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Introduction

Objective ● To investigate how the gene, CYP2C9, and its genetic variants impact Celecoxib metabolism, a 

key non-steroidal anti-inflammatory drug (NSAID) for arthritis.

● To analyze how similar genes and gene variants affect drug efficacy and their side effects, using 

Bioinformatics tools (NCBI, PharmGKB, PubChem, STRING, EMBOSS Water, SIFT, PolyPhen-2, 

MutationTaster) 

Motivation 
(Why)

● Inspired by my family's history of arthritis and varying responses to drugs like Celecoxib.

● To start my inquisitive journey in the field of Bioinformatics.

Problem ● CYP2C9 variations in the human body can slow Celecoxib metabolism, leading to higher drug 

levels, which increases the risk of side effects (GI bleeding, cardiovascular issues) if doses aren't 

adjusted.

Research 
Findings

● SNP analysis revealed CYP2C9*2 and CYP2C9*3 variants slow down Celecoxib metabolism, 

increasing risks of side effects. This reinforces the need to reduce Celecoxib dosage.

● Highlights the need for genetic testing to personalize Celecoxib dosing, especially for those with 

a family history of arthritis.

● Aims to uncover genetic factors influencing drug metabolism for better treatment strategies.



Celecoxib Overview

Celecoxib is a selective Cyclooxygenase-2 (COX-2) inhibitor for 
arthritis, pain, inflammation, dysmenorrhea, and polyp 
reduction.

 Pharmacokinetics:
● Absorption: Peaks ~3 hours post-dose.
● Metabolism: CYP2C9 → hydroxycelecoxib → ADH → 

carboxycelecoxib (inactive) → Celecoxib glucuronide.
● Excretion: Urine & bile.

Mechanism of Action: Blocks COX-2, reducing prostaglandins 
to relieve pain & inflammation.
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Drug Advantages Potential Side Effects Precautions Undiscovered Genetic Factors

Arthritis Relief: Improves joint 
function, reduces stiffness, 
lowers GI risks vs. NSAIDs.
Benefits: Fewer stomach 
issues, safer for ulcers, 
minimal blood clotting impact.

Risks: High 
doses/long-term use 
may increase heart 
attack, stroke, GI 
bleeding, or kidney 
issues.

Precautions: Avoid in 
NSAID allergies; use 
cautiously with heart, 
liver, or kidney 
conditions; not for 
late pregnancy.

Genetics & Metabolism: CYP2C9 

variants slow metabolism, 

increasing drug buildup and risk of 

side effects.



Steps Outcome Slide

1. Collect Celecoxib pharmacokinetic data from PubChem 
& PharmGKB. Find CYP2C9 information.

To understand Celecoxib’s function, metabolism, and key genes 
involved (helped identify CYP2C9).

3

2. Analyze the gene, CYP2C9’s protein interactions using 
STRING.

To identify other genes interacting with CYP2C9 to hypothesize 
their role in Celecoxib metabolism.

5

3. Retrieve CYP2C9 and related protein sequences from 
NCBI. Align sequences using EMBOSS Water.

To compare genetic differences of the identified genes in step 2,  
and to predict their impact on metabolism.

6

4. Find Level 1A variants in PharmGKB, searching for 
CYP2C9 and Celecoxib. 

To find gene variants CYP2C9*2 (rs1799853) and CYP2C9*3 
(rs1057910).

7

5. Input the variants from step 4 in dbSNP. To determine nucleotide and amino acid changes. 8

6. Compare Celecoxib metabolism in CYP2C9 vs. the 
variants. 

To assess the impact of polymorphisms on drug metabolism and 
side effects, to draw final conclusions.

8

7. Predict amino acid substitution impact using SIFT, 
PolyPhen-2 & MutationTaster.

To evaluate whether genetic variations are harmful. 9, 10

8. Analyze variants’ population frequencies. To determine significance. 9, 10

MethodologyMethodology



-

● CYP2C19, VKORC1, and CYP3A4 had the highest interaction scores across 

multiple evidence categories, including neighborhood, gene fusion, 

co-occurrence, coexpression, experiments, databases, text mining, and 

homology.

● VKORC1 showed particularly strong associations in text mining.

● The slide presents protein interaction networks and coexpression data, 

highlighting CYP2C9’s role in broader metabolic and pharmacokinetic 

pathways.

CYP2C9 Protein Interactions in Humans (STRING Database Results)

CYP2C9 CYP2C19

VKORC1
CYP3A4
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Results (EMBOSS Water Pairwise Sequence Alignment for CYP2C9 and similar genes)

VKORC1 CYP2C19 CYP3A4

● CYP2C9 has the highest similarity (91.4% identity, 

95.3% similarity).

● VKORC1 (35%) and CYP3A4 (42.8%) show 

moderate similarity.

● High similarity suggests CYP2C19 may collaborate 

with CYP2C9 in Celecoxib metabolism.

● Supports PharmGKB data on CYP2C9 and CYP3A4 

interaction in drug metabolism.



-

Results (EMBOSS Water Pairwise Sequence Alignment for CYP2C9 and similar genes)

VKORC1 CYP2C19 CYP3A4



- -

Results (Finding PharmGKB Variants When Searching Celecoxib + CYP2C9)

These clinical annotations were in Level 1A, and the most prevalent in the research 
was CYP2C9*2 and CYP2C9*3, which is why those variants were further analyzed, 
especially in the category of metabolism. 

This table showcases Variant Annotations, showing them in more 
detail.

Prescribing Info Section, showcasing carriers of CYP2C9*2 and 
CYP2C9*3 as poor metabolizers.



Results (SNP Database Nucleotide and Amino Acid Changes) and collated 
Information from PharmGKB

Feature CYP2C9 CYP2C9*2 (rs1799853) CYP2C9*3 (rs1057910)

Enzyme Activity Normal (100%) Reduced (60-70%) Severely reduced (10-30%)

Metabolism of 

Celecoxib

Efficient metabolism Slower metabolism → 

Higher celecoxib plasma 

levels

Very slow metabolism → 

Significantly increased 

celecoxib plasma levels

Celecoxib 

Clearance Rate

Normal clearance ~50% reduced clearance ~75-90% reduced clearance

Impact on 

Arthritis 

Treatment

Normal 

anti-inflammatory 

effect with standard 

celecoxib dose

Increased risk of side 

effects (e.g., GI toxicity, 

cardiovascular risk) due to 

slower clearance

Severely increased risk of 

celecoxib-induced side 

effects, requires lower dose 

or alternative drug

Recommended 

Celecoxib Dose 

Adjustments

Standard dose (e.g., 

200 mg/day)

Consider reducing dose 

(e.g., 25-50% of standard 

dose)

Consider reducing dose 

(e.g., 25-50% of standard 

dose)

Adverse Effects 

Risk

Normal risk Higher risk of 

gastrointestinal (GI) 

bleeding and 

cardiovascular events

Very high risk of 

celecoxib-induced side 

effects, especially CV and GI 

toxicity

Therapeutic 

Monitoring 

Needed?

No special 

monitoring

Yes, monitor drug levels, 

side effects

Yes, requires frequent 

monitoring

Organism: Homo sapiens (humans)
Variant type: Single Nucleotide Variation

Alleles: C>A / C>T
Frequency: T=0.085923 (22743/264690, TOPMED), T=0.092016 (23117/251228, GnomAD_exome), 
T=0.089751 (12575/140110, GnomAD) (+ 22 more)

Alleles: A>C / A>G
Frequency: C=0.064700 (19529/301838, ALFA), C=0.063706 (7725/121260, ExAC), C=0.02428 
(686/28258, 14KJPN) (+ 22 more)

CYP2C9*2 (rs1799853)

CYP2C9*3 (rs1057910)



Results (CYP2C9*2 (rs1799853) negative effect likelihood) and Population Samples

CYP2C9*2 was analyzed using SIFT, PolyPhen-2, and MutationTaster to predict mutation impact, with allele frequencies 

assessed using gnomAD (4,000 genomes, 185,242 samples, 11,971 homozygotes).

Structural changes

MutationTaster

PolyPhen-2

gnomAD

Does it replace all of the letters or just one spot?

SIFT



Results (CYP2C9*3 (rs1057910) negative effect likelihood) and Population Samples

CYP2C9*3 was analyzed using SIFT, PolyPhen-2, and MutationTaster to predict mutation impact, with allele frequencies 

assessed using gnomAD (4,000 genomes, 102,334 samples, 3,705 homozygotes).
Structural changes

PolyPhen-2
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Discussions (Analysis of Results)

Similar Genes & Variant Impact:

● Gene Similarity: CYP2C19 showed high similarity to CYP2C9 in EMBOSS Water, while VKORC1 and CYP3A4 had 

moderate similarity. These genes likely assist CYP2C9 in Celecoxib metabolism, reinforcing CYP3A4’s role, and 

predicting VKORC1 and CYP2C19’s roles.

● Variant Analysis: CYP2C92 appeared more damaging based on SIFT and PolyPhen-2, while CYP2C93, due to 

being comparatively rarer in population frequencies, likely requires tailored treatment due to its stronger 

metabolic impact.

○ Clinical Relevance: Reduced Celecoxib metabolism in individuals with these variants poses treatment 

risks, emphasizing the need for genetic consideration.

Key Implications:

✔ Dose adjustments based on genotype

 ✔ Enables targeted treatment strategies

 ✔ Supports precision medicine

 ✔ Enhances personalized dosing

Future Directions:

🔹 Study Celecoxib-CYP2C9 interactions using molecular docking

🔹 Analyze variant effects on metabolism

🔹 Integrate genetic & pharmacokinetic data and improve personalized therapy
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