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Introduction

Pancreatic cancer is one of the most lethal human 
malignancies and the seventh most common cancer (Jemal 
et al., 2011; Afsar et al., 2014). Data from Asia show 
pancreatic cancer is a high aggressive malignant tumor 
and has a low survival rate (Chen et al., 2013; Zahir et al., 
2013; Bayoglu et al., 2014; Wang et al., 2014). Pancreatic 
cancer has high rate of metastases (Canyilmaz et al., 
2013). The prognosis of patients with advanced stage 
pancreatic cancer is much worse than for those with early 
stage disease. Unfortunately, more than 80% of pancreatic 
cancer patients were in an advanced stage when diagnosed 
(Huang et al., 2009; Liu et al., 2014)

U r i d i n e  5 ’ - d i p h o s p h a t e  ( U D P ) -
glucuronosyltransferases (UGTs) are an important 
group of phase II drug metabolism enzymes in humans 
(Tukey and Strassburg, 2000). The human UDP-
glucuronosyltransferases (UGTs) are a superfamily of 
proteins which perform a key process in endobiotic and 
xenobiotic metabolism (Strassburg et al., 1999a) UGTs 
catalyze the glucuronidation of many important endogenous 
compounds such as bilirubin, bile acids, thyroid hormone, 
and steroid hormones as well as substantial exogenous 
substrates including many therapeutic drugs, heterocyclic 
and polycyclic hydrocarbons, and heterocyclic amines, 
which are known human carcinogens (Vogel et al., 2001; 
Ockenga et al., 2003; Nakamura et al., 2008).
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Abstract

 UGT1A play important roles in the glucuronidation of a variety of endogenous and exogenous compounds. 
UGT1A isoforms are expressed tissue specifically. The aim of this study was to examine the relationship between 
UGT1A3 and UGT1A7 mRNA expression and pancreatic cancer. Paired healthy and tumor tissue samples of 
43 patients with pancreatic cancer were included in this study. UGT1A3 and UGT1A7 mRNA expressions were 
analyzed by real time-PCR. In the result of study, UGT1A3 and UGT1A7 mRNA expressions were significantly 
higher in tumor tissue than normal tissue of pancreatic cancer patients (p<0.05). In addition, high mRNA 
expression of UGT1A3 and UGT1A7 was significantly associated with larger tumor size (p<0.05). The data 
suggested that UGT1A3 and UGT1A7 may play roles in the progression of pancreatic cancer. Consequently, 
UGT1A3 and UGT1A7 are potential prognostic indicators.
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The UGT enzymes have been divided into two families 
of proteins termed UGT1 and UGT2, and three subfamilies 
of proteins termed UGT1A, UGT2A and UGT2B in 
human beings (Hanioka et al., 2012). The human UGT1A 
gene locus is located on chromosome 2q37, which encodes 
nine functional isoforms (UGT1A1, UGT1A3-UGT1A10) 
and four pseudogenes (UGT1A2, UGT1A11-UGT1A13) 
(Gong et al., 2001). These isoforms are expressed tissue 
specifically and reveal large differences in their expression 
levels in different tissues (Vogel et al., 2001; Final et al., 
2005).

UGT1A1, UGT1A3, UGT1A4, UGT1A6, and 
UGT1A9 gene transcripts are expressed in liver tissue 
(Strassburg et al., 1997). UGT1A7, UGT1A8 and 
UGT1A10 have been shown to be differentially regulated 
in extrahepatic tissues such as small intestine (Strassburg 
et al., 2000), biliary (Strassburg et al., 1997), oesophagus 
(Strassburg et al., 2002a), stomach (Strassburg et al., 
1998a), colonic epithelium (Strassburg et al., 1999b), 
kidney, prostate and breast (Starland-Davenport et al., 
2008).

In literature, there have been studies regarding 
UGT1A7 gene polymorphism in pancreatic cancer 
(Ockenga et al., 2003; Verlaan et al., 2005; Piepoli et 
al., 2006), and the association of UGT1A expressions 
with various cancers, including gastric adenocarcinoma 
(Strassburg et al., 1998b), colorectal cancer (Wang et 
al., 2012; Wang et al., 2013), bladder cancer (Izumi et 
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al., 2014), and breast cancer (Starland-Davenport et al., 
2008). To our knowledge, expression of UGT1A3 and 
UGT1A7 have not been studied thoroughly in pancreatic 
cancer and corresponding normal tissues. In our study, we 
aimed to investigate the association between expression 
of UGT1A3 and UGT1A7 and pancreatic cancer.

Materials and Methods

Tissue samples
All samples were from patients admitted to Gaziantep 

University Medical Faculty, Department of General 
Surgery, between November 2012 and February 2014. 
Paired normal and tumor tissue samples were obtained 
from 43 patients with pancreatic cancer, including 
30 males and 13 females, who had an average age 
of 61.5 years. None of the patients were treated with 
chemotherapy, radiation therapy or other biological 
treatment. All samples were taken after informed consent, 
according to the declaration of Helsinki. Ethics committee 
approval required for the study was obtained from the 
Gaziantep University Medical Faculty Local Ethics 
Committee. Samples were frozen immediately in liquid 
nitrogen and stored at -80oC until analysis.

RNA Extraction
Tissue samples were homogenized in liquid nitrogen. 

Total RNA was isolated from homogenized tissues using 
the Qiagen RNA Isolation Kit (Valencia, CA) according 
to the practical recommendations of manufacturer. Total 
RNA concentrations were measured by spectrophotometry 
at 260 and 280 nm and its quality was assessed by 
conventional gel electrophoresis. RNA samples were 
stored in water at -80oC until further use. 

cDNA Synthesis
Reverse transcription of RNA was done in a final 

volume of 20 μl containing 5 X RT-PCR buffer, 10 
mM each deoxynucleotide triphosphate, 40 units/µL 
of recombinant RNase inhibitor, 200 unit/µL reverse 
transcriptase, 20 µM random hexamers and 2 μg of total 
RNA. The samples were incubated at 42°C for 60 min, 
and reverse transcriptase was inactivated by heating at 
85°C for 5 min and cooling at 4°C for 3 min. 

Analysis of UGT1A3 and UGT1A7 mRNA Expression by 
Real-Time PCR (RT-PCR)

The expression of UGT1A3 and UGT1A7 was 
examined in tumor and normal pancreatic tissues 
of the same patient. The mRNA levels of UGT1A3 
(sense: 5’- GGATGAATTTGATCGCCATGTG-3’, 
anti-sense: 5’-TGTCATGTGGTCTGAATTGGTT-3’), 
UGT1A7 (Sense:5’-CCTCTTTCCTATGTCCCCAGA-3’, 
Antisense:5’-CCTCTTTCCTATGTCCCCAGA-3’)  in 
relation to the housekeeping gene, β-actin (ACTB RefSeq 
Accession no: NM_001101.3), were determined by Real-
Time PCR. RT- PCR was performed in 50 µL of reaction 
mixture with 50ng cDNA, 400nM of each primer, 25 
µL SYBR Green Master Mix and deionized water. RT-
PCR thermal cycling conditions were as follows: initial 
denaturation at 95ºC for 15 min, followed with 40 cycles of 
15s of 94ºC, 30s of 55ºC, 30s of 72ºC and final extension 
at 72ºC for 10 min. Real-time PCR was performed using 
Rotor Gene 6000 Real-Time PCR Machine (Qiagen 
GmbH, Hilden, Germany).

Statistical analysis
SPSS 22.0 software (SPSS, Chicago, USA) was used 

for statistical analysis. RT-PCR results were expressed 
using the comparative threshold method (Livak and 
Schmittgen, 2001). The threshold cycle number (CT) 
value for UGT1A3 and UGT1A7 was normalized against 
β-actin and calculated as ∆CT=CTUGT1A3-CTβ-actin and 
∆CT=CTUGT1A7-CTβ-actin. Relative UGT1A3 and UGT1A7 
mRNA expressions were expressed as fold of UGT1A3 
and UGT1A7 versus reference: F=2(∆CT). All PCR 
reactions were performed in triplicate in three independent 
experiments. Data analysis was performed using the RT2 
Profiler PCR Array Data Analysis version 3.5 (Qiagen 
GmbH, Hilden, Germany). This analysis program is based 
on 2-∆∆CT method for fold change calculations.

Data groups were analyzed using Student’s t-test to 
determine if there were significant differences between 
normal and cancer tissues. Statistical significance was 
concluded at p<0.05. 

Results 

Total RNA from pancreatic cancer and corresponding 

Figure 1. Fold Changes of UGT1A3 (a) and UGT1A7 (b) in Normal and Tumor Tissues of Pancreatic Cancer 
Patients
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normal tissue was analyzed for the mRNA expressions of 
UGT1A3 and UGT1A7 by RT-PCR method.

In pancreatic cancer patients, UGT1A3 and UGT1A7 
mRNA expressions were increased in tumor tissues 
compared with the surrounding healthy tissues (Figure 
1) These results were statistically significant (p<0.05) 
(Table 1). 

In this study was investigated relationship between 
tumor size and the levels of mRNA expression UGT1A3 
and the UGT1A7. To determine the relationship, 2-ΔCt 
value of tumor tissue than 2-ΔCt value of normal tissue was 
taken away (Livak and Schmittgen, 2001). Tumor sizes 
were compared to the values (2-ΔCt N-T) for both UGT1A3 
and UGT1A7 expressions by using student’s t-test. We 
found that UGT1A3 and UGT1A7 mRNA expressions 
in tumor tissues were increased tumor size and this was 
statistically significant (p<0.05) (Table 2).

Discussion

An important superfamily of proteins that play a 
role in cellular detoxification and defense are the UDP-
glucuronosyltransferase, which are expressed in different 
tissues with xenobiotic contact and have been implicated 
in chemical carcinogenesis (Strassburg et al., 1999a). 
Human UGT1A genes are regulated in a tissue-spesific 
fashion in hepatic and extrahepatic tissues (Strassburg et 
al., 1998a). 

In the present study, we investigated the mRNA 
expression levels of the UGT1A3 and the UGT1A7 in 
human pancreatic tissues with cancer and normal. The 
mRNA levels of the UGT1A3 and the UGT1A7 assigned 
by RT-PCR using specific primers. For this reason, we 
determined the UGT1A3 and the UGT1A7 mRNA levels. 
To our knowledge, this is the first study to examine mRNA 
expression levels of UGT1A3 and UGT1A7 in pancreatic 
tumor and normal samples. 

The UGT1A3 gene transcript is expressed in liver 
tissue (Strassburg et al., 1997). The UGT1A7 gene is 

differentially expressed in the human lung (Guillemette et 
al., 2000), esophagus (Strassburg et al., 1999a), stomach 
(Strassburg et al., 1997), small intestine (Strassburg et 
al., 2000) and colon (Strassburg et al., 1998b; Strassburg 
et al., 1999b) but is absent from the liver (Strassburg et 
al., 2001). Ockenga et al. (2003) reported high levels of 
UGT1A7 mRNA and low levels of UGT1A3 transcripts 
in normal pancreatic tissue. In the same study, down-
regulation of the UGT1A3 mRNA was determined in 
pancreatic adenocarcinoma (Ockenga et al., 2003). 
In this study, we found that the mRNA expression 
levels of UGT1A3 and UGT1A7 was significantly 
increased in tumor tissue compared with normal tissue 
of pancreatic cancer patients. Strassburg et al. (1998b) 
showed that UGT1A7 mRNA was up-regulated in gastric 
adenocarcinoma. Contrary to our result, it was shown 
to decrease mRNA expression of UGT1A isoforms in 
adenocarcinoma tissue compared with normal colonic 
mucosa using immunohistochemical analysis (Wang et al., 
2012). In another study conducted with colorectal cancer 
patients, UGT1A mRNA expressions were significantly 
reduced in pathological tissues compared with the 
surrounding healthy tissues harvested together (Wang 
et al., 2013). UGT1A expression was down-regulated in 
bladder cancer (Izumi et al., 2014).

Strassburg et al. (2000) reported that the UGT1A 
isoforms were present in gastrointestinal tissues 
from individuals but were absent in those from other 
individuals. Additionally, UGT1A10 mRNA expression 
levels were correlated with the ethnicity of the donors 
(Starland-Davenport et al., 2008). Polymorphism leads to 
different degrees of transcriptional as well as functional 
alterations, which may decrease UGTs activity and 
results in pathology of the affected individuals (Wang 
et al., 2013). Five single nucleotide polymorphisms 
of the UGT1A7 gene were identified. UGT1A7 gene 
defining three polymorphic UGT1A7 alleles (UGT1A7*2, 
UGT1A7*3 and UGT1A7*4) (Strassburg et al., 2002b). 
The UGT1A7*3 allele with low mutagen detoxification 
activity was identified as a risk factor for cancers of 
the pancreas (Ockenga et al., 2003) and colorectal 
(Tang et al., 2005). Piepoli et al. (2006) suggested that 
the frequency of genetic polymorphism in UGT1A7 
in pancreatic cancer patients was not different from 
healthy controls in Italian population. In our study, the 
UGT1A7 gene polymorphism was not analyzed in normal 
and tumor tissues of the pancreas. The interindividual 
differences in the expression may partly result from 
genetic polymorphism and epigenetic modifications on 
the promoter or coding region affect the transcriptional 
activity or mRNA stability (Strassburg et al., 2000; Peters 
et al., 2003). There are inter-individual differences in the 
expression of the UGT1A7 (Verlaan et al., 2005). When 
results of our study compared with the results of studies 
in different types of cancer, polymorphisms which led to 
inter-individual variation may be effective in the different 
of UGT1A3 and UGT1A7 mRNA expression levels. 

In addition to genetic polymorphism, the induction 
by environmental and/or diet would be casual factors 
of the variability of the UGT expression (Nakamura et 
al., 2008). Moreover, it was shown that UGT expression 

Table 1. UGT1A3 and UGT1A7 mRNA expression 
levels in Normal and Tumor Tissues of Patients with 
Pancreatic Cancer
 Mean (2-∆Ct) Variance df p value

UGT1A3    
Normal tissue 0.03 0.001 42 0.04*
Tumor tissue 0.09 0.064  
UGT1A7    
Normal tissue 0.07 0.007 42 0.03*
Tumor tissue 0.14 0.067  
*p<0.05

Table 2. Relationship between Tumor Size and 
UGT1A3 and UGT1A7 mRNA Expression Levels
 2-∆Ct N-T Tumor size 2-∆Ct N-T Tumor size
 (UGT1A3) (cm2) (UGT1A7) (cm2)

Mean -0.06 16.14 -0.07 16.14
Varience 0.07 336.47 0.05 336.47
df 42  42 
p value 0.00*  0.00*
*p<0.05
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was restricted to certain cell types or regions in an organ 
by immunohistochemical studies. For example UGT1A 
expression has been shown to be restricted to the proximal 
and distal convoluted tubules, the loops of Henle, and the 
collecting ducts in kidney (Gaganis et al., 2007).

The differential regulation of UGT1A3 and UGT1A7 
mRNA expressions in individual tissues may be 
the biochemical basis of differences in carcinogen 
glucuronidation in specific human organs. The UGT1A3 
and UGT1A7 mRNA expression differences can create 
different from each other cytotoxic and genotoxic effects 
in pancreatic tissue and other tissues.

In the present study, we also demonstrated a positive 
correlation between the mRNA expression levels of 
UGT1A3 and UGT1A7 and tumor size in pancreatic 
cancer. A high expression of UGT1A3 and UGT1A7 
was significantly associated with larger tumor size. 
These findings suggested that UGT1A3 and UGT1A7 
may play roles in the progression of pancreatic cancer 
and may present promising target genes for the diagnosis 
and treatment of pancreatic cancer. Together, these 
results indicate that elevated expression of UGT1A3 and 
UGT1A7 may contribute to tumor growth in pancreatic 
cancer.

In order to clarify exactly the relationship between 
UGT1A3 and UGT1A7 genes with pancreatic cancer, 
protein levels and polymorphic expressions of these 
genes should be investigated in the future studies. We 
also think it would be effective to explore the expression 
levels of transcription factors, which are known to regulate 
expression of UGT1A3 and UGT1A7.

In conclusion, it is suggest that UGT1A3 and UGT1A7 
are involved in the development and progression of 
pancreatic cancer and may constitute potential targets for 
novel treatment strategies.
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