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Abstract

Introduction: Cytochrome P450 (CYPs) are enzymes 
belonging to the family of heme-containing proteins, 
most commonly found in the endoplasmic reticulum 
and mitochondria. These enzymes catalyze a variety of 
functions including metabolism of steroids, fatty acids, 
natural compounds, drugs and carcinogenic chemicals. 
The inherent association of CYPs with disease conditions 
have turned the focus into the genetic alterations or 
variations associated with phenotypes such as drug 
responsiveness, chemical toxicity and bioconversion of 
procarcinogens to active carcinogens. 

Materials and methods: The present observation study 
utilizes several computational tools to identify and predict 
the possible outcomes of gene alterations in CYP3 family 
of genes with head and neck squamous cell carcinoma 
(HNSCC). cBioportal hosts an exhaustive collection of 
datasets of various cancers which was the primary source 
of analysis. Oncoprint data obtained was further analysed 
using tools such as PROVEAN, I-Mutant and gnomAD. 

Original Article

Decoding The Genetic Alterations In Cytochrome 
P450 Family 3 Genes And Its Association With HNSCC

S.Kamala Devi1, A.Paramasivam2, A.S.Smiline Girija1, J. Vijayashree Priyadharsini2

1Department of Microbiology, Saveetha Dental College, Saveetha Institute of Medical and 
Technical Sciences (SIMATS), Saveetha University, Chennai 600077, India. 

2Cellular and Molecular Research Centre, Saveetha Dental College, Saveetha Institute of 
Medical and Technical Sciences (SIMATS), Saveetha University, Chennai 600077, India.

Corresponding author: Dr. J. Vijayashree 
Priyadharsini, Research Scientist, Cellular and 

Molecular Research Centre, Saveetha Dental College, 
Saveetha Institute of Medical and Technical Sciences 
(SIMATS), Saveetha University, Chennai - 77, India. 

E-Mail: vijayashreej.sdc@saveetha.com. 
Phone: 9941125984

Results: A total of 8 genes of the CYP3 family were 
analyzed, among which 4 genes were found to harbour 
gross abnormalities and variations. The genes CYP3A4, 
CYP3A5, CYP3A7, CYP3A43 showed a common pattern 
of gene amplification in a group of patients. Truncating 
and missense variants were also identified of which 
rs199908125 of CYP3A4 and rs768530577 of CYP3A5 
were reported in different populations. 

Discussion: The gnomAD analysis revealed a few 
polymorphic rare variants with minor allele frequency less 
than 0.01, which could have a putative association with 
HNSCC. Five out of eight variants identified were found to 
be deleterious exhibiting decreased protein stability. 

Conclusion: Further screening of the genetic abnormalities 
through experimental validation in different populations 
are warranted to derive an association between the gene 
identifiers and disease phenotype.

Keywords: Cytochrome P450; HNSCC; In silico, 
mutations, amplification, deletions

Introduction

Malignant tumors of the upper aerodigestive tract 
which includes the oral cavity, nasopharynx, oropharynx, 
hypopharynx and larynx are collectively known as head and 
neck squamous cell carcinoma (HNSCC)(1). The GLOBOCAN 
2018 statistics on incidence of various cancer types world-
wide reported a steep rise in the incidence of head and neck 
cancer in developing countries including India, Pakistan, 
Srilanka, Bangladesh and Taiwan. Despite the fact that 
infection due to human papilloma virus is related to HNC 
in the United states, a different set of risk factors such as 
habitual use of tobacco products such as pan, gutka etc., have 
been attributed to the increasing numbers of cases in the 
Asian subcontinent(2-4). The chemicals present in smokeless 
and smoking tobacco undergoes biotransformation into 

carcinogenic chemicals by xenobiotic metabolizing enzymes, 
cytochrome P450s(5). CYP3A4 enzyme is abundantly 
placed in liver and intestine and are known to metabolize 
drugs and xenobiotics. Several CYP3A4 inhibitors such as 
antibiotics, anti-HIV agents, anti-depressants, calcium 
channel blockers, steroids, phytocompounds and dietary 
compounds have been identified(6). Numerous evolutionary 
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changes involving gene duplications, deletions, and gene 
conversions were observed in CYP3A family.. Interestingly, 
a few of the alterations in CYP3 family have been positively 
selected in some populations owing to environmental, 
dietary and other physiological conditions(7). Human genetic 
variations have always aided in understanding the inter-
individual difference in the susceptibility or resistance to 
diseases, metabolism of chemicals and xenobiotics etc., 
In line with the above fact, it is imperative to understand 
the role of genes involved in the biotransformation of pro-
carcinogenic chemicals. Any abnormality in the genes 
might give rise to alternated gene expression profile of the 
proteins encoded. Alternatively, variations in the genes might 
interfere with the functional consequences of cells thereby 
exerting a pathogenic effect. Computational approach has 
aided in screening of a large number of samples from 
different ethnic groups and populations, thereby opening 
new avenues into the search for biomarkers which can 
be associated with disease phenotype. The present study 
is one such attempt to identify potential or putative drivers 
involved in the pathogenesis of HNSCC by employing an in 
silico approach.

Materials and methods

Sample data set: The cBioPortal for Cancer Genomics 
(http://cbioportal.org) hosts several datasets (8,9). The sample 
data set includes 528 HNSCC cases (530 samples) of which 
504 samples harboured information about copy number 
variations and sequence data. The demographic details 
of cases in the head and neck squamous cell carcinoma 
(TCGA, Firehose Legacy) dataset were recorded (Table 1). 

Oncoprint data analysis: Submission of user defined 
query of 8 genes belonging to the cytochrome P450 
family 3 returned a window with OncoPrint data which 
demonstrated the presence of alterations in 4 genes 
CYP3A4, CYP3A5, CYP3A7, CYP3A43 and no alterations 
in other genes viz., CYP3A51P, CYP3A52P, CYP3A54P, 
CYP3A137P. The somatic mutation frequency and the site 
of mutation in the candidate genes were documented (8,9) 
(Table 2). 

gnomAD analysis: The genome aggregation database 
(gnomAD) hosts a large collection of data spanning 125,748 
exome sequences and 15,708 whole genome sequences 
from unrelated individuals sequenced, deposited as part 
of various disease-specific or population genetic studies. 
This data source was used to verify whether the variants 
identified in the present study are reported elsewhere in 
the other populations (10) (Table 2).

Protein stability analysis: I-Mutant server was used 
for prediction of protein stability changes upon single 
nucleotide mutations leading to change in the amino 

acid being encoded by the triplet codon. The prediction 
was based on running the query with protein sequence 
downloaded in the FASTA format from the public domain 
(https://www.ncbi.nlm.nih.gov/protein/). The stability 
changes were further assessed using the free energy 
stability change (ΔΔG) value. A value < 0 and > 0 implies 
decrease and increase in protein stability respectively (11) 

(Table 3).

Pathogenicity analysis: PROVEAN (Protein Variation 
Effect Analyzer) predicts the impact on the biological 
function of a protein upon substitution with an amino 
acid. The results returned scores based on amino acid 
substitutions and classified them as either neutral or 
deleterious depending on the PROVEAN scores(12). A score 
less than -2.5 or greater than -2.5 was considered to be 
deleterious and neutral respectively (Table 3).

Results

Demographic data: The dataset (TCGA, Firehose 
Legacy) included in the present study had information 
on 528 HNSCC patients (530 samples). The male:female 
ratio was found to be 2.7:1, with age group ranging from 
19 - 90 years. The number of individuals with the history 
of smoking and alcohol was roughly around 98% and 
67%. The dataset had samples from patients of American 
(85.6%), African (9.1%), Asian (2.1%) and American 

Gender Male (n = 386)
Female (n = 142)

 Mutation count 6-3181

Diagnosis age 19-90 years

Smoking status Smokers: 515
Data not available: 12

Unknown: 1

Alcohol history Yes – 352
No – 165

Data not available: 11

 Neoplasm Histologic
grade

Grade 1: 63
Grade 2: 311
Grade 3: 125
Grade 4: 7

Grade GX: 18
Data not available: 4

Race category White: 452
African: 48
Asian: 11

American Indian or 
Alaska native: 2

Data not available: 15

Table 1: Demographic details of patients analyzed in the 
present study (as obtained from the cBioportal site)
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Indian (0.4%) decent. The distribution of patients based 
on the histologic grade of neoplasm is given in Table 1, of 
which 59% of patients had grade 2 tumor.

Oncoprint data analysis: The oncoprint data 
analysis revealed gene amplification in 4 genes, with the 
frequency of about 6% (Table 2). An interesting finding 
of the present study is that gene amplification (6%) of 
CYP3A4, CYP3A5, CYP3A7, CYP3A43 were observed in 
the same set of 27 patients. Apart from this observation 
several truncating and mis-sense variants of unknown 
significance have also been documented (Figure 1;Table 
2). The genetic loci of the genes identified with alterations 
falls in the chromosome 7q22.1. A splice site mutation 
in the CYP3A43 gene has also been identified (Figure 2).

gnomAD analysis: The analysis revealed 2 reported 
variants rs199908125 (CYP3A4) and rs768530577 
(CYP3A5) genes with a minor allele frequency of less 

than 0.01, which implies the fact that they are rare 
variants which could have a putative association with 
disease phenotype. Several novel non-synonymous and 
truncating mutations were also identified (Table 2). 

Protein stability and pathogenicity analysis: The 
protein stability analysis showed the missense variant 
G153A of CYP3A43 exhibiting increased stability of 
protein, whereas the other variants showed decrease 
in stability. Pathogenicity analysis employing PROVEAN 
demonstrated three neutral variants and five other 
variants producing deleterious consequences viz., Q352H 
of CYP3A4, R162W of CYP3A5, E417K of CYP3A7, G391R 
and G153A of CYP3A43 (Table 3). 

Discussion

CYP3 family of proteins represent a large group of drug 
metabolising enzymes which is abundantly expressed in liver 

Gene Variation I-Mutant Score PROVEAN
Score

Prediction

CYP3A4 E262K
L449I
M89I
Q352H

Decrease
Decrease
Decrease
Decrease

-1.80
-1.06
-0.01
-1.50

1.355
-1.425
-0.893
-3.747

Neutral
Neutral
Neutral
Deleterious

CYP3A5 R162W Decrease -0.41 -4.005 Deleterious

CYP3A7 E417K Decrease -1.68 -3.651 Deleterious

CYP3A43 G391R
G153A

Decrease
Increase

-1.23
0.10

-6.934
-3.978

Deleterious
Deleterious

Gene Protein Alteration Loci  % of 
alteration

 Variant allele
 frequency in
tumor sample

 gnomAD
frequency data

CYP3A4 Cytochrome P450 family 3 
subfamily A member 4

Amplification
E262K
L449I
M89I
Q352H

7q22.1 6
0.33
0.30
0.03
0.23

rs199908125
Novel
Novel
Novel

CYP3A5 Cytochrome P450 family 3 
subfamily A member 5

Amplification
R162W 7q22.1 6 0.05 rs768530577

CYP3A7 Cytochrome P450 family 3 
subfamily A member 7

Amplification
E417K 7q22.1 6 0.17 Novel

CYP3A43 Cytochrome P450 family 3 
subfamily A member 43

Amplification
G391R
G153A
X418_splice

7q22.1 6 0.19
0.15
0.33

Novel
Novel
Novel

Table 2: Genetic alterations in Cytochrome P450 family 3 genes in HNSCC patients

Table 3: Protein stability analysis and pathogenicity of predicted missense mutations in Cytochrome P450 family 3 genes in HNSCC 
patients
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Figure 1: The Oncoprint data depicts the gene alterations in CYP3 family of genes. Each of the grey bar represents HNSC patients. 

Figure 2: Variants identified in four genes viz., CYP3A4, CYP3A5, CYP3A7 and CYP3A43, of the CYP3 gene family. 
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and other extra-hepatic tissues such as prostate, breast, 
colon, small intestine, brain and gut, with the expression of 
CYP3A4 being predominately higher than the other members 
(13). CYP3A7 is the main form of the enzyme expressed 
in foetal liver(14) and CYP3A43 is the least expressed(15). 
Although the role of gene alteration and expression is widely 
studied in different types of cancer, its role and association 
with HNSCC or oral cancer remains less understood. The 
expression of CYP3A4 was found to be higher, which 
was also related to metastasis in Ewing’s sarcoma(16). 
Different variants of CYP3A4 increased the expression 
to a higher level which was found to be associated with 
neuroblastoma mortality. Zhou et al., presented an extensive 
Human Genome Epidemiology (HuGE) review and meta-
analysis about the CYP3A4*1B polymorphism with cancer 
risk. The frequency of alleles related to the polymorphism 
showed dramatic variation in different populations grabbing 
attention of researchers to assess the functional role of 
the variant in association with several types of cancer. The 
meta-analysis revealed the G allele and the GG genotype 
to be the risk allele and genotype respectively, which 
could increase the risk of cancer in African population(17). A 
recent study also assessed the consequences of variants in 
CYP3A4 gene which returned interesting results related to 
variable allele frequencies in different populations and their 
clinical relevance. The present study also identified four 
variants in CYP3A4 gene, of which E262K (rs199908125) 
was a reported variant. This variant showed the highest 
frequency in Latino groups followed by European and 
African population. The identification of causal variants and 
their functional association with disease phenotype could 
aid in developing mutation panels for a specific disease 
condition in designated population (18).

Genetic variations in CYP3A5 have been known to 
induce changes in the catalytic property of enzymes which 
leads to inter-individual variations in drug metabolism and 
susceptibility or resistance to debilitating diseases such as 
cancer. The most common polymorphism identified in the 
gene CYP3A5*3; rs776746 A>G was shown to play a vital 
role in the cancer development. A pooled meta-analysis by 
Wang et al., revealed that the risk of colorectal, acute and 
chronic leukemia increases in the presence of the variant 
allele (19). The homozygous mutant form of CYP3A5 *3/*3 
was found to increase the mortality rate of neuroblastoma 
by about 4.3 folds (20). Inter-individual variations identified 
in CYP3A7 gene has been widely studied in association 
with neuroblastoma and other cancers types. The genetic 
variation in CYP3A7*1C and up-regulation of CYP3A7 was 
associated with adverse reactions in chronic lymphocytic 
leukemia (CLL), breast and lung cancer (21). Although, not 
many reports confined to the functionality of CYP3A43 gene 
is available, the present study identified genetic alterations 
in the form of amplifications, mis-sense and truncating 

variants, with the most interesting finding being a common 
type of amplification present in all four major genes of 
the CYP3 family identified in a group of patients (Figure 
1). Siemes et al., reported that heterozygous carriers with 
G-allele of CYP3A43 gene exhibited a five-fold increase 
in mortality with early onset prostate cancer (22). Since, 
the risk of oral cancer is amplified by the habitual use of 
tobacco and related products, the study gains importance 
through identification of potential variations and genetic 
aberration in gene encoding xenobiotic metabolising 
enzymes which could have a crucial role in the disease 
pathogenesis. In silico analysis is considered to be a boon 
for the researchers wherein an exhaustive collection of 
data can be analyzed to identify possible associations with 
a disease phenotype (23-28).

Despite the fact that computational approach provides 
a comprehensive view of genetic alterations in the 
selected gene panel, there exists certain limitations which 
has to be addressed. Some of the limitations were (a) the 
dataset selected had individuals from different ethnic 
groups or populations, which made data analysis and 
interpretation to be more generic. Each of the individuals 
might have been exposed to different group of chemical 
carcinogens or pollutants based on the geographical 
locations hence a precise association could not be derived 
in such situations, (b) since both genetic and epigenetic 
factors act simultaneously to exhibit a disease phenotype, 
investigations on epigenetic factors have to be considered 
so as to provide a clear picture on trans-generational 
effects of the persistent chemicals on human tissues. 
However, with all the limitations addressed, the present 
study has taken a step forward to address the genetic 
abnormalities and variations in the “CYP3 gene family” 
which could be associated with malignant transformation 
of cells. The present study identified a panel of altered 
genes of the cytochrome P450 family 3 exhibiting putative 
association with HNSCC. Further experimental validation 
is warranted to provide substantial evidences on the 
functional consequences of the alterations observed. 
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