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Abstract:

Background: An impairment of the 5-fluorouracil (5-FU) catabolic pathway, represented by alterations in the dihydropyrimidine

dehydrogenase (DPYD) gene, is considered a crucial factor contributing to the development of 5-FU-related toxicity. The b-ureid-

opropionase (BUP1) enzyme catalyzes the final step in the 5-FU catabolic pathway; however, alterations in the UPB1 gene coding

for the BUP1 enzyme have not yet been analyzed in fluoropyrimidine (FP)-treated patients suffering from 5-FU-related toxicity.

Methods: We have performed a mutation analysis of the entire coding sequence of UPB1 based on denaturing high-performance liq-

uid chromatography in 113 cancer patients treated by FP-containing regimes. These patients included 67 individuals suffering from

severe 5-FU-related toxicity and 46 individuals with excellent tolerance of chemotherapy.

Results: Nine UPB1 variants were detected in the subpopulation of patients with severe toxicity, including a novel mutation affect-

ing the coding sequence (c.872_873+11del13). An analysis of UPB1 variants on 5-FU-related toxicity in the population of all ana-

lyzed patients revealed an association between the c.-80C>G (rs2070474) variant and gastrointestinal toxicity. A strong positive

correlation was found between the carriers of the c.-80 GG genotype and the development of severe (grade 3–4) mucositis (OR = 7.5;

95% CI = 2.60 – 21.60; p = 0.0002).

Conclusion: Our results suggest that UPB1 variants may contribute to the development of 5-FU-related toxicity in some FP-treated

patients; however, the role of UPB1 alterations is probably less significant than that of DPYD alterations.
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Introduction

Fluoropyrimidines (FPs) including 5-fluorouracil (5-FU)

and its prodrugs are widely used in the treatment of

various malignancies including head and neck, gastro-

intestinal or breast cancers. The treatment efficacy of

FP-based chemotherapy is negatively influenced by

the development of severe toxicity in almost 40% of

patients, with a fatal outcome in 1% of them. Typical

manifestations of FP-related toxicity include stomati-

tis, diarrhea, neutropenia, or thrombocytopenia [1, 6,

7]. Although the entire mechanism of FP-related tox-

icity is not fully understood, the contribution of

a 5-FU catabolic pathway impairment has been

largely documented [4, 8, 15, 18]. Physiologically,

this pathway serves the uracil and thymine catabo-

lism; in patients treated by FPs it is responsible for

the degradation of 5-FU. The pathway involves three

consecutive enzyme steps. In the first one, dihydropy-

rimidine dehydrogenase (DPD; EC 1.3.1.2), a rate-

limiting enzyme of 5-FU degradation, catalyzes an

initial reduction of 5-FU to 5-fluoro-5,6-dihydrouracil

(FUH2). This substrate is further metabolized to the

a-fluoro-b-ureidopropionic acid (FUPA) by a second

enzyme – dihydropyrimidinase (DPYS, also known

as dihydropyrimidine amidohydrolase; EC 3.5.2.2).

Finally, b-ureidopropionase (BUP1, also known as

b-alanine synthase; EC 3.5.1.6) degrades FUPA to

a-fluoro-b-alanine (FBAL) [reviewed in 18]. The

impairment of the 5-FU catabolic pathway results in

a delay of the 5-FU clearance and increased tissue

concentration of 5-FU that exceeds its narrow margin

of safety. It is estimated that DPD deficiency impair-

ing the 5-FU degradation capacity accounts for the

development of 50–75% of severe toxicities associ-

ated with 5-FU [4]. The importance of DPYS and

BUP1 in 5-FU toxicity development is much less ex-

plored.

In our previous analyses, we investigated genetic

events affecting the DPD-coding gene (DPYD) [9, 17]

and the gene coding for dihydropyrimidinase (DPYS)

[5] in cancer patients treated by FP-based chemother-

apy involving i) patients suffering from early and se-

vere toxicity and ii) patients with an excellent toler-

ance of the treatment. Herein, we report the mutation

analysis of the UPB1 gene (MIM ID *606673) coding

for b-ureidopropionase in these patient groups and the

correlation between the characterized UPB1 variants

and the development of FP-related toxicity.

Materials and Methods

Patients and samples

The population of 113 Czech patients of a Caucasian

origin analyzed in this study was identical to the one

described in detail in our previous report [5]. It con-

sisted of two subgroups of cancer patients treated by

FP-based chemotherapy, divided according to their

tolerance to the treatment (Tab. 1). The first subgroup

(high-toxicity patients) included 67 patients who

experienced severe gastrointestinal, hematological, or

gastrointestinal and hematological toxicity during the

first or second cycle of FP-based chemotherapy

[grade 3–4 according to the National Cancer Institute

(NCI) Common Toxicity Criteria (CTC) scale 3.0].

The other group (low-toxicity patients) included 46 pa-

tients who underwent at least ten cycles of FP-based

chemotherapy without any dose reduction or delay, and

who experienced grade-1 toxicity at the most (accord-

ing to NCI CTC). All patients signed a written in-

formed consent approved by the ethical committee of

the General Teaching Hospital in Prague, Czech Re-

public. The population frequencies of recurrent UPB1

alterations characterized in high-toxicity patients were

determined in an anonymized control population con-

sisting of 69 non-cancer individuals including 25

women [61.2 ± 12.2 years (mean age ± SD)] and 39

men [62.6 ± 13.6 years (mean age ± SD)].

Mutation analysis of UPB1 gene

Genomic DNA was isolated from whole blood using

the Wizard Genomic DNA purification kit (Promega).

The entire UPB1 coding sequence was amplified from

DNA in amplicons covering the entire coding se-

quence (exons 1–10) and flanking intronic regions.

PCR primers (Generi-Biotech) were designed based

on the UPB1 genomic sequence [NCBI NG_

012858.1; GI: 257467670] and are listed in Table 2.

The PCR reaction contained 2.0 mM MgCl2, 0.6 mM

of each primer, 0.25 mM of each dNTP, 0.6 U of Taq

Gold DNA polymerase (Applied Biosystems) and

50 ng of template DNA. After an initial 10-min dena-

turation at 95°C, the amplification was carried out in

38 cycles (30 s at 95°C, 45 s at 64°C, 40 s at 72°C),

followed by a final 10-min extension at 72°C. After

a five-min denaturation at 98°C and a slow renatura-

tion, the PCR amplicons were analyzed using DHPLC
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(Denaturing High-Performance Liquid Chromatogra-

phy) performed on the WAVE3500 (Transgenomic)

analyzer under the conditions specified in Table 2.

Samples giving aberrant elution profiles on DHPLC

chromatograms and amplicons covering exon 1 and

flanking 5’UTR and intronic sequences (containing

numerous combinations of variants poorly distin-

guishable by a DHPLC analysis) were bi-directionally

sequenced from independently amplified PCR ampli-

cons using amplification primers and the BigDye Ter-

minator sequencing kit ver. 3.1 (Applied Biosystems)

on an ABI3130 analyzer (Applied Biosystems).

Reverse transcription and quantitative real-time

PCR (qPCR) analysis

Total RNA was isolated from peripheral blood sam-

ples (preserved in PAX Gene collection tubes; BD Di-

agnostics) using PAX Gene Blood RNA kit (Qiagen)

according to manufacturers’ protocols. RNA samples

were available for 31/67 and 13/46 samples from

high- and low-toxicity subgroups, respectively. Qual-

ity of total RNA was assessed using Agilent RNA

6000 Nano Kit and Agilent 2100 Bioanalyzer (Ag-

ilent) according to the manufacturer’s instructions.

The RNA samples with RIN ³ 6.5 were reversely
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Tab. 2. The design of primers used for the amplification of individual
UPB1 exons, size of PCR amplicons, and temperatures used for
DHPLC analysis

Exon Primers [Fwd/Rev] Size
(bp)

T
(°C)

1 5’-GTCTGGGAGCGAGAGTAAGAGA-3’

5’-GACCCCATTAGCTTAGCCTCTTG-3’

257 63.2

66.2

2 5’-CCTTCTAGCCAGGACATCCTCAC-3’

5’-CAGGCCACAACCCTGTTTGTG-3’

342 59.1

61.1

3 5’-CCCTACTCCTCATACCTGCCCA-3’

5’-GAAGGCAGCAGAGAAAGCACC-3’

242 56.8

4 5’-CCATGGCACTCCTGAGACTGTA-3’

5’-TGGTCATGCTCTGTGACTTGCA-3’

274 59.8

5 5’-TGGTTGCTCTGACCCAAGCCTA-3’

5’-CATACAGAGGGGCAAGTGAGCAG-3’

324 56.2

60.2

6 5’-GGAAATCTTGAAGGTCAGAGGCATCAG-3’

5’-CAGCTCTGTTAACATCCTGGTGGC-3’

341 59.0

62.5

7 5’-GGGCTGAGCATCCACTGAGTCTG-3’

5’-TGGCATGTGTGCAGAGGGAACG-3’

233 62.8

8 5’-GCTGGAATGAGTGTAGTGGTAGTG-3’

5’-CTGGAGGAAGCAGACAGAGAAG-3’

181 59.1

9 5’-AGCCCACAGTGCATCTACACAAG-3’

5’-CAAAGCAGAGGAGCAGGCAACA-3’

252 59.9

61.9

10 5’-GGTGGCGTGTAAGTGATGGGGA-3’

5’-GGGGAGAACCTGGACATGTTAAGCC-3’

243 59.0

62.0

Tab. 1. Basic characteristics of the patients’ study populations
treated by fluoropyrimidine-based chemotherapeutic regimens

High-toxicity group
(toxicity grade 3–4)

n = 67

Low-toxicity group
(toxicity grade 0–1)

n = 46

Demographic parameters

Females; N (%)

Mean age; years ± SD

Age range; years

34 (50.7)

60.4 ± 10.7

30 – 75

22 (47.8)

56.4 ± 11.4

31 – 74

Males; N (%)

Mean age; years ± SD

Age range; years

33 (49.3)

62.6 ± 8.0

42 – 73

24 (52.2)

59.7 ± 9.3

36 – 77

Cancer diagnose; N (%)

Orofacial cancer 1 (1.5) 0

Esophageal 2 (3.0) 0

Gastric 5 (7.5) 0

Colorectal 44 (65.7) 39 (84.8)

Biliary 2 (3.0) 1 (2.2)

Pancreatic 1 (1.5) 1 (2.2)

Pharyngeal 1 (1.5) 0

Breast 11 (16.4) 3 (6.5)

Unknown primary site 0 2 (4.3)

Chemotherapy regimens

Bolus 5-FU 17 (25.4) 17 (37.0)

Continuous 5-FU /
capecitabine

35 (52.2) 11 (23.9)

FOLFIRI 1 (1.5) 6 (13.0)

FOLFOX 13 (19.4) 8 (17.4)

Other 1 (1.5) 4 (8.7)

Toxicity grade III–IV according to NCI CTC; N (%)

Gastrointestinal and
hematological

23 (34.3) 0

Gastrointestinal only 33 (49.3) 0

Mucositis 21 (31.3) 0

Emesis 13 (19.4) 0

Diarrhea 35 (52.2) 0

Hematological only 11 (16.4) 0

Leucopenia 11 (16.4) 0

Neutropenia 33 (49.3) 0

Thrombocytopenia 11 (16.4) 0



transcribed into the cDNA using the SuperScript III

Reverse Transcriptase (Life Technologies) and random

hexamers (Roche) according to the manufacturers’

instructions. The expression of the UPB1 mRNA was

performed using the RT2 qPCR Primer Assay SYBR

Green Human UPB1 (SABiosciences) and LightCycler

480 SYBR Green I Master kit in LC480 instrument

(Roche). To assess the relative gene expression, UPB1

expression was normalized to the expression of b-2-

-microglobulin (B2M) and glyceraldehyde-3-phosphate

dehydrogenase (GAPDH) using the REST 2008 (ver.

2.0.7) software as described in details previously [10].

Statistical analysis

The differences in the frequencies of detected genetic

alterations between groups of patients and controls

were calculated by the c2 test. To determine the differ-

ences between the groups of high- and low-toxicity

patients, the odds ratios (OR) and 95% confidence in-

tervals (CI) of OR were calculated. The relations be-

tween the investigated parameters were computed

using the Spearman correlation coefficients. A com-

parison of variables in the given groups and sub-

groups, considering the distribution of these variables,

was performed by a non-parametric Wilcoxon test.

The CRAN 2.4.0 software (http://www.r-project.org/)

was used for all statistical analyses. All p values were

two-tailed, and p values lower than 0.05 were consid-

ered statistically significant. For an analysis of the as-

sociation between type or FP toxicity and UPB1 geno-

types, the individual toxicities in pooled high- and

low-toxicity groups were analyzed as individual vari-

ables (mucositis, diarrhea, emesis, leucopenia; neutro-

penia; thrombocytopenia) and as the overall gastroin-

testinal and hematological toxicities (numerically

equal to the highest grade of particular toxicity in

a given group). The Linkage Disequilibrium (LD) in

the analyzed populations was analyzed using the JLIN

(Java LINkage disequilibrium plotter) software pack-

age version 1.6.0 [3].

Results

Mutation analysis of the UPB1 gene

The genotyping of the entire coding sequence and flank-

ing intronic sequences of the UPB1 gene was performed

in the population of 113 cancer patients treated by FPs.

We detected nine alterations in the UPB1 gene including
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Fig. 1. The deletion of 13 bp (c.872_
873+11del13) affecting the exon-
intron boundary at the 3’end of exon 7
of the UPB1 gene. (A) DHPLC chroma-
togram of the sample with mutation.
(B) Sequencing chromatograms of the
mutated sample with a highlighted
13-bp deletion (yellow box in the
upper row showing wt sequence) and
the sequence of a mutated allele (the
lower-row sequence) affecting the exon
7 (capital letters) – intron 7 (lower-case
letters) border, compared with (C) the
corresponding genomic fragment of
a wild-type (WT) UPB1 sequence



three variants located in the 5’UTR region, two vari-

ants located in intronic sequences, a novel mutation

affecting the 5’ consensus splice site of intron 7

(c.872_873+11del13; Fig. 1) and three silent muta-

tions (Tab. 3). Seven different genotypes containing

5’UTR variants were identified in the amplicon cov-

ering the exon 1 and the adjacent 5’UTR and intron 1

sequences. This resulted in a complex pattern of

DHPLC chromatograms; therefore, this amplicon was

bi-directionally sequenced in all analyzed samples.

We did not detect any differences between the sub-

groups of high- and low-toxicity patients and controls as

regards the frequencies of all UPB1 variants, with the

exception of a c.-80C>G transversion (Tab. 3) showing

a marginal difference in the frequency of CC genotype

vs. CG + GG genotypes between the groups of low-

toxicity patients and controls (p = 0.04). We found no

differences in the frequencies of UPB1 variants between

females and males in the overall analyzed population or

subgroups of patients and controls.

1238 Pharmacological Reports, 2012, 64, 1234�1242

Tab. 3. The frequency of UPB1 genetic alterations found in populations of patients with (n = 67) and without (n = 46) 5-FU-related toxicity, and
control population (n = 69)

Exon/intron UPB1 alteration (alternatively used
description)(protein change)

Genotype High-toxicity patients
N (%)

Low-toxicity patients
N (%)

Control population
N (%)

5’UTR c.-80C>G (42C>G)1 GG 22 (32.8) 16 (34.8) 20 (29.0)

CG 32 (47.8) 16 (34.8) 39 (56.5)

rs2070474 (transcription factors binding1) CC 13 (19.4) 14 (30.4) 10 (14.5)

5’UTR c.-66C>T 2 TT 0 0 0

CT 1 (1.5) 0 0

(unknown) CC 66 (98.5) 46 (100) 69 (100)

5’UTR c.-17A>T (105A>T)1 TT 2 (3.0) 1 (2.2) 1 (1.5)

AT 17 (25.4) 17 (36.9) 20 (29.0)

rs2070475 (transcription factors binding1) AA 48 (71.6) 28 (60.9) 48 (69.5)

i1 c.105-61A>G (IVS1-61A>G)1 GG 0 0 0

AG 3 (4.5) 0 5 (7.3)

rs2232865 (none1) AA 64 (95.5) 46 (100) 64 (92.7)

i6 c.791+30T>C (IVS6+30T>C)2 CC 0 0 0

CT 1 (1.5) 1 (2.2) 0

(unknown) TT 66 (98.5) 45 (97.8) 69 (100)

e7 c.872_873+11del132 mut/mut 0 0 0

wt/mut 1 (1.5) 0 0

(unknown) wt/wt 66 (98.5) 46 (100) 69 (100)

e9 c.957G>A (1078G>A)1 AA 0 0 0

AG 1 (1.5) 1 (2.2) 3 (4.4)

rs62231899 (none: silent p.V319) GG 66 (98.5) 45 (97.8) 66 (95.6)

e10 c.1086T>C (1207T>C)1 CC 0 0 0

CT 2 (3.0) 0 1 (1.5)

rs2232870 (none: silent p.Y362) TT 65 (97.0) 46 (100) 68 (98.5)

e10 c.1107C>T (1228C>T)1 TT 0 0 0

CT 1 (1.5) 0 1 (1.5)

(none: silent p.L369) CC 66 (98.5) 46 (100) 68 (98.5)

1As referred in Thomas et al. [16], 2novel variants ascertained in this study are highlighted in bold. Note: Hardy-Weinberg equilibrium p-values
(in parenthesis) for UPB1 variants in population of all patients and controls were: c.-80 C>G (p = 0.66); -66C>T (p = 1.0); c.-17A>T (p = 0.61);
c.105-61A>G (p = 1.0); c.791+30T>C (p = 1.0) ; c.957G>A (p = 1.0); c.1086T>C (p = 1.0); c.1107C>T (p = 1.0)



The first novel UPB1 variant, c.-66C>T was de-

tected only in one male gastric cancer patient (aged 70

years) who was treated by continuous intravenous

5-FU chemotherapy which was subsequently changed

to capecitabine. This patient developed neutropenia

(grade 4), diarrhea (grade 3), and mucositis (grade 2)

during the first cycle of chemotherapy. Alongside

c.-66C>T, this patient was also a heterozygotic carrier

of the c.-80C>G variant in UPB1. Moreover, previous

analyses revealed the c.-1T>C variant and the IVS1-

58CC variant in the DPYS gene of this patient, but no

sequence alteration in the DPYD gene. A second

novel UPB1 variant, c.791+30T>C in intron 6, was

detected in one high- and one low-toxicity patient.

A male colorectal cancer patient (aged 66 years) with

c.791+30T>C from the high-toxicity group developed

diarrhea (grade 3) following a continuous 5-FU/cape-

citabine therapy. An analysis of other genes coding

for the 5-FU catabolic enzymes in this patient re-

vealed the presence of one DPYS variant (c.-1CC),

and two frequent DPYD alterations [c.85T>C

(p.C29R) and c.496A>G (p.M166V)]. A male rectal

cancer patient (aged 66 years) with c.791+30T>C

from the low-toxicity group was treated by >10 cycles

of the bolus 5-FU regime without the appearance of

adverse events attributable to the 5-FU therapy. We

found another UPB1 variant (c.-80C>G) in this pa-

tient, while previous analyses had revealed the pres-

ence of DPYS variants (c.-1T>C and IVS1-58T>C)

and DPYD alterations (c.85T>C and c.496A>G). A third

novel UPB1 variant – c.872_873+11del13 – was found

in one male esophageal cancer patient (aged 52 years),

who developed neutropenia (grade 4), thrombocy-

topenia (grade 3), and leucopenia (grade 2) during the

course of the first cycle of continuous 5-FU/capecita-

bine chemotherapy. Besides a 13 bp deletion de-

scribed in this patient, we found another UPB1 vari-

ant (recessive homozygotic c.-80GG) after previously

detecting variants in DPYS (IVS1-58CC) and DPYD

[c.85T>C and c.2194G>A (p.V732I)].

Contribution of individual UPB1 coding

sequence alterations to the development of

serious toxicity

The risk of the development of high-grade site-specific

toxicity (Tab. 1) and overall hematological and gastrointes-

tinal toxicities was analyzed in carriers of the c.-80C>G,

c.-17A>T, and c.105-61A>G UPB1 variants (with MAF >

0.05) in a pooled cancer patient population (consisting of

the high- and low-toxicity patient subgroups; n = 113).

A strong positive correlation was found between

patients with the c.-80 GG genotype and the develop-

ment of severe (grade 3–4) mucositis (OR = 7.5; 95%

CI = 2.60 – 21.60; p = 0.0002) compared with pa-

tients carrying the c.-80CC or c.-80CG genotypes.

The frequency of mucositis was 39.5% in carriers of

the c.-80GG genotype (15 out of 38 patients) com-

pared with 8.0% in carriers of the c.-80CC and

c.-80CG genotypes (2 out of 27 patients and 4 out of

48, respectively). On the other hand, the c.-80GG

genotype was marginally associated with a decreased

risk of severe diarrhea (grade 3–4), compared with the

c.-80CC or c.-80CG genotypes (OR = 0.379; 95% CI

= 0.15 – 0.98; p = 0.044). No other significant genetic

association was found between c.-80C>G and other

site-specific or overall toxicities.

The two other frequent UPB1 variants (c.-17A>T,

and c.105-61A>G) did not show any significant ge-

netic associations with the evaluated toxicities.

Analysis of relative UPB1 gene expression

To analyze relative UPB1 gene expression with regard

to the toxicity and the UPB1 genotypes, we performed

a qPCR analysis in a subset of high-quality RNA sam-

ples (26/67 and 12/46 samples from high- and low-

toxicity subgroups, respectively) that were available

for this analysis. The qPCR reaction efficiency of

UPB1, GAPDH, and B2M was 0.91, 0.90, and 0.82,

respectively. The relative gene expression of UPB1

mRNA in peripheral blood lymphocytes did not differ

between samples from high- and low-toxicity sub-

groups (Tab. 4). The analysis in a pooled cancer patient

population (consisting of the high- and low-toxicity pa-

tient samples; n = 38; Tab. 4), revealed no association

of UPB1 expression with type and grade of

fluoropyrimidine-related toxicity or UPB1 genotype,

except for a borderline statistically significant down-

regulation of UPB1 gene expression in patients suf-

fered from mucositis grade 3–4 compared with pa-

tients without or with mild mucositis (grade 0–2).

Discussion

The human b-ureidopropionase gene (UPB1) mapped

to chromosome 22q11.2 contains 10 coding exons

[22]. The open reading frame codes for a protein con-
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sisting of 384 amino acids with a molecular weight of

43.1 kDa. The crystal structure of the BUP1 protein

from D. melanogaster shows that the active enzyme

forms a complex homooligomeric assembly [12]. The

activity of human BUP1 has been detected predomi-

nantly in the liver [21]. Several genetic alterations of

the UPB1 gene have been linked to inborn BUP1 defi-

ciency (MIM ID #613161), representing an extremely

rare autosomal recessive inborn error [2, 11, 13, 19,

20, 23]. Since the phenotypic manifestation of the

BUP1 deficiency may vary in affected individuals,

ranging from an asymptomatic course to severe im-

pairment, it is possible that UPB1 alterations could be

more frequent than has been assumed so far.

To establish the role of alterations in the UPB1

gene on uracil catabolism, Thomas et al. [16] geno-

typed 219 healthy asymptomatic volunteers of an

African-American and Caucasian origin, assorted ac-

cording to the results of a uracil breath test (13C-

UraBT) and DPD enzyme activity. The most frequent

UPB1 alterations found in our study and in the analy-

sis of the Caucasian subgroup by Thomas et al. [16]

were the c.-80C>G, c.-17A>T, and c.105-61A>G in-

tronic variants. Based on a software prediction, Tho-

mas et al. deduced that the c.-80C>G and c.-17A>T

variants may alter possible binding sites for the AP1

and USF transcription factors. They also found that

the c.-80C>G allele was associated with an impair-

ment of 13C-UraBT, a decreased DPD activity, or both

in volunteers of an African-American (but not Cauca-

sian) origin. However, the c.-80C>G and c.-17A>T

variants were also present in numerous volunteers

having normal 13C-UraBT and normal DPD enzyme

activity. In our study, the carriers of the c.-80GG

genotype were in a significantly higher risk of devel-

oping serious mucositis, compared with the carriers of

other genotypes. The exact biological sequelae of this

association are unclear; however, we observed a 1.85-

times lower gene expression of UPB1 in a subset of

patients with severe mucositis and a statistically non-

significant decrease of UPB1 expression in carriers of

c.-80GG genotype. We are aware that the expression

data must be evaluated with an extreme caution as i) it

has been analyzed in a subpopulation of cancer pa-

tients only and ii) the expression of UPB1 in periph-

1240 Pharmacological Reports, 2012, 64, 1234�1242

Tab. 4. Analysis of UPB1 expression in 26 high- and 12 low-toxicity patients described as the relative UPB1 expression ratio between analyzed
groups. The UPB1 expression was normalized to the expression of the reference genes B2M and GAPDH

Analyzed groups Relative UPB1 expression analysis (REST software)

Classified by toxicity Expression ratio Standard error 95% C.I. p Result

HTP vs. LTP

(n = 26 vs. 12)
1.20 0.47 – 3.32 0.17 – 8.57 0.5

HTP + LTP

Hematological toxicity gr. 3 + 4 vs. 0 + 2

(n = 13 vs. 25)
0.71 0.23 – 2.08 0.07 – 6.382 0.2

GIT toxicity gr. 3 + 4 vs. 0 + 2

(n = 23 vs. 15)
0.88 0.32 – 2.60 0.19 – 7.73 0.6

Mucositis gr. 3 + 4 vs. 0 + 2

(n = 9 vs. 29)
0.54 0.17 – 1.49 0.06 – 3.55 0.041 DOWN

Classified by UPB1 genotype

HTP + LTP

c.-80CG genotype vs. CC genotype

(n = 21 vs. 6)
0.97 0.36 – 3.05 0.11 – 7.72 0.9

c.-80CC+CG genotypes vs. GG genotype

(n = 11 vs. 27)
0.73 0.29 – 1.81 0.12 – 7.17 0.2

c-17AA genotype vs. AT genotype

(n = 12 vs. 26)
0.84 0.32 – 2.40 0.11 – 6.55 0.5

Abbreviations: HTP – high-toxicity patients; LTP – low-toxicity patients; HTP + LTP – pooled group of HTP and LTP; C.I. – confidence interval



eral blood lymphocytes could not reflect the expres-

sion in other tissues.

The most interesting UPB1 variant described in our

study was the deletion of 13 nucleotides affecting an

exon-intron borderline at the end of exon 7

(c.872_873+11del13), found in a patient with serious

hematological toxicity. This variant completely re-

moves the 5’ donor splicing site of intron 7. To verify

the UPB1 splicing aberration in this patient (data not

shown), we amplified a full-length UPB1 sequence

(using PCR primers localized in the 5’ UTR and 3’

UTR sequences flanking to the exon 1 and exon 10,

respectively) from the cDNA. The resulting ampli-

cons were sequenced bi-directionally; however, all se-

quencing chromatograms contained the non-truncated

wt UPB1 mRNA sequence at the end of exon 7. We

also analyzed the sequence using the splicing sites

prediction algorithms [ESEfinder 3.0 (http://ru-

lai.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi), BDGP

(http://www.fruitfly.org/seq_tools/splice.html), and Net-

Gene 2 (http://www.cbs.dtu.dk/services/NetGene2/)] re-

sulting in various inconsistent predictions of putative

alternative 5’ splicing sites localized within the intron 7

sequence (data not shown). The predicted 5’ splicing

sites with the highest probability lead to the retention

of the 5’ proportion of intron 7 and a frame shift start-

ing with glycine 290 and a premature termination of

the translation product (following 28 or 48 amino ac-

ids). It is possible that the presence of a premature ter-

mination codon activates a nonsense-mediated decay

resulting in the sequestration of aberrantly edited

mRNA expressed from the mutated allele [14].

In conclusion, the results of our retrospective phar-

macogenomic study indicate that the UPB1 gene vari-

ants may contribute to the development of site-related

toxicities in a subpopulation of FP-treated patients.

However, the ascertained UPB1 variants probably

have only an additive and relatively minor effect on

the development of 5-FU-related toxicity compared

with the effect of DPYD variants. Since this report is

the first analysis of the UPB1 gene in patients suffer-

ing from high-grade toxicity following a treatment

with FPs, the results need to be interpreted with cau-

tion, and the conclusions of our study require further

validation by independent analyses. Moreover, the

functional studies unequivocally proving the missing

link between the genotype analysis and phenotypic

evaluation of the BUP1 catalytic activity in relation to

5-FU-related toxicity are necessary.
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