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Abstract: Objective: The present study aims to investigate the correlation of polymorphisms of SLCO1B1 gene with 
the toxicity during therapy with the high-dose methotrexate (MTX) chemotherapy in childhood acute lymphoblastic 
leukemia. Methods: We analyzed 2 polymorphisms (rs4149081 and rs11045897) in SLCO1B1 gene in 280 Chinese 
pediatric B-ALL patients, using MTX plasma concentration as an objective and quantifiable marker of toxicity. We 
utilized Enzyme-multiplied immunoassay technique (EMIT) to measure the plasma concentration of MTX. The poly-
merase chain reaction-allele specific (PCR-AS) method was utilized to perform the genotyping. Results: We found 
there was a statistically significant association between MTX plasma concentration and the SLCO1B1 rs11045879 
CC genotype (P<0.05). We also found the rs4149081 AA genotype was associated with high-MTX plasma concentra-
tions. A-C haplotype carriers have a higher risk for MTX delayed clearance but G-T haplotype was associated with a 
lower risk for MTX delayed clearance. Conclusions: The rs4149081 AA genotype and the rs11045897 CC genotype 
could be indicators for high-MTX plasma concentrations in children with ALL. 
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Introduction

Acute lymphoblastic leukemia (ALL) is the most 
common childhood cancer worldwide [1, 2]. 
During the last decades, the survival rates for 
ALL have improved due to advances in chemo-
therapy for childhood ALL [3]. Methotrexate 
(MTX) is one important component of ALL che-
motherapy. However, chemotherapy resistance 
is the major problem during the ALL therapy. 
The current evidences indicated that the toxici-
ty of MTX results from its kinetics [3]. Although 
high-dose MTX can significantly improve ALL 
patients’ prognosis by increasing cure rates [4], 
elevated MTX plasma concentrations often 
cause toxicity. Therefore, a dose reduction or 
cessation of treatment is required, and the pre-
diction of high-dose MTX toxicity is a key issue 
in personalized therapy for childhood ALL [5]. 
Genetic variations in drug metabolizing 
enzymes and transporters can affect the plas-

ma concentration of drug. To clarify the rela-
tionship between polymorphisms in MTX-
related transporter genes and the plasma con-
centration of MTX will be helpful for personal-
ized therapy. 

SLCO1B1 gene encodes organic anion trans-
porting polypeptide 1 (OATP1B1), a membrane 
transporter which is involved in the MTX efflux 
mechanism. The SLCO1B1 gene locus occupies 
109 kb on chromosome 12 (Chr 12p12.2) [6]. 
Although many single-nucleotide polymor-
phisms (SNPs) have been identified in SLCO1B1, 
only a few are known to have functional effects 
[7]. Recently, two SNPs (rs4149081 and 
rs11045897) have been identified to be associ-
ated with methotrexate-related toxicity in a 
Spanish population [8]. However, the relation 
between these two SNPs and toxicity response 
of high dose methotrexate chemotherapy in 
Chinese population remains unclear. In the 
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Table 1. The sequence of primers for PCR
SNPs Sequences of primers
rs4149081 F1: GTGATTCAAGGATAATAACCAACTTG

R1: GCCCCAGCTAGTCATTCTGT
F2: CTGACTTTGCATGCAGTATGG
R2: CCATTTTCTATTATCTCTGATTTTTGAT

rs11045879 F1: TGTTTCTTTGATGATATATATGAAGATGC
R1: GAAATTGTCTTTGTTTGCAATATGAC
F2: TTAATCACATGCATTTAAATTTCCTC
R2: ATCCAGGGTTAATATAACAGAATCAAA

present study, we aimed to investigate the cor-
relation of polymorphisms of SLCO1B1 gene 
with the toxicity during therapy with the high-
dose methotrexate (MTX) chemotherapy in 
childhood acute lymphoblastic leukemia in 
China.

Methods and subjects

Ethics statement

This study was approved by the Ethics 
Committee of Children’s Hospital of Fudan 
University and Provincial Hospital affiliated to 
Shandong University. Written informed consent 
was obtained from the parent or guardian of 
each participant before the start of the study.

Patients

Between March 2007 and June 2014, a total of 
280 consecutive Han Chinese children with 
medium-to high-risk ALL (170 Males, 110 
females), aged 1.3 to 15 years, mean (5.8±3.4) 
years were recruited to this study. Patients with 
liver or renal dysfunction, or taking non-steroi-
dal anti-inflammatory drugs, probenecid, peni-
cillin, or proton pump inhibitors were excluded.

Treatment and toxicity evaluation

According to the ALL-Berlin-Frankfurt-Muenster 
(BFM) 2000 protocol [9] and CCLG-ALL-2008 
protocol, all patients received four cycles of 
high-dose MTX at 5000 mg/m2 body surface 
area. One-tenth of the dose was applied 
through rapid infusion over 30 min, and the 
remainder through continuous infusion over 24 
h. Leucovorin rescue (15 mg/m2) was adminis-
tered every 6 h, starting at 42 h after initiation 
of MTX infusion. The patients received intrave-
nous hydration and sodium bicarbonate accord-
ing to standardized protocols to keep them well 
hydrated and the urine pH high [9].

The MTX plasma concentrations were deter-
mined by polarization fluorescence immunoas-
say (Viva-E/V-T, Siemens, Germany). The con-
centrations at 42 h after initiation of MTX infu-
sion were used for the analysis. Toxicity data 
obtained from the patient files included side 
effects experienced during and after MTX infu-
sion. Hematologic (leucopenia, anemia, and 
thrombocytopenia) and non-hematologic (hepa- 
tic, gastrointestinal, and mucosal damage/oral 
mucositis, etc.) toxicities were graded accord-
ing to Common Terminology Criteria for Adverse 
Events, version 3.0.

Genotyping

We selected 2 polymorphisms in SLCO1B1 
gene (rs4149081 and rs11045879) for the 
present study. Genomic DNA was extracted 
with the phenol-chloroform method as previ-
ously described [10] from peripheral blood or 
bone marrow slides. The methods for genotyp-
ing were PCR allele specific described previ-
ously [8]. Briefly, each PCR was performed with 
50 ng DNA. DNA fragments were visualized on 
a 3% agarose gel with ethidium bromide. The 
PCR system include 0.2 mM dNTPs, 2 mM 
MgCl2, 1× ImmoBuffer, 10 pmoles of each prim-
er and 0.5 U Immolase enzyme (BIOLINE). PCR 
protocol: 95°C  for 7 min, (95°C for 30 s, 60°C 
for 30 s, 72°C for 30 s), 30 cycles and 72°C for 
10 min. The primers were shown in Table 1. The 
genotyping results were shown in Figure 1. 

Statistical analysis

Statistical analyses were performed using 
SPSS for Windows version 15.0 (SPSS Inc., 
Chicago, IL, USA). All values were expressed as 
mean ± SD. Repeatedly measured MTX plasma 
concentrations were analyzed with repeated 
measures ANOVA. Categorical variables were 
compared with Chi-square tests or Fisher’s 
exact tests. Hardy-Weinberg equilibrium analy-
sis for genotype distribution was carried out by 
a Chi-square goodness-of-fit test. P<0.05 was 
considered statistically significant.

Results

Baseline characteristics for patients

As shown in Table 2, clinical data about therapy 
related toxicity were available for 264 patients. 
Among all patients who developed toxicity 
(n=166, 62.9%), the prevalence of different 
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tion damage (n=72, 27.3%), 
renal function damage (n=52, 
19.7%), rash (n=16, 6.0%). 74 
patients (28.0%) had high-MTX 
plasma levels (>2 mM) 72 hr 
after MTX infusion who were 
identified MTX delayed clea- 
rance.

Polymorphisms in association 
with toxicity

The 2 polymorphisms (rs11045- 
879 and rs4149081) were gen-
otyped with an average rate of 
success of 100%. For each 
polymorphism, we considered 
two genotypic groups, one of 
risk of higher toxicity and other 
of normal expected toxicity, 
according to the function and 
previous reports. All the geno-
types analyzed were in Hardy-
Weinberg equilibrium. We found 
statistically significant associa-
tions between MTX plasma con-
centration and the SLCO1B1 
rs11045879 CC genotype and 
rs4149081 AA genotype. All the 
patients with the rs11045879 
CC genotype or rs4149081 AA 
genotype had high-MTX plasma 
concentrations 72 hr after MTX 
infusion (both P<0.001; Table 
3). In the multivariate analysis, 
SLCO1B1 rs11045879 and 
rs4149081 remained associat-
ed with MTX plasma levels 
(both P<0.001; Table 3). 

Haplotype in association with 
toxicity

Rs4149081 and rs11045879 
were with strong linkage dis-
equilibrium (LD). Therefore, we 
constructed haplotypes utilizing 
the two SNPs. Both A-C and G-T 
haplotype were found to be sig-
nificantly associated with MTX 
plasma concentration. A-C hap-
lotype carriers have a higher 

types of toxicity were as follows: bone marrow 
suppression (n=78, 23.5%), fever (n=26, 9.8%), 
nausea and vomiting (n=74, 28.0%), liver func-

risk for MTX delayed clearance but G-T haplo-
type was associated with a lower risk for MTX 
delayed clearance (Table 4).

Figure 1. Results of allele-specific PCR. A: Genotypes of rs4149081 locus: 
11 represent GG; 22 represents GA; and 33 represent AA; B: Genotypes of 
rs11045879 locus, 11 represent TT; 22 represents CC; and 33 represent 
TC.

Table 2. The characteristics of participants
Indices
Number of patients, n 280
Number of data about therapy related toxicity available, n 264
Mean age at diagnosis, Mean ± SD 5.8±3.4
Sex, n (%)
    Female 110 (39.3)
    Male 170 (60.7)
Risk group, n (%)
    Standard 101 (36.1)
    High 115 (41.1)
    Very high 64 (22.8)
Toxicity during consolidation therapy, n (%)
    Bone marrow suppression , 78 (23.5)
    Fever  26 (9.8)
    Nausea and vomiting 74 (28.0)
    Liver function damage 72 (27.3)
    Renal function damage 52 (19.7)
    Rash 16 (6.0)
High-MTX plasma levels (>2 mM) 72 hr 74 (28.0)
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Discussion

In the present study, we found rs11045879 CC 
genotype and rs4149081 AA genotype in 
SLCO1B1 gene were significant associated with 
high-MTX plasma concentration. In our study, a 
good sample size, a homogeneous diagnostic, 
a standardized treatment protocol followed by 
all patients, and objective and well-recorded 
toxicity data make the results credible.

Recently, several studies investigated how the 
individual genetic characteristics to affect MTX 
toxicity effect, but the conclusion remain con-
troversial [11-15]. The discrepancy may result 
from the different indicators of toxicity between 
each study. In the present study, we utilized the 
MTX plasma levels as a MTX-related toxicity 
marker. Previous study [8] indicated that 70.6% 
of the patients with high-MTX plasma levels 72 
hr after drug infusion developed toxicity, while 
only 39.7% of the patients with low-MTX plas-
ma levels showed toxicity events. Therefore, 
MTX plasma levels have been looked as a good 
and objective MTX-related toxicity marker.

In the present study, we found the patients with 
the rs11045879 CC genotype or rs4149081 
AA genotype had high-MTX plasma concentra-
tions. After correction for multiple compari-
sons, the statistical difference remains signifi-
cant. In addition, both rs4149081 and 
rs1104579 are in LD. A-C haplotype carriers 
have a higher risk for MTX delayed clearance 
but G-T haplotype was associated with a lower 
risk for MTX delayed clearance. Our results indi-
cated that other SNPs which are in the same 
linkage block as rs1104579 and rs4149081 

may be also associated with higher MTX plas-
ma concentration, which suggested the SLCO- 
1B1 gene plays an important role in MTX 
toxicity.

In a recent study, using a genome-wide app- 
roach, rs4149081 and rs11045879 of SLCO- 
1B1 gene was found to be associated with MTX 
clearance [16]. Our findings verify this associa-
tion between SLCO1B1 and MTX plasma levels, 
suggesting that SLCO1B1 polymorphisms may 
influence MTX-related toxicity in pediatric ALL. 

There are several limitations in our study. On 
the one hand, the number of patients in our 
study is not very high and further studies with 
larger populations would be necessary. On the 
other hand, we did not perform the functional 
study for these two SNPs. The function of these 
two SNPs which are located in an intronic 
region, is still unknown. However, previous 
study has suggested that both SNPs are in 
strong LD with a non-synonymous SNP 
(rs4149056) which was associated with higher 
plasma levels of statins [17].

In conclusion, the rs4149081 AA genotype and 
the rs11045897 CC genotype could be indica-
tors for high-MTX plasma concentrations in 
children with ALL. A-C haplotype carriers have a 
higher risk for MTX delayed clearance but G-T 
haplotype was associated with a lower risk for 
MTX delayed clearance.

Disclosure of conflict of interest

None.

Table 3. Association of SNPs and the risk for high-MTX concentration

SNP Genotype
MTX concentration in plasma at 72 hr Univariate analysis Multivariate analysis
<0.2 mM, n (%) >0.2 mM, n (%) OR (95% CI) P OR (95% CI) P

rs4149081 GG/GA 191 (92.7) 54 (73.0) 1 (ref.) 1 (ref.)
AA 15 (7.3) 20 (27.0) 4.716 (2.263-9.830) <0.001 4.321 (1.655-5.131) <0.001

rs11045897 TT/TC 189 (91.7) 51 (68.9) 1 (ref.) 1 (ref.)
CC 17(8.3) 23 (31.1) 4.445 (2.219-8.904) <0.001 4.791 (2.0119-6.104) <0.001

Table 4. Association of haplotype with the risk for high-MTX concentration

Haplotype
MTX concentration in plasma at 72 hr

χ2 P OR (95% CI)
<0.2 mM, n >0.2 mM, n

A-C 145 74 5.221 0.011 1.872 (1.099-3.011)
A-T 2 0
G-T 254 76 4.761 0.017 0.563 (0.221-0.899)
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