most common head and neck cancer.
Deficient early diagnosis and management yields high
global morbidity and death where the 5-years survival
level was <63% for advanced oral and pharyngeal can-
cer.[22,23] The current study aimed to investigate the
anti-cancerous effect of 5-FU, MSCs-derived MV, or
their combination on a SCC152 cell line.

In the present work, the inverted microscopic re-
sults revealed that exposure of the SCC152 cells to 5-FU
resulted in typical apoptotic features such as rounding
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of cells, shrinkage, blebbing in the cell membrane,
loss of adherence, and losing contact with neighbor-
ing cells. These characteristic features were previously
used to identify apoptosis.[24] Based on the morpho-
logical changes to define apoptosis using an inverted
microscope, apoptotic features were obvious in the
5-FU group compared to the MV's and were more pro-
nounced when 5-FU was combined with MVs. These
results propose that the increased apoptotic features

could reflect an improved anticancer effect achieved
when adding the MVs to the 5-FU. This antitumor ef-
fect of MV could be explained according to the results
obtained by Fonsato et al.,[25] who demonstrated that
human liver MSCs derived M Vs inhibit the growth and
induce apoptosis in hepatoma cells in vitro as well as in
vivo. This effect was attributed to the miRNAs trans-
ferred by the MVs, which target migration inhibitory
factor, Ras-related protein 14, multidrug resistance
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proteinl, and interfere with proliferation, survival,
besides drug-resistance signaling pathways. In addi-
tion, the antiproliferative and proapoptotic effects of
human umbilical cord Wharton’s jelly-MSCs effects
on the bladder tumor cell line were suggested to be a
result of MVs induced upregulation of p21, and p53
which in turn causes cell cycle arrest in the G0O/G1
phase. Moreover, the upregulation of cleaved caspase
3 and Akt downregulation was believed to exert the
MV’ proapoptotic effects.[26] However, contradictory
results existed regarding the effect of MVs on tumor
cells where Del Fattore et al.[27] reported that MVs
isolated from bone marrow and cord blood-derived
MSCs inhibited division and prompted apoptosis in
glioblastoma cells. On the other hand, MVs isolated

from adipose MSCs displayed an opposing effect as
they stimulated tumor cells’ proliferation.

In the herein study, the MTT assay results revealed
that at both durations, 5-FU either alone or in combi-
nation with MVs exerted a significant cytotoxic effect
on SCC152 cells compared to the untreated cells. In
addition, at both 24 h and 48 h durations, the cyto-
toxic effect of 5-FU was significantly increased than in
the MVs group and a significant cytotoxic effect was
recorded in the combination group compared to the
MVs one. Besides, comparing cell proliferation results
at 24 h and 48 h durations in each group revealed that
in the 5-FU, MVs, and combination groups, there was
a significant cytotoxic effect on the SCC152 cells at 48
h duration compared to that at 24 h. 5-FU exerts cyto-
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toxic effects through its incorporation into DNA[28]
and depending on the presence of p53 as well as the
cleavage of Bid, a member of the pro-apoptotic Bcl-2
family.[29]

Comet assay is a sensitive and fast technique for
evaluating DNA damage in single cells.[30] Hence,
comet assay is used to analyze DNA damage and repair
features in various tumor cells to react to diverse DNA
damaging factors.[31] Single strand DNA breaks are
caused by different elements, including reactive oxy-
gen species, ultraviolet rays, X-rays, chemicals, or tox-
ins.[32] This could support the obtained results in the
current study, where the DNA comet results revealed
genotoxic effects for 5-FU, M Vs, or their combination
on SCC152 cells at both 24 h and 48 h durations com-

pared to the untreated cells. However, at both durations,
the combined effect of both 5-FU and MVs resulted in
a significant genotoxic effect of both treatments more
than using either of them alone. The genotoxic effect of
5-FU was more potent than MVs as revealed by the sig-
nificant increase in the tailed DNA% in the 5-FU group
compared to the MVs one. In addition, comparing re-
sults at both durations in each studied group revealed
that in the 5-FU, MVs, and combination groups, there
was a significant increase in the tailed DNA% at 48 h
duration compared to that at 24 h; again supporting
the genotoxic effect of the added treatments, which in-
creased by increasing the time of exposure. Correlating
cell proliferation MTT assay results and tailed DNA%
revealed a strong negative linear relationship since in-
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creased cell proliferation was associated with decreased
tailed DNA%. Thus, it could be concluded that 5-FU,
either alone or combined with MVs, exerted signifi-
cant cytotoxic and genotoxic effects compared to the
untreated cells.

According to the current results, it could be evident
that combining MVs and 5-FU resulted in decreased
NFKP expression compared to the control group and
compared to using either of them alone. NFKp is a pro-
inflammatory transcription factor that plays a crucial
role in the initiation and progress of head and neck
carcinomas and OSCCs.[33] Increased NFKp raises
interleukin-6, which, in turn, enhances the expression
of cycloxygenase-2 (COX-2). COX-2 overexpression
induces cancer progression by improving vascularity
and cellular proliferation; while suppressing apoptosis.
Furthermore, NFKp is involved in tumor hematologic
and lymphatic metastasis.[34] The reduced NFKp ex-
pression decreased tumor cell proliferation, which in-
dicates that increased NFKP may result in low patient
survival.[35] On the other hand, some studies demon-
strated a tumor-suppressive role of NFKp in certain
cancers through transcriptional activation of the Fas
ligand.[36] Moreover, the obstruction of NFKP was
reported to enhance oncogenic Ras-induced invasive
epidermal growth, approximating squamous-cell car-
cinoma.[37] Therefore, the NFKpP pathway varies in
different tumor cells, and thus, the complex role of the
NFKp pathway in cancer is still not clear.[38]

Kras belongs to small guanosine triphosphate
(GTP) binding proteins known as the RAS superfamily
or RAS-like GTP-ases. Mutations in the RAS gene fam-
ily have been involved in up to 30% of whole human
cancers. However, incidences of mutations in OSCCs
are different (5-50%) and seem to rely on the exact RAS
gene and the geographic position of the investigated
population.[39-41] Moreover, oncogenic stimulation
of Kras was shown to be involved in the occurrence
of oral cancer in mice and humans; this was verified
through mouse modeling and subsequent RT-PCR[42]
and cell transfection assays.[43] In the current study, at
both durations, a significant decrease in Kras gene ex-
pression occurred in the 5-FU, MVs, and combination
groups compared to the control group, with the least
value in the combination group. These results could be
attributed to the fact that activated Kras turns on many
downstream signaling pathways, including PI3K/AKT,
mitogen-activated protein kinase, and NFKp.[44] Kras
activates NFKp, which is vital for cell viability and tu-
mor transformation, along with concomitant p53 loss.
[45] In addition, TANK-binding kinase 1, a serine-

threonine kinase capable of activating NFKp, was also
reported as a synthetically lethal partner with mutant
Kras.[46] This obvious association between NFKf3 and
Kras could support the potent, strong positive linear
relationship demonstrated in the herein study between
the expression of NFK and Kras genes.

Furthermore, the Braf gene expression at both du-
rations showed a significant decrease in Braf gene ex-
pression in the 5-FU, MVs, and combination groups
compared to the control group, being the least in the
combination group. At 24 h, a significant decrease in
Braf expression was observed in the MV's group com-
pared to the 5-FU one; likewise, a significant decrease
in Braf expression occurred in the combination group
compared to the MVs group. However, at 48 h dura-
tion, no significant difference existed between the
5-FU, MVs, and combination groups. Braf is a serine/
threonine kinase of the RAF family, which is an inte-
gral part of the RAS-RAF-MEK-ERK-MAP kinase
pathway.[47] Kras functions in the identical pathway as
Braf and is situated upstream to it,[48] which in turn,
could explain the apparent strong linear relationship,
in the current work, between Kras and Braf genes’ ex-
pression. Braf mutation is observed in 15% of human
malignancies, especially in malignant melanomas.[49]
Mutations in both Kras and Braf in head and neck
SCC (HNSCC) were investigated by Weber et al.[41]
through PCR analysis of genomic DNA. They demon-
strated a 3% mutation frequency of Braf in the pharynx
and hypopharynx samples but none in oral samples.
They also recognized a 6% mutation incidence of Kras
in the pharynx and floor of mouth samples. Moreover,
Bissada et al.[50] demonstrated a Kras mutation in
only seven of 195 HNSCC cases.

Conclusively, in the herein study, we demonstrated
potent cytotoxic and genotoxic effects of 5-FU, which
became enhanced when combined to MVs. Moreover,
diminished cell proliferation was associated with en-
hanced tailed DNA% as well as decreased NFKp, Kras,
and Braf genes’ expression, which was more noticeable
in the combination group rather than the 5-FU or MV's
groups.

Conclusion

5-FU exerted apparent genotoxic and cytotoxic effects
on the SCC152 cell line. These effects were more pro-
nounced when 5-FU was applied in combination with
MVs. This study demonstrated the potential benefit of
MVs usage to minimize the well-known side effects of
5-FU in treating OSCCs. Further, downregulation of
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NFKp, Kras, and Braf genes’ expression was associated
with enhanced apoptotic features as well as decreased
cell proliferation and enhanced tailed DNA%.

However, further in vivo studies are recommended
to validate the possible clinical application of MSCs-
derived MVs as an anti-cancerous therapy either alone
or as an adjunctive therapy with chemotherapeutic
agents. Of particular interest is the apparent correla-
tion between the three studied genes and cell prolifer-
ation of cancer cells, which, consequently, could pro-
vide a rational basis for the potential prognostic value
of these genes and their involved pathways in OSCC
progression.
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