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Abstract: As an important enzyme in the conjugation phase of drug clearance, UGT2B4 helps metabolize various 
endogenous and exogenous substances, and polymorphisms in the corresponding gene can influence enzyme 
activity. This study investigated the association between polymorphisms in UGT2B4 and the risk of developing pan-
creatic cancer in Han Chinese individuals. A hospital-based case-control study was conducted with 1579 healthy 
controls and 406 pancreatic cancer patients from China. Genomic DNA was obtained from peripheral blood lym-
phocytes. Time-of-flight mass spectrometry was used to genotype polymorphic loci in UGT2B4, and the association 
between these polymorphisms and susceptibility to pancreatic cancer was expressed as odds ratios (ORs) with 
95% confidence intervals (CIs), as calculated using multivariable logistic regression analysis. The rs1131878C > T 
polymorphism (NT_016354.20: g.10558805C > T) in UGT2B4 was associated with an increased pancreatic cancer 
risk. Compared to the C/C genotype, the C/T genotype conferred 1.39 times higher the pancreatic cancer risk (95% 
CI = 1.09-1.77; P = 0.007), and the T/T genotype conferred 2.97 times higher the pancreatic cancer risk (95% CI 
= 1.24-7.08; P = 0.014). In contrast, compared with the A/A genotype, the A/C genotype at the rs3822179 locus 
in UGT2B4 (NT_016354.20: g.10569096C > A) bestowed a 20% risk reduction (OR = 0.80, 95% CI = 0.67-0.95; P 
= 0.011). However, the risk was not significantly reduced with the C/C genotype (OR = 0.77, 95% CI = 0.52-1.14, 
P = 0.191). Polymorphisms in UGT2B4 affect the risk of pancreatic cancer occurrence in Han Chinese individuals.
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Introduction 

Pancreatic cancer has a poor prognosis, with a 
median survival time of only about 6 months 
and a five-year survival rate of less than 5% [1]. 
Over the past few years, the incidence of pan-
creatic cancer in China has been on the rise, 
and certain relatively more developed regions 
have an incidence rate close to that observed 
in western countries [2, 3]. Unfortunately, most 
patients who go to the hospital for treatment 
are already in the advanced or late stages of 
the disease, and their cancer has usually 
metastasized, so the best time for the resec-
tion operation has passed. Therefore, reliable 
biological indicators are needed to identify and 
assess the population susceptible to the devel-
opment of pancreatic cancer. Prevention and 
diagnosis in the early stages of cancer develop-

ment are critical for improving the prognosis of 
pancreatic cancer, but are also the very areas 
that currently require the most research and 
clinical attention.

UGT2B4, a member of the UGT2B family [4], is 
expressed mainly in the liver. Studies on its 
function are contradictory. Some publications 
indicate that the UGT2B4 enzyme is able to 
catalyze hyodesoxycholic acid specifically but is 
unable to catalyze steroids or 5-hydroxytrypta-
mine, while other publications suggest that ste-
roids, phenols, and monoterpenoids can be 
catalyzed by UGT2B4 but not by hyodesoxycho-
lic acid. As implied by the reporting of such con-
tradictory results, UGT2B4 catalytic activity is 
apparently quite complex and not fully under-
stood. Although UGT2B4 catalyzes all of this 
substrates given sufficient time, according to 
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accumulating evidence, it predominantly takes 
part in the metabolism of sex hormones, and 
may even play a role in the occurrence and 
development of breast cancer and other malig-
nant neoplasms. However, so far, reports con-
cerning the association between UGT2B4 and 
cancer susceptibility are rare.

The occurrence of malignant neoplasm might 
be influenced by multiple factors and is often 
the result of environmental and genetic interac-
tions. Sequence variation at loci within genes 
may not only affect individual sensitivity to envi-
ronmental factors, but also influence the occur-
rence and development of malignant neoplasm 
[5]. As a conservative estimate, at least 0.2% 
genetic variationis observed between individu-
al genomes, of which approximately 0.08% 
arises from variation in DNA sequence, and the 
remaining 0.12% arises from variation in chro-
mosomal structure such as insertions, dele-
tions, and inversions [6]. Single nucleotide poly-
morphism (SNP) is a type of DNA sequence 
variation. There are extensive studies on the 
mechanisms by which different SNPs influence 
predisposition to the development of a number 
of malignant neoplasm. For example, suscepti-
bility to pancreatic cancer occurrence is affect-
ed by SNP sin genes encoding the cell cycle 
regulators p21 and p27 [7], the DNA repair pro-
teins RecQ1 [8], RAD54L, and ERCC1 [9], and 
the pro-apoptosis factors FasL and CASP8 [10]. 
Therefore, genetic variation is an important 
molecular basis for individual differences in the 
risk of developing pancreatic cancer.

As a hospital-based case-control study, this 
work preliminarily investigates the association 
between polymorphisms in UGT2B4 and sus-

ceptibility to pancreatic cancer. It is hoped that 
the identification of loci relevant to pancreatic 
cancer risk by using methods that permit rapid 
molecular screening of populations will provide 
a means for early diagnosis and treatment.

Material and methods

Subjects of study

The study included 406 patients with pancre-
atic cancer who received treatment at the 
Cancer Institute and Hospital, Chinese Acade- 
my of Medical Sciences, from July 1998 to 
December 2011, as well as 1579 healthy con-
trols. Pathology reports were generated for all 
patients in the course of treatment. Patients 
and healthy controls were all ethnically Han 
Chinese and were residents of China. Study 
participants did not include any lineal relatives. 
The subjects with pancreatic cancer were cho-
sen from patients who suffered from pancreat-
ic ductal adenocarcinoma, as diagnosed based 
on the corroboration of cytology and histopa-
thology, without considering gender or age. The 
pathologic staging of pancreatic cancer fol-
lowed the tumor-node-metastasis (TNM) clas-
sification system developed by the Union for 
International Cancer Control (UICC).

Healthy controls were selected from among the 
participants in a screening program forearly 
diagnosis of cancer, conducted in various com-
munities in Beijing. Healthy controls lacked any 
history of cancer, of the 406 patients with pan-
creatic cancer enrolled in the study, 257 
(63.30%) were male and 149 (36.69%) were 
female. the character of the subjects is showed 
in Table 1. 

Experimental methods

Genomic DNA extraction: DNA was obtained 
from peripheral white blood cells of patients 
and healthy controls. Extraction of DNA fol-
lowed the commonly used phenol-chloroform 
extraction procedure, as described, briefly, 
below.

1. Whole blood (without anticoagulants) or 
isolated lymphocytes were thawed and 
homogenized; homogenates were centrifuged 
for 15 minutes at 5,000 × g to remove debris 
and insoluble material.

2. The supernatant was transferred to a fresh 
tube and 300 μl was set aside. The superna-
tant was mixed after addition of 500 μl of DNA 
lysis buffer and incubated at 37°C for 1 hour. 

Table 1. General information of subjects 

Variable 
healthy controls pancreatic 

cancer
Number  
of cases

Percent  
(%)

Number  
of cases

Percent  
(%)

Gender
    Male 965 61.11 257 63.30
    Female 614 38.88 149 36.69
Age
    ≤ 40 years old 84 5.32 20 4.93
    41-60 years old 658 41.67 168 41.38
    > 60 years old 837 53.01 218 53.69
Smoking history
    Smokers 736 46.61 125 30.79
    Nonsmokers 449 28.44 210 51.72
    Unknown 394 24.95 71 17.49
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Table 2. Comparison of demographicsof study participants
Pancreatic cancerpatients  

(n = 406)
Healthy controls  

(n = 1579)
P value*

Number 
of cases % Number of 

cases %

Gender 0.334
    Male 257 63.30 965 61.11
    Female 149 36.69 614 38.88
Age 0.937
    ≤ 40 years old  20  4.93  84 5.32
    41-60 years old 168 41.38 658 41.67
    > 60 years old 218 53.69 837  53.01
Smoking history 0.848
    Nonsmokers 210 51.72 736 46.61
    Smokers 125 30.79 449 28.44
    Unknown 71 17.49 394 24.95
*P values determined using a bilateral Pearson X2 test.

3. Protease K was mixed in to a final 
concentration of 100 mg/ml. The mixture was 
incubated overnight at 37°C. 

4. An equal volume of Tris-HCl saturated phenol 
(pH 7.8) was added, and the suspension was 
mixed and then centrifuged for 15 minutes at 
5,000 × g to remove particulates.

5. The supernatant was collected and 
transferred to another centrifuge tube. Equal 
volumes of phenol and chloroform (at a 1:1 
ratio) were added, and, after mixing, the sus-
pension was centrifuged for 5 minutes at 8,000 
× g.

6. The aqueous layer was collected and 
transferred to another centrifuge tube. A 
volume of 10 M ammonium acetate equivalent 
to 10% of the aqueous volume was mixed in. A 
volume of absolute ethyl alcohol equivalent to 
twice the volume of the aqueous layer was 
added, and the suspension was gently mixed. 
The DNA was allowed to precipitate overnight. 

7. After centrifugation, the supernatant was 
decanted, and the precipitated DNA was 
washed twice with 75% ethanol. The DNA was 
then dissolved in a defined volume of buffer 
(pH 8.0).

8. The concentration and purity of the DNA 
samples weremeasured by the absorbance at 
260 nm and the ratio of absorbance at 260 nm 
versus that at 280 nm, respectively.

D’value reflected the difference between the 
actual distribution frequency of the haplotype 
and the theoretical distribution frequency with 
linkage equilibrium: D’ = 0 indicated no linkage, 
D’ = 1 indicated complete linkage, and D’ < 1 
indicated linkage disequilibrium.

Genotyping of polymorphisms in UGT2B4 was 
conducted by matrix-assisted laser desorption/
ionization time of flight mass spectrometry 
(MALDI-TOF MS). MALDI-TOF MS requires the 
co-crystallization of the biological analyte with 
a low molecular weight, acidic, polar, organic 
polymer with strong optical absorption. The 
matrix of organic polymers absorbs the energy 
of a laser directed at the matrix, and the poly-
mers become desorbed and ionized. The ion-
ized polymers transfer protons to (or from) the 
molecules of biological analyte. Thus, the bio-
logical molecules are ionized indirectly, via the 
polymer matrix, which is why the technique is 
called matrix-assisted laser desorption/ioniza-
tion, or MALDI. The time-of-flight mass spec-
trometry (TOF MS) involves acceleration of 
the ionized biological molecule through a 
tube by anelectric field, and the time 
required for the ion to reach the detector is 
measured. The mass to charge ratio (M/Z) of 
the biological ion is directly proportional to its 
flight duration, such that the time of flight can 
be used to determine the nature of the biologi-
cal molecule. Since this method is high sensi-
tive to the quality and nature of the biological 
analyte, we employed it to distinguish between 

UGT2B4 haplotype con-
struction via genotyping of 
known SNPs: Using SNP fre-
quency data for Han Chin- 
ese individuals residing in 
Beijing, available from the 
International Hap Map Pro- 
ject [11], we calculated the 
linkage disequilibrium coef-
ficient D’, the correlation 
coefficientr2, and the loga-
rithm of the odds (LODscore) 
by using the Haplo View 
software (v. 4.0, Broad 
Institute, Cambridge, MA, 
USA). We then used this 
information to judge the 
linkage disequilibrium (LD) 
between two specific genet-
ic polymorphisms. The 
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two genetic sequences that differed only at one 
position, using the different in mass between 
the two possible bases at that position. We 
also used allele specific primer extension to 
determine the nucleotide base at specific SNP 
loci.

rs1131878 

Forward primer: 5’-ACGTTGGATGGAGGAAGAG- 
ACTTTCTATAC-3’. 

Reverse primer: 5’-ACGTTGGATGCCATTTCATG- 
CAGGATTGTG3’. 

rs11249442 

Forward primer: 5’-ACGTTGGATGGGTGTTAGC- 
CTAGGGCTAAG-3’. 

Reverse primer: 5’-ACGTTGGATGGTATCAACGT- 
AAAAGAAGCC-3’. 

rs1826690 

Forward primer: 5’-ACGTTGGATGGTCTCTGAAG- 
AACAAATACTG-3’. 

Reverse primer: 5’-ACGTTGGATGTGTTCAGTAA- 
GCTTGTTTC-3’.

rs3822179 

Forward primer: 5’-ACGTTGGATGTGCCAGAAC- 
TTTCTGCAGAG-3’. 

Reverse primer: 5’-ACGTTGGATGCCAGCCAAG- 
TACATCTTCAC-3’. 

Figure 1. UGT2B4 haplotype domain mapping using genotype frequencies of polymorphic loci. A haplotype domain 
map was constructed using single nucleotide polymorphisms (SNPs) within UGT2B4, based on SNP frequency data 
for Han Chinese individuals residing in Beijing, available from the International Hap Map Project [11]. Red arrows 
point to rs11249442, rs1826690, and rs3822179, located in the promoter region, and to rs1131878, located in 
the 3’ untranslated region.
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Table 3. UGT2B4 SNP genotype distributions and risk of pancreatic 
cancer 

Genotype

Pancreatic cancer  
patients (n = 406)

Healthy controls
(n = 1579)

OR* (95% CI) P value
Number  
of cases % Number  

of cases† %

rs1131878
    C/C 309 76.1 1283 81.3 1.00 (reference)
    C/T 87 21.4 284 18.0 1.39 (1.09-1.77) 0.007
    T/T 10 2.5 12 0.7 2.97 (1.24-7.08) 0.014
    C/T + T/T 97 23.9 296 18.7 1.36 (1.04-1.76) 0.024
rs11249442
    A/A 122 30.0 456 28.9 1.00 (reference)
    A/G 193 47.5 752 47.7 0.98 (0.84-1.15) 0.834
    G/G 91 22.5 368 23.4 0.98 (0.74-1.27) 0.859
    A/G + G/G 284 70.0 1120 71.1 0.98 (0.76-1.25) 0.867
rs1826690
    G/G 135 33.3 513 32.5 1.00 (reference)
    G/A 210 51.7 777 49.2 0.90 (0.76-1.05) 0.189
    A/A 61 15.0 289 18.3 0.94 (0.74-1.19) 0.596
    G/A + A/A 271 66.7 1066 67.5 0.90 (0.75-1.04) 0.180
rs3822179
    A/A 210 51.7 714 45.5 1.00 (reference)
    A/C 161 39.7 687 43.8 0.80 (0.67-0.95) 0.011
    C/C 35 8.6 168 10.7 0.77 (0.52-1.14) 0.191
    A/C + C/C 196 48.3 855 54.5 0.74 (0.59-0.94) 0.011
*OR, odds ratio, was calculated using unconditional logistic regression, adjusted accord-
ing to gender, age, and smoking history. †Some SNP genotyping reactions of samples 
from healthy controls (three for rs11249442 and 10 for rs3822179) failed to yield classifi-
able results. 

Statistical analysis: The chi-squared test was 
employed to compare the differences among 
and between various genotype distributions. 
We calculated the odds ratios (ORs) and 95% 
confidence intervals (CIs) by using uncondition-
al logistic regression and evaluated the associ-
ation between various genotypes and vulnera-
bility to pancreatic cancer. 

Results

Demographics of study subjects

Subjects who took part in the study were classi-
fied by gender, age, and smoking status (Table 
2). Among the patients with pancreatic cancer, 
63.30% were male and 36.69% were female, 
while, among the healthy controls, 61.11% 
were male and 38.88% were female. Therefore, 
as expected based on the study design, there 
was no significant difference in the gender dis-

hadsmoked for over one year prior to being 
enrolled into the study or receiving the study 
questionnaire. Among healthy controls, 449 
(28.44%) were smokers, 736 (46.61%) were 
nonsmokers, and the smoking history of the 
remaining 394 (24.95%) was unknown. Among 
pancreatic cancer patients, 125 (30.79%) were 
smokers, 210 (51.72%) were nonsmokers, and 
the smoking history of the remaining 71 
(17.49%) was unknown. Compared to the 
healthy controls, subjects with pancreatic can-
cer did not demonstrate a significant difference 
in smoking status or history (P = 0.848; Table 
2).

Determination of SNP genotype frequencies 
and UGT2B4 haplotype construction

Utilizing SNP frequency data for Han Chinese 
individuals residing in Beijing, available from 
the International Hap Map Project [11], we con-

tribution between pancre-
atic cancer patients and 
healthy controls (P = 
0.334; Table 2).

Among healthy controls, 
84 (5.32%) were less 
than 40 years old, while 
658 (41.67%) were be- 
tween 41 and 60 years 
old, and 837 (53.01%) 
healthy controls were 
more than 60 years old. 
Among pancreatic cancer 
patients, 20 (4.93%) were 
less than 40 years old, 
while 168 (41.38%) were 
between 41 and 60 years 
old, and 218 (53.69%) 
were more than 60 years 
old. As observed with the 
gender distributions of 
the two groups, due to 
careful study execution, 
there was no significant 
difference between the 
age distribution of the 
healthy controls and that 
of the pancreatic cancer 
patients (P = 0.937; Table 
2).

In regards to smoking his-
tory, subjects were defi- 
ned as smokers if they 
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structed a local haplotype domain with the use 
of the HaploView4.0 software. Known SNPs 
were selected based on the criteria that the 
haplotype correlation coefficient, in the context 
of development of pancreatic cancer, was 
greater than 0.8 (Rh

2 > 0.8). Finally, four single 
nucleotide polymorphisms were chosen from 
10 genetic variants having a minor allele fre-
quency greater than 0.05 in the population. 
These four SNPS were rs11249442, rs182- 
6690, and rs3822179, located in the promoter 
region, and rs1131878, located in the part of 
the gene encoding the 3’ untranslated region 
(3’UTR) of the corresponding mRNA (Figure 1).

These four SNPs were genotyped in order to 
assay for an association between specific 
alleles at each locus and the risk of developing 
pancreatic cancer. In the population of healthy 
controls, the genotype distributions for all four 
SNPs were reasonably close to Hardy-Weinberg 
equilibrium. We found that, for the rs1131878 
locus in the UGT2B4 gene, the rs1131878C > T 
allele was associated with increased risk of 
pancreatic cancer (Table 3). This was indicated 
by the fact that the C/C, C/T, and T/T genotypes 
were present in 76.1%, 21.4%, and 2.5%, 
respectively, of patients with pancreatic can-
cer, but in 81.3%, 18.0%, and 0.7%, respective-
ly, of healthy controls; hence, there was a sig-
nificant difference in the genotype distribution 
between these two populations (P = 0.003; 
Table 3). Upon further analysis utilizing uncon-
ditional logistic regression, it was revealed that, 
compared to those with the C/C genotype at 
thers1131878 locus, subjects with the C/T 
genotype had 1.39 times the pancreatic cancer 
risk (95% CI = 1.09-1.77; P = 0.007), and indi-
viduals with the T/T genotype had 2.97 times 
the risk (95% CI = 1.24-7.08; P = 0.014). In 
combination, the C/T and T/T genotypes were 
associated with 1.36 times the risk of develop-
ing pancreatic cancer (95% CI= 1.04-1.76, P = 
0.024) (Table 3). 

Regarding thers3822179 locus, the A/A, A/C, 
and C/C genotypes were present in 51.7%, 
39.7%, and 8.6%, respectively, of patients with 
pancreatic cancer, but in 45.5%, 43.8%, and 
10.7%, respectively, of healthy controls; there-
fore, for this SNP, a marginally significant differ-
ence in the genotype distribution was observed 
between the two groups (P = 0.070; Table 3). 
Further analysis utilizing unconditional logistic 
regression revealed that subjects with the A/C 

genotype had a 20% reduced risk of pancreatic 
cancer occurrence, compared to those with the 
A/A genotype (OR = 0.80; 95% CI = 0.67-0.95; 
P = 0.011). However, there was no significant 
reduction of risk in patients with the C/C geno-
type (OR = 0.77; 95% CI = 0.52-1.14; P = 0.191). 
In combination, the A/C and C/C genotypes 
conferred a significantly reduced risk of pancre-
atic cancer (OR = 0.74; 95% CI = 0.59-0.94; P = 
0.011) (Table 3).

In contrast, neither the rs11249442 locus nor 
the rs1826690 locus exhibited any statistically 
significant differences in the genotype distribu-
tions in pancreatic cancer patients versus 
healthy controls (P = 0.877 and 0.296, respec-
tively; Table 3). Likewise, the data was subdi-
vided to determine whether specific genotypes 
of any of these SNPs in UGT2B4 were associ-
ated with differences in pancreatic cancer risk 
among subjects of different genders, ages, or 
smoking histories. No significant correlations 
were observed (results not shown).

Discussion

Pancreatic cancer is one of the most the com-
mon malignant neoplasms of the digestive sys-
tem. As radiotherapy and chemotherapy are 
not currently effective against this type of can-
cer, the tumor must be removed by surgically 
resection. Unfortunately, by the time most 
patients are diagnosed and admitted to a hos-
pital, the cancer has metastasized, making 
complete resection impossible. As a result, 
pancreatic cancer has a poor prognosis, with 
approximately 6-month median survival time 
and less than 5% five-year survival rate [1]. The 
pancreatic cancer incidence in China has been 
rising over the last few years, and the incidence 
rates in some of the more developed regions of 
the country are now close to that of western 
nations [2]. It is therefore critical to uncover reli-
able biological indicators, including genotype-
phenotype correlations that may allow clinical 
follow-up of susceptible individuals and diagno-
sis in the early stages of pancreatic cancer, 
especially in populations with an increasing 
rate of incidence, such as the Han Chinese resi-
dents of Beijing and other cities in China.

Although the pathologic causes of pancreatic 
cancer are not yet fully understood, there have 
been reports demonstrating that its develop-
ment is often related to certain environmental 
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and behavioral factors. Among these risk fac-
tors, smoking is ranked at the top of the list. 
Smokers have 1.5 times the relative risk of 
pancreatic cancer occurrence as that of non-
smokers, and the risk increases in proportion 
to the amount of tobacco smoke inhaled. The 
development of pancreatic cancer is also con-
nected to occupational and long-term exposure 
to carcinogenic chemicals. As established in 
animal experiments, chemical substances that 
induce pancreatic cancer include N-methyl-N-
nitrosourea, diisopropanolnitrosamine, and az- 
aserine.

At the same time, it is important to consider 
that some people develop pancreatic cancer, 
but others do not, even under the same envi-
ronmental conditions, which indicates that indi-
vidual hereditary factors play a key role in the 
predisposition to pancreatic neoplasms. Gene- 
tic and genomic variants are known to influence 
susceptibility towards many kinds of malignant 
tumor. Those who are born with certain geno-
type variants are more apt to develop cancer 
because of their increased sensitivity to envi-
ronmental carcinogenic factors. Single nucleo-
tide polymorphisms are one type of genotypic 
variant and extensive research has been con-
ducted into the association between an assort-
ment of such polymorphisms and the propen-
sity to develop cancers, including pancreatic 
cancer.

Glucuronyl transferases (UGT) are some of the 
most important metabolic enzymes in the sec-
ond phase of drug metabolism in the liver. They 
catalyze reactions between glucuronic acid 
(UDPGA) and a multitude of chemical substanc-
es such as alcohols, phenols, and mercaptans. 
The conjugation of UDPGA onto these chemi-
cals increases their water solubility and facili-
tates their excretion into urine and bile, permit-
ting clearance of these compounds from the 
body. Substrates of UGTenzymes include 
endogenous substances such asbilirubin and 
steroidal compoundsas well as exogenous sub-
stances such as phenols, non-steroidal anti-
inflammatory drugs (NSAIDs), mycophenolic 
acid, and antipsychotic drugs. To date, more 
than 35 kinds of glucuronyl transferases have 
been discovered in different species, and at 
least 19 genes encode different UGT enzymes 
in humans. 

UGT enzymes are usually localized to the endo-
plasmic reticulum and to the nuclear mem-

brane and are expressed in the kidneys, gastro-
intestinal tract, skin, and brain. Since UGT 
enzymes are localized to the endoplasmic retic-
ulum antrum, in vitro assays for UGT activity 
require the presence of channel proteins. In 
contrast, a family of enzymes required for the 
first phase of drug metabolism, cytochromes 
P450 (CYP450s), which are also localized to the 
endoplasmic reticulum, are oriented with the 
catalytic domain facing the cytoplasm, and 
thus do not require other proteins in order to 
function in in vitro assays. Therefore, scientific 
awareness of the physiological functions of 
UGT enzymes lags behind that of CYP450 fam-
ily members. As knowledge regarding the activ-
ity of UGT enzymes increases, more and more 
medications that take advantage of UGT-
mediated metabolism have been developed. 
Similarly, significant individual and ethnic dif-
ferences in the sequences of genes encoding 
UGT enzymes have been detected, making pos-
sible investigations into the relevant environ-
mental and hereditary factors that may influ-
ence disease onset, such as those that are the 
focus of the present research.

The UGT gene family includes the UGT1 and 
UGT2 subfamilies, of which the UGT2 subfamily 
can be further divided into the UGT2A and 
UGT2B gene subfamilies. Although all genes in 
theUGT2 family span 6-exons, unlike in the 
UGT1 genes, exons of the UGT2 genes cannot 
be interchanged by splicing. Nevertheless, all 
members of the UGT2 gene subfamily share 
greater than 60% homology. Located on chro-
mosome 4q13, the cluster of genes in the 
human UGT2 gene family includes three mem-
bers of the UGT2A subfamily and 12 members 
of the UGT2B subfamily [3]. Of the latter dozen, 
7 genes are known to be actively transcribed, 
namely UGT2B4, UGT2B7, UGT2B10, UGT2B11, 
UGT2B15, UGT2B17, and UGT2B28.

Despite contradictory reports of which types of 
compounds are catalyzed by the UGT2B4 
enzyme, increasing evidence suggests that it 
takes part in the metabolism of sex hormones, 
and therefore may have a bearing on the occur-
rence and development of breast cancer and 
other malignant neoplasm’s. There has not 
been much research into the relationship 
between UGT2B4 and cancer susceptibility. 
Nonetheless, a polymorphism in UGT2B4 has 
been shown to affect the risk of developing 
esophageal squamous cell carcinoma [12], and 
the rs13129471 polymorphic locus has been 
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found to be a factor in hereditary predisposition 
to breast cancer [13].

Our findings demonstrate that the rs1131878 
SNP in the 3’UTR of UGT2B4 influences the risk 
of developing pancreatic cancer. Unconditional 
logistic regression analysis of the revealed that, 
compared to the C/C genotype at thers1131878 
locus, the C/T genotype conferred 1.39 times 
the pancreatic cancer risk (95% CI = 1.09-1.77; 
P = 0.007), and the T/T genotype conferred 
2.97 times the pancreatic cancer risk (95% CI = 
1.24-7.08; P = 0.014). In combination, the C/T 
and T/T genotypes conferred 1.36 times the 
risk of pancreatic cancer relative to the C/C 
genotype (95% CI = 1.04-1.76; P = 0.024).

It is possible that this site affects the binding of 
a micro RNA (miRNA) that may regulate expres-
sion of the gene, and, thereby, the susceptibility 
to pancreatic cancer. AmiRNA is a non-coding 
single stranded RNA, approximately 20 nucleo-
tides in length, which can control aspects of 
cellular proliferation, differentiation, and apop-
tosis by modulating post-transcriptional expres-
sion of a gene and translation of the corre-
sponding protein. The target genes of miRNAs 
are often ontogenesis or tumor suppressor 
genes; hence, mutation, deletion, or abnormal 
expression of specific miRNAs can play a criti-
cal role in the occurrence and development of a 
tumor. Furthermore, miRNA can affect the sta-
bility and translation of mRNAs by binding to 
the 3’UTR of the mRNA. As a result, an SNP in 
the 3’UTR of a gene is able to influence gene 
expression by altering the interaction with 
amiRNA. In this case, if the rs1131878C > T 
allele of the SNP affects binding of an miRNA to 
the mRNA encoded by the UGT2B4 gene, then, 
by affecting expression of the UGT2B4 enzyme, 
it could alter the susceptibility to tumor forma-
tion, the prognosis, and the degree of drug 
resistance in cases of pancreatic cancer. In 
support of this idea, an SNP in the binding site 
of the let-7 miRNA in the KRAS 3’UTR can regu-
late KRAS expression, and thus potentially 
increase susceptibility to non-small-cell lung 
cancer. Similarly, another SNP is associated 
with the prognosis of oral cancers. The correla-
tion between SNP alleles and miRNA binding in 
the context of human multigenic disease, 
including malignant neoplasm, needs to be 
explored further.

Regarding the rs3822179 polymorphic locus in 
UGT2B4, there were statistically marginal dif-

ferences between the distributions of A/A, A/C, 
and C/C genotypes in patients with pancreatic 
cancer versus healthy controls (P = 0.070).
Unconditional logistic regression revealed that 
the A/C genotype at this locus bestowed a 20% 
reduction in the risk of pancreatic cancer com-
pared to the A/A genotype (OR = 0.80; 95% CI = 
0.67-0.95; P = 0.011), but the C/C genotype did 
not significantly affect risk (OR = 0.77; 95% CI = 
0.52-1.14; P = 0.191). In combination, the A/C 
and C/C genotypes significantly decreased the 
risk of pancreatic cancer (OR = 0.74; 95% CI = 
0.59-0.94; P = 0.011). It was surprising that the 
A/C heterozygous genotype at this SNP locus 
significantly decreased the risk of developing 
pancreatic cancer, while C/C homozygous vari-
ant genotype had little impact on the occur-
rence and development of disease. Based on 
these results, it appears that the concept of 
heterozygote advantage, in which an individual 
with a heterozygous genotype is biologically 
more fit than individuals who are homozygous 
for either allele, may apply to SNPs and cancer 
predisposition, although further study, with a 
larger population, is required to confirm this 
result.

In summary, this study suggests UGT2B4 poly-
morphisms might be associated with the risk of 
pancreatic cancer occurrence in Han Chinese 
individuals. 

Disclosure of conflict of interest

None.

Address correspondence to: Chenfeng Wang, De- 
partment of Abdominal Surgery, Cancer Institute 
and Hospital, Chinese Academy of Medical Sciences 
and Peking Union Medical College, Beijing 100021, 
China. Tel: +86-010-67781331; Fax: +86-010-
67781331; E-mail: cheng1fengwang@163.com

References

[1] Maitra A and Hruban RH. Pancreatic cancer. 
Annu Rev Pathol 2008; 3: 157-188.

[2] Long J, Luo GP, Xiao ZW, Liu ZQ, Guo M, Liu L, 
Liu C, Xu J, Gao YT, Zheng Y, Wu C, Ni QX, Li M 
and Yu X. Cancer statistics: current diagnosis 
and treatment of pancreatic cancer in 
Shanghai, China. Cancer Lett 2014; 346: 273-
277.

[3] Guo X and Cui Z. Current diagnosis and treat-
ment of pancreatic cancer in China. Pancreas 
2005; 31: 13-22.



UGT2B4 and susceptibility to pancreatic cancer

2710 Int J Clin Exp Med 2015;8(2):2702-2710

[4] Turgeon D, Carrier JS, Levesque E, Hum DW 
and Belanger A. Relative enzymatic activity, 
protein stability, and tissue distribution of hu-
man steroid-metabolizing UGT2B subfamily 
members. Endocrinology 2001; 142: 778-787.

[5] Xing D, Tan W and Lin D. Genetic polymor-
phisms and susceptibility to esophageal can-
cer among Chinese population (review). Oncol 
Rep 2003; 10: 1615-1623.

[6] Tuzun E, Sharp AJ, Bailey JA, Kaul R, Morrison 
VA, Pertz LM, Haugen E, Hayden H, Albertson 
D, Pinkel D, Olson MV and Eichler EE. Fine-
scale structural variation of the human ge-
nome. Nat Genet 2005; 37: 727-732.

[7] Chen J, Killary AM, Sen S, Amos CI, Evans DB, 
Abbruzzese JL and Frazier ML. Polymorphisms 
of p21 and p27 jointly contribute to an earlier 
age at diagnosis of pancreatic cancer. Cancer 
Lett 2008; 272: 32-39.

[8] Li D, Liu H, Jiao L, Chang DZ, Beinart G, Wolff 
RA, Evans DB, Hassan MM and Abbruzzese JL. 
Significant effect of homologous recombina-
tion DNA repair gene polymorphisms on pan-
creatic cancer survival. Cancer Res 2006; 66: 
3323-3330.

[9] Kamikozuru H, Kuramochi H, Hayashi K, 
Nakajima G and Yamamoto M. ERCC1 codon 
118 polymorphism is a useful prognostic 
marker in patients with pancreatic cancer 
treated with platinum-based chemotherapy. 
Int J Oncol 2008; 32: 1091-1096.

[10] Yang M, Sun T, Wang L, Yu D, Zhang X, Miao X, 
Liu J, Zhao D, Li H, Tan W and Lin D. Functional 
variants in cell death pathway genes and risk 
of pancreatic cancer. Clin Cancer Res 2008; 
14: 3230-3236.

[11] http://hapmap.ncbi.nlm.nih.gov. 
[12] Dura P, Salomon J, Te Morsche RH, Roelofs 

HM, Kristinsson JO, Wobbes T, Witteman BJ, 
Tan AC, Drenth JP and Peters WH. High enzyme 
activity UGT1A1 or low activity UGT1A8 and 
UGT2B4 genotypes increase esophageal can-
cer risk. Int J Oncol 2012; 40: 1789-1796.

[13] Sun C, Huo D, Southard C, Nemesure B, Hennis 
A, Cristina Leske M, Wu SY, Witonsky DB, 
Olopade OI and Di Rienzo A. A signature of bal-
ancing selection in the region upstream to the 
human UGT2B4 gene and implications for 
breast cancer risk. Hum Genet 2011; 130: 
767-775.


