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Abbreviations: HNSCC, head and neck squamous cell car-
cinoma; LAAOs, l-amino acid oxidases; MMPs, matrix metallopro-
teinase’s; VEGF, vascular endothelial growth factor; EGF, epidermal 
growth factor; PS, phosphatidylserine 

Introduction
Head and neck squamous cell carcinoma (HNSCC) is responsible 

for more than 90% of all head and neck cancers.1 That said, 
despite advancements in treatment and surgical reconstruction, the 
corresponding mortality rates have shown no improvement in the 
past forty years. Even with standard treatment options in therapies 
such as radiation, surgery and chemotherapy, HNSCC patient’s face a 
60% mortality rate.2 Cancer treatment continues to pose a significant 
challenge, as cancer is one of the world’s leading causes of death.3 In 
terms of the therapeutic management of different types of cancers, 
the poor outcome is partially the result of their aggressive nature, the 
defense host mechanism and their metastatic potential. Chemotherapy, 
radiotherapy and surgery offer inadequate protection, as they affect 
both normal cells and cancer cells.4 Curing cancer by way of natural 
products (meaning plants and animals) has been practiced for more 
than a century now, and the use of purified chemicals in order to treat 
cancer remains prevalent today.5 The development of novel targeted 
anticancer therapies6,7 are largely the result of the signaling pathways 
and molecular mechanisms that are involved in oncogenesis. While 
a number of these agents serve as inhibitors against the vascular 
endothelial growth factor (VEGF), epidermal growth factor (EGF) 
and matrix metalloproteinase’s (MMPs) receptors, others promote 
apoptosis.8

Apoptosis is a highly regulated type of cell death that is instrumental 
in the development and maintenance of higher organisms. Defined by 
such morphological and biochemical hallmarks as phosphatidylserine 
(PS) ,exposure to the outer leaflet of the plasma membrane, nuclear 
condensation and chromatin cleavage into oligonucleosomal 
fragments,9 apoptosis tends to occur during development and aging. 
In addition, it serves as a homeostatic mechanism that maintains cell 
populations in tissues. Apoptosis can also be a defense mechanism that 
occurs during immune reactions or in cases where cells are damaged 
due to disease or noxious agents.10 Snake venom consists of a complex 
combination of pharmacologically active substances, including 
metalloproteases,11 phospholipases A2,12 serine proteases13 and other 
enzymes. Not only can it induce tissue damage, nausea, vomiting 
and sweating, but snake venom can lead to bradycardia, hypotension, 
and shock and in severe cases, death as a result of the hemorrhagic, 
coagulant and neurotoxic activities that occur due to the behavior of 
these pharmacologically active substances.14 L-amino acid oxidases 
(LAAOs) are extensively distributed in the following venomous 
snake families: the Viperidae, Crotalidae and Elapidae families.15 
In certain snake species, L-amino acid Oxidase (LAAO) represents 
up to 30% of the total venom proteins.16 Thus, various studies were 
conducted with LAAO to determine its behavior and activity in vivo. 
Wie et al.17 induced paw edema in mice after injecting them with 5µg 
of LAAO.17 Moreover, LAAO can induce hemorrhage,18 which can 
lead to systemic effects like renal toxicity.19 Despite its toxicity in 
vivo, LAAO is not lethal when injected in the amounts of 120µg/30g 
in Swiss-Wistar mice.20 In vitro studies concerning LAAOs revealed 
antibacterial properties,21,22 Leishmanicidal activity,23 trypanocidal 
activity,24 toxicity upon entering the cancer cell lines25 and the 
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Abstract

Introduction: Head and neck squamous cell carcinoma (HNSCC) is responsible 
for more than 90% of head and neck cancers. L-amino acid oxidases (LAAOs) are 
extensively distributed in the following families of venomous snakes: the Viperidae, 
Crotalidae and Elapidae families. A number of proteins related to LAAO activity have 
been found to manifest anti-neoplastic, antimicrobial or apoptosis-inducing activity. 
It can be assumed that that the general mechanism of LAOO toxicity is determined by 
the generation of cytotoxic H2O2 in varying amounts. In short, the aim of this study 
is to ascertain the anticancer effect, by way of flowcytometry and real-time PCR, of 
LAAO on the HEP-2 cell line after 24 hours, 48 hours and 72 hours. 

Materials and methods: Once theHEP-2 cell line was propagated and LAAO was 
added to the culture medium, the cells were analyzed after 24 hours, 48 hours and 72 
hours. 

Results: The results of this analysis reveal that LAAO was the root cause of apoptosis 
in the HEP-2 cell line. In addition, the apoptosis percentage was directly related 
to time. The p53 expression increased by time, and the inverse was true for bcl2 
expression. 

Conclusion: The results reveal that LAAO has a substantial effect on the anticancer 
activity of the HEP-2 cell line.

Keywords: squamous cell, advancements, treatment, surgical, death, mortality rate, 
chemotherapy, standard, radiation, significant
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induction or inhibition (or both) of platelet aggregation. Studies 
revealed that these effects are closely related to the production of 
H2O2,

21 as the correlation is apparent.

Materials and methods
Materials

a. Squamous cell carcinoma cell line (HEP-2) was supplied by the 
Cell Culture Department at VACSERA in Cairo, Egypt. HEP-2 
cells were supplied by the “American Type Culture Collection” 
(ATCC) in the form of a frozen vial (reference number “HTB-
96”).

b. L-amino acid Oxidase (LAAO) served as a cytotoxic drug 
throughout this study. The drug was purchased from Sigma Al-
drich in the United States.

Methods

Tissue Culture Technique was performed at the Applied Research 
Unit, VACSERA, and Cairo, Egypt.

Propagation of the HEP-2 cell line: Human laryngeal squamous cell 
carcinoma (HEp2) cells were acquired from VACSERA® and grown 
in a sterile tissue 50cm2 flask in a complete medium that contained 
Dulbecco’s modified Eagle’s medium (DMEM), with a supplement 
of antibiotics (100U/ml penicillin and 100 μg/ml streptomycin) and 
10% fetal bovine serum (FBS) in 95% air, 5% CO2 at 37°C (Figure 1). 
According to the time interval of 24, 48 and 72 hours, the cell line was 
propagated and subdivided into three separate groups.

Figure 1 Propagation of the HEP-2 cell line.

Cytotoxicity determination by MTT Assay: This helped to deter-
mine the concentration of LAAO, which permitted 50% viability of 
the cells. 

Assay protocol: In 100 ml of culture medium, HEP-2 cells were cul-
tured in a flat-bottomed 96 well plate (tissue culture grade). During the 
process, the MTT reagent was added (10 ml per well), while the plate 
was incubated for three hours. In an effort to solubilize the Formosan 
dye, detergent reagent was added to each well before measuring the 
absorbance of the individual samples in a micro plate reader at 550-
600 nm (based on the filters available). 

Based on the following chart, the LAAO concentrations that 
permitted 50% viability of HEP-2 cells were:

1) 25µg/ml at 24 hours.

2) 12.5µg/ml at 48 hours.

3) 3.125µg/ml at 72 hours.

It was found in a pilot study that after 24 hours, the effect of the 
drug concentration was very strong on the HEP-2 cell line, while the 
opposite was true after 72 hours. (In other words, the effect of the drug 
concentration was very weak on the HEP-2 cell line.) Consequently, 
in this study, the optimal concentration of the drug is 12µg/ml, or the 
concentration that permits 50% viability of the cells after 48 hours 
(Figure 2).

Figure 2 Consequently, in this study, the optimal concentration of the drug 
is 12μg/ml, or the concentration that permits 50% viability of the cells after 
48 hours.

Treatment of the HEP-2 cell line with LAAO: The HEP-2 cell 
pretreatment consisted of a mixture of complete medium containing 
Dulbecco’s modified Eagle’s medium (DMEM), with a supplement 
of antibiotics (100 U/ml penicillin and 100μg/ml streptomycin), 10% 
fetal bovine serum (FBS) and 12.5 µg/ml of LAAO for 24 hours, 48 
hours and 72 hours. The HEP-2 cells were scrapped and centrifuged 
following treatment, while the supernatant was discarded and the cell 
pellet was stored in order to accommodate a flowcytometry analysis 
and real-time PCR assessment. 

Flowcytometry technique: The ANNEXIN V-FITC kit is designed 
to detect apoptosis based on the binding properties of annexin V to 
phosphatidylserine (PS) and on the DNA-intercalating capacity of 
propidium iodide (PI).

• The cell samples were washed with PBS. They were then centri-
fuged for 5 minutes at 500 xs at 4ºC.

• The supernatant was discarded, while the cell pellet was suspen-
ded in binding buffer.

• 1µL of annexin V-FITC solution and 5µL of dissolved propidium 
iodide (PI) were added to the cell suspension and mixed gently.

• The tubes were stored in the dark and on ice for 15 minutes.

• 400µL of binding buffer was added and mixed gently.

• The cell preparation was assessed by way of flowcytometry.

Real-time PCR

Extraction of RNA

This was carried out with the GF-1 total RNA Extraction Kit 
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purchased from vivantis technologies in the United States. The 
extracted RNA was stored at -20ºC.

Synthesis of complementary DNA (cDNA) by reverse transcriptase

This was carried out through the use of the Revert Aid First Strand 
cDNA Synthesis Kit, which was purchased from Thermo Scientific® 
in the United States. The converted cDNA was stored at -20°C.

Real-time PCR

This was conducted through the use of Maxima SYBR Green 
qPCR Master Mix, purchased from Thermo Scientific® in the United 
States. The samples were placed in the machine (StepOneTM Real-
time PCR system), and the thermal cycle was adjusted as shown:

One cycle of initial denaturation at 95ºC for 10 minutes.

Forty cycles of:

i. Denaturation at 95ºC for 15 seconds.

ii. Annealing at 60ºC for 30 seconds.

iii. Extension at 72ºC for 30 seconds.

Calculation of Relative Quantification (RQ) (relative expression)

Subsequently, the RT-PCR runs the data. The data is expressed in 
Cycle threshold (Ct). The PCR data sheet features Ct values of the 
assessed gene (p53 and Bcl2) and the housekeeping gene (also known 
as the reference gene, which is continuously expressed in the cell [beta 
actin]). A negative control sample was used to measure the expression 
of a specific gene. Then, target gene expression was assessed and 
analyzed in conjunction with the reference (internal control) gene by 
way of the following equation: 

ΔCt sample = Ct assessed gene-Ct reference gene 

ΔΔCt = ΔCt sample-Ct control gene 

RQ = 2-(ΔΔCt)

Results
Flow cytometry

Control group: Results showed that 92.3% of untreated HEP-2 cells 
were viable after 24 hours, while 7.69% of the cells showed early 
apoptotic changes. No late apoptotic changes or necrotic cells were 
observed. After 48 hours, 87.1% of the cells were viable cells, while 
12.9% showed early apoptotic changes. Further, there were no late 
apoptotic changes or necrotic cells. However, after 72 hours, 73.9% 
of the cells of the HEP-2 cell line were viable, while 26.1 % showed 
early apoptotic changes (Figure 3). No late apoptotic changes or ne-
crotic cells were observed.

HEP-2 treated with LAAO: Results showed that 46.4% of HEP-2 
cells were viable 24 hours after treatment with LAAO, while 53.2% of 
the cells showed early apoptotic changes and 0.3% showed late apop-
totic changes. There were no necrotic cells. After 48 hours, 16.7% of 
the cells were viable; 83.2% showed early apoptotic changes. Late 
apoptotic changes were observed only in 0.8% of the cells; no ne-
crosis was observed. However, after 72 hours, 8.4% of the cells of 
HEP-2 cell line were viable, while 91.6 % showed early apoptotic 
changes. Moreover, there were no late apoptotic changes or necrotic 
cells (Figure 4).

Figure 3 Chart showing the percentage of apoptosis in control group.

Figure 4 Chart showing percentage of apoptosis in HEP-2 cells after 
treatment with L-Amino Acid Oxidase.

PCR results

Expression of p53: The expression of p53 was markedly increased after 
treatment of the cell line with LAAO when compared to the control 
group after 24, 48, and 72 hours.

Expression of Bcl2: The expression of Bcl-2 was markedly decreased 
after treatment of the cell line with LAAO when compared to the con-
trol group after 24, 48, and 72 hours.

Statistical results
The expression of p53 and Bcl2 was statistically significant in 

Group I after 48-hour treatment of HEP-2 cells with LAAO (Table 1).

Table 1 Expression of p53 and Bcl2 after treatment of the cell line with 
L-amino acid oxidases at 24, 48, and 72 hours1

LAAO group 24 hours 48 hours 72 hours

P53 Mean 1.33± 2.53± 2.05±

P-value 0.30 .59 2 0.71

Bcl-2 Mean 1.16± .57± .59±

P-value 0.54 .24 2 0.26
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Discussion
With 600,000 cases per year and a 50% mortality rate, head and 

neck squamous cell carcinoma (HNSCC) is the world’s sixth most 
common type of cancer.3 In terms of HNSCC, tobacco use, alcohol 
consumption and infection with human papilloma virus (HPV) 
are all major risk factors.26 Regardless, even with advancement in 
our knowledge of HNSCC epidemiology and pathogenesis, the 
corresponding survival rates of most types of HNSCC have not shown 
any improvement in the last forty years.2 Cancer treatment continues 
to pose challenges in the world today, as cancer is still a leading cause 
of death across the globe.3 Recent insight into the apoptotic process 
has resulted in new parameters to detect and assess apoptosis. Among 
these parameters is the presence of phosphatidylserine (PS) on the 
surface of the cells. In the early stages of apoptosis, the cell membrane 
maintains its integrity, but the asymmetry of the cell membrane 
phospholipids becomes compromised.4–7 PS is exposed at the cell 
surface and develops a specific signal for the recognition and removal 
of apoptotic cells by way of macrophages.5–8 Among the earliest 
signs of apoptosis is the loss of plasma membrane asymmetry. The 
membrane phospholipid phosphatidylserine (PS) is translocating from 
the inner leaflet to the outer leaflet of the plasma membrane in apoptotic 
cells, which exposes PS to the external cellular environment.27 In this 
study; we relied on an Annexin-V FITC kit as a means of detecting 
the percentage of apoptosis in the HEP-2 cell line. By using LAAO 
to treat the HEP-2 cell line, we were left with a higher percentage of 
apoptosis in the HEP-2 cell line than in other groups. The apoptosis 
percentages came in at 53.2%, 83.2% and 91.6% following 24 hours, 
48 hours and 72 hours, respectively. This is the result of protracted 
exposure to high amounts of H2O2. Andes et al.9 and Samel et al.28 
discussed that through the use of Jurkat and K562 (human chronic 
myeloid leukemia) cells, respectively, a low concentration of 
LAAO-induced apoptosis ensued, but led to higher concentrations 
of necrosis. Ande et al.9 determined that catalase and the remaining 
H202 scavengers abolished the apoptosis-inducing activity, which 
indicates that the H2O2 generated by LAAO activity plays a critical 
role in the apoptosis.9 Conversely, Suhrand Kim revealed that LAAO-
induced apoptotic mechanisms were clearly distinguishable from 
the mechanism that is directly stimulated by exogenous H2O2. This 
suggests that LAAO-induced apoptosis was not triggered exclusively 
by the peroxide (which was produced by oxidation).29 However, 
demonstrated that venomous LAAOs bind directly to the cell surface 
and increase the local peroxide concentration as a result.

Disruption of p53 function leads to checkpoint defects, genomic 
instability, immortalization of cells and inappropriate survival. This 
allows for proliferation and continued evolution of damaged cells. 
Given the substantial advantage generated by the loss of the p53 
function, it not shocking that p53 is the most frequently inactivated 
tumor suppressor gene that exists in human cancer.30 In this analysis, 
the p53 expression in HEP-2 cells increased following treatment 
by way of LAAO alone more than it did from other groups. The 
results revealed a direct relationship between p53 expression and 
time, while the inverse was true for the Bcl-2 expression in HEP-
2. After 48 hours, the expression of both genes became statistically 
significant. It has been confirmed that cases of severe oxidative stress 
compromise mitochondrial integrity, which results in the opening of 
the permeability transition pore, reduction in membrane potential, 
mitochondrial calcium overload and the degradation of the cell’s 
energy metabolism, all of which culminate in cell lyses Ande et 

al.9 Described that when apoptosis occurs in Jurkat cells following 
treatment with LAAO, the condition is the product of an extreme 
oxidative insult that inundates the protective capacity of Bcl-2 and 
by passes the cell death pathway’s critical control points.9 It could 
be concluded from the results of the present study that LAAO has a 
powerful anticancer activity on HEP-2 cell line.
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