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Introduction:  The  transcriptional  activity  of the UGT1A1  gene  is  modulated  by a  variable  number  of repeti-
tions  of  the  dinucleotide  (TA)  within  its  promoter  region.  By comparison  to the  most  common  allele  (TA)6

(UGT1A1*1),  decreased  activity  is observed  with  increasing  TA  repetitions.  The  aim  of  this  study  was to
determine  whether  the  presence  of the  variant  allele  UGT1A1*28,  harbouring  seven  TA  repetitions,  (TA)7,
in the homozygous  state,  is  associated  with  precancerous  colonic  lesions  and/or  with  specific  colorectal
cancer  characteristics.
Material and methods:  All patients  treated  for  colorectal  cancer  in  a tertiary  care  centre,  between  January
2009 and  December  2013,  who  had routine  UGT1A1  genotyping  for  irinotecan  dose-adjustment  were
included.  Data  were  retrospectively  collected.
Results: 292  patients  were  enrolled,  including  23  UGT1A1*28/*28  homozygous  (7.9%),  137  wild type
homozygous  (46.9%)  and 132  heterozygous  (45.2%).  There  were  no  significant  differences  in phenotypic
colonic  characteristics  between  homozygous  and  heterozygous  patients  carrying  the UGT1A1*28  allele

as compared  to  *1/*1  homozygous.  Patients  treated  with  aspirin  were  significantly  more  common  in the
UGT1A1*28/*28  homozygous  group  than  in  the other  groups  (7/23  (30.4%)  compared  to 22/269  (8.2%),
p  = 0.001).
Conclusion:  Dinucleotide  polymorphism  in  the  promoter  region  of  the  UGT1A1  gene  is not  associated  with
a specific  colonic  phenotype  in  patients  with  sporadic  colorectal  cancer.

 Gast
© 2018  Editrice

. Introduction

According to the 2012 GLOBOCAN, colorectal cancer (CRC) is
he third most common cancer in men  (746,000 cases, 10.0% of
he total) and the second in women (614,000 cases, 9.2% of the

otal) worldwide [1]. Some risk factors for colorectal cancer are
ell-known such as age, family history of CRC in the first degree, a
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body mass index (BMI) greater than 25 kg/m2, tobacco usage, and
red meat consumption [2].

Xenobiotics are exogenous substances (drugs, food components
or environmental pollutants). Some of these are involved in col-
orectal carcinogenesis [3]. Xenobiotic metabolism, mainly operated
by the liver, is based on the coordinated action of biotransformation
enzymes and transporters expressed by the biliary membranes of
hepatocytes. Phase I enzymes, mainly cytochrome P450 monooxy-
genases, ensure functionalization reactions, while phase II enzymes
perform the conjugation reactions [4,5].
Uridine-diphospo glucuronosyltranferases (UGTs) catalyse the
conjugation reactions of endogenous (e.g., bilirubin, bile acids,
steroid hormones) and exogenous substrates with glucuronic acid.
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his process favours the formation of hydrophilic compounds
hich are excreted through the bile ducts or urinary tract [6].
GT1A1, one of nine human isoforms, is involved in the metabolism
f carcinogens such as polycyclic aromatic hydrocarbons (PAH) or
-amino-1-methyl-6-phenylimidazo (4,5-b) pyridine (PhIP) (ref-
rence). These carcinogens are involved in the development of
olorectal, breast and prostate cancer [7,8].

The UGT1A1 gene has over 60 different genetic polymorphisms
9]. Allelic variations have been described in the UGT1A1 gene, both
n the promoter and in its 5th exon. The most common (wild-type)
llele UGT1A1*1 comprises six Thymine–Adenine (TA) dinucleo-
ide repeats in the promoter region (in the vicinity of the TATA
ox). The number of TA repeats, ranging from five (UGT1A1*36,
roficient allele) to eight (UGT1A1*37, deficient allele). UGT1A1* 28
ariant, contains 7 TA repeats, is a frequent variant associated with
ilbert’s syndrome in the Caucasian population. It was  the only
ariant investigated in this study. This insertion affects the pro-
oter binding of the transcription factor IId (TFIId), which plays

 major role in the initiation of transcription. Consequently, this
olymorphism is associated with variations in the level of enzyme
ctivity, which is inversely proportional to the number of (TA) repli-
ates. Homozygous carriers for the UGT1A1*28 allele have a 70%
ower transcription rate, and a corresponding decreased enzyme
ctivity, in contrast to UGT1A1*1 [10]. We  hypothesised that the
educed UGT1A1 enzyme activity observed in UGT1A1*28 carri-
rs, by reducing procarcinogen elimination, could influence the
ccurrence of precancerous colic lesions and/or the characteristics
f colorectal cancer. It is now well-established that the location
f the primitive tumour correlates with clinical outcome. Right-
ided colorectal cancer is becoming increasingly frequent, and has
articular clinical and biological characteristics, along with a poor
rognosis [11]. A study by Van Der Logt et al. showed that UGT1A6
ariants were associated with proximal CRCs whereas UGT1A7
ariants were associated with distal CRCs [12]. These results sug-
est a potential role for UGTs in the colonic phenotype, though
omplementary data are needed. Besides their unique association
ith colorectal cancer risk, UGTs and other metabolizing enzymes

re central to the metabolism of aspirin and other non-steroidal
nti-inflammatory drugs (NSAIDs). These agents have a protec-
ive effect on colon neoplasia and previous studies have shown
hat genetic polymorphisms of NSAID-metabolizing enzymes may

odulate their chemopreventive effects [13–16].
This study aimed at evaluating a link between a common genetic

olymorphism of UGT1A1 and the colorectal phenotype of patients
ith sporadic colorectal cancer.

. Materials and methods

This study was retrospective and conducted in a tertiary care
ospital. All adult patients with histologically proven diagnosis of

nitial or secondary metastatic colorectal cancer, treated between
anuary 2009 and December 2013, were included. Patients with
ynch syndrome, Familial adenomatous polyposis (FAP), inflam-
atory bowel disease and synchronous colorectal cancer were

xcluded. Data were retrospectively collected from electronic med-
cal records.

All patients underwent UGT1A1*28 genotyping after informa-
ion and written consent, in anticipation of a treatment with
rinotecan. Data retrieved from medical records were gender, age
t diagnosis, Body Mass Index (BMI), family history of colorec-
al cancer and daily aspirin use. Overweight was  defined as a
MI  greater than 25 kg/m2 and obesity was defined as a BMI

reater than 30 kg/m2. Familial history included colorectal can-
er history in a first-degree relative. The colorectal phenotype of
atients was established from data obtained by colonoscopy at
iagnosis and/or colonoscopies performed in the five years pre-
 Disease 51 (2019) 579–583

ceding or following diagnosis, as well as the study of surgical
specimens if necessary. Data were thus collected from the primary
tumour, including location, size, pathologic description (differen-
tiation, mucinous component, presence of vascular emboli and/or
perineural invasion), TNM (2017) stage and biological molecular
data (MMR  status, KRAS and BRAF status). MMR  status was deter-
mined by microsatellite instability (MSI) testing. Genomic DNA was
extracted from either paraffin-embedded tissues or frozen sam-
ples. MSI  was  assessed using five consensus nucleotide repeats
(BAT-25, BAT-26, NR-21, NR-24 and NR-27), as recommended [17].
MSI  was defined by the presence of instability affecting at least
two markers. The same tumour DNA was  used to determine KRAS
mutation (codons 12 and 13) and BRAF mutation (V600E) status.
Additional data were collected from the colorectal lesions: size,
number, proximal or distal location, and pathological description.
Right lesions were between the caecum and the left corner, left
lesions were located between the left corner and the rectosig-
moid junction, rectal location was separated. Different polyps were
classified as adenomas (tubular, villous or tubulovillous) accord-
ing to their degree of dysplasia (low or high grade) or hyperplastic
polyps. Advanced adenomas were defined as adenomas whose size
was ≥ 10 mm or with a villous component or high-grade dysplasia.

UGT1A1 genotyping assay
Genomic DNA was  extracted from peripheral blood leukocytes.

The promoter region of the UGT1A1 gene containing the TATAbox
was amplified by polymerase chain reaction (PCR) with a DNA  ther-
mal  cycler, using the forward primer GCTCCACCTTCTTTATCTCTG
and the fluorescent reverse primer FAM-CAGCATGGGACACCACTG.
The PCR reaction was  carried out in a total volume of 50 �L,
containing 100 ng total DNA, 1 �L of each primer (10 �M),  5 �L
Accuprime

®
PCR buffer II (10X), and 1 �L Taq polymerase (Invit-

rogen, Carlsbad, Calif, USA). The amplification protocol consisted
of an initial denaturation step at 95 ◦C for 4 min, 22 thermocy-
cling cycles (annealing at 55 ◦C for 60 s and primer extension at
72 ◦C for 30 s) and a final extension step at 72 ◦C for 10 min. The
length of the PCR product generated depended on the number of
Thymine-Adenine (TA) repeats in the promoter region. PCR prod-
ucts were separated by size using capillary electrophoresis on
an Applied 3130XL DNA capillary sequencer (Applied Biosystems,
Carlsbad, Calif, USA). The GeneScanTM 500 ROXTM Size Standard
was used as a standard to extrapolate the size of the sample product
peaks. The method has been previously validated in our labora-
tory against Sanger sequencing. Three different genotypes were
defined: homozygous for the (TA)6/(TA)6 allele, homozygous for
the *28 variant (TA)7/(TA)7 and heterozygous (TA)7/(TA)6. We  used
a simple calculator to determine whether observed genotype fre-
quencies were consistent with Hardy-Weinberg equilibrium. We
compared homozygous (TA)7/(TA)7 with heterozygous (TA)7/(TA)6
and homozygous patients (TA)6/(TA)6.

2.1. Statistical analysis

Descriptive data are described as means + standard deviation or
percentages. Statistical analysis was  performed using STATA 9 and
ExcelStat software. The Chi2 test was used to assess the association
between UGT1A1 polymorphism and colorectal phenotype. The
Student test was  used for comparisons of means. P < 0.05 indicated
statistical significance.

3. Results

3.1. Patients
Six hundred and fifty-three blood samples were taken for
UGT1A1 genotyping between January 2009 and December 2013, of
which 304 corresponded to a diagnosis of colorectal cancer. Among
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Fig. 1. Flow chart. Process used to select the patients to be analysed.

Table 1
Patient characteristics (n = 292).

Number %

Gender
Female 136 46.6
Male 156 53.4

Age  at diagnosis
Average 65.4 years
Median 65 years
Min-Max 25–91 years

Aspirin use 29 10
Familial history 32 11.0
BMI  (n = 286)

≥30 58 20.3
25  ≥ BMI > 30 90 31.5
<25  144 48.2

UGT1A1 status (n = 292)
(TA)7/ (TA)7 23 7.9
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Table 2
Colorectal phenotype: cancer charateristics.

Number %

Stage at diagnosis (n = 291)
Non metastatic 122 41.9
Metastatic 169 58.1

Stage I 6 2
Stage II 31 10.7
Stage III 85 29.2
Stage IV 169 58.1

Location (n = 292)
Proximal 90 30.8
Distal 202

Left-side 126 43.2
Rectum 76 26.0

Differentiation (n = 271)
Well to moderately differentiated 216 79.7
Poorly differentiated 55 20.3

Mucinous component 57 20.65
Microsatellite instability (n = 153)

MSS  140 91.5
MSI  13 8.5

KRAS (n = 256)
KRAS wild-type 154 60.2
KRAS mutation 102 39.4

BRAF (n = 231)
BRAF wild-type 214 92.6
BRAF mutation 17 7.4

Table 3
colorectal phenotype: adenomas and hyperplastic polyps.

Number %

Patients with a complete colonic exploration 212 72.6
No  polyps/adenomas 110 51.9
Adenomas 89 42

Only proximal 29 32.6
Only distal 35 39.3
Proximal and distal 25 28.1

Advanced adenomas 51 57.30
Average number of adenomas 2.4/patient (1–15)
Hyperplastic polyps 49 23.1

Only proximal 7 14.30
Only distal 37 75.5
Proximal and distal 5 10.2
(TA)7/ (TA)6 132 45.2
(TA)6/ (TA)6 137 46.9

hem, 12 were excluded (one patient had a cancer with a neuroen-
ocrine component, 2 patients had ulcerative colitis (UC), and 9
ad synchronous colorectal cancers). Of the 653 patients who  bene-
ted from UGT1A1 genotyping during the study period, 292 patients
ere included (Fig. 1). Most patients shared a Caucasian genetic

ackground. There were no patients with FAP or Lynch syndrome.
atients were predominantly men  (n = 156, 53.4%) and the mean
ge at diagnosis was 65.4 years. Fifty-eight (20.3%) were obese with

 BMI  greater than 30 kg/m2. Aspirin use was not frequent (10%,
 = 29) and was prescribed for secondary cardiovascular preven-
ion, at a daily dose of 75 or 160 mg  (Table 1). The UGT1A1 genotypes
mong patients were as follows: 7.9% (n = 23) were homozygous for
he UGT1A1*28 allele ((TA)7/(TA)7), 46.9% (n = 137) were homozy-
ous for the common allele UGT1A1*1 ((TA)6/(TA)6) and 45.2%
n = 132) were heterozygous (TA)7/(TA)6. Our observed genotype
requencies did not deviate from the Hardy-Weinberg equilibrium
p value 0.254409)

.2. Colorectal phenotype

Among the 292 patients, 169 were metastatic at diagnosis
58.1%). When the disease was not metastatic, stage III accounted
or nearly one third of patients (n = 85, 29.2%). Right location
as observed in 31%, the remaining 69% having distal tumours.
icrosatellite instability analysis was performed in 153 patients

79.7%). The tumour had a stable molecular phenotype (MSS) in

1.5% of cases (n = 140). Among the 13 cases with unstable pheno-
ype (MSI), none had Lynch syndrome. When the KRAS status was
equested, it was mostly of wild-type genotype (n = 154, 60.2%).
RAF mutation was detected in 17/23 (7.4%) of patients (Table 2).
Average number of hyperplastic polyps 2.4/patient (1–8)
Proximal adenomas and/or hyperplastic polyps 58 27.36

Among the 292 patients, 212 (72.6%) underwent complete colon
exploration, either at diagnosis by full colonoscopy, or during
cancer surgery (surgical specimen and colonoscopy pre or post-
operative) or within five years before or after the diagnosis. Patients
who did not undergo complete exploration had either stenos-
ing tumour with metastatic disease at the onset, contraindicating
surgery, or died before the completion of examinations. About
51.9% of patients with a complete colonic exploration had neither
hyperplastic polyps nor adenomatous polyps. Eighty-nine patients
(42%) had adenomas, including 51 advanced adenomas. The aver-
age number of adenomas was 2.4 per patient, with a maximum of 15
adenomas per patient. Forty-nine patients (23.1%) had hyperplastic
polyps. The average number of hyperplastic polyps per patient was
also 2.4 (Table 3).

Study according to UGT1A1 polymorphism
There was no significant difference in the colorectal phenotype

characteristics of the cancer or polyp in homozygous patients for
the variant *28, (TA)7/(TA)7, by comparison with carriers of the
common allele (Table 4). There was a significant difference in the
proportion of patients treated with aspirin, with a higher preva-

lence in homozygous patients (TA)7/(TA)7 than in the group of (TA)6
carriers with 7 of 23 patients (30.4%) and 22 of 269 patients (8.2%),
respectively (p = 0.001).
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Table 4
Comparison of homozygous patients (TA)7/(TA)7 with other patients. HP: hyper-
plastic polyps; A: adenomas.

Number (%)
(TA)7/(TA)7

Number (%)
(TA)6/(TA)7

+ (TA)6/(TA)6

p

Patients
Female 9 (39.1) 127 (47.2) NS
Age  65,3 ys 65.4 ys
Aspirin use 7 (30.4) 22 (8.2) 0,001
Familial history 3 (13) 29 (10.9) NS
BMI > 25 14 (60.9) 134 (51) NS

Colorectal phenotype
Cancers

Proximal 6 (26.1) 84 (31.2) NS
Metastatic 10 (43.5) 159 (59.1) NS
MSS  10 (90.9) 130 (91.5) NS
KRAS wild-type 9 (42.9) 145 (61.7) NS
BRAF wild-type 17 (94.4) 197 (92.5) NS
Mucinous component 6 (28.6) 51 (19) NS

Adenomas 11 (55) 78 (40.6) NS
Proximal adenomas 6 (54.5) 48 (61.5)
Average number 2.8 2.3

Hyperplastic polyps 6 (30) 43 (22.4) NS
Proximal HP 0 (0) 12 (27.9) NS
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Advanced adenomas 4 (20) 48 (25) NS
Proximal A et/or HP 6 (30) 52 (27) NS

. Discussion

This study was designed to evaluate a putative relationship
etween the UGT1A1*28 polymorphism and the colorectal pheno-
ype of patients with sporadic colorectal cancer. To our knowledge,
his is the first study investigating this endpoint. Furthermore,
ther studies have evaluated the occurrence of polyps (adenomas
r hyperplastic) with regard to polymorphisms of phase II enzymes,
-acetyl- transferases and sulfotransferases p.e., but with conflict-

ng results [18].
Our hypothesis was that a variation in enzymatic activity result-

ng from a genetic polymorphism in the UGT1A1 promoter, could
nfluence the occurrence of polyps and/or modify their location or
heir characteristics. A relationship between the patient’s genotype
nd their colorectal phenotype could identify groups of patients
ith different risks of polyps and therefore change our strategy for

creening and monitoring.
Our study did not show any significant difference between

atients homozygous for the UGT1A1*28 allele and patients with
he UGT1A1*1 wild type allele, both in terms of the characteristics
f cancer (pathology analysis, stage, molecular data) and polyps
type, number, location).

The median age at diagnosis, for patients treated for metastatic
olorectal cancer in our hospital over a period of 4 years, was
5 years. This is five years younger than the median age at
iagnosis of CRC in France, estimated at approximately 70 in
013. This difference was probably because our study popu-

ation consisted of patients with metastatic colorectal cancer,
andidates for chemotherapy only. The male predominance
53.4%) was as expected in the French population (55%). The
roportions of UGT1A1*28 homozygous (TA)7/(TA)7 (7.9%), het-
rozygous (TA)7/(TA)6 (45.2%) and UGT1A1*1 homozygous patients
TA)6/(TA)6 (49.6%) in our study population were similar to those
f genotypes usually found in the general Caucasian population:
etween 8% and 20% for homozygous *28/*28, between 40% and
0% for heterozygous and between 30% and 50% for non-carriers of
he variant *28 variant [9].
Bajro et al. showed that there was a higher frequency of
GT1A1*28 carriers than wild type UGT1A1*1 allele in colorectal
ancer patients than in controls. After stratification on sex how-
ver, the UGT1A1*28 allele was a risk factor for CRC only in men
 Disease 51 (2019) 579–583

[19]. Contrary to these results, the UGT1A1*28 allele was  not more
highly represented in our population of patients with colorectal
cancer, indicating that its influence on the occurrence of cancer
was not found in our study.

We were particularly interested in the UGT1A1 enzyme, because
it is a phase II enzyme with multiple substrates, including pro-
carcinogens (such as polycyclic aromatic hydrocarbons (PAHs)).
Several studies have suggested that the genetic polymorphism
of xenobiotic metabolizing enzymes, including phase II enzymes
such as UGTs, could be a colorectal cancer risk factor [12,20].
Procarcinogens are xenobiotics whose metabolites acquire car-
cinogenicity, in particular by epoxide formation. The modification
of phase II enzyme activity can be deleterious by decreasing the
conjugation, and thus the elimination, of reactive metabolites.
Polycyclic aromatic hydrocarbons or heterocyclic amines are exam-
ples of xenobiotics which could promote colorectal carcinogenesis.
Thus, in the Girard et al. study, genetic polymorphisms of UGT1A1
and UGT1A9 were significantly associated with a risk of colorec-
tal cancer, particularly when there was an exposure to dietary
carcinogens (benzo(a)pyrene(BaP) in particular) [21]. We  were
also interested in UGT1A1 polymorphism because it is a predic-
tive biomarker of irinotecan toxicity [22]. UGT1A1*28 patients
are expected to experience more serious side effects induced by
chemotherapy, and pre-therapeutic genotyping strategies exist
to adapt irinotecan doses according to patient polymorphism
[23].

The only significant difference found in our study concerned
Aspirin use, which was more frequent in homozygous *28/*28
patients. There is good evidence that the regular use of aspirin or
NSAIDs decreases the risk of colorectal cancer and adenomatous
polyps [24]. Some studies have found significant results regarding
the influence of NSAIDs and polymorphism of the genes encoding
for Phase II enzymes genes, on the risk of colorectal cancer and ade-
nomas [13]. Previous studies have, however, shown an interaction
between the protective effects of aspirin or NSAIDs and the poly-
morphism of enzymes involved in their metabolism. Variant alleles
of CYP2C9 and of several UGTs have been shown to modify the pro-
tective effects of aspirin against colon adenoma risk, albeit with
contradictory results according to the studies and the type of neo-
plasia [13–15]. The influence of UGT1A1*28 polymorphism on the
benefit of these treatments has not yet been evaluated. Our study
was not, however, designed for this analysis and our observation
does not contribute to this topic.

Aspirin is principally glucuronidated by UGT isoenzyme 1A6.
It has been shown that the effect of chemoprevention by aspirin
is variable according to the variants of UGT1A6 [25]. It is possi-
ble that the UGT1A1*28 variant could influence the metabolism of
aspirin, decreasing its therapeutic efficacy. Such an effect, however,
remains to be demonstrated. Another hypothesis would be that the
risk of CRC is higher in the UGT1A1*28 group and that aspirin only
decreases this higher baseline risk.

The main weakness of this study was the lack of controls,
preventing us from assessing the exact influence of UGT1A1 poly-
morphism on the occurrence of adenoma and/or hyperplastic
polyps, along with its potential role as a CRC risk factor.

Furthermore, the expression of xenobiotic metabolizing
enzymes, in addition to being influenced by genetic polymorphism,
may  also be modified by environmental factors and by drugs. Thus,
smoking, phenobarbital use (enzyme inducer) and diet (includ-
ing cooked red meat consumption) are all potential confounding
factors not taken into account [26].

The UGT1A family is large with highly polymorphic genes. Geno-

typing of several UGT families could help determine not only
patients at higher risk of CRC, but also patients who could benefit
from chemoprevention by aspirin.
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. Conclusion

Our study failed to demonstrate a link between genetic UGT1A1
olymorphism and colorectal phenotype of patients with colorectal
ancer, implying no need to change our colonoscopic monitoring
trategy. Nevertheless, our study could suggest that chemopreven-
ion with aspirin for CRC may  not be advantageous in subgroups
f patients with certain UGT1A1 genetic polymorphisms. Further
rospective studies, with a greater number of patients are needed
o better define these subgroups.
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