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ORIGINAL ARTICLE
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ABSTRACT

Objective: To determine the frequency of the CYP3A5*1 and CYP3A5*3 alleles in pediatric patients with 
advanced chronic kidney disease and kidney transplant recipients treated at a national referral center in 
Lima, Peru.
Methods: This was a descriptive, observational study. Patients with advanced chronic kidney disease 
(stages 3a, 3b, and 5) and kidney transplant recipients treated at the Instituto Nacional de Salud del 
Niño San Borja between February 2019 and January 2020 were included. CYP3A5*3 polymorphism 
genotyping was performed using PCR-RFLP. Data were analyzed using Stata version 15.
Results: A total of 50 patients were included. Twenty-seven patients (54.0%) were male, and the median 
age was 13.1 years (IQR: 8.6–14.9). The frequency of the CYP3A5*1 allele was 86.0%, whereas that of the 
CYP3A5*3 allele was 14.0%. Overall, 72.0% of the population (n = 36) had the CYP3A5*1/*1 genotype, 
whereas 28.0% (n = 14) had the CYP3A5*1/*3 genotype. The CYP3A5*3/*3 genotype was not observed.
Conclusions: The CYP3A5*1 allele was the most frequent in the analyzed population. The CYP3A5*3/*3 
genotype, associated with the CYP3A5 non-expressor phenotype, was not observed. These results should 
be confirmed in future studies with larger sample sizes and complementary molecular techniques to 
strengthen the reliability of the findings.

Keywords: Renal Insufficiency, Chronic; Kidney Transplantation; Tacrolimus; Cytochrome P-450 
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Frecuencia de los alelos CYP3A5 en 
pacientes pediátricos con enfermedad renal 
crónica avanzada y receptores de trasplante 
renal en un centro de referencia nacional en 
Lima, Perú

RESUMEN

Objetivo: Determinar la frecuencia de los alelos CYP3A5*1 y CYP3A5*3 en pacientes pediátricos con 
enfermedad renal crónica avanzada y trasplante renal atendidos en un centro de referencia nacional en 
Lima, Perú.
Métodos: Estudio observacional descriptivo. Se incluyeron pacientes con enfermedad renal crónica 
avanzada (estadios 3a, 3b y 5) y pacientes que recibieron un trasplante renal, atendidos en el Instituto 
Nacional de Salud del Niño San Borja entre febrero de 2019 y enero de 2020. La genotipificación del 
polimorfismo CYP3A5*3 se realizó mediante PCR-RFLP. El análisis de los datos se realizó con Stata 
versión 15.
Resultados: Se incluyeron 50 pacientes. Veintisiete pacientes (54,0 %) fueron de sexo masculino y la 
mediana de edad fue de 13,1 años (RIC: 8,6–14,9). La frecuencia del alelo CYP3A5*1 fue del 86,0 %, 
mientras que la del alelo CYP3A5*3 fue del 14,0 %. El 72,0 % de la población (n = 36) presentó el genotipo 
CYP3A5*1/*1, mientras que el 28,0 % (n = 14) presentó el genotipo CYP3A5*1/*3. No se observó el 
genotipo CYP3A5*3/*3.
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Conclusiones: El alelo CYP3A5*1 fue el más frecuente en la población 
analizada. No se observó el genotipo CYP3A5*3/*3, asociado al 
fenotipo no expresor de la enzima CYP3A5. Estos resultados deben 
ser corroborados en estudios futuros con un mayor tamaño muestral 
y mediante técnicas moleculares complementarias que permitan 
fortalecer la confiabilidad de los hallazgos.

Palabras clave: Insuficiencia Renal Crónica; Trasplante de Riñón; 
Tacrolimus; Citocromo P-450 CYP3A; Polimorfismo Genético; Niño 
(Fuente: DeCS)

INTRODUCTION

Kidney transplantation represents the best therapeutic 
alternative for patients with advanced chronic kidney disease, 
as it increases survival and quality of life compared with 
dialysis therapy (1). In this context, tacrolimus is one of the 
most widely used immunosuppressants for preventing acute 
graft rejection; however, it has a narrow therapeutic range 
and high interindividual pharmacokinetic variability, which 
increases the risk of subtherapeutic or supratherapeutic 
concentrations (2,3).

Tacrolimus concentration variability is influenced by multiple 
factors, including age, clinical status, and genetic variability 
in metabolizing enzymes of the cytochrome P450 system, 
particularly those belonging to the CYP3A subfamily 
(CYP3A4 and CYP3A5) (3,4). Among these, CYP3A5 plays 
a key role in tacrolimus metabolism. 

The CYP3A5*3 polymorphism (g.6986A>G, rs776746) 
produces a nonfunctional enzyme due to a defect in 
messenger RNA processing, thereby determining differences 
in metabolic capacity among individuals. According to the 
Clinical Pharmacogenetics Implementation Consortium 
(CPIC) guidelines (5), individuals carrying at least one 
functional CYP3A5*1 allele require higher initial tacrolimus 
doses than non-expressors (CYP3A5*3/*3), highlighting 
the clinical importance of this polymorphism in treatment 
individualization.

In adults, a high frequency of the CYP3A5*3 allele has been 
reported, along with substantial variability in its distribution 
across different ethnic groups. For example, the frequency of 
this allele has been described as ranging from approximately 
14.0% in African populations to more than 90% in European 
populations, showing a marked gradient according to genetic 
ancestry (6). 

However, most of the available evidence comes from studies 
in adults. In contrast, information remains limited in 
pediatric patients with advanced chronic kidney disease or 
those undergoing kidney transplantation, despite evidence 
that the CYP3A5 genotype significantly influences tacrolimus 
pharmacokinetics in children (3,7,8). In this context, this 
study aimed to determine the frequency of the CYP3A5*1 and 
CYP3A5*3 alleles in pediatric patients with advanced chronic 
kidney disease and kidney transplant recipients treated at a 
national referral center in Lima, Peru.

 

METHODS

Study design and population

An observational, descriptive, cross-sectional study was 
conducted, including patients younger than 18 years with 
a diagnosis of advanced chronic kidney disease, as well as 
patients who had received a kidney transplant, treated at 
the Instituto Nacional de Salud del Niño San Borja between 
February 2019 and January 2020.

The sample consisted of all eligible patients during the 2019–
2020 period.

Blood sample collection and DNA isolation

Peripheral blood samples were collected in 3-mL EDTA tubes 
during scheduled sample collection in the outpatient area 
of the Pediatric Nephrology Department. DNA was isolated 
using the commercial NucleoSpin® Blood kit (Macherey-
Nagel, Düren, Germany), according to the manufacturer’s 
instructions. DNA concentration (in ng/µL) was determined 
by fluorometry using the commercial DeNovix dsDNA Broad 
Range Assays kit (DeNovix, Wilmington, DE, USA). Once 
isolated, DNA was stored at −20 °C until analysis.

Polymorphism analysis by PCR-RFLP

Detection of the CYP3A5*3 polymorphism was performed 
using polymerase chain reaction coupled with restriction 
fragment length polymorphism analysis (PCR-RFLP). The 
amplification reaction was carried out in a final volume 
of 25 µL using a Veriti™ 96-Well Thermal Cycler (Applied 
Biosystems, Foster City, CA, USA).

Two PCR-RFLP assays were performed for each sample, using 
different restriction enzymes. The amplification conditions 
were as follows: initial denaturation at 95 °C for 4 minutes, 
followed by 37 cycles of denaturation at 95 °C for 30 seconds, 
annealing at 56 °C for 30 seconds, and extension at 72 °C for 
30 seconds, with a final extension at 72 °C for 5 minutes.

In the first assay, a 197-base-pair (bp) fragment of 
intron 3 of the CYP3A5 gene was amplified following 
the method described by Lee et al. (9). The CYP3A5F 
(5’-CTTTAAAGAGCTCTTTTGTCTCTCA-3’) and CYP3A5R1 
(5’-GAAGCCAGACTTTGATCATTATGTTATG-3’) primers 
were used. The amplified product was digested with the 
BseMII restriction enzyme (New England Biolabs, Ipswich, 
MA, USA), according to the manufacturer’s instructions.

In the second assay, a 200-bp fragment of the same intron 
was amplified according to the method described by Lee 
et al. (9). The same forward primer and the reverse primer 
CYP3A5R2 (5’-CCAGGAAGCCAGACTTTGAT-3’) were 
used. The amplified product was digested with the DdeI 
restriction enzyme (New England Biolabs, Ipswich, MA, 
USA), according to the manufacturer’s instructions.

The digestion products were analyzed by electrophoresis on a 
2% agarose gel. A total of 12 µL of the PCR product and 2 µL of 
intercalating agent (SYBR Green) were used. Electrophoresis 
was performed for 30 minutes at 90 V. DNA bands were 
visualized under ultraviolet light using a transilluminator.
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Genotypes were assigned according to the fragment patterns 
obtained after enzymatic digestion, based on the schemes 
previously described by Lee et al. and Fukuen et al. (10,11) 
(Supplementary Table 1).

Operational definitions and statistical analysis 

Chronic kidney disease was classified according to the Kidney 
Disease: Improving Global Outcomes (KDIGO) criteria (12). 
For clinical characterization of the population, the following 
variables were considered: age, sex, clinical diagnosis, stage 
of advanced chronic kidney disease, dialysis modality in 
patients with stage 5 advanced chronic kidney disease, history 
of kidney transplantation, transplant origin, donor type, and 
dialysis modality before transplantation.

Statistical analysis was performed using Stata version 15 
(StataCorp LLC, College Station, TX, USA).

To describe the study population, absolute and relative 
frequencies were calculated for categorical variables, whereas 
age was summarized using the median and interquartile 
range (IQR).

Based on the PCR-RFLP analysis results, the frequencies 
of the CYP3A5*1 and CYP3A5*3 alleles, as well as of the 
CYP3A5*1/*1, CYP3A5*1/*3, and CYP3A5*3/*3 genotypes, 
were calculated.

Genotype distribution was assessed using the Hardy-
Weinberg equilibrium with the chi-square (χ²) goodness-of-fit 
test. A p-value < 0.05 was considered statistically significant.

Ethical considerations

Each patient was identified using a numerical code to ensure 
anonymity. Data confidentiality was protected by restricting 
database access exclusively to the research team.

The study was approved by the Research Ethics Committee 
of the Instituto Nacional de Salud del Niño San Borja (code: 
PI-211-2018). Patient participation was authorized through 
written informed consent signed by parents or legal guardians 
and, when appropriate, through assent from minors.

RESULTS

The characteristics of the 50 patients included in the study 
are summarized in Table 1. The median age was 13.1 years 
(IQR: 8.6–14.9). Twenty-seven patients (54.0%) were male. 
According to clinical diagnosis, 5 patients (10.0%) had stage 
3a advanced chronic kidney disease, 4 (8.0%) had stage 3b, 
9 (18.0%) had stage 5, and 32 (64.0%) had received a kidney 
transplant. Among patients with stage 5 advanced chronic 
kidney disease, 4 were receiving peritoneal dialysis, and 5 
were receiving hemodialysis. In the group of patients who had 
received a kidney transplant, most procedures were performed 
within the institution; among these, transplantation from 
deceased donors predominated. 

The results of PCR-RFLP analysis are summarized in Table 
2 and Supplementary Table 2. The observed genotype 
distribution did not deviate from the Hardy-Weinberg 
equilibrium (p > 0.05). 

Characteristic n (%)

Age, median (IQR), years 13.1 (8.6–14.9)

Sex (male to female) 27:23

Clinical diagnosis

Advanced chronic kidney disease stage 3a 5 (10.0)

Advanced chronic kidney disease stage 3b 4 (8.0)

Advanced chronic kidney disease stage 5 9 (18.0)

Dialysis modality

Peritoneal dialysis 4 (44.4)

Hemodialysis 5 (55.6)

Kidney transplantation 32 (64.0)

Transplant origin

External 2 (6.3)

Internal 30 (93.8)

Donor type

Living donor 8 (26.7)

Deceased donor 22 (73.3)

Dialysis modality before transplantation

Peritoneal dialysis 14 (46.7)

Hemodialysis 16 (53.3)

IQR: interquartile range. Percentages for the main clinical diagnoses 
were calculated based on the total sample (n = 50). Percentages for 
subcategories were calculated based on the corresponding total of the 
immediate main category.

Table 1. Sociodemographic and clinical characteristics of the 
patients included in the study (n = 50)

Table 2. Frequency of alleles and genotypes in the patients 
included in the study

Characteristic n (%)

Allele (2n = 100)

CYP3A5*1 86 (86.0)

CYP3A5*3 14 (14.0)

Genotype (n = 50)

CYP3A5*1/*1 36 (72.0)

CYP3A5*1/*3 14 (28.0)

CYP3A5*3/*3 0 (0.0)

CYP3A5*1/*1 and CYP3A5*1/*3 correspond to expressor 
phenotypes; CYP3A5*3/*3 corresponds to the non-
expressor phenotype.
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All patients carried at least one functional CYP3A5*1 allele. 
The allelic frequency of CYP3A5*1 was 86.0%, whereas 
the allelic frequency of CYP3A5*3 was 14.0%. Regarding 
genotype distribution, 72.0% of the population (n = 36) had 
the CYP3A5*1/*1 genotype, whereas 28.0% (n = 14) had the 
CYP3A5*1/*3 genotype. The CYP3A5*3/*3 genotype was not 
observed. 

DISCUSSION

This study provides an initial description of the CYP3A5*1 
and CYP3A5*3 allelic frequencies in a Peruvian pediatric 
population with advanced chronic kidney disease and kidney 
transplantation, in which the functional CYP3A5*1 allele 
predominated and the CYP3A5*3/*3 genotype was absent.

Tacrolimus exposure in pediatric patients who have received 
a kidney transplant is influenced by multiple clinical factors, 
including age and concomitant use of other medications, as 
well as by genetic factors (13–15). CYP3A5 expression has 
been reported to account for approximately 16.3% of the 
variability in tacrolimus concentrations, and when considered 
together with clinical factors, such as erythrocyte count and 
albumin, the explained proportion reaches 43.3% (16).

From a pharmacogenetic perspective, CYP3A5 expressors 
require higher doses of tacrolimus to maintain therapeutic 
concentrations compared with non-expressors (17). In 
pediatric patients, a meta-analysis in kidney transplant 
recipients showed significant differences in dose-adjusted 
trough concentration and daily tacrolimus requirements 
between patients with the CYP3A5*3/*3 genotype and those 
carrying at least one CYP3A5*1 allele (3).

Consistent with this evidence, the CPIC guidelines 
recommend adjusting the initial dose of tacrolimus according 
to CYP3A5 genotype, considering that patients carrying at 
least one functional allele (CYP3A5*1) require higher initial 
doses. In contrast, individuals with the CYP3A5*3/*3 genotype 
do not require the initial dose increase recommended for 
expressors. This aspect supports the relevance of genotyping 
in patients who are candidates for kidney transplantation or 
kidney transplant recipients. In this context, determining the 
frequency of the CYP3A5*3 allele in this patient population 
in Peru and contrasting these findings with those reported in 
other populations worldwide is relevant for contextualizing 
the distribution of metabolic phenotypes associated with 
tacrolimus.

Studies on CYP3A5 allele frequencies in pediatric populations 
are limited and include kidney transplant patients from 
cohorts in Chile, Guatemala, Europe, and the United States 
(7,8,18,19). The findings of this study differ considerably from 
those reports, in which a predominance of the CYP3A5*3 
allele has been described, with frequencies ranging from 
44% to 80%, compared with the functional CYP3A5*1 allele, 
whose frequencies range from 20% to 56%, regardless of 
the origin of the analyzed population. Consistently, these 
studies have reported a higher frequency of the CYP3A5*3/*3 
genotype, followed by CYP3A5*1/*3 and CYP3A5*1/*1, in 
that order, with frequencies for the CYP3A5*3/*3 genotype 

ranging from 62.5% to 75.7%. In contrast, no individuals 
with the CYP3A5*3/*3 genotype were identified in the study 
population.

In adults, the distribution of allelic and genotypic frequencies 
is similar to that observed in pediatric populations, although 
with marked differences according to the origin of the study 
population (20–31). In this age group, the frequency of the 
CYP3A5*3 allele ranges from 63.4% to 85.5%, whereas that of 
the functional CYP3A5*1 allele ranges from 14.5% to 36.6%. 
Likewise, the frequencies of the CYP3A5*1/*1, CYP3A5*1/*3, 
and CYP3A5*3/*3 genotypes range from 1.3% to 41%, 22% to 
41.6%, and 9% to 72.4%, respectively, values that also differ 
from those observed in the population of the present study.

Globally, the CYP3A5*3/*3 genotype has been reported 
to be more frequent in populations of European and Asian 
origin, whereas the CYP3A5*1/*1 genotype is observed 
more frequently in populations of African origin (32). 
In studies conducted in pediatric and adult patients with 
kidney transplantation or chronic kidney disease, the 
CYP3A5*3/*3 genotype is observed more frequently in most 
evaluated populations, including Asian, Latin American, 
Egyptian, and European cohorts (7,8,18–31). In contrast, the 
CYP3A5*1/*1 genotype, corresponding to individuals with 
complete functional expression of the enzyme, shows variable 
distribution across populations and, in general, a lower 
frequency. However, it reaches high values in some specific 
groups, such as South Africa and Myanmar (7,8,18–31).

Nevertheless, in Latin American populations, the frequency 
of these genotypes may vary considerably within the same 
population. For example, in the Brazilian population, 
differences have been described in the frequency of the 
CYP3A5*3/*3 genotype according to ethnic self-identification 
and geographic region, with values ranging from 24% to 
70% across the analyzed subgroups, reflecting the genetic 
heterogeneity characteristic of these populations (6). In 
contrast, the frequency of the CYP3A5*1/*1 genotype is 
lower, with values ranging from 0% to 13%.

In Peru, information on CYP3A5 is limited. A study 
conducted in 77 healthy adult individuals showed a higher 
frequency of the CYP3A5*3/*3 genotype compared with 
CYP3A5*1/*1 (75.3% vs. 1.3%) (33). These results differ from 
those observed in the analyzed population in the present 
study, which consisted of patients with advanced chronic 
kidney disease and kidney transplantation, in whom the 
CYP3A5*3/*3 genotype was absent.

Differences in the frequencies of the CYP3A5*3 and CYP3A5*1 
alleles and genotypes reported in previous studies and those 
described in the present study may be due to multiple 
factors, including sample size, clinical and sociodemographic 
characteristics of the included population, patient origin, and 
the analytical technique used. 

Regarding molecular analysis, PCR-RFLP was used in this 
study to determine the genotypes evaluated, a technique that 
has been widely used in previous pharmacogenetic studies 
for the characterization of CYP3A5 variants (7,18). Likewise, 
other methodologies, such as genotyping assays with specific 
probes, have also been used for the analysis of CYP3A5 and 
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CYP3A4 polymorphisms in kidney transplant recipients 
(7,34). In turn, the available pharmacogenetic guidelines for 
tacrolimus and CYP3A5 guide the clinical interpretation of 
the genotype when it is available, without recommending a 
specific molecular technique for its characterization (5).

In this context, the main methodological limitation does not 
lie in the use of PCR-RFLP, but rather in the fact that the results 
obtained were not verified using an independent method, 
such as sequencing or genotyping assays with specific probes, 
due to logistical and budgetary constraints. In addition, 
because the study corresponds to a project developed during 
the 2019–2020 period, no remaining biological samples 
or primary laboratory records, including representative 
photographs of electrophoresis gels, are currently available to 
allow the molecular procedure to be repeated under different 
conditions or additional experimental verification to be 
performed. Therefore, this methodological limitation should 
be considered when interpreting the findings. 

Furthermore, the limited availability of additional clinical, 
therapeutic, and pharmacokinetic information prevented 
broader characterization of the included population and 
incorporation of variables such as absolute glomerular 
filtration rate, creatinine, history and duration of hemodialysis, 
immunosuppressive treatment received, tacrolimus dose, or 
tacrolimus trough concentrations, particularly in patients 
who underwent kidney transplantation. Consequently, it 
was not possible to evaluate associations between CYP3A5 
genotypes and clinical, therapeutic, or pharmacokinetic 
variables.

Finally, the study design did not include systematic and 
longitudinal collection of pharmacokinetic data specifically 
aimed at evaluating the response to tacrolimus. In addition, 
other genetic variants potentially related to tacrolimus 
pharmacokinetics, such as CYP3A4*22, or their interaction 
with clinical factors, were not analyzed. These aspects have 
been incorporated into previous pharmacokinetic models 
in adult kidney transplant recipients (35) and should be 
addressed in future research. Taken together, these limitations 
restrict interpretation of the findings to a descriptive estimate 
of the allelic and genotypic frequencies of CYP3A5 in the 
population evaluated.

As strengths of the study, it should be noted that this is the 
first approach to describing the frequencies of the CYP3A5*3 
and CYP3A5*1 alleles in a Peruvian pediatric population. It 
also includes patients with advanced chronic kidney disease 
and kidney transplantation, thereby providing preliminary 
information in a clinical group of particular relevance for 
tacrolimus pharmacogenetics. Furthermore, the use of 
PCR-RFLP, together with the use of two different restriction 
enzymes (BseMII and DdeI), represents a methodological 
strategy aimed at strengthening the assignment of the 
genotypes evaluated. However, this procedure does not replace 
verification using an independent confirmatory method, such 
as sequencing or genotyping assays with specific probes.

CONCLUSION

In the study population, the CYP3A5*1 allele was the most 
frequent. The CYP3A5*3/*3 genotype, associated with the 
CYP3A5 non-expressor phenotype, was not observed, which 
differs substantially from the frequencies reported for this 
genotype in other populations worldwide. These findings 
highlight the importance of considering population genetic 
variability in tacrolimus pharmacogenetics. Nevertheless, 
the results should be confirmed in future studies with larger 
sample sizes and complementary molecular methods, such 
as sequencing or genotyping assays with specific probes, to 
strengthen the reliability of the findings.

Author contributions

MLCM: Conceptualization, Formal analysis, Funding 
acquisition, Investigation, Supervision, Writing – review and 
editing. JOTR: Methodology, Validation, Writing – original 
draft. All authors approved the final version of the manuscript.

Conflicts of interest

The authors declare no relevant financial or non-financial 
conflicts of interest.

Funding

This study received external funding from the Instituto 
Nacional de Salud del Niño San Borja, under the Fondo 
Concursable 2018 (project code: PI-211-2018).

Data availability

The data supporting the findings of this study are available 
upon request from the corresponding author.

Acknowledgments

The authors thank the Nephrology Service and the Donation 
and Transplant Unit of the Instituto Nacional de Salud del 
Niño San Borja for sharing the data used in this research, 
and Dr. Emiliana Rizo-Patrón for encouraging them to 
disseminate their results.

Cisneros Mallcco et al.

https://doi.org/10.59594/iicqp.2026.v4n2.175

Investig Innov Clin Quir Pediatr. 2026;4(2):23-9.



28

REFERENCES
1.	 Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D, et al. 

Systematic Review: Kidney Transplantation Compared With Dialysis 
in Clinically Relevant Outcomes. Am J Transplant. 2011;11(10):2093-
109. doi: 10.1111/j.1600-6143.2011.03686.x

2.	 Brunet M, van Gelder T, Åsberg A, Haufroid V, Hesselink DA, Langman 
L, et al. Therapeutic Drug Monitoring of Tacrolimus-Personalized 
Therapy: Second Consensus Report. Ther Drug Monit. 2019;41(3):261-
307. doi: 10.1097/FTD.0000000000000640

3.	 Zong YP, Wang ZJ, Zhou WL, Zhou WM, Ma TL, Huang ZK, et al. 
Effects of CYP3A5 polymorphisms on tacrolimus pharmacokinetics 
in pediatric kidney transplantation: a systematic review and meta-
analysis of observational studies. World J Pediatr. 2017;13(5):421-6. 
doi: 10.1007/s12519-017-0035-4

4.	 Chen L, Prasad GVR. CYP3A5 polymorphisms in renal transplant 
recipients: influence on tacrolimus treatment. Pharmgenomics Pers 
Med. 2018;11:23-33. doi: 10.2147/PGPM.S107710

5.	 Birdwell KA, Decker B, Barbarino JM, Peterson JF, Stein CM, Sadee 
W, et al. Clinical Pharmacogenetics Implementation Consortium 
(CPIC) Guidelines for CYP3A5 Genotype and Tacrolimus Dosing. Clin 
Pharmacol Ther. 2015;98(1):19-24. doi: 10.1002/cpt.113

6.	 Suarez-Kurtz G, Vargens DD, Santoro AB, Hutz MH, de Moraes ME, 
Pena SDJ, et al. Global Pharmacogenomics: Distribution of CYP3A5 
Polymorphisms and Phenotypes in the Brazilian Population. PLoS 
One. 2014;9(1):e83472. doi: 10.1371/journal.pone.0083472

7.	 Krall P, Yañez D, Rojo A, Delucchi Á, Córdova M, Morales J, et al. 
CYP3A5 and UGT1A9 Polymorphisms Influence Immunosuppressive 
Therapy in Pediatric Kidney Transplant Recipients. Front Pharmacol. 
2021;12:653525. doi: 10.3389/fphar.2021.653525

8.	 Billing H, Höcker B, Fichtner A, van Damme-Lombaerts R, Friman 
S, Jaray J, et al. Single-Nucleotide Polymorphism of CYP3A5 Impacts 
the Exposure to Tacrolimus in Pediatric Renal Transplant Recipients: 
A Pharmacogenetic Substudy of the TWIST Trial. Ther Drug Monit. 
2017;39(1):21-8. doi: 10.1097/FTD.0000000000000361

9.	 Lee SJ, Goldstein JA. Functionally Defective or Altered CYP3A4 and 
CYP3A5 Single Nucleotide Polymorphisms and Their Detection 
with Genotyping Tests. Pharmacogenomics. 2005;6(4):357-71. doi: 
10.1517/14622416.6.4.357

10.	Lee SJ, Bell DA, Coulter SJ, Ghanayem B, Goldstein JA. Recombinant 
CYP3A4*17 Is Defective in Metabolizing the Hypertensive Drug 
Nifedipine, and the CYP3A4*17 Allele May Occur on the Same 
Chromosome as CYP3A5*3, Representing a New Putative Defective 
CYP3A Haplotype. J Pharmacol Exp Ther. 2005;313(1):302-9. doi: 
10.1124/jpet.104.078758

11.	Fukuen S, Fukuda T, Maune H, Ikenaga Y, Yamamoto I, Inaba T, et 
al. Novel detection assay by PCR-RFLP and frequency of the CYP3A5 
SNPs, CYP3A5*3 and *6, in a Japanese population. Pharmacogenetics. 
2002;12(4):331-4. doi: 10.1097/00008571-200206000-00009

12.	Kidney Disease: Improving Global Outcomes (KDIGO) CKD 
Work Group. KDIGO 2024 Clinical Practice Guideline for the 
Evaluation and Management of Chronic Kidney Disease. Kidney Int. 
2024;105(4S):S117-314. doi: 10.1016/j.kint.2023.10.018

13.	de Wildt SN, van Schaik RHN, Soldin OP, Soldin SJ, Brojeni PY, van 
der Heiden IP, et al. The interactions of age, genetics, and disease 
severity on tacrolimus dosing requirements after pediatric kidney and 
liver transplantation. Eur J Clin Pharmacol. 2011;67(12):1231-41. doi: 
10.1007/s00228-011-1083-7

14.	Alghamdi A, Seay S, Hooper DK, Varnell CD Jr, Darland L, Mizuno T, 
et al. Tacrolimus pharmacokinetics are influenced by CYP3A5, age, and 
concomitant fluconazole in pediatric kidney transplant patients. Clin 
Transl Sci. 2023;16(10):1768-78. doi: 10.1111/cts.13571

15.	Min S, Papaz T, Lafreniere-Roula M, Nalli N, Grasemann H, Schwartz 
SM, et al. A randomized clinical trial of age and genotype-guided 
tacrolimus dosing after pediatric solid organ transplantation. Pediatr 
Transplant. 2018;22(7):e13285. doi: 10.1111/petr.13285

16.	Henkel L, Jehn U, Thölking G, Reuter S. Tacrolimus-why 
pharmacokinetics matter in the clinic. Front Transplant. 
2023;2:1160752. doi: 10.3389/frtra.2023.1160752

17.	Pasari AS, Malde S, Tolani P, Ramteke V, Gupta S, Pawar T, et al. Impact 
of cytochrome P450 3A5 expression on clinical outcomes in renal 
transplant recipients receiving tacrolimus-based immunosuppression. 
World J Transplant. 2025;15(4):107636. doi: 10.5500/wjt.v15.i4.107636

18.	Xajil-Ramos LY, Gándara-Mireles JA, Vargas Rosales RJ, Sánchez García 
OK, Ruano Toledo AM, Aldana de la Cruz AK, et al. Impact of CYP3A5 
1* and 3* single nucleotide variants on tacrolimus pharmacokinetics 
and graft rejection risk in pediatric kidney transplant patients. Front 
Pharmacol. 2025;16:1592134. doi: 10.3389/fphar.2025.1592134

19.	Yanik MV, Seifert ME, Locke JE, Hauptfeld-Dolejsek V, Crowley 
MR, Cutter GR, et al. CYP3A5 genotype affects time to therapeutic 
tacrolimus level in pediatric kidney transplant recipients. Pediatr 
Transplant. 2019;23(5):e13494. doi: 10.1111/petr.13494

20.	Mendrinou E, Mashaly ME, Al Okily AM, Mohamed ME, Refaie 
AF, Elsawy EM, et al. CYP3A5 Gene-Guided Tacrolimus Treatment 
of Living-Donor Egyptian Kidney Transplanted Patients. Front 
Pharmacol. 2020;11:1218. doi: 10.3389/fphar.2020.01218

21.	Xuan NT, Hop VQ, Kien TQ, Toan PQ, Thang LV, Binh HT, et 
al. Frequencies and Association of CYP3A5 Polymorphism With 
Tacrolimus Concentration Among Renal Transplant Recipients 
in Vietnam. Transplant Proc. 2022;54(8):2140-6. doi: 10.1016/j.
transproceed.2022.07.009

22.	Htun YY, Swe HK, Saw TM. CYP3A5*3 Genetic Polymorphism 
and Tacrolimus Concentration in Myanmar Renal Transplant 
Patients. Transplant Proc. 2018;50(4):1034-40. doi: 10.1016/j.
transproceed.2018.02.032

23.	Muller WK, Dandara C, Manning K, Mhandire D, Ensor J, Barday Z, 
et al. CYP3A5 polymorphisms and their effects on tacrolimus exposure 
in an ethnically diverse South African renal transplant population. S 
Afr Med J. 2020;110(2):159-66. doi: 10.7196/SAMJ.2020.v110i2.13969

24.	Cusinato DAC, Lacchini R, Romao EA, Moysés-Neto M, Coelho EB. 
Relationship of CYP3A5 genotype and ABCB1 diplotype to tacrolimus 
disposition in Brazilian kidney transplant patients. Br J Clin Pharmacol. 
2014;78(2):364-72. doi: 10.1111/bcp.12345

25.	Kongphan O, Lert-Itthiporn W, Cha’on U, Anutrakulchai S, Nahok K, 
Artkaew N, et al. Alleles of CYP3A5 and their association with renal 
function in chronic kidney disease. PeerJ. 2025;13:e19424. doi: 10.7717/
peerj.19424

26.	Schönfelder K, Möhlendick B, Eisenberger U, Kribben A, Siffert W, 
Heinemann FM, et al. Early CYP3A5 Genotype-Based Adjustment 
of Tacrolimus Dosage Reduces Risk of De Novo Donor-Specific 
HLA Antibodies and Rejection among CYP3A5-Expressing Renal 
Transplant Patients. Diagnostics (Basel). 2024;14(19):2202. doi: 
10.3390/diagnostics14192202

27.	Sanghavi K, Brundage RC, Miller MB, Schladt DP, Israni AK, Guan W, 
et al. Genotype-guided tacrolimus dosing in African-American kidney 
transplant recipients. Pharmacogenomics J. 2017;17(1):61-8. Doi: 
10.1038/tpj.2015.87

28.	Alatorre-Moreno EV, Saldaña-Cruz AM, Pérez-Guerrero EE, 
Morán-Moguel MC, Contreras-Haro B, López-de La Mora DA, et al. 
Association of CYP3A4-392A/G, CYP3A5-6986A/G, and ABCB1-
3435C/T Polymorphisms with Tacrolimus Dose, Serum Concentration, 
and Biochemical Parameters in Mexican Patients with Kidney 
Transplant. Genes (Basel). 2024;15(4):497. doi: 10.3390/genes15040497

Cisneros Mallcco et al.

https://doi.org/10.59594/iicqp.2026.v4n2.175

Investig Innov Clin Quir Pediatr. 2026;4(2):23-9.



29

29.	Chang YL, Hsiao TH, Chen YM, Lin CH, Liao YJ, Hsu CY, et al. 
Refining tacrolimus dosing through CYP3A5 pharmacogenetics in 
Taiwanese renal transplant recipients. Ren Fail. 2025;47(1):2523567. 
doi: 10.1080/0886022X.2025.2523567

30.	García-Roca P, Medeiros M, Reyes H, Rodríguez-Espino BA, Alberú 
J, Ortiz L, et al. CYP3A5 Polymorphism in Mexican Renal Transplant 
Recipients and its Association with Tacrolimus Dosing. Arch Med Res. 
2012;43(4):283-7. doi: 10.1016/j.arcmed.2012.05.005

31.	Wu MJ, Chang CH, Cheng CY, Shu KH, Chen CH, Cheng CH, et 
al. Reduced Variability of Tacrolimus Trough Level in Once-Daily 
Tacrolimus-Based Taiwanese Kidney Transplant Recipients With 
High-Expressive Genotype of Cytochrome P450 3A5. Transplant Proc. 
2014;46(2):403-5. doi: 10.1016/j.transproceed.2013.11.084

32.	Pratt VM, Cavallari LH, Fulmer ML, Gaedigk A, Hachad H, Ji Y, et 
al. CYP3A4 and CYP3A5 Genotyping Recommendations: A Joint 
Consensus Recommendation of the Association for Molecular 
Pathology, Clinical Pharmacogenetics Implementation Consortium, 
College of American Pathologists, Dutch Pharmacogenetics Working 
Group of the Royal Dutch Pharmacists Association, European 
Society for Pharmacogenomics and Personalized Therapy, and 
Pharmacogenomics Knowledgebase. J Mol Diagn. 2023;25(9):619-29. 
doi: 10.1016/j.jmoldx.2023.06.008

33.	Marsh S, King CR, Van Booven DJ, Revollo JY, Gilman RH, McLeod HL. 
Pharmacogenomic assessment of Mexican and Peruvian populations. 
Pharmacogenomics. 2015;16(5):441-8. doi: 10.2217/pgs.15.10

34.	Rotarescu CA, Maruntelu I, Rotarescu I, Constantinescu AE, 
Constantinescu I. Single Nucleotide Polymorphisms of CYP3A4 
and CYP3A5 in Romanian Kidney Transplant Recipients: Effect on 
Tacrolimus Pharmacokinetics in a Single-Center Experience. J Clin 
Med. 2024;13(7):1968. doi: 10.3390/jcm13071968

35.	Al-Kofahi M, Oetting WS, Schladt DP, Remmel RP, Guan W, Wu B, 
et al. Precision Dosing for Tacrolimus Using Genotypes and Clinical 
Factors in Kidney Transplant Recipients of European Ancestry. J Clin 
Pharmacol. 2021;61(8):1035-44. doi: 10.1002/jcph.1823

Cisneros Mallcco et al.

https://doi.org/10.59594/iicqp.2026.v4n2.175

Investig Innov Clin Quir Pediatr. 2026;4(2):23-9.


