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Introduction: L-asparaginase is a vital component for the treatment of childhood acute lymphoblastic leukemia (ALL); however, 
hypersensitivity reactions and hepatotoxicity hinder its anti-neoplastic efficacy. Previous reports indicated that genetic variants in 
CNOT3, GRIA1, and NFATC2 genes might be associated with hypersensitivity reactions and PNPLA3 with liver function.
Objective: In this study, it was investigated whether this association also exists in a pediatric ALL cohort from Ethiopia.
Methods: Three variants GRIA1 rs4958351, CNOT3 rs73062673, and NFATC2 rs6021191 were genotyped in a cohort of 160 patients. 
Association analysis to investigate the association with hypersensitivity reactions was performed using logistic regression analyses. 
Besides these variants, a variant in PNPLA3 (rs738409) was genotyped to assess the association with liver function.
Results: Genotype frequencies of GRIA1 rs4958351, CNOT3 rs73062673, and NFATC2 rs6021191 were higher/lower than previously 
reported. One hundred and forty-four patients were included in the association analysis of which, 18 (12.5%) developed L-ASP 
hypersensitivity. Though the frequency of hypersensitivity was higher in patients that carried the risk alleles of the three investigated 
genes, no statistically significant differences were observed. Association analysis between PNPLA3 rs738409 and liver function could 
not be investigated due to a lack of clinical information.
Conclusion: In conclusion, none of the tested genes did predict L-asparaginase hypersensitivity in an Ethiopian pediatric ALL patients.
Keywords: acute lymphoblastic leukemia, L-asparaginase, hypersensitivity

Introduction
L-asparaginase (L-ASP) is the first therapeutic enzyme with antineoplastic properties.1 It has been the backbone of acute 
lymphoblastic leukemia (ALL) treatment protocol for nearly 40 years.2 All pediatric regimens for the treatment of ALL 
and the majority of adult protocols consist of L-ASP in remission induction and intensification treatment protocols.3 

Currently, three L-ASP preparations are available; the native asparaginase derived from E. coli, a PEGylated form of this 
enzyme (PEG-asparaginase), and one isolated from Erwinia chrysanthemi.4 All L-ASP preparations share the same 
mechanism of action.5 They deplete serum asparagine levels and subsequently inhibit protein synthesis leading to 
cytotoxicity.6

Unfortunately, L-ASP treatment can be accompanied by side effects such as hypersensitivity, immunosuppression, 
hepatotoxicity, pancreatitis, and coagulation dysfunction.7 Hypersensitivity is characterized as an allergic reaction with 
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signs and symptoms consistent with an immune response to a known antigen.8 Hypersensitivity reactions develop in 10– 
30% of the patients during L-ASP treatment.8,9 Factors that may affect the incidence of hypersensitivity include the 
L-ASP preparation, intensity of dosing, route of administration, concurrent chemotherapy, and time point in therapy.10 

Several studies indicate that specific genetic variants might also be linked to L-ASP hypersensitivity, eg, variants in 
Glutamate Ionotropic Receptor AMPA Type Subunit 1 (GRIA1), CCR4-NOT Transcription Complex Subunit 3 (CNOT3), 
and Nuclear Factor of Activated T Cells 2 (NFATC2).11 The intronic variant rs4958351 in the GRIA1 gene appeared to be 
a strong risk factor for L-ASP hypersensitivity both in genome-wide and candidate gene studies.12,13 Another genome- 
wide association study (GWAS) led to the identification of an association between L-ASP hypersensitivity and a SNP on 
chromosome 19 (rs73062673) in the non-coding region close to CNOT3. This gene regulates the transcription of HLA 
genes.14 The NFATC2 rs6021191 variant has been found to be significantly associated with the risk of developing L-ASP 
hypersensitivity in children with ALL.15 Mice studies show that NFATC2 knockout significantly reduces the risk of 
developing L-ASP hypersensitivity.16

Another candidate gene is PNPLA3. Several genetic studies showed that the common nonsynonymous variant 
c.444C>G (rs738409) of this gene is the key genetic determinant of fatty liver disease severity in pediatric and adult 
patients.17,18 In a study focusing on patients with pediatric ALL, this variant showed an association with hepatotoxicity 
during the induction phase of ALL therapy.19

So far, GWAS and candidate gene studies have identified several genes that could be associated with L-ASP 
hypersensitivity reactions and hepatotoxicity. To the best of our knowledge, there have been no previous reports of the 
frequency of variants that are linked to L-ASP toxicity in Ethiopia, with a population of over 100 million people. 
Therefore, the present study was designed to evaluate the frequency of variants that are previously linked to L-ASP 
hypersensitivity and liver toxicity in a cohort of pediatric ALL patients from Ethiopia. In addition, it was investigated if 
the variants are associated with hypersensitivity reactions.

Method
Patients and Treatment Protocol
This study was conducted at Tikur Anbessa specialized referral teaching hospital, Addis Ababa University, Addis Ababa, 
Ethiopia. A total of 160 pediatric ALL patients were enrolled. ALL patients are stratified into standard risk (SR), intermediate 
risk (IR), and high-risk group (HR) based on physical examination, age, initial white blood cell count (WBC), central 
nervous system status, and early prednisolone response. Informed consent was obtained from all participants’ caregivers 
before study enrolment. Patients with liver and kidney problems were excluded. This study was conducted in accordance 
with the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board of the College of 
Health Sciences, Addis Ababa University (AAU) (021/18/Pharma), the Armauer Hansen Research Institute Ethical Review 
Committee (PO51/18), and the Ethiopian National Research Ethics Review Committee.

Asparaginase in ALL Protocol
Patients were treated according to the standard ALL treatment protocol for low and middle income countries.20 

Intravenous (IV) native E. coli L-ASP is part of the induction, consolidation, and delayed intensification phases of this 
treatment protocol. It is administered nine times at a dose of 6000 U/m2 both in the induction and delayed intensification 
phase irrespective of the risk group. Patients in the HR group receive additional L-ASP at a dose of 10,000 U/m2 for 
eight times in the consolidation phase of the protocol.

L-ASP Hypersensitivity Phenotyping
The baseline data, demographic, clinical presentation during diagnosis, complete blood count (CBC) at diagnosis, 
peripheral morphology, peripheral and bone marrow blast, liver and kidney function test, risk group, and L-ASP 
hypersensitivity reaction were collected from medical records.
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Sample and Genotyping
EDTA whole blood samples were collected from ALL patients aged less than 12 years old at the time of diagnosis. Genomic 
DNA was isolated from peripheral leukocytes in 1mL of whole blood using QIAamp Blood Midi Kit (Qiagen GmbH, 
Hilden, Germany) following the manufacturer’s instructions. The DNA quality was assessed by gel electrophoresis and 
NanoDrop™ ND-2000c Spectrophotometer (Thermo Scientific, Isogen, the Netherlands). Genotyping of SNPs rs4958351 
in GRIA1 and rs738409 in PNPLA3 was performed using a KASPar-On-Demand (KOD) assay (LGC Genomics, 
Hoddesdon, UK) as described previously with little modification.21 The final volume for each reaction was 5 µL containing 
1 µL of DNA (10 ng/µL), 2.5 µL of KASP 5000 V4.0 Low ROX (2x; LGC Genomics), 0.0625 µL of the KASPar assay 
(40x), and 1.44 µL of MilliQ grade water. The PCR conditions consisted of an initial denaturation at 94°C for 15 min, 
followed by 10 cycles of denaturation at 94°C for 20s and annealing/extension at 61°C for 60s, including a drop of 0.6°C for 
each cycle. This was followed by 26 cycles of denaturation at 94°C for 10s and annealing/extension at 55°C for 60s, 
followed by 12 cycles of denaturation at 94°C for 20s and annealing/extension at 57°C for 60s. CNOT3 rs73062673 and 
NFATC2 rs6021191 variants were genotyped using TaqMan® SNP Genotyping Assays (Assay ID number 
C__98092291__20 for rs73062673, C_29689803_10 for rs6021191) as described before.22 The final reaction volume of 
5 µL was prepared by mixing 1 µL of DNA (10 ng/µL), 2.5 µL of TaqMan® Universal PCR Master Mix (2x; Applied 
Biosystems by Thermo Fisher scientific, Warrington, UK), 0.0625 µL of TaqMan® SNP Genotyping Assay (40x; Applied 
Biosystems by Thermo Fisher Scientific), and 1.44 µL of MilliQ grade water. The PCR conditions included an initial stage 
at 95°C for 12 min and followed by 50 cycles with step 1 at 92°C for 15s followed by step 2 with 60°C for 90s. MilliQ grade 
water and positive controls were included for quality control in both TaqMan® and KASP assay. The genomic DNA 
samples were amplified in Veriti™ 96-well Fast Thermal Cycler PCR (Applied Biosystems, Singapore) and results were 
analyzed using QuantStudio™ 3 v1.5. software (Applied Biosystems by Thermo Fisher Scientific, Singapore).

Statistical Analysis
Observed minor allele frequencies in this cohort were compared with minor allele frequencies reported in dbSNP. All 
statistical analyses were conducted using SPSS version 26. The Hardy-Weinberg equilibrium was assessed using the chi- 
square test. Demographic characteristics, clinical profiles, and genotype frequencies of participants were analyzed using 
descriptive statistics. Bivariable logistic regression analyses were performed to determine the association between genetic 
variants and asparaginase hypersensitivity. Factors previously reported to be linked with asparaginase hypersensitivity 
(age, gender, risk group) were included as co-variates. Tests were considered significant when the p-value was lower 
than 0.05.

Results
Incidence of Asparaginase Hypersensitivity
The basic characteristics of the enrolled patients are shown in Table 1. A total of 160 patients participated in this study, of 
which 144 (90%) were included in the final L-ASP hypersensitivity association analysis as data on (possible) 

Table 1 Socio-Demographic Characteristics and Frequency 
of Asparaginase Hypersensitivity (N = 144)

n (%)

Child’s sex Male 94 (65.3)
Female 50 (34.7)

Child’s age (years) ≤10 122 (84.7)

>10 22 (15.3)
Hepatosplenomegaly Hepatomegaly 83 (59.7)

Splenomegaly 76 (54.7)

Risk group Standard risk 67 (46.5)
High risk 77 (53.5)

L-ASP hypersensitivity Yes 18 (12.5)
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hypersensitivity was missing for 16 patients. Fifty (34.7%) of the patients were girls, a bit more than half of the patients 
presented with hepatomegaly (59.7%) and splenomegaly (54.7%) in isolation or combination. One hundred and twenty- 
two (84.7%) of the study participants were 10 years and younger. 53.5% of the patients belonged to the high-risk group 
and 46.5% were assigned to the standard risk group. Eighteen (12.5%) of the patients included in the final L-ASP 
hypersensitivity association analysis experienced hypersensitivity reactions.

Allele Frequencies
Genotypes were determined for all patients included in the study (n = 160) (Table 2). GRIA1 rs4958351 minor allele 
frequency (17.8%) is low compared to African general frequency (25.2% dbSNP). The minor allele frequency (6.9%) of 
CNOT3 rs73062673 is a bit higher as compared to the frequencies of the African population reported in dbSNP (4.6%). 
A low minor allele frequency (5.6%) of NFATC2 rs6021191 is observed in the present study compared to African general 
frequency (15.2% dbSNP). The minor allele frequency (16.9%) of PNPLA3 rs738409 is higher compared to the reported 
African general allele frequency (8.9% dbSNP).

Association Analysis for L-ASP Hypersensitivity
Association analysis for L-ASP hypersensitivity was performed for 144 patients with complete information on hyper-
sensitivity. Bivariable logistic regression analyses revealed that none of the patient profiles (age, gender, and risk group) 
or genetic factors showed a significant association with L-ASP hypersensitivity. A comparison of L-ASP hypersensitivity 
frequency in relation to the patient’s genotype is presented in Figure 1. The frequency of L-ASP hypersensitivity is 
higher in patients with a variant allele compared to a patient without a variant allele, though not statistically significant. 
Due to a lack of clinical data on hepatotoxicity, no association analysis was performed for PNPLA3 rs738409.

Discussion
Patients who develop L-ASP hypersensitivity reactions have increased L-ASP clearance leading to suboptimal concen-
trations of the drug in the serum.23,24 Failure to receive the full course of L-ASP treatment due to toxicities has been 
linked with poor outcomes in ALL.25,26 We investigated genetic variants in genes previously associated with L-ASP 
hypersensitivity.

The incidence of L-ASP hypersensitivity in this cohort (12.5%) is very low compared to incidence reports from Spain 
(55%),27 America (41%),12,28 and Slovenia (49.3%).13 There is no clear explanation for this discrepancy; however, the 
frequency of L-ASP hypersensitivity has been associated with the L-ASP preparation, intensity and consistency of 
dosing, route of administration, concurrent chemotherapy, a time point in therapy, racial ancestry, and patient 
genetics.10,12,15 Racial ancestry may play a major role for lower incidence of L-ASP hypersensitivity, as the rate of 
hypersensitivity is lower in the black population.

Table 2 Genotype and Allele Frequencies of Candidate Gene SNP (N = 160)

Genotype Genotype  
Frequency (%)

Minor Allele Frequency  
of this Study

dbSNP Minor Allele Frequency  
(African Population)

GRIA1 rs4958351 GG 108 (67.5) 17.8% (Allele A) 25.2% (Allele A)
GA 47 (29.4)

AA 5 (3.1)

CNOT3 rs73062673 TT 140 (87.5) 6.9% (Allele C) 4.6% (Allele C)
TC 18 (11.3)

CC 2 (1.3)

NFATC2 rs6021191 AA 142 (88.8) 5.6% (Allele T) 15.2% (Allele T)
AT 18 (11.3)

PNPLA3 rs738409 CC 111 (69.4) 16.9% (Allele G) 8.9% (Allele G)

CG 44 (27.5)
GG 5 (3.1)
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In this study, previously reported genetic variants in GRIA1, CNOT3, NFATC2, and PNPLA3 were investigated. 
Lower allele frequencies as compared to the general African population were observed for the variants in GRIA1 and 
NFATC2. In addition, the minor allele frequency of GRIA1 rs4958351 (17.8% in this study) is lower than reported in 
America (27%),12 Hungary (34%),29 and Caucasian (36.9%).13 The minor allele frequency of NFATC2 rs6021191 (5.6%) 
was higher than a study performed in the USA (2.6%) but lower than the minor allele frequency of NFATC2 rs6021191 in 
African Americans (14.2%).15 Higher allele frequencies of CNOT3 and PNPLA3 were observed as compared to the 
general African population. Besides, the minor allele frequency of CNOT3 rs73062673 was lower than previous findings 
(6.9% versus 10%).14 Also, the minor allele frequency of PNPLA3 rs738409 (16.9%) was lower compared to those from 
other studies done in North India (29.7%),30 Germany (31.3%),31 and Brazil (43.3%).32 However, the minor allele 
frequency was higher than that of African Americans (13.9%).33

Due to a lack of complete clinical data, no association analysis was conducted for PNPLA3. However, several 
previous studies showed that this SNP was significantly associated with nonalcoholic fatty liver disease,33,34 and L-ASP 
induced liver toxicity.19 The associations of GRIA1 rs4958351, CNOT3 rs73062673, and NFATC2 rs602119 with L-ASP 
hypersensitivity were not replicated in this cohort. GWAS study by Chen et al,12 and candidate gene studies by Rajić 
et al,13 and Fernandez et al,15 identified a significantly higher incidence of L-ASP hypersensitivity in patients with GRIA1 
rs4958351 risk allele carrier. However, our study is in line with a report by Kutszegi et al,29 who also showed no 
association between GRIA1 rs4958351 and E. coli-ASP hypersensitivity. The first study showing association between 
CNOT3 and PEG-asparaginase hypersensitivity was a genome-wide association study.14 To the best of our knowledge, 
we are the first to perform a replication study, unfortunately, we were unable to show association between the CNOT3 
SNP rs73062673 and L-ASP hypersensitivity. In a previous study, Fernandez et al15 found that the rs6021191 in the 
NFATC2 was associated with L-ASP hypersensitivity. But, this is not replicated in the present study. Likewise, no 
association was found between NFATC2 rs6021191 and PEG-asparaginase hypersensitivity in a study done by Liu et al.35

In general, it is interesting to note that the frequency of L-ASP hypersensitivity is higher in variant carriers compared 
to non-risk allele carriers for all three genotyped SNPs. Maybe an association might still exist; however, a larger 
population will be necessary to prove this.

Non-genetic variables like gender, age, racial ancestry, and risk arm have previously been associated with the risk of 
L-ASP hypersensitivity.12,15 But other reports indicate that age and gender were not linked to L-ASP hypersensitivity.13 

The present study also investigated non-genetic factors (age, gender, risk group) for association with L-ASP hypersensi-
tivity. We were unable to identify an association with these factors. In the current study, a possible reason for the lack of 
association between the predicting factors and L-ASP hypersensitivity could be a lesser incidence of the hypersensitivity 
reactions compounded by a smaller sample size.

Figure 1 Frequency of L-ASP hypersensitivity in relation to the investigated SNPs. For each SNP the reference genotype is depicted in the first bar. (A) GRIA1 rs4958351 (B) 
CNOT3 rs73062673 (C) NFATC2 rs6021191.
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The major limitation of this study is the small sample size although it is the largest group of pediatric ALL patients 
from Ethiopia. Unfortunately, the data on liver function were largely lacking and therefore we could not address all 
research questions. Besides, it might be of interest to know the asparaginase enzyme activity as this would allow for 
detecting subclinical L-ASP hypersensitivity. The strength of our study is that we investigated a group of patients from 
a large African country for which knowledge on allele frequencies and information on whether previously reported 
associations are translatable to this population is often missing.

Conclusion
In conclusion, the incidence of L-ASP hypersensitivity among pediatric ALL patients in Tikur Anbessa, Addis Ababa, 
Ethiopia is low. In the current study, there was no significant association between hypersensitivity and three previously 
investigated candidate genes, though the frequency of hypersensitivity is high in patients carrying the risk allele.
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