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Abstract
Aims: To investigate the in�uence of TPMT*3C, ITPA, NUDT15, and 6-thioguanine nucleotides (6-TGN) on AZA-induced myelosuppression in
Southwest China AIH patients.

Methods: A total of 113 Chinese AIH patients with AZA maintenance treatment were evaluated. Collect the relevant clinical data of patients
from the hospital information system. TPMT*3C(rs1142345), ITPA(rs1127354) and NUDT15(rs116855232) genotyping was detected by
TaqMan double �uorescent probe. The concentration of 6-TGN was determined using UPLC-MS/MS method.

Results: 40 (35.4%) patients had different degrees of myelosuppression. The NUDT15 variant was associated with leukopenia (P=8.26X10-7;
OR=7.5; 95% CI, 3.08–18.3) and neutropenia (P=3.54X10-6; OR=8.05; 95% CI, 2.96–21.9). However, no signi�cant association was observed
for TPMT*3C and ITPA variants (P>0.05). There was no signi�cant difference of 6-TGN concentration between patients with or without
myelosuppression (P= 0.556), and no association was found in patients with TPMT*3C, ITPA, NUDT15 variants alleles (P>0.05). However, we
found that the body mass index may affect the corrected 6-TGN level (P=0.026).

Conclusion: Our study once again con�rmed that NUDT15 variants are a potential independent risk predictor for AZA-induced leukopenia and
neutropenia. Also, we found that the detection of 6-TGN concentration in red blood cells does not re�ect AZA treatment's e�cacy and
toxicity. New biomarkers for AZA therapeutic drug monitoring need further research to explore. 

1. Introduction
Azathioprine (AZA) is a prodrug of thiopurine and has been used as a classic immunosuppressant in the clinical treatment of autoimmune
diseases for more than 60 years. Autoimmune hepatitis (AIH) guidelines issued by the European Hepatology Society in 2015 proposed the
combination therapy of prednisone and AZA as the �rst-line program for induction of remission and maintenance therapy for AIH patients.1

However, the AZA medication varies signi�cantly between individuals, and about 15% of patients have adverse drug reactions leading to
treatment interruption.2 Among them, the most common and severe adverse reaction in the early stage of treatment is myelosuppression.
Patients are usually asymptomatic but signi�cantly increase the risk of life-threatening infections.3

The individual difference of AZA treatment is closely related to its metabolism in the body. As a prodrug, AZA has no biological activity. 6-
thioguanine nucleotides (6-TGN) and methylation products 6-Methylmercaptopurine ribonucleotides (6-MMPr)4,5 are the �nal active
metabolites, which cause the risk of myelosuppression and liver toxicity. Its metabolic process is complex, with various enzymes involved
and affected by enzyme gene polymorphisms. Thiopurine methyltransferase (TPMT) is a crucial enzyme in the metabolism of AZA. The
TPMT gene mutation leads to the decrease or deletion of TPMT activity, which affects the balance between the active metabolites 6-MMPr
and 6-TGN. Patients with gene mutations or low enzymatic activity tend to increase the concentration of 6-TGN, which is prone to
myelosuppression.6 However, the risk allele frequency of TPMT*3C T > C is low in East Asian (1.3%) populations.7 Therefore, the TPMT
genotype testing and mercaptopurine dosage guidelines issued in European and American countries do not apply to Asian and Chinese
populations. It cannot fully explain the low tolerable dose of AZA in Asian population and the high incidence of adverse reactions.

Inosine triphosphate pyrophosphatase (ITPA) is widely present in various organs and tissues, including red blood cells. Its role is to catalyze
inosine triphosphate (ITP) hydrolysis into Inosine monophosphate (IMP) and protect cells from the accumulated nucleotides' damage. This
cyclic reaction still exists in the process of AZA metabolism. The incidence of ITPA 94C > A mutation in Asian population is as high as
14%-19%.8 Studies have shown that ITPA genotype can explain and predict the resistance and side effects of thiopurines therapy and
change treatment outcomes.9,10 In 2014, a study on thiopurines-related leukopenia in patients with in�ammatory bowel disease (IBD) found
that NUDT15 c.415C > T gene mutation is closely related to this.11 Subsequent reports in Japan, China and India12–15 all found that NUDT15
c.415C > T gene polymorphism is closely related to AZA-induced leukopenia. In patients with acute lymphoblastic leukemia, especially in
Asian population, it has also been found that NUDT15 c.415C > T gene mutations may be related to thiopurines tolerance and
myelosuppression.16,17 The application of AZA in other autoimmune diseases, especially in AIH, is more widely used than IBD. However, only
two related reports have been found for AIH patients, including a case report.18,19 There has not been a comprehensive assessment of the
relationship between genetic variants of TPMT*3C T > C, ITPA 94C > A, NUDT15 c.415C > T and AZA toxicity in southwest China AIH patients.

The primary purpose of our study is to investigate the relationship between TPMT*3C T > C, ITPA 94C > A and NUDT15 c.415C > T single
nucleotide variants and AZA-induced myelosuppression in AIH patients. Besides, we tried to explore the in�uence of 6-TGN levels in red blood
cells on myelosuppression in patients with AIH to clarify the value of thiopurines metabolite detection in guiding drug dose adjustment in the
treatment of such patients.
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2. Materials And Methods

2.1 Subjects
In this study, a total of 113 patients with AIH who received AZA maintenance treatment from September 2017 to September 2019 in West
China Hospital of Sichuan University were included. The inclusion criteria included patients who were clinically diagnosed as AIH and
received AZA treatment for more than 12 weeks, were followed up regularly in our hospital and were 18 years or older. Exclusion criteria
include patients under the age of 18, or patients with a recent history of blood transfusion and other medications that may lead to
myelosuppression, or patients during pregnancy and lactation, or patients with an incomplete medical history and not regularly followed up.
Collect the relevant clinical data of patients from the hospital information system (HIS), including gender, age, height, weight, the dosage of
medication, and regular follow-up to monitor the results of routine blood tests. This study was performed following the Declaration of
Helsinki and approved by the Ethics Committee of West China Hospital of Sichuan University. All enrolled patients were provided written
informed consent.

2.2 Treatment and Toxicity
According to body weight, the instructions administer the initial dose of AZA treatment for AIH patients, usually 1.0-1.5 mg/kg per day.
Complete blood cell count (CBC) was performed weekly for the �rst month after treatment beginning and every two weeks for the next two
months. After three months of treatment or at the time point when AZA toxicity occurred for 6-TGN concentration and genetic testing, collect
blood samples from patients. The primary time endpoint of follow-up was 12 weeks, and the secondary time endpoint was the occurrence of
myelosuppression and withdrawal or switching to other drugs. Regarding reducing the drug dose and the drug's discontinuation, the clinician
responsible for the treatment decides.

According to the World Health Organization standards for acute and subacute toxicity of anticancer drugs, myelosuppression is de�ned as
white blood cell (WBC) count less than 4 × 109/L, or platelet (PLT)count less than 100 × 109/L, or neutrophil (NEU) count less than 2 × 109/L.
The relevant hematological indicators gradually decreased during the treatment monitoring period for patients with mild myelosuppression
before treatment. After a comprehensive assessment by the clinician in charge of treatment, when excluding other diseases that cause
myelosuppression, it is considered to be AZA-induced myelosuppression.

2.3 Gene Analysis
Total genomic DNA was extracted from peripheral blood using the YAOJINBAO→ DNA puri�cation Kit (Beijing Sino-Era Gene Tech Co. Ltd,
China) according to the manufacturer's instructions. TPMT*3C T > C(rs1142345), ITPA 94C > A(rs1127354) and NUDT15 c.415C > T
(rs116855232) genotyping was detected by allele-speci�c polymerase chain reaction (PCR) combined with TaqMan double �uorescent
probe. The reagent used in the genotype detection is the SNP analysis reagent Yaojinfen (Beijing China Times Gene Co., Ltd.), and the
detection instrument is Fluotec 48E Trace �uorescence detector (Xi'an TianLong Science and Technology Co. Ltd). The reaction system
temperature for TPMT*3C, ITPA and NUDT15 was 58 °C, 64 °C and 60 °C, respectively. The standard test procedure was 55 cycles, and the
total reaction time was generally within 2.5 h. Both negative and positive controls were included in all sample analysis process to ensure the
authenticity of the results.

2.4 6-TGN concentration determination
The concentration of 6-TGN, an active metabolite of azathioprine, was determined using our previously published ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) method.20 The result report is similar to the previous study, expressed in
pmol/8 × 108 RBCs.

2.5 Statistical Analysis
Statistical analysis was performed using IBM SPSS software version 23.0 (SPSS Inc., Chicago, IL, USA). Hardy Weinberg equilibrium (HWE)
was calculated for each polymorphism studied. P > 0.05 (Chi-squared statistics) was considered to indicate equilibrium. Continuous data
were summarized using medians and interquartile ranges (IQRs) and were compared using the Kruskal-Wallis H-test or Mann-Whitney U-test.
Categorical variables are reported as frequencies and percentages, and Pearson Chi-square tests or Fisher's exact tests were performed to
analyze differences between two independent groups. The odds ratios (OR) and 95% con�dence interval of the allele model were determined
by logistic regression analysis. All statistical tests were 2-tailed and a P < 0.05 was deemed signi�cant.

3. Results

3.1 Patient characteristics
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According to the inclusion and exclusion criteria, 113 eligible patients were included in the study. Most of them were female patients (n = 97,
85.8%), and the ratio of female to male was about 6:1. The age ranges from 26 to 77 years old. These patients' characteristics were
summarized in Table 1. In the end, 40 (35.4%) patients had different degrees of myelosuppression. Age, gender, weight, smoke, the initial
dose of AZA, liver function indicators, baseline WBC count, PLT count, and NEU count were not signi�cantly different between individuals
with or without myelosuppression (P > 0.05). Patients with myelosuppression have a lower height than those without myelosuppression
(1.56 m vs. 1.60 m, P = 0.018). There were also signi�cant differences in the distribution of body mass index (BMI) between the two
groups(P = 0.003). The proportion of patients with a BMI of less than 18.5 kg/m2 in the myelosuppression group was 15%, while the
proportion of patients in the without myelosuppression group was 0% (Table 1).

Table 1
The baseline characteristics of included subjects in this study [Median(IQR)]

Clinical features With myelosuppression

(N = 40)

Without myelosuppression

(N = 73)

P

Age (years) 52.0 (45.2, 60.8) 50.0 (43.0, 57.0) 0.168

Female/male 36/4 61/12 0.348

Height (m) 1.56 (1.52, 1.60) 1.60 (1.55, 1.62) 0.018**

Weight (kg) 56.0 (50.5, 63.0) 59.0 (52.8, 65.0) 0.127

BMI (kg/m2) 23.3 (20.6, 24.9) 23.1 (21.4, 24.7) 0.714

< 18.5 15.0% (6/40) 0% (0/73) 0.003**

18.5 ≤ BMI ≤ 24 52.5% (21/40) 63.0% (46/73)  

> 24 32.5% (13/40) 37.0% (27/73)  

AZA dose (mg. kg− 1. d− 1) 1.07 (0.85, 1.27) 0.98 (0.86, 1.44) 0.978

WBC_0† (109/L) 6.55 (5.24, 7.91) 6.53 (5.29, 7.52) 0.570

PLT _0† (109/L) 274 (183, 344) 238 (176, 338) 0.583

NEU_0† (109/L) 3.25 (2.71, 4.24) 3.40(2.79, 4.35) 0.606

ALT(IU/L) 122.5 (82.5, 147.8) 120.8 (77.7, 152.6) 0.881

AST(IU/L) 128.4 (97.6, 154.7) 127.3 (99.1, 168.4) 0.652

ALP(IU/L) 172.6 (120.6, 222.4) 187.9 (140.2, 214.5) 0.631

GGT(IU/L) 180.3 (120.2, 236.5) 166.4 (81.1, 248.3) 0.517

TPMT*3C TT/TC/CC 40/0/0 71/2/0 0.539

ITPA 94C > A CC/CA/AA 27/13/0 50/22/1 0.741

NUDT15 c.415C > T CC/CT/TT 26/11/3 62/11/0 0.012**

Smoke Yes/No 0/40 5/68 0.159

Abbreviations: BMI, body mass index; AZA, azathioprine; WBC, white blood cell count; PLT, platelet count; NEU, neutrophil count; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamyl transferase.

† Represents the results before starting azathioprine treatment.

**Signi�cant (P < 0.01).

TPMT*3C, ITPA and NUDT15 genotype distributions were in Hardy Weinberg equilibrium among the included population (P = 1.00, P = 0.53
and P = 0.822). The detailed distribution was shown in Table 2. No TPMT*3C (T > C) homozygote (CC) was detected in the study, 2 cases
were heterozygotes (TC, 1.8%), and the remaining 111 cases were wild-type (TT, 98.2%), the C and T allele frequencies were 0.9% and 99.1%,
respectively. Among the 113 analyzed individuals, 77 patients were ITPA 94C > A wild-type (CC, 68.1%), 35 patients were heterozygotes (CA,
31.0%) and only one subject was homozygote (AA, 0.9%), and the frequencies of C and A alleles were 83.6% and 16.4%, respectively. In the
same cohort, the numbers of subjects displayed NUDT15 c.415(C > T) genotypes CC, CT, and TT were 88(77.8%), 22(19.5%), and 3(2.7%),
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respectively. The frequency of variant allele T was 12.4%. There were signi�cant differences in the genotype distribution of NUDT15 c.415(C 
> T) between the individuals with and without myelosuppression (P = 0.012), while no signi�cant differences were observed in the TPMT*3C
(T > C) and ITPA 94C > A genotypes (P < 0.05, Table 1).

Table 2
Allele distribution of NUDT15 c.415C > T, ITPA 94C > A and TPMT*3C genotypes.

Gene Genotype N Genotype frequency (%) Allelic association

        Allele Allele frequency (%) HWE P-value

TPMT*3C T > C(rs1142345) TT 111 98.2 T 99.1 1.00

TC 2 1.8 C 0.9  

IPTA94C > A (rs1127354) CC 77 68.1 C 83.6 0.53

CA 35 31.0 A 16.4  

AA 1 0.9      

NUDT15 c.415C > T (rs116855232) CC 88 77.8 C 87.6 0.822

CT 22 19.5 T 12.4  

TT 3 2.7      

3.2 Association of phenotype with myelosuppression
Among the 113 patients, 47(41.6%) subjects were variant individuals and 66(58.4%) were wild-type patients. No signi�cant differences were
observed in age, BMI, AZA dose, 6-TGN concentration, and Correction 6-TGN concentration between the individuals in the variation and wild-
type groups (P > 0.05, Table 3). We compared myelosuppression indicators at the 12th week or when adverse events occurred between the
two groups. It was found that the median levels of WBC_12w and NEU_12w in the variation group were 4.99 (4.03, 6.66) × 109/L and 2.82
(2.21, 4.04) × 109/L, respectively, while wild-type patients were 6.39 (4.64,7.72) × 109/L and 3.67 (2.75, 5.22) × 109/L, and there were
signi�cant differences between the two groups(P = 0.003 and P = 0.002). However, the median level of PLT_12w was not signi�cantly
different(P > 0.05, Table 3). There were also no signi�cant differences in myelosuppression incidence between variant patients and wild-type
patients(P > 0.05, Table 3).

Table 3
Analysis of related indexes between patients with genetic variation and wild-type patients [Median(IQR)]

  Variation group† (n = 47) Wild-type group (n = 66) P

Age (years) 54 (45, 62) 50 (43, 54) 0.063

BMI (kg/m2) 22.5 (20.6, 24.2) 23.2 (21.7, 26.1) 0.229

AZA dose (mg. kg− 1. d− 1) 0.95 (0.85, 1.18) 1.08 (0.87, 1.47) 0.083

6-TGN (pmol/8 × 108RBCs) 125.29 (87.43, 237.21) 115.15 (64.16, 196.81) 0.262

Correction 6-TGN‡ (pmol/8 × 108RBCs. mg. kg.d) 0.037 (0.021, 0.066) 0.036 (0.019, 0.062) 0.958

WBC_12w§ (109/L) 4.99 (4.03, 6.66) 6.39 (4.64,7.72) 0.003**

PLT_12w§ (109/L) 122 (89, 220) 140 (96,196) 0.942

NEU_12w§ (109/L) 2.82 (2.21, 4.04) 3.67 (2.75, 5.22) 0.002**

Myelosuppression     0.346

Yes 19 (40.4%) 21 (31.8%)  

No 28 (59.6%) 45 (68.2%)  

Abbreviations: BMI, body mass index; AZA, azathioprine; 6-TGN, 6-thioguanine nucleotides; WBC, white blood cell count; PLT, platelet count;
NEU, neutrophil count; RBC, red blood cell.
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†At least one gene polymorphic mutation in TPMT*3C (rs1142345), ITPAc.94C > A (rs1127354) and NUDT15c.415C > T (rs116855232).

‡ 6-TGN concentration corrected by body weight and daily dose.

§ start azathioprine treatment for 12 weeks or at the time when adverse events occurred.

**Signi�cant (P < 0.01).

3.3 Association of genotypes with myelosuppression
We further analyzed the relationship between myelosuppression related indicators and TPMT*3C T > C(rs1142345), ITPA94C > A(rs1127354)
and NUDT15c.415C > T (rs116855232) genotypes. The detailed results are shown in Table 4. Of the 111 patients with wild type (TT) of
TPMT∗3C, 15 (13.5%) patients occurred leukopenia, 34 (30.6%) patients had thrombocytopenia, and 10 (9.0%) patients occurred
neutropenia. Two cases of heterozygotes (TC) patients did not develop myelosuppression, but their AZA dosage was less than 1 mg·kg− 1·d− 

1. There was no signi�cant correlation between AZA-induced leukopenia, thrombocytopenia, neutropenia and TPMT*3C genotypes (P = 
0.747, 0.351 and 0.658, respectively). In 77 patients with wild-type (CC) of ITPA 94C > A, the numbers of leucopenia, thrombocytopenia,
neutropenia were 7 (9.1%), 24 (31.2%) and 3 (8.6%), respectively. Among the 35 heterozygous (CA) patients, 8 (22.9%) patients had
leukopenia, 10 (28.6%) patients occurred thrombocytopenia, and 3 (8.6%) patients occurred neutropenia. Only one patient was homozygous
(AA). Similarly, this patient did not develop myelosuppression, and his AZA dose was also less than 1 mg·kg− 1·d− 1. Compared with wild-type
(CC), patients with variant allele A (CA + AA) have no signi�cant difference in the risk of leukopenia, thrombocytopenia, and neutropenia (P = 
0.102, 0.657 and 0.862, respectively).
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Table 4
Association of myelosuppression with NUDT15 c.415C > T, ITPA 94C > A and TPMT*3C genotypes

  TPMT*3C T > 
C(rs1142345)

Allele
model OR

(95% CI) P-
value

IPTA94C > A (rs1127354) Allele
model
OR

(95%
CI) P-
value

NUDT15 c.415C > T
(rs116855232)

Allele
model
OR

(95%
CI) P-
value

  TT (n = 
111)

TC (n 
= 2)

  CC (n = 
77)

CA (n = 
35)

AA (n 
= 1)

  CC (n = 
88)

CT (n = 
22)

TT (n = 
3)

 

Leukopenia                      

Yes 15
(13.5%)

0 (0%) 1.05(1.03–
1.07)

0.747

7
(9.1%)

8
(22.9%)

0 (0%) 2.09
(0.85–
5.15)

0.102

6
(6.7%)

6
(27.3%)

3
(100%)

7.5
(3.08–
18.3)

8.26 × 
10− 

7***

No 96
(86.5%)

2
(100%)

  70
(90.9%)

27
(77.1%)

1
(100%)

  82
(93.2%)

16
(72.7%)

0 (0%)  

Thrombopenia                      

Yes 34
(30.6%)

0 (0%) 1.43
(1.31–
1.56)

0.351

24
(31.2%)

10
(28.6%)

0 (0%) 0.84
(0.38–
1.38)

0.657

25
(28.4%)

8
(36.4%)

1
(33.3%)

1.34
(0.58–
3.08)

0.488

No 77
(69.4%)

2
(100%)

  53
(68.8%)

25
(71.4%)

1
(100%)

  63
(71.6%)

14
(63.6%)

2
(66.7%)

 

Neutropenia                      

Yes 10
(9.0%)

0 (0%) 1.09
(1.05–
1.14)

0.658

7
(9.1%)

3
(8.6%)

0 (0%) 0.89
(0.25–
3.22)

0.862

3
(3.4%)

5
(22.7%)

2
(66.7%)

8.05
(2.96–
21.9)

3.54 × 
10− 

6***

No 101
(91.0%)

2
(100%)

  70
(90.9%)

32
(91.4%)

1
(100%)

  85
(96.6%)

17
(77.3%)

1
(33.3%)

 

Abbreviations: CI, con�dence interval.

***Signi�cant (P < 0.001).

When evaluated by NUDT15c.415C > T genotype, AZA-induced leukopenia was observed in 6 (6.7%) patients with the CC allele and 6 (27.3%)
patients with the CT allele. 3 (100%) patients with homozygote allele (TT) all suffered leukopenia. Leukopenia was signi�cantly associated
with the NUDT15c.415C > T variant allele T (P = 8.26 × 10− 7; OR = 7.5; 95% CI, 3.08–18.3; Table 4). The incidence of neutropenia in patients
with CC, CT and TT genotypes was 3.4% (3/88), 22.7% (5/22), and 66.7% (2/3), respectively. Compared with the wild-type genotype (CC),
patients carrying variant allele T (CT + TT) had a much higher risk of developing neutropenia (P = 3.54 × 10− 6; OR = 8.05; 95% CI, 2.96–21.9;
Table 4). The NUDT15 variant allele T had high predictability for leukopenia and neutropenia (36% and 28%). However, there is no signi�cant
difference in thrombocytopenia incidence among patients with different genotypes(P = 0.488). 2(66.7%) of the homozygous (TT) patients'
AZA dosage was less than 1 mg·kg− 1·d− 1.

3.4 Relationship between 6-TGN concentration and myelosuppression
In 113 patients, the concentration of 6-TGN ranged from 2.07 to 2554.09 pmol/8 × 108RBCs, and the median (interquartile range)
concentration was 123.34 (79.89, 231.77) pmol/8 × 108RBCs. The corrected concentration for 6-TGN ranges from 0.001 to 0.416 pmol/8 × 
108RBCs· mg·kg·d, and the median (interquartile range) concentration was 0.036 (0.021, 0.066) pmol/8*108RBC·mg·kg·d. We analyzed the
concentration of 6-TGN between different variable groups. The detailed results are shown in Supplementary Table S1. In general, the levels
of 6-TGN and corrected 6-TGN were not signi�cantly different between patients with and without myelosuppression (P = 0.556 and P = 



Page 8/11

0.876), and there were no signi�cant differences between gender and AZA dose groups (P > 0.05). Besides, there was no obvious correlation
between the levels of 6-TGN and corrected 6-TGN among different genotypes of TPMT*3C T > C, ITPA94C > A and NUDT15c.415C > T (P > 
0.05). However, we found that the body mass index may affect the corrected 6-TGN level in this study population (P = 0.026).

4. Discussion
AZA was a classic maintenance treatment drug for AIH. However, such a drug had large individual differences and severe adverse reactions,
which received widespread attention. At present, there was no clear guideline for the individualized medication of AZA in China. In this study,
we found that patients with at least one genetic variant in TPMT*3C, ITPA94C > A and NUDT15c.415C > T were more likely to have
leukopenia and neutropenia. T allele variation in NUDT15c.415C > T was an independent risk factor leading to leukopenia and neutropenia.

The blood toxicity of AZA is related to the genetic polymorphism of TPMT. Mutation or low enzyme activity leads to a high concentration of
6-TGN, which increases the risk of myelosuppression.6 Therefore, as early as 2005, the FDA had included the pre-administration TPMT
genotype test in AZA's drug label.21 In AZA pharmacogenomics research, TPMT (*2, *3A and *3C) is to date the most widely studied single
nucleotide polymorphism for AZA metabolism. The incidence is approximately 10–15% in the Caucasian population (commonly
TPMT*3A).22 However, the incidence in the Chinese population is lower than that in the Caucasian population. The literature uniformly
reports that the TPMT allele (commonly TPMT*3C) accounts for less than 5% prevalence, closer to Japan and South Korea.23,24 In this study,
we observed that the C allele's mutation frequency in TPMT*3C was 0.9%. There are only 2 (1.8%) patients with heterozygous mutations of
TPMT*3C, and none of them with myelosuppression, but in TPMT*3C wild-type patients, 15 (13.5%) patients suffered leukopenia, 34 (30.6%)
patients suffered thrombocytopenia, and 10 (9.0%) patients suffered neutropenia. The above results indicate that TPMT*3C gene test has
limited predictive value for AZA-induced myelosuppression in the Chinese population. Therefore, although TPMT*3C has been considered
the leading risk factor for AZA-induced myelosuppression, no signi�cant difference was observed in this study, which may be because of its
low prevalence and the small sample size of this study.

ITPA polymorphism is another essential enzyme involved in the metabolism of AZA. Studies have shown that ITPA c.94C > A mutation can
cause the enzyme activity to decrease, causing the toxic metabolite 6-TITP to accumulate in the body, causing �u-like symptoms,
gastrointestinal reactions, skin rash, pancreatitis, and even neutropenia and liver damage, leading to interruption of treatment.9,25 The
incidence of ITPA 94C > A mutations we observed in this study was 16.4%, consistent with other studies.8 Only one case of homozygous
mutation was observed in 113 subjects. Since he took AZA doses less than 1 mg·kg− 1·d− 1, so did not suffer myelosuppression. Although in
this study, the incidences of leukopenia and thrombocytopenia in patients with heterozygous mutations were 22.9% (8/35) and 28.6%
(10/35). However, we did not observe signi�cant differences in the different genotypes of ITPA 94C > A for AZA-induced leukopenia,
thrombocytopenia and neutropenia. It may be that ITPA 94C > A is mainly related to AZA-induced liver toxicity. On the other hand, the small
sample size may also be the reason for the insigni�cant difference.

The NUDT15 belongs to the Nudix (nucleoside diphosphate linked to x) hydrolase superfamily. It mainly consists of pyrophosphohydrolase,
which acts on nucleoside diphosphates linked to other moieties. The NUDT15 hydrolyzes 6-thio-GTP (TGTP) and 6-thio-GDP (TGDP) into 6-
thio-GMP (TGMP), which reduces their cytotoxic effects. Once NUDT15 is mutated, it will increase the cytotoxicity of mercaptopurine drugs.
Most studies have shown that the incidence of NUDT15 allelic mutations in Asian populations is 8.5%-16%,26,27 while it is less than 1%28 in
Caucasians. The frequency of NUDT15 mutations in IBD patients in Japan and South Korea is 12% and 10.4%, respectively, but it can be as
high as 32.1% in Chinese patients with autoimmune diseases.29 The frequency we observed in this study was 12.4%, which is the same as
the frequency of 9.4% in AIH patients reported by Xiaoli Fan et al..19 Recent studies have found NUDT15 c.415C > T variants were associated
with thiopurine-induced leukopenia, particularly in Asian populations.26,30−32 In 2014, Yang et al.11 revealed for the �rst time that NUDT15
c.415C > T allelic mutation is signi�cantly associated with AZA-induced leukopenia in Korean IBD patients (P = 5.58 × 10− 43, OR = 8.61).
Subsequently, it was also con�rmed in Japanese IBD patients that NUDT15 c.415C > T allele mutation is closely related to AZA-induced early
leukopenia13 (P = 1.92 × 10 − 16, OR = 28.4). The studies by Xiang Fei et al.29 and Xiaoli Fan et al.19 on Chinese autoimmune diseases and
AIH patients also showed that NUDT15 c.415C > T SNP is signi�cantly related to AZA-induced early leukopenia (P = 1.79 × 10− 7; OR = 7.59
and P < 0.00001; OR = 20.41, respectively). Our result was concordant with previous studies, which showed NUDT15 c.415C > T allelic
mutation was associated with early leukopenia (P = 8.26 × 10− 7; OR = 7.5). At the same time, we also found that NUDT15 c.415C > T mutation
is implicated in AZA-induced myelosuppression with neutropenia as the primary manifestation (P = 3.54 × 10− 6; OR = 8.05). Therefore,
compared with TPMT*3C and ITPA 94C > A, the detection of NUDT15 c.415C > T in the Chinese population may have a better predictive value
for AZA-induced myelosuppression with leukopenia and neutropenia as the primary manifestations. In addition, research has shown that
NUDT15 c.415C > T was associated with not only early (< 8 weeks) leukopenia but also middle (8–24weeks) and late (> 24weeks)



Page 9/11

leukopenia.14 However, these �ndings could not be fully con�rmed in our study because there was a shorter duration of follow-up (12
weeks). This happens to be the limitation of this study.

It is well known that 6-TGN is the active metabolite responsible for AZA's e�cacy and cytotoxicity, and one of the side effects of AZA therapy
is myelosuppression. Therapeutic drug monitoring (TDM) of the pharmacologically active metabolites of thiopurines, 6-TGN, has proven
bene�cial.33 However, there is no uni�ed conclusion about the relationship between the concentration of 6-TGN in red blood cells and
adverse reactions. In the research of Asada et al.12 and Xiang Fei et al.29, there was no statistically signi�cant concentration difference
observed between different NUDT15c.415C > T genotypes. However, Xiaoli Fan et al.19 reported that the 6-TGN concentration in CT genotype
patients in NUDT15c.415C > T variants was signi�cantly higher than in CC wild-type patients. The above studies have shown no signi�cant
difference in the concentration of 6-TNG between patients with or without leukopenia. This �nding was replicated in our research (P = 0.556,
Table S1). Among 113 AIH patients included in this study, we did not observe signi�cant differences in 6-TGN concentration and Correction
6-TGN concentration among different genotypes of TPMT*3C, ITPA 94C > A and NUDT15c.415 C > T (P > 0.05, Table S1). The same is true
between different gender groups and maintenance dose groups. However, we found signi�cant differences in the corrected concentration of
6-TGN between groups of patients with different BMI (P = 0.026, Table S1). It indicates that obesity may be an important non-genetic factor
affecting the concentration of AZA active metabolites. In recent years, studies have proposed that measuring the concentration of peripheral
blood mononuclear cells (PBMC) for immunosuppressants is a new valuable biomarker to improve the therapeutic drugs monitoring.34

Combined with the results of this study, we guess that the new therapeutic monitoring method detecting the metabolites of AZA in PBMC
may have more clinical value than in whole blood.

Our shortcoming is that this is a single-center study with a limited number of patients and regional limitations, which precludes adequate
statistical inference. On the other hand, the follow-up time is short, and the long-term adverse reactions cannot be thoroughly evaluated.
Finally, we used commercial kits to detect the most common mutations in Asian populations. The lack of comprehensive testing of AZA
metabolism-related genes may lead to biased results.

5. Conclusion
In conclusion, our study once again con�rmed that genetic variants of TPMT*3C, ITPA 94C > A and NUDT15 c.415 C > T are associated with
AZA-induced myelosuppression in Southwest China patients with AIH. Among them, NUDT15c.415C > T variants are a potential independent
risk predictor that leads to leukopenia and neutropenia. Besides, we found that the detection of 6-TGN concentration in red blood cells does
not re�ect AZA treatment's e�cacy and toxicity. New biomarkers for AZA therapeutic drug monitoring need further research to explore.
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