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5-Fluorouracil (5-FU) remains one of the most frequently prescribed
chemotherapeutic drugs for the treatment of colorectal cancer. The 5fluorouracil pathway is affected by a number of genes that are known
to be polymorphic, one of them is dihydropyrimidine dehydrogenase
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a possible association with 5-FU toxicity and ABO blood groups has

Biotechnology, Ahfad

been evaluated. A PCR-RFLP designed to detect DPYD IVS14+1G>A

University for Women,

polymorphism was used. Results have shown the frequency of cases to

Khartoum, Sudan.

controls with DPYD IVS14+1G>A polymorphism was (37%:25%
respectively), while cases to controls with wild type was (63%:75%

respectively). There is a significant association between male and female cases with
heterozygous G/A genotype and carriers of blood group O and A respectively. There was no
significant association between DPYD IVS14+1G>A polymorphism and neutropenia toxicity.
Significant association were found between DPYD IVS14+1G>A polymorphism and 5-FU
GI toxicity. The experienced 5-FU toxicities by cases in the present study emphasize the
importance to incorporate DPYD gene polymorphism assessment test to all colorectal cancer
patients who candidate to use 5-FU to enhance the prediction of 5-FU toxicity. This could be
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added to DPYD IVS14+1G>A polymorphism screening with the PCR-RFLP technique is
simple and inexpensive (Approximately 8-10$).
KEYWORDS: DPYD IVS14+1G>A, 5-flurouracil, Toxicity, Colorectal cancer, Khartoum
state.
INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the third leading cause of
cancer- related death worldwide.[1,2] The 5-flurouracil (5-FU) chemotherapy belongs to a
group of substances called anti metabolites which are very similar to normal substances
within the cell. Anti metabolite drugs work by inhibiting essential biosynthetic processes, or
by being incorporated into macromolecules, such as DNA and RNA, and inhibiting their
normal function so the cell become unable to divide. 5-FU does both inhibitions.[3] 5Fluorouracil (5-FU) remains one of the most frequently prescribed chemotherapeutic drugs
for the treatment of cancer including colorectal cancer. 5-FU is metabolized via two routes.
The anabolic route gives rise to active metabolites which disrupt RNA synthesis and the
action of thymidylate synthase (TS). The catabolic route which inactivates 5-FU and leads to
the elimination of the drug from the system.[4]
The rate-limiting enzyme in 5-FU catabolism is dihydropyrimidine dehydrogenase (DPD),
which converts 5-FU to dihydrofluorouracil (DHFU) in normal and tumor cells. More than
80% of administered 5-FU is normally catabolized primarily in the liver, where DPD is
abundantly expressed.[3] In two large prospective cohorts no significant association between
ABO blood group and risk of colorectal cancer was observed.[5]
The 5-fluorouracil pathway is affected by a number of genes that are known to be
polymorphic, one of them is dihydropyrimidine dehydrogenase (DPYD) gene.[4] The DPYD
gene is located on the short arm of chromosome 1, 1p22, and has been found to harbor
several mutations.[6] The most prominent mutation of the DPYD gene resulting in severe DPD
deficiency is IVS14+1G>A, resulting in the replacement of guanine 1986 (G) with an
adenine (A) at the end of exon 14. This mutation does not allow the recognition of the splice
site in the sequence GT at the 5´ of the intron 14, causing the deletion of the entire exon 14,
the loss of 165bp and the generation of a protein with reduced or absent enzymatic activity.[6,
7, 8&9]

The mutation of the DPYD gene which codes for DPD enzyme may occur both in
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homozygosity and in heterozygosity and results in the synthesis of a functionally inactive
enzyme transmitted in an autosomal recessive inheritance.[6]
The most convenient and accurate platform useful clinically for the prediction of DPD
enzyme activity and 5-FU efficacy is genetic analysis.[8] As example the Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) method requires only
PCR and one or two enzyme (s), and is technically less demanding than most other molecular
biological approaches. It has been found that homozygous DPYD*2A genotype results in
complete deficiency while the heterozygous DPYD*2A genotype results in partial deficiency
of DPD.[7]

DPD activity is completely or partially deficient in 0.1% and 3%–5% of

individuals in the general population, respectively and DPD deficiency have been associated
with severe toxicity occurred early during treatment due to drug accumulation in tissues.[6, 7
&11]

The toxicity resulting from treatment is routinely assessed following each cycle of
chemotherapy, and may result in therapy being modified on subsequent cycles, for example, a
dose reduction, a delay in treatment or, in some cases, an alternative treatment. A number of
international rating scales are available for rating predictable acute reactions arising from
chemotherapy, including that of the National Cancer Institute Common Toxicity Criteria.[12]
Many studies were performed around the world concluded that the mutations in exon 14 of
DPYD gene are responsible for a significant proportion of life-threatening toxicity to 5Fluorouracil.[7 & 13]
Earlier studies had reported genotype and allelic frequencies of the DPYD IVS14+1G>A
mutation in different ethnic populations. For example, 3% of the Caucasian population carry
DPYD*2A in exon 14 of DPYD and 6.5% in south Indian populations while the allelic
frequency of 0.75%, 0.98%, 0.91% and 0.94% in Turkish, French, Dutch and German,
respectively. However, no IVS14+1G>A mutation was found among 121 Korean, 300
Taiwanese, 239 Egyptians, 190 African Caucasian-African, 105 African –Americans and
Japanese populations in previous studies.[8, 14 & 15]
Previous study concluded that carriers of the DPD exon 14-skipping mutation are at
significantly increased risk to experience life-threatening myelosuppression upon 5-FU
treatment, even when the allelic status is heterozygous. These data lead us to suggest routine
testing for the exon 14-skipping mutation before 5-FU treatment.[16] The data reported in
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previous study suggest that greater dose reductions or alternative therapies are needed for
patients with DPYD IVS14+1G>A mutations.[6]
The activity of dihydropyrimidine dehydrogenase enzyme (DPD) varies widely, with most of
the variability arising from genetic polymorphisms in the DPYD gene. Patients who are
partially or totally deficient in DPD activity due to mutation in DPYD gene cannot adequate
degrade 5-flurouracil (5-FU). 5FU has a relatively narrow therapeutic index, therefore
toxicity increases as the dose is increased, resulting in escalated plasma levels of the drug
leading to an increased risk to severe toxicity.
Pharmacogenetic testing for DPYD polymorphisms can help to predict the risk of toxicity
with 5-FU based chemotherapy. PCR-RFLP test can be used to screen patients for DPD
deficiency before their first treatment with 5-FU in a rapid and low invasive way, allowing
oncologists and their patient make more informed treatment decision. This would greatly
improve cancer patients’ quality of life.
The aim of this study is to investigate the allele and genotype frequency of DPYD
IVS14+1G>A polymorphism among Sudanese individuals diagnosed with colorectal cancer
and receiving 5-FU chemotherapy compared to healthy controls. The wild and mutant types
of DPYD gene were detected and a possible association with 5-FU toxicity and ABO blood
groups has been evaluated.
MATERIALS AND METHODS
Ethical consideration
Approval and ethical consideration were obtained from Ahfad ethical committee review
board and all study participants were signed written consent.
Study participants
One hundred and one cases were enrolled after being diagnosed with colorectal cancer by
clinicians at Radio Isotope Center Khartoum (RICK) and received 5-Flurouracil
chemotherapy as part of FOlFOX4 protocol. Individuals who refused to participate in the
study, did not have 5-flurouracil in their treatment protocols or individuals with blood
transfusion within three days from sample collection had been excluded from this study.
Blood Samples of hundred healthy controls were taken from central blood bank had agree to
participate in this study.
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Sample collection
Three milliliters of venous blood were obtained from each participant in EDTA container.
Blood Samples were taken in a period from March 2014 to August 2014.
The hematological parameters (ABO blood groups and neutropenia) were examined. The
ABO blood typing was tested by the classical method and neutropenia was assessed routinely
before each cycle as a measurement of toxicity. The non hematological parameters (nausea,
diarrhea and vomiting) had also been evaluated. They were the most prevalent toxicities
recorded according to RICK center and to previous studies.[10, 17& 18] All of the cases who had
received at least one course of chemotherapy were evaluated for toxicity which was measured
according to Common Toxicity Criteria (Version 0.2).
The samples were stored at -20˚C for genotype analysis. Genomic DNA was extracted from
nuclear cells by standard protocol with chelex 6% (Instagene) method. DPYD IVS14+1G>A
polymorphism was evaluated by PCR-RFLP for 5-FU toxicity.
The PCR temperature profile was as follow: An initial denaturation step at 94˚C for 3
minutes was followed by 35 cycles of denaturation at 94 ˚C for 30 seconds, annealing at 60˚C
for 30 seconds, and extension at 72˚C for 60 seconds, with a final extension step of 72˚C for
5 minutes. Primers sequences (DPYD-R 5´-CTT GTT TTA GAT GTT AAA TCA CAC
ATA-3´, DPYD-F 5´-ATC AGG ACA TTG TGA CAT ATG TTT C-3´) were selected to
allow the amplification of polymorphic DPYD gene.[13]
The PCR product sizes were estimated from their distance of migration relative to the DNA
marker size. Samples were scored as positive when a PCR product of a band specific to the
amplified sequence was detected (198 bp).
The allele and genotype frequencies of the DPYD IVS14+1G>A mutation were tested by
Hardy- Weinberg equilibrium and the chi-square test in SPSS statistic program. Statistical
significance was defined as P value <0.05.
RESULTS AND DISCUSSION
Results
One hundred and one cases that diagnosed with colorectal cancer were received 5-Flurouracil
chemotherapy at different stages of treatment, 59.4% were males and 40.6% were females
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with median age 46 years. In addition hundred healthy controls, 64% were males and 36%
were females with median age 40 years were investigated in this study.
A diagnostic band has been obtained by RFLP using Nde1 enzyme. The digested mutant
alleles IVS14+1G>A yielded fragments of 154 bp, 27 bp and 17 bp and the wild type allele
yielded 181 bp and 17 bp fragments as shown in figure.1.

Figure.1 The Nde1 restriction profiles of DPYD gene IVS14+1G>A polymorphism
lane M shows DNA ladder 100-1000bp, Vivantis; lane 1 shows undigested PCR product 198
bp; lane 2&4 shows homozygous A/A genotype 154, 27 and 17 bp; lane3 shows
heterozygous G/A genotype 181, 154, 27,17 bp. The 27 and 17 bp fragments are not visible
on the gel.
Among all cases there were 11.9% of cases detected as heterozygous for the DPYD
IVS14+1G>A polymorphism compared to 16% healthy controls (P value = 0.39).
The homozygous for the DPYD IVS14+1G>A polymorphism were 24.8% cases compared to
9% controls (P value 0.003). There were 63.4% cases detected as wild type for the DPYD
IVS14+1G>A polymorphism compared to 75% healthy controls (P value = 0.07).
The frequency of allele A among cases was found to be 20.5% compared to 11.3% among
controls (P value 0.002). Whereas the frequency of allele G among cases was 46.2%
compared to 55.3% among controls (P value 0.025).
Among all cases, twelve cases were detected as heterozygous genotype for DPYD
IVS14+1G>A polymorphism as shown in figure.2.
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Figure.2 Association of heterozygote G/A genotype with ABO blood groups among cases
There was no significant association detected with neutropenia toxicity.
Among twelve cases who were detected as heterozygous genotype for DPYD IVS14+1G>A
polymorphism, figure.3 shows the correlation of heterozygote G/A genotype with nausea
grades.

Figure.3 Association of heterozygote G/A genotype with nausea grades among cases
Twenty five cases were detected as homozygous genotype for DPYD IVS14+1G>A
polymorphism, the correlation with diarrhea grades were shown in figure.4.

Figure.4 Association of homozygote A/A genotypes of DPYD with diarrhea grades
among cases
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Twenty five cases were detected as homozygous genotype for DPYD IVS14+1G>A
polymorphism, figure.5 shows the correlation with vomiting grades.

Figure.5 Association of homozygote A/A genotype with vomiting grades among cases
DISCUSSION
Regarding the genotype analysis there was a wide interethnic and intergeographical
difference in the allele types and frequency of DPYD gene.
The present study is one of the leading study to document the allele and genotype frequency
of DPYD IVS14+1G>A polymorphism among Sudanese population. It has been found that
the frequency of cases to controls with DPYD IVS14+1G>A polymorphism was 37%:25%
respectively, while cases to controls with wild type was 63%:75% respectively.
The individuals with homozygote A/A genotype were 25% among cases compared with 9%
among healthy controls (P value =0.003). While the individuals with heterozygote G/A
genotype were 12% among cases compared with 16% among healthy controls. On the
contrary, no DPYD IVS14+1G>A mutation was found among the 239 Egyptians.[17]
These findings might indicate that a possible association between homozygote A/A genotype
of DPYD and the toxicities of 5-FU due to DPD enzyme deficiency in cases with colorectal
cancer as demonstrated in previous study.[7] The present study have also found allele A
frequency was 20.5% among cases and 11.3% among healthy controls (P value=0.002),
whereas allele G frequency was found to be 46.2% among cases and 55.3% among controls
(P value=0.025). Several studies had reported allelic frequencies of the IVS14+1G>A
mutation in different ethnic populations.[17] However, the sample size in some of these studies
was too small to yield reliable and consistent data, thus leading to conflicting conclusions. In
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one Turkish study which was done to investigate the allele frequency of DPYD IVS14+1G>A
mutation, it has been found that, there were no significant frequency difference of allele A
and G in cases compared to controls. This is more supported by the Egyptian study.[14]
The present study findings may suggest that a possible association between allele A and
susceptibility to 5-FU toxicity in cases with colorectal cancer, while allele G is highly
expressed in normal individuals.
Regarding the relation between genotype and ABO blood groups as hematological
parameters, it has been found that there is significant association between males and females
cases with heterozygous G/A genotype and carriers of blood groups O and A (P value 0.070
and 0.023 respectively). From the present study, it is likely to suggest that males carriers of
blood group O are heterozygous G/A of DPYD gene and females carriers of blood group A
are heterozygous G/A of DPYD gene.
Regardless male to female ratio, the cases were detected as homozygous A/A genotype were
clearly observed with blood group A carriers while, cases detected as wild type G/G and
heterozygous G/A genotype were highly observed with both blood group O and A carriers.
Regarding the relation between genotype and neutropenia as hematological parameter, there
was no significant association between DPYD IVS14+1G>A polymorphism and neutropenia
toxicity which is contradicted with a study which reported that IVS14+1G>A mutation was
most frequently associated with toxicity including neutropenia.[19]
Regarding the relation between genotypes and non-hematological parameter, nausea toxicity,
significant associations were found between males and females cases with heterozygous G/A
genotype and nausea grades with (P value 0.014 and 0.004 respectively). It has been found
that males cases with heterozygous G/A genotype mainly had nausea within normal level
while female cases with heterozygous G/A genotype mainly had grade I nausea toxicity.
These finding agrees with earlier study suggest that profound DPD deficiency and death
secondary to 5-FU do not always involve simple homozygote genotypes.[16]
Regarding the relation between genotype and non-hematological parameter, diarrhea toxicity,
significant associations were found between males and females cases (P value 0.02 and 0.009
respectively) with homozygous A/A genotype and diarrhea grades toxicity. The males with
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homozygous A/A genotype mainly had diarrhea within normal level while females with
homozygous A/A genotype had grade III diarrhea toxicity.
These findings in line with many studies were performed around the world concluded that the
polymorphism in IVS14+1G>A of DPYD gene are responsible for a significant proportion of
life-threatening toxicity to 5-Fluorouracil.[9, 10, 11&20]
Regarding the relation between genotype and non-hematological parameter, vomiting
toxicity, relevant associations were found between males and females cases (P value 0.07 for
both) with homozygous A/A genotype and vomiting grades toxicity. Males with homozygous
A/A genotype had vomiting within normal level while females with homozygous A/A
genotype mainly had grade I vomiting toxicity.
Importantly to mention that the majority of females had experienced nausea, diarrhea and
vomiting with variation in grades I, II and III toxicity while the majority of males had been
within normal level.
A significant relation between vomiting grades with diarrhea grades (P value 0.01) has been
noted. These findings indicate the cases that had diarrhea toxicity may be susceptible to have
vomiting toxicity too.
CONCLUSION
The high number of cases receiving 5FU-based therapies per year and the experienced 5-FU
toxicities by cases in the present study emphasize the importance to incorporate DPYD gene
polymorphism assessment test to all colorectal cancer patients who candidate to use 5-FU in
their treatment protocol to enhance the prediction of 5-FU toxicity. This could be added to
DPYD IVS14+1G>A polymorphism screening with the PCR-RFLP technique is simple and
inexpensive.
The important gains in terms of health care costs will be the reduction in hospitalization or
death for severe complications (e.g: extensive and expensive medical care is often required to
manage toxicities induced by anticancer agents) and the possibility for the patients to
maintain their treatment regimens within a simple and economic screening test. Further
studies are recommended to detect the other polymorphisms of DPYD gene, drug
metabolizing genes and explore in detail the impacts of it on drug toxicity, with regarding the
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factors considered to be promoters of carcinogenesis as age, gender, diet, growth factors, and
chronic irritation.
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