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Objective

Motivation
(Why)

Problem

Research
Findings

Introduction

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)

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.

CYP2C9 variations in the human body can slow Celecoxib metabolism, leading to higher drug
levels, which increases the risk of side effects (Gl bleeding, cardiovascular issues) if doses aren't
adjusted.

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

Pharmacokinetics: ——————
® Absorption: Peaks ~3 hours post-dose.
® Metabolism: CYP2C9 — hydroxycelecoxib — ADH —

Hepatocyte

reduction. — \
/

carboxycelecoxib (inactive) — Celecoxib glucuronide. gene
® Excretion: Urine & bile.

Mechanism of Action: Blocks COX-2, reducing prostaglandins
to relieve pain & inflammation.

Drug Advantages Potential Side Effects | Precautions

Arthritis Relief: Improves joint | Risks: High Precautions: Avoid in
function, reduces stiffness, doses/long-term use NSAID allergies; use
lowers Gl risks vs. NSAIDs. may increase heart cautiously with heart,
Benefits: Fewer stomach attack, stroke, Gl liver, or kidney
issues, safer for ulcers, bleeding, or kidney conditions; not for

minimal blood clotting impact. | issues. late pregnancy.

Processed/metabolized drug

Drug Hormones

-

Excretion

Undiscovered Genetic Factors

Genetics & Metabolism: CYP2C9
variants slow metabolism,
increasing drug buildup and risk of
side effects.



Methodology

Steps Outcome Slide

1. Collect Celecoxib pharmacokinetic data from PubChem  To understand Celecoxib’s function, metabolism, and key genes 3
& PharmGKB. Find CYP2C9 information. involved (helped identify CYP2C9).

2. Analyze the gene, CYP2C9’s protein interactions using To identify other genes interacting with CYP2C9 to hypothesize 5

STRING. their role in Celecoxib metabolism.

3. Retrieve CYP2C9 and related protein sequences from To compare genetic differences of the identified genes instep 2, 6
NCBI. Align sequences using EMBOSS Water. and to predict their impact on metabolism.

4. Find Level 1A variants in PharmGKB, searching for To find gene variants CYP2C9*2 (rs1799853) and CYP2C9*3 7
CYP2C9 and Celecoxib. (rs1057910).

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 To assess the impact of polymorphisms on drug metabolismand 8
variants. side effects, to draw final conclusions.

7. Predict amino acid substitution impact using SIFT, To evaluate whether genetic variations are harmful. 9,10

PolyPhen-2 & MutationTaster.

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



CYP2C9 Protein Interactions in Humans (STRING Database Results)

e 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.

including fatty acids and steroids. Mechanistically, uses molecular oxygen inserting one oxygen atom into a substrate, and
reducing the second into a water molecule, with two electrons provided by NADPH via cytochrome P450 reductase

e 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. -

Gatcy (NADPH-hemoprotein reductase). Catalyzes the epoxidation of double bonds of polyunsaturated fatty acids (PUFA). 3 o
Catalyzes the hydroxylation of carbon-hydrogen bonds. Metabolizes cholesterol toward 25-hydroxycholesterol, a ~§ ,§ g '% ié’, @ E, E
physiological regulato [...] (490 aa) § E § ::.)‘ '21% § E § o
Predicted Functional Partners: § § § § ,_% ‘Q% E i §
CYP2C19 Cytochrome P450 2C19; A cytochrome P450 monooxygenase involved in the metabolism of polyunsaturated fatty acids (PUF... e o o o @ 0988
VKORC1 Vitamin K epoxide reductase complex subunit 1, Involved in vitamin K metabolism. Catalytic subunit of the vitamin K epoxide ... . 0.980
CYP3A4 Cytochrome P450 3A4; A cytochrome P450 monooxygenase involved in the metabolism of sterols, steroid hormones, retinoid... = e » o 0.980
CYP4F2 Cytochrome P450 4F2; A cytochrome P450 monooxygenase involved in the metabolism of various endogenous substrates, in... e o o 0974
CYP3A7 Cytochrome P450 3A7; A cytochrome P450 monooxygenase involved in the metabolism of steroid hormones and vitamins d... e o o 0971
EPHX2  Bifunctional epoxide hydrolase 2; Bifunctional enzyme. The C-terminal domain has epoxide hydrolase activity and acts on epo... LI 0.967
UGT1A6 UDP-glucuronosyltransferase 1-6; UDPGT is of major importance in the conjugation and subsequent elimination of potentially... LY 0.964
® AOX1 Aldehyde oxidase; Oxidase with broad substrate specificity, oxidizing aromatic azaheterocycles, such as N1-methylnicotinami... LI 0.964
CYP1A1 Cytochrome P450 1A1; A cytochrome P450 monooxygenase involved in the metabolism of various endogenous substrates, ... e o o 0964
EPHX1  Epoxide hydrolase 1; Biotransformation enzyme that catalyzes the hydrolysis of arene and aliphatic epoxides to less reactive ... LI 0.963



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

VKORC1

# Aligned_sequences: 2

#1: NP_000762.2
# 2: VKORT_HUMAN

# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5

#

# Length: 117
# Identity:

# Sinilarity:
# Gaps:

# Score: 48.5

27/117 (23.1%)
41/117 (35.0%)
45/117 (38.5%)

NP_000762.2

VKOR1_HUMAN

NP_000762.2

VKORL_HUMAN

NP_006762.2

VKORL_HUMAN

62 GPVFTLYFGLKPTVVLHGYEAVK- -----EALIDLGEEFSGRGIFPLAER 105
[l RIS RINH A P N
19 GLVLSLY------ ALH-VKAARARDRDYRALCDVGTAISCSRVF--SSR 58

106 ANRGFGIVFSNGKKNKEIRRFSLMTLRNFGMGKRSIEDRVOEEARCLVEE 155

I
59 WGRGFGLY----=-=-= - =s-s=s--

89

156 LRKTKASPCOPTFILGC 172
I ll
98 L--ee-ee- Lee 9

Matrix:

Aligned_sequences:
1: NP_000762.2
2: NP_000760.1

EBLOSUM62
# Gap_penalty: 10.0

CYP2C19

2

Extend_penalty: 0.5

Length:

490

# Identity:

448/490 (91.4%

# Similarity: 467/490 (95.3%)
# Gaps: 0/490 ( 0.0%
# Score: 2374.0
#
NP_000762.2 1 MDSLVVLVLCLSCLLLLSLWRQSSGRGKLPPGPTPLPVIGNILQIGIKDI
[ R N N N RN RN RN R NN R
NP_000760.1 1 MDPFVVLVLCLSCLLLLSIWRQSSGRGKLPPGPTPLPVIGNILQIDIKDV
NP_000762.2 51 SKSLTNLSKVYGPVFTLYFGLKPIVVLHGYEAVKEALIDLGEEFSGRGIF
(RN R R R R N N R RN RN
NP_000760.1 51 SKSLTNLSKIYGPVFTLYFGLERMVVLHGYEVVKEALIDLGEEFSGRGHF
NP_000762.2 101 PLAERANRGFGIVFSNGKKWKEIRRFSLMTLRNFGMGKRSIEDRVQEEAR
PEREREREEEE e bbb bbb e bbbt
NP_000760.1 101 PLAERANRGFGIVFSNGKRWKEIRRFSLMTLRNFGMGKRSIEDRVQEEAR
NP_000762.2 151 CLVEELRKTKASPCDPTFILGCAPCNVICSIIFHKRFDYKDQQFLNLMEK
PEREREREEE e bbb bbb Leeee e
NP_000760.1 151 CLVEELRKTKASPCDPTFILGCAPCNVICSIIFQKRFDYKDQQFLNLMEK
NP_000762.2 201 LNENIKILSSPWIQICNNFSPIIDYFPGTHNKLLKNVAFMKSYILEKVKE
(R R R R R R RN N AN P RN N
NP_000760.1 201 LNENIRIVSTPWIQICNNFPTIIDYFPGTHNKLLKNLAFMESDILEKVKE
NP_000762.2 251 HQESMDMNNPQDFIDCFLMKMEKEKHNQPSEFTIESLENTAVDLFGAGTE
R R N RN N A R R R P R R R
NP_000760.1 251 HQESMDINNPRDFIDCFLIKMEKEKQNQQSEFTIENLVITAADLLGAGTE
NP_000762.2 301 TTSTTLRYALLLLLKHPEVTAKVQEEIERVIGRNRSPCMQDRSHMPYTDA
PEEEREREE e bbb bbb e e b b enenn
NP_000760.1 301 TTSTTLRYALLLLLKHPEVTAKVQEEIERVIGRNRSPCMQDRGHMPYTDA
NP_000762.2 351 VVHEVQRYIDLLPTSLPHAVTCDIKFRNYLIPKGTTILISLTSVLHDNKE
PURERERRE R bbb bbb bbb bt
NP_000760.1 351 VVHEVQRYIDLIPTSLPHAVTCDVKFRNYLIPKGTTILTSLTSVLHDNKE
NP_000762.2 401 FPNPEMFDPHHFLDEGGNFKKSKYFMPFSAGKRICVGEALAGMELFLFLT
R R R NN R NN RN R RN RN
NP_000760.1 401 FPNPEMFDPRHFLDEGGNFKKSNYFMPFSAGKRICVGEGLARMELFLFLT
NP_000762.2 451 SILQNFNLKSLVDPKNLDTTPVVNGFASVPPFYQLCFIPV 490
SETEREEEERE= =t e e
NP_000760.1 451 FILQNFNLKSLIDPKDLDTTPVVNGFASVPPFYQLCFIPV 490

# Aligned_sequences: 2
# 1: NP_000762.2

# 2: AAF21034.1

# Matrix: EBLOSUM62

# Gap_penalty: 10.0

# Extend_penalty: 0.5

# Length: 495

# Identity:

# Similarity:

# Gaps:

# Score: 385.5

141/495 (28.5%)
212/495 (42.8%)
83/495 (16.8%)

NP_000762.2 7 LVLCLSCLLLLSLWRQSSGRGKL - -PPGPTPLPVIGNILQIGIKDISKSL 54
[ I I 1SN 1 T e I B I PSP IO
AAF21034.1 13 LLLAVSLVLLYLYGTHSHGLFKKLGIPGPTPLPFLGNILSYH-KGFCMFD 61
NP_000762.2 55 TNLSKVYGPVFTLYFGLKPIVVLHGYEAVKEALI-DLGEEFSGRGIF-PL 102
et b i e e PR B Bt I R eyl Bt (2 I |
AAF21034.1 62 MECHKKYGKVWGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPV 111
NP_000762.2 103 AERANRGF- - -GIVFSNGKKWKEIRRFSLMTLRNFGMGK-RSTEDRVQEE 148
I slestamnt sl [Los salw]] st
AAF21034.1 112 ------ GFMKSAISTAEDEEWKRLR- -SLLS - PTFTSGKLKEMVPTIIAQY 152
NP_000762.2 149 ARCLVEELRK- - TKASPCDPTFILGCAPCNVICSIIFH--=-=-=-=-=- 184
swellewlls  wesslessersaosamtleles)ls
AAF21034.1 153 GDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGVNIDSLNNPQDP 202
NP_000762.2 185 - -KRFDYKDQQFLNLMEKLNENIKILSSPWIQICNNFSPTIDYF 226
sl [zl 2z st Jrsmizez | 1..1
AAF21034.1 203 FVENTKKLLRFDFLDPFFLSI------ TVFPFLIPILEVLN----- ICVF 241

° 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

Aligned_sequences: 2
1: NP_000762.2

2: NP_000760.1
Matrix: EBLOSUM62

Aligned_sequences: 2
1: NP_000762.2

2: AAF21034.1
Matrix: EBLOSUM62

# Aligned_sequences: 2
# 1: NP_000762.2

# 2: VKORL_HUMAN # Gap_penalty: 10.0 # Gap_penalty: 10.0
: # Extend_penalty: 0.5 # Extend_penalty: 0.5
# Matrix: EBLOSUM62 -
. # Length: 490 # Length: 495
# Gap_penalty: 18.0 # Tdentity: 448/490 (91.4%) # Identity: 141/495 (28.5%)

# Extend_penalty: 0.5 # similarity: 467/490 (95.3%) # Similarity: 212/495 (42.8%)
5 # Gaps: ©/490 ( 0.0%) # Gaps: 83/495 (16.8%)
# # Score: 2374.0 # Score: 385.5
-
# Length: 117 #* 5
# Identity: 27/117 (23.1%)
# Similarity:  41/117 (35.0%) NP_000762.2 1 MDSLVVLVLCLSCLLLLSLWRQSSGRGKLPPGPTPLPVIGNILQIGIKDI 50 NP_000762.2 7 LVLCLSCLLLLSLWRQSSGRGKL - -PPGPTPLPVIGNILQIGIKDISKSL
(R RN R R R R R R R AR RN AR R AN P R Iz keslzellaaes lilezle LLLILL Ll s ssesss
# Gaps: 45/117 (38.5%) NP_000760.1 1 MDPFVVLVLCLSCLLLLSIWRQSSGRGKLPPGPTPLPVIGNILQIDIKDV 50 AAF21034.1 13 LLLAVSLVLLYLYGTHSHGLFKKLGIPGPTPLPFLGNTLSYH-KGFCMFD
# Score: 48.5 NP_000762.2 51 SKSLTNLSKVYGPVFTLYFGLKPIVVLHGYEAVKEALIDLGEEFSGRGIF 100 NP_000762.2 55 TNLSKVYGPVFTLYFGLKPIVVLHGYEAVKEALT -DLGEEFSGRGIF -PL
# (AR AR R R NN R AN AR RN R R AR A RN seesl el bolseale)es)as ] e e | 1 I |
NP_000760.1 51 SKSLTNLSKIYGPVFTLYFGLERMVVLHGYEVVKEALIDLGEEFSGRGHF 100 AAF21034.1 62 MECHKKYGKVWGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPV
#
NP_000762.2 101 PLAERANRGFGIVFSNGKKWKEIRRFSLMTLRNFGMGKRSIEDRVQEEAR 150 NP_000762.2 103 AERANRGF - - -GIVFSNGKKWKEIRRFSLMTLRNFGMGK-RSIEDRVQE
# (R R R R R R RN RN RN R A NAR AR 1 sletantt | Jesl. 1) welwl]] sesosesuds
NP_000760.1 101 PLAERANRGFGIVFSNGKRWKEIRRFSLMTLRNFGMGKRSIEDRVQEEAR 150 AAF21034.1 T mm GFMKSATSTAEDEEWKRLR- - SLLS - PTFTSGKLKEMVPTIAQY
NP_000762.2 151 CLVEELRKTKASPCDPTFILGCAPCNVICSIIFHKRFDYKDQQFLNLMEK 200 NP_000762.2 149 ARCLVEELRK- - TKASPCDPTFILGCAPCNVICSIIFH- - ---------
.2 62 GPVFTLYFGLKPIVVLHGYEAVK------ SGRGIFPLAER 105 - =
NP'0007622 62 GPUFTLYFGLIPTVVLHGYEAVK EALTDLGEEF Frrerrrrererrererreerererererrrrraterrererrererret | WEE I Ry e (et I R BN [
|.L:‘| '|":‘J '|L Z\.H|..J\ L\ NP_000760.1 151 CLVEELRKTKASPCDPTFILGCAPCNVICSIIFQKRFDYKDQQFLNLMEK 200 AAF21034.1 153 GDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGVNIDSLNNPQDP
VKORL_HUMAN 19 GLVLSLY------- ALH-VKAARARDRDYRALCDVGTAISCSRVF - -SSR 58 NP_000762.2 201 LNENTKILSSPWIQICNNFSPIIDYFPGTHNKLLKNVAFMKSYTILEKVKE 250 NP_000762.2 185 ~KRFDYKDQQFLNLMEKLNENIKILSSPWIQICNNFSPIIDYF
(AR R R R R R RN R R AR N R AN R A RN N S I Y H : | 1.1
NP_000760.1 201 LNENIRIVSTPWIQICNNFPTIIDYFPGTHNKLLKNLAFMESDILEKVKE 250 AAF21034.1 203 FVENTKKLLRFDFLDPFFLSI- -ICVF
NiP_00¢762.2 106 ANRGFGIVFSNGKKHKEIRRFSLNTLRNFGHGKRSIEDRVOEEARCLVEE 155 NP_000762.2 251 HQESMDMNNPQDFIDCFLMKMEKEKHNQPSEFTIESLENTAVDLFGAGTE 300 NP_000762.2 227 P-GTHNKLLKNVAFMKSYILEKVKEHQESMDMNNPQDFIDCFL - - -MKME
|HH ‘ IR R RN R RN N A R R R RN | [ERARN [ Qe I | sl Feadl] Jaws ]z s heswse s
NP_000760.1 251 HQESMDINNPRDFIDCFLIKMEKEKQNQQSEFTIENLVITAADLLGAGTE 300 AAF21034.1 242 PREVTNFLRKSVKRMKESRLEDTQKHR- - - - -~ - VDFLQLMIDSQNSKE
VKOR_HUMAN 59 WGRGFGLY------==-=nsmnmnenn EHVLGQDSILNQSNSIFGCIFYT 89
NP_000762.2 301 TTSTTLRYALLLLLKHPEVTAKVQEEIERVIGRNRSPCMQDRSHMPYTDA 350 NP_000762.2 273 KEKHNQPSEFTIESLENTAVDLFGAGTETTSTTLRYALLLLLKHPEVTAK
Frrerrrrerrrrererrerrererererrrrrrrerrereraneereet shalesn] s o)ex B8 B B R N RN | Ex] N B E PN |
\P 0007622 156 LRKTKASPCDPTFILGC 172 NP_000760.1 301 TTSTTLRYALLLLLKHPEVTAKVQEEIERVIGRNRSPCMQDRGHMPYTDA 350 AAF21034.1 284 TESHKALSD- - LELVAQSITFIF -AGYETTSSVLSFIMYELATHPDVQQK
i NP_000762.2 351 VVHEVQRYIDLLPTSLPHAVTCDIKFRNYLIPKGTTILISLTSVLHDNKE 400 NP_000762.2 323 VQEEIERVIGRNRSPCMQDRSHMPYTDAVVHEVQRYIDLLPTSLPHAVTC
NN RN RN RN R RN AR RN R N AR NN AR A N LI e dpalelallzls] s bl
VKOR_HUMAN 9% NP_000760.1 351 VVHEVQRYIDLIPTSLPHAVTCDVKFRNYLIPKGTTILTSLTSVLHDNKE 400 AAF21034.1 331 LQEEIDAVLPNKAPPTYDTVLQMEYLDMVVNETLR- - -LFPTAMRLERVC
NP_000762.2 401 FPNPEMFDPHHFLDEGGNFKKSKYFMPFSAGKRICVGEALAGMELFLFLT 450 NP_000762.2 373 --DIKFRNYLIPKGTTILISLTSVLHDNKEFPNPEMFDPHHFLDEGGNFK
(RN R RN S R R R RN RN T R A RN N [ ELL SN I B B I IRt N o | |
NP_000760.1 401 FPNPEMFDPRHFLDEGGNFKKSNYFMPFSAGKRICVGEGLARMELFLFLT 450 AAF21034.1 378 KKDVEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERF ---- - - sk
NP_000762.2 451 SILQNFNLKSLVDPKNLDTTPVVNGFASVPPFYQLCFIPV 490 NP_000762.2 421 KSK------ YFMPFSAGKRICVGEALAGMELFLFLTSILQNFNLK 459
SEErrrrrrrrs et renrrrrereerrrrrerrnee 1=l R 1 - I [ - I [ - I I N B |
NP_000760.1 451 FILQNFNLKSLIDPKDLDTTPVVNGFASVPPFYQLCFIPV 490 AAF21034.1 422 KNKDNIDPYIYTPFGSGPRNCIGMRFALMNMKLALIRVLQNFSFK 466



Results (Finding PharmGKB Variants When Searching Celecoxib + CYP2C9)

Overview

Prescribing Info

Drug Label Annotations

Clinical Annotations

Variant Annotations

Literature

Pathways

Clinical Annotations

PharmGKB clinical annotations provide information about variant-drug pairs based
primarily on variant annotations and incorporating variant-specific prescribing
guidance from clinical guidelines and FDA-approved drug labels, when available.
Curators manually review ar and create genotype-based summaries
describing the phenotypic impact of the variant. Each clinical annotation is assigned
a Level of Evidence, which is generally informed by the clinical annotation's score.

Note: Alleles in PharmGKB are mapped to the positive chromosomal strand.
Therefore, variants in genes on the "minus" strand (eg. VKORC?) are complemented
in PharmGKB annotations.

© Read more about Clinical Annotations

2 annotations

& Fullscreen | & Edit Columns

Focus on Pediatrics OFF

Level 1B

Level 2A

Level 2B

Level 3

Level 4
0 1

Annotations by [level ~

©® Read more about Variant Annotations

W Show Filters | & Download

LEVEL *

VARIANT GENE # DRUGS *

YP2C9*1,

! CYP2C9 celecoxib
C

CYP2C9*3,

CYP2C9*13
[ Details ] Level 3 11057910 CYP2c9 Antiinflammato
Iy_agents, non-
steroids,
celecoxib,

diclofenac

PHENOTYPE
CATEGORIES & PHENOTYPE 4 PEDIATRI
Metabolism/PK

Toxicity

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.

e Neoplsams s compared 0 CYP2CS
acrased dos of vl i i pooo it
comparad a CYP2C8 11,
[ e withdoseseed s of et o o - Dossge

nanpcoumon a compired 1 CYE2C 1

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

Specify a genotype for specific annotations

Pick alleles for CYP2C9
*2 v[*3 v
Alleles not present in the above pull-down menus have no guideline recommendation.

Alternate Drug
Submitted Genotype
CYP2C9: *2/*3

Dosing Info

Matched Phenotype

CYP2C9: 0.5 (Poor Metabolizer)
Implications
CYP2C9: Signifi
severity of toxicities

reduced ism and prolonged half-life; higher plasma concentrations may increase probability and/or
Recommendation

Initiate therapy with 256-50% of the lowest recommended starting dose. Titrate dose upward to clinical effect or 26-50% of the
maximum recommended dose with caution. In accordance with the prescribing information, use the lowest effective dosage for
shortest duration consistent with individual patient treatment goals. Upward dose titration should not occur until after steady
state is reached (at least 8 days for celecoxib after first dose in PMs). Carefully monitor adverse events such as blood pressure
and kidney function during course of therapy. Alternatively, consider an alternate therapy not metabolized by CYP2C9 or not
significantly impacted by CYP2C9 genetic variants in vivo.

Other Considerations

Alternative therapies not primarily metabolized by CYP2C9 include aspirin, ketorolac, naproxen and sulindac. Selection of therapy
will depend on individual patient treatment goals and risks for toxicity.



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

Organism: Homo sapiens (humans)

Variant type: Single Nucleotide Variation

Alleles: C>A / C>T

CYP2C9*2 (rs1799853)

Frequency: T=0.085923 (22743/264690, TOPMED), T=0.092016 (23117/251228, GnomAD_exome),

T=0.089751 (12575/1

40110, GnomAD) (+ 22 more)

Genomic Placements (2]
[ — - Change

CYP2C Refseqtene (LRG_1195) NG_008385.2:.9133CA

CVP2C RefseqGene (LRG_1195) NG_008385.2:¢.9133CT

GRCh37.p13 chr 10 NC_000010.10:8.96702047C-A

GRCh37.p13 chr 10 NC_000010.10:8.96702047C-T

GRCh38.p14 chr 10 NC_000010.11:5.94942290C>A

GRCh38.p14 chr 10 NC_000010.11:5,94942290C>T

Gene: CYP2C9, P450 family 2 ily (plus strand)
e - Change Amino acid[Codon] 50 Term
CYP2C9 transcript NM_000771.4:c.430C>A R[CGT)>S[AGT] Coding Sequence
Veriane

CYP2C9 transcript NM_000771.4:c.430C>T R[CCTI=C[TCT) Coding Sequence

eytochrome 450 2C9 NP_000762.2:p Arg144er R (Arg) = S (Ser) Missense Variant

cytochrome P450 29 NP_000762.2:p.Arg144Cys R (Arg) = (Cy3) Missense Variant

*
CYP2C9*3 (rs1057910)
Alleles: A>C / A>G
Frequency: C=0.064700 (19529/301838, ALFA), C=0.063706 (7725/121260, ExAC), C=0.02428
(686/28258, 14KIPN) (+ 22 more)
.

Genomic Placements

Sequence name

Change

CYP2C9 RefSeqGene (LRG_1195)
CYP2C9 RefSeqGene (LRG_1195)
GRCh37.p13 chr 10
GRCh37.p13 chr 10
GRCh38.p14 chr 10

GRCh38.p14 chr 10

NG_008385.2:g.48139A>C
NG_008385.2:£.48139A-G

NC_000010.10:g.96741053AC
NC_000010.10:g.96741053AG
NC_000010.11:g.94981296AC

NC_000010.11:¢.94981296A>G

Gene: CYP2C9, cytochrome P450 family 2 subfamily C member 9 (plus strand)

Molecule type Change Amino acid[Codon] 50 Term
CYP2C9 transcript NM_000771.4:.1075A>C HATTI>L[CTT] Coding Sequence Variant
CYP2CS transcript NM_000771.4:.1075A>G HATTI>VIGTT] Coding Sequence Variant
cytochrome P450 2C9 NP_000762.2:p.lle359Leu 1(1le) > L (Leu) Missense Variant
cytochrome P450 2C9 NP_000762.2:p.lle359Val 1(1le) > V (Val) Missense Variant

Feature

CYP2C9

CYP2C9*2 (rs1799853)

CYP2C9*3 (rs1057910)

Enzyme Activity

Normal (100%)

Reduced (60-70%)

Severely reduced (10-30%)

Metabolism of

Efficient metabolism

Slower metabolism —

Very slow metabolism —

Celecoxib Higher celecoxib plasma Significantly increased
levels celecoxib plasma levels
Celecoxib Normal clearance ~50% reduced clearance ~75-90% reduced clearance

Clearance Rate

Impact on Normal Increased risk of side Severely increased risk of
Arthritis anti-inflammatory effects (e.g., Gl toxicity, celecoxib-induced side
Treatment effect with standard | cardiovascular risk) due to | effects, requires lower dose

celecoxib dose slower clearance or alternative drug
Recommended |Standard dose (e.g., | Consider reducing dose Consider reducing dose
Celecoxib Dose | 200 mg/day) (e.g., 25-50% of standard (e.g., 25-50% of standard
Adjustments dose) dose)

Adverse Effects
Risk

Normal risk

Higher risk of
gastrointestinal (Gl)
bleeding and
cardiovascular events

Very high risk of
celecoxib-induced side
effects, especially CV and Gl
toxicity

Therapeutic
Monitoring
Needed?

No special
monitoring

Yes, monitor drug levels,
side effects

Yes, requires frequent
monitoring




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 SIFT

. AVG EAS AMR AFR EUR |
y . . REF T |AMINOACID| GENE NE S . y SIFT | SIFT | NOOFSEQS SIFT o = o = =
SNP | ORGANISM/BUILD |CHR COORDINATE /v o | Vi o 1M EPNEE ™ T GENEID  |TRANSCRIPTID| PROTEINID REGION| ¢lope | MEDIAN | AT POSITION | PREDICTION | ALLELE | ALLELE | ALLELE | ALLELE & ALLELE
FREQ FREQ FREQ FREQ FREQ
51799853 Homo_sapiens/GRCh37.74[10 96702047 c T R144C CYP2C9 | ENSG00000138109 ENSP D. 010|248 309 DELETERIOUS 0048 0001 0099 0.008 .14
i ; mutation t - sting p—— _—
Summary: + Amino acid sequence changed  Mode:simple_se
. . 168 (de | borign)
+ Protin features (migh be)afected
Prediction: Benign pemal
gno mAD e ]
Sommary: + Amino acid sequence changed * Modet:simpl_sas Py, lcaton T1036702047CA o vrrt st s 10V
- Homozygous in TGP | EXAC  gnomAD « Tree vot: 1119 (el bergn) o .
omAD | HODP  1KG  Local Ancestry K e + Aomatc £ACLOF mas LOF. 0.0 mssanse: 278, syonymeus: 258
Genetic Ancestry Group Allele Count Allele Number Number of Homozygotes Allele Frequency b + Protein features (might be) affected
N oorrs
 Amish 139 o2 1 o4 p— p— Unotpapice euriz
» Ashkenazi Jewish 4069 29596 280 01375 Phys. locaion chr10:96702047C>T show variant in all Wanscrigls 1GV Varantyoe oo baso exchange
Genergion
+ European (non-Finnish) 155585 1179834 10435 01319 Gons oymbel =] ONA changes. ©430C>A
[rv— LOF:0.00, massense: 276, syromymeus: 258 =N
+ Middle Eastor 734 6058 o oun prrr— .
+ European (Finnish) 7312 64006 416 omna2 L Fromeshit o
et ostce punz Longh ot proten Nomal
» Remaining 6626 62476 40 o6l vaan e Singesase exchange Know vt Vatantvas ot found i 1A, 10008, o oamAD.
» Admixed American 4720 59962 205 007872 Gene rogon
OWAchangss el Phylogenetic conservaion PhyloP PhastCons.
» South Asian aa17 91074 163 004850 9363CT foger ki) e
Arcranges R1e4c Scr 180 pregrees
» Afican/Afrcan American 1620 74996 1w oo — - ki) S ooty
» East Asian n 44858 o 0.0002452 A ancds o ewvdnin. Normal T =
xx 94366 812258 oas  omez
5 PolyPhen-2
Total 185242 1613772 nen  omas I PolyPhen-2 report for P11712 R144C (rs1799853)
Age Distribution @ Query
MExome [H Genome M Variant carriers [/ Al individuals GRED0ED GEEbn W n By
Canonical; RecName: Full=Cytochrome P450 2C9; AltName: Full=(R)-limonene 6-monooxygenase; EC=1.14.13.80; AltName: Full=(S)-imonene 6-monooxygenase; EC=1.14.13.48;
p1712 144 R C AlName: Full=(S)imonene 7-monooxygenase; EC=1.14.13.49; AltName: Full=CYPIICS; AltName: Full=Cytochrome P-450MP; AltName: Full=Cytochrome P450 MP-4; AltName:
Full=Cylochrome P450 MP-8; AliName: Full=Cytochrome P450 PB-1; AliName: Full=S-mephenyloin 4-hydroxylase; Length: 490
Results
[#) Prediction/Confidence PolyPhen-2 v2.2.3r408
HumDiv
This mutation is predicted tobe  PROBABLY DAMAGING  with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)
[ Humvar
Include heterozygous variant carriers  sequencing types:| Exome and Genome ~ [

Include homozygous variant carriers
Compare to all individuals




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).
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Results

Prediction/Confidence
HumDiv

[ Humvar
Details

[ Multiple sequence alignment
[ 3D Visualization

Description

Canonical; RecName: Full=Cytochrome P450 2C9; AltName: Full=(R)-imonene 6-monooxygenase; EC=1.14.13.80; AltName: Full=(S-imonene 6-monooxygenase; EC=1.14.13.48;

AltName: Full=(S)-imonene 7-monooxygenase; EC=1.14.13.49; AltName: Full=CYPIIC9; AltName: Fuil=Cytochrome P-450MP; AltName: Full=Cytochrome P450 MP-4; AltName:
P450 MP-8; AltName: P450 PB-1; AltName: Full=S-mephenytoin 4-hydroxylase; Length: 490

PolyPhen-2 v2.2.3r408

‘This mutation is predicted tobe  BENIGN  with a score of 0.009 (sensiivity: 0.96; specificity: 0.77)

Release 2011_12
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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.

e 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.

o  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

v/ Supports precision medicine

v/ 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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