
Biomed Environ Sci, 2013; 26(5): 323-330 323 

 
*This study was supported by the National Key Technology R&D Program (No. 2006BAI19B03) and the National Key 

Basic Research Program of China (973 program No: 2012CB720804) 
#Correspondence should be addressed to: ZENG Yi, Tel: 86-10-63519366; Fax: 86-10-63519366; E-mail: 

zengy@public.bta.net.cn; WU Yong Ning, Tel: 86-10-67776790; Fax: 86-10-67776790; E-mail: wuyncdc@yahoo.com.cn 
Biographical note of the first author: ZHANG Lei, male, born in 1973, associated professor, majoring in food safety. 
Received: March 22, 2012;             Accepted: November 1, 2012 
 
 

Original Article 

Synergistic Effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin and 
N-nitrosodiethylamine on Cell Malignant Transformation* 

ZHANG Lei1, ZHAO Rui2, YE Shu Qing3, ZHOU Ling3, WU Yong Ning1,#, and ZENG Yi3,# 

1. Key Laboratory of Food Safety Risk Assessment, Ministry of Health, China National Center for Food Safety Risk 
Assessment, Beijing 100022, China; 2. College of Life Science and Bio-engineering, Beijing University of 
Technology, Beijing 100022, China; 3. National Institute for Viral Disease Control and Prevention, Chinese Center 
for Disease Control and Prevention, Beijing 100052, China 

Abstract 

Objective  The present paper aims to investigate the effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) and N-nitrosodiethylamine (DEN) on tumorigenesis and its potential mechanism. 

Methods  The potentials of TCDD and DEN in separation or in combination to induce malignant 
transformation were tested in Balb/c 3T3 cells by using a cell transformation assay method. The possible 
mechanism of observed effects was studied further by adding α-naphthoflavone (α-NF), a competitive 
binding agent of TCDD, to the Aryl hydrocarbon receptor (AhR) pathway. The mRNA expressions of 
Cyp1a1 and Cyp2a5 gene in Balb/c 3T3 cells treated by DEN and TCDD in separation or in combination 
with or without presence of α-NF were measured with fluorescence quantification RT-PCR technique. 

Results  The cell transformation frequency (TF) was significantly higher in case of induction with TCDD 
in combination with DEN, as compared to that with either TCDD or DEN alone. These effects were not 
inhibited via α-NF. The mRNA expression levels of both Cyp1a1 and Cyp2a5 were enhanced by TCDD 
treatment alone, but this inducible effect was blocked in cells treated by TCDD and DEN in combination. 

Conclusion  TCDD and DEN had a significant synergistic effect on tumorigenesis when they were used 
in combination. AhR pathway may not be the key mechanism of this synergistic effect. Thus, it is 
necessary to further test the potential mechanism involved in cancer development. 

Key words: Dioxin; Nitrosodiethylamine; Cell transformation; Tumorigenesis 

Biomed Environ Sci, 2013; 26(5):323-330    doi: 10.3967/0895-3988.2013.05.001     ISSN:0895-3988 

www.besjournal.com(full text)            CN: 11-2816/Q          Copyright ©2013 by China CDC 

 
INTRODUCTION 

,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 
is a member of the large family of 
organochlorinated chemicals. In 1997, the 

International Agency for Research on Cancer (IARC) 
classified TCDD as one of group 1 carcinogens. This 
judgment was based on sufficient evidence from 
experimental animals; however, the evidence from 
humans was limited and its carcinogenic mechanism 

remains to be elaborated. As a result, TCDD has 
been faced with challenges and controversies in 
terms of its role in human cancer in the past 
decade[1-4]. Moreover, up to now current research 
process has not fully considered possible synergistic 
effects of TCDD and other carcinogens on 
carcinogenesis. This is partly due to lacking of 
studies exploring the effect of TCDD in the presence 
of other carcinogens. Therefore, a combination 
study will be helpful to further understand the role 
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of TCDD in the development of human cancers 
when it coexists with other carcinogens in a real 
living environment. 

One of such coexisting carcinogens is 
N-Nitrosodiethylamine (DEN) present in the 
environment and in tobacco smoke[5]. DEN is one of 
the nitrosamine compounds that produce tumors in 
all animal species tested so far[6]. The major target 
organs are the liver, respiratory and upper digestive 
tracts and kidney[7]. IARC classified DEN as one of 
group 2A carcinogens. 

Like most of nitrosamine compounds, DEN 
requires metabolic activation to exhibit its 
mutagenic and carcinogenic action. This 
biotransformation process involves hydroxylation of 
the α-carbon, which is catalyzed by the cytochrome 
P450 (CYP) oxygenase system. The resultant 
a-hydroxyalkylnitrosamine breaks down to an 
alkyldiazonium ion and the corresponding carbonyl 
compound. The diazonium ion could alkylate a 
variety of nucleophilic sites such as deoxyribonucleic 
acid (DNA) and ribonucleic acid(RNA)[8-9]. 

Meanwhile, TCDD is the well-known potent and 
persistent aryl hydrocarbon receptor (AhR) agonist, 
which strongly induces expression of many Cyp 
genes[10-12]. Although nitrosamines are bioactivated 
by the phase II CYP (such as CYP2E1) while TCDD 
mainly activates the phase I CYP ( such as CYP1A1), 
studies have shown that TCDD can also up-regulate 
the expression of mouse phase II CYP2A5 oxygenase, 
an orthlogue of human CYP2A6[13]. A study on 
patients with oesophageal cancer found that the 
expression levels of Cyp2a6 were promoted in the 
oesophageal mucosa of these patients and involved 
in the activation of N-nitroso-diethylamine (DEN)[14]. 
Therefore, there may be a synergistic effect of TCDD 
and DEN on regulation of the expression of Cyp 
genes. 

The cell transformation assay is an effective 
method to test synergistic carcinogenic effects of 
different carcinogens[15]. Cell transformation has 
been defined as the induction of certain phenotypic 
alterations in cultured cells that are characteristic of 
tumorigenic cells. It has been shown to be a 
multistage process which closely models the various 
stages of in vivo carcinogenesis. A cell 
transformation assay can provide some crucial 
evidence specific to the tumorigenic potential of 
various types of carcinogens, which cannot be 
supplied by genotoxicity testing. Compared with 
animal tests, the cell transformation assay can avoid 
both the time-consuming process and the use of 

experimental animals. It is widely acknowledged that 
this method has good concordance between 
transformation and in vivo carcinogenicity, and is 
highly sensitive and specific for detecting the 
carcinogenic activity of chemicals. The European 
Centre for the Validation of Alternative Methods 
(ECVAM) summarized that the concordance, 
sensitivity and specificity of Balb/c 3T3 cell 
transformation assay were 71%, 80%, and 60%[16], 
respectively, which are consistent with earlier 
evaluation made by IARC[17] and more recent 
evaluation by Sakai[18]. 

In this paper, we used an improved cell 
transformation assay protocol and fluorescence 
quantification RT-PCR technique to study the 
synergetic effect of TCDD and DEN and its possible 
tumorigenic mechanism.   

MATERIALS AND METHODS 

Cells and Media 

Balb/c 3T3 clone A31-1-1 cells (ATCC, U.S.) were 
routinely grown in Dulbecco’s modified Eagle’s 
medium (DMEM) (Gibco, U.S.), supplemented with 
10% fetal bovine serum (FBS, YHSM, China), 1.1 g/L 
NaHCO3, 100 μg/mL streptomycin and 100 U/mL 
penicillin (D10F-medium) in a humidified incubator 
(5% CO2 plus 95% air). Another culture medium 
DMEM/F-12 (1:1) (Hyclone, U.S.) supplemented with 
5% FBS, 0.5 g/L NaHCO3, 100 μg/mL streptomycin 
and 100 U/mL penicillin (DF5F-medium) was used for 
the cell transformation assay. 

Chemicals 

TCDD (50 μg/mL, Cambridge isotope 
Laboratories, U.S.) was stocked in dimethyl sulfoxide 
(DMSO). DEN (liquid, sigma, U.S.) was dissolved and 
stocked as 10 mmol/L solution in sterile deionized 
water, and α-naphthoflavone (α-NF, 1.0 g, sigma, 
U.S.) was dissolved and stocked as 3.5 mmol/L in 
20% ethanol. These chemicals were serially diluted 
by culture medium to prepare final test 
concentrations as follows: DEN 100 μmol/L, TCDD 
0.01 mg/L, α-NF 7.0 μmol/L. (According to our 
preliminary experiment, these doses were the ones 
with the highest cell survival rate of 80%-100% in the 
cell toxic test and the highest cell transformation 
frequency in the cell transformation assay for DEN.) 
The concentration of DMSO or ethanol was less than 
0.1% of that of the medium, which would not affect 
cell growth and induction of transformed foci. 
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Cytotoxicity and Cell Transformation Assay 

In the cytotoxicity assay, Balb/c 3T3 cells in the 
state of exponential growing were seeded at 400 
cells/flask in two culture flasks (T25 with filtered cap) 
for each of the treatment groups. After incubation in 
D10F-medium for 24 h, the cells were exposed to the 
corresponding chemicals for 7 days, with the 
medium with chemicals changed once in this 
duration. At the end of the treatment, cells were 
fixed with methanol and stained with Giemsa 
solution. The endpoints of the assay were formation 
of cell colonies (larger than 50 cells) and 
determination of the clonal efficiency (CE) in each 
treatment group. 

In the cell transformation assay, Balb/c 3T3 cells 
in the state of exponential growing were seeded at 
2×104 cells per flask, incubated in D10F-medium for 
24 h, and exposed to the chemicals for 7 days, with 
the medium with the chemicals changed once during 
this period. After exposure, the medium was 
removed, and the exposed and control cells were 
reseeded in six T25 flasks at 2×104/flask for each 
treatment group, and cultured in DF5F-medium for 
28 days, with the medium changed every three days. 
The cells were then fixed with methanol and stained 
with Giemsa solution. Transformed foci were scored 
according to morphological criteria: deep basophilic 
staining and dense multi-layering of cells; random 
orientation of cells at the edge of foci and large than 
2 mm[19]. 

Cell transformation frequency (TF) was 
calculated by dividing the number of foci/flask by the 

number of cells at risk estimated from the CE 
obtained in the cytotoxicity assays. The formula was 
shown as follows: 

TF (×10-4)=Number of foci per flask /(CE×2). 

RNA Isolation and Reverse Transcription 

Exponentially growing cells were seeded at 
5×104/flask and incubated in D10F-medium for 24 h, 
and then exposed to the chemicals for 48 h. The 
control and exposed cells were collected and all RNA 
was isolated by using the commercial kit (QIAGEN, 
GER). The total isolated RNA (0.8 μg) was then 
reversely transcribed into cDNA in a 20 μL reaction 
mixture containing MMLV reverse transcriptase, 
oligo dT primer and random 6 primers via incubation 
at 37 °C for 15 min, followed by 85 °C for 5 s. The 
cDNA product was stored at 4 °C and ready for 
amplification.  

cDNA Amplification and Purification  

Five μL cDNA for Cyp1a1, Cyp2a5, and β-actin 
each was amplified by PCR in a 50 μL reaction 
mixture containing 2U Taq DNA polymerase (TaKaRa, 
Dalian, China), 0.3 μmol/L of each primer pair for the 
amplification of Cyp1a1, Cyp2a5 and β-actin, and 
0.25 mmol/L each of dATP, dGTP, dCTP, and dTTP. 
The reaction was first incubated at 95 °C for 5 min, 
followed by 40 cycles of 95 °C for 10 s, 57 °C for 30 s, 
72 °C for 30 s and a final extension of 72 °C for 7 min. 
The sequences of PCR primer specific for Cyp1a1, 
Cyp2a5 and β-actin were designed according to 
previous studies[20-21], as shown in Table 1.  

Table 1. Primers Used for Real-time PCR and the Amplification of PCR Products 
Genes Primers (5’ to 3’) Fragment Length (bp) 

Cyp1a1 
Forward GTGTCTGGTTACTTTGACAAGTGG 
Reverse AACATGGACATGCAAGGACA 

206 

Cyp2a5 
Forward GGCAGCTCTATGAGATGTTC 
Reverse TTATGAAGTCCTCCAGGCCC 

96 

β-actin 
Forward CGTTGACATCCGTAAAGACC 
Reverse AACAGTCCGCCTAGAAGCAC 

281 

 
The amplification products were then purified 

by using StarPrep Gel extraction kit (GenStar 
Biosolutions Co., Ltd) according to the 
manufacturer’s instructions. The purified gene 
fragments were identified by gel electrophoresis. As 
shown in Figure 1, the sizes of gene fragments were 
consistent with those of expected gene fragments. 
These purified gene fragments were diluted at 1:10 
and used for the real-time PCR as standard series. 

Real-time Quantitative PCR Analyses 
Real time quantitative PCR analyses were 

performed with SYBR® Primescript TMRT-PCR Kit II 
(TaKaRa, Dalian, China) in a real-time fluorescence 
quantitative PCR system (ABI 7500 Fast) for Cyp1a1, 
Cyp2a5, and β-actin. The cumulative fluorescence of 
the Cyp1a1 and Cyp2a5 products was normalized  
to that of β-actin as the housekeeping gene. Two μL  
of cDNA was amplified by PCR in 20 μL of a mixture 
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Figure 1. Identification of the purified gene 
fragments by gel electrophoresis. Line 1: 
Cyp2a5, Line 2: Cyp1a1, Line 3: β-actin. 

 
containing 10 μL SYBR premix Ex Taq II, 6 μmol/L 
each of the forward and reverse primers, and 0.4 μL 
ROX Reference Dye II. The reaction was first 
incubated at 95 °C for 10 s, followed by 40 cycles of 
95 °C for 3 s and 60 °C for 31 s, and ended with a 
melting curve analysis.  

Standards were measured at the same time and 
the standard curves for each target gene were 
automatically generated (Figure 2). As the slope 
difference between the measured gene and the 
housekeeping gene was larger than 0.1, indicating a 
difference in the amplification efficiency, the 
hyperbolic relative quantitative method was used to 
evaluate the results. 
 

 

Figure 2. Real-time PCR standard curves for 
Cyp1a1, Cyp2a5, and β-actin. 

Statistical Analysis 

For most of the experiment settings, statistical 
evaluations were performed with the one way 
analysis of variance (ANOVA). The comparison of 
Cyp1a1 or Cyp2a5 mRNA expression between each 
chemical tested with or without the addition of α-NF 
was performed by using the student t-test. All 
statistics were performed at the 95% confidence 
level and with SPSS (vision 13.0) for Windows (SPSS, 
Inc. USA).  

RESULTS 

Synergistic Effect on Inducing Cell Malignant 
Transformation between DEN and TCDD 

The ability of DEN and TCDD alone or in their 
combination to induce malignant transformation in 
Balb/c 3T3 cells were tested by using the cell 
transformation assay (Figure 3). Compared with the 
control group, TF in the DEN treatment group 
increased significantly (P<0.01), which indicated that 
DEN alone had carcinogenic potential. Moreover, no 
significant difference was observed in TF between 
the TCDD treatment group and the control group, 
suggesting a weak carcinogenic potential of TCDD 
alone. However, when cells were treated by TCDD 
and DEN together, TF was three times higher than 
that in the DEN treatment group (P<0.01), and 15 
times higher than that in the TCDD treatment group 
(P<0.01).  
 

 

Figure 3. The transformation frequency (TF) 
of malignant transformation in Balb/c 3T3 
cells induced by 100 μmol/L DEN alone, 0.01 
mg/L TCDD alone, or 100 μmol/L DEN plus 
0.01 mg/L TCDD. a: significant difference 
compared with the control group (P<0.01); b: 
significant difference compared with the DEN 
treatment group (P<0.01); c: significant 
difference compared with the TCDD 
treatment group (P<0.01). 

Effect of α-NF on the Synergism between DEN and 
TCDD 

α-NF of different concentrations was tested with 
DEN plus TCDD to investigate whether α-NF, known 
as an AhR antagonist, could inhibit the synergistic 
effect of DEN and TCDD on cell malignant 
transformation. TF in groups with α-NF of different 
concentrations added was all higher than that in the 
control group (DEN plus TCDD without the addition 
of α-NF), but no statistically significant differences 
were observed. Moreover, no dose-response 
relationship was observed by adding α-NF to the 



Biomed Environ Sci, 2013; 26(5): 323-330 327 

DEN and TCDD combination (Figure 4). 
 

 

Figure 4. The effect of α-NF on the synergism 
between DEN and TCDD was tested by 
exposing Balb/c 3T3 cells to 100 μmol/L DEN 
plus 0.01 mg/L TCDD plus α-NF with a 
concentration sequence of 0 μmol/L,     
0.5 μmol/L, 1.0 μmol/L, 2.0 μmol/L, and   
7.0 μmol/L respectively. There are no 
significant differences among different 
treatment groups (P>0.05). 

Induction of Cyp2a5 mRNA Expression by DEN, 
TCDD, and α-NF 

Induction of Cyp2a5 mRNA expression in Balb/c 
3T3 cells by DEN or TCDD alone or their combination 
was determined and compared with that in the 
control group. Meanwhile, the effects of α-NF on the 
Cyp2a5 mRNA expression in each of the groups were 
also determined (Figure 5). The Cyp2a5 mRNA level 
 

 

Figure 5. Induction of Cyp2a5 mRNA 
expression in Balb/c 3T3 cells after treatment 
with 100 μmol/L DEN alone, 0.01 mg/L TCDD 
alone, or 100 μmol/L DEN plus 0.01 mg/L 
TCDD, and with 7.0 μmol/L α-NF (NF+) or 
without α-NF (NF-) treatment for each group. 
*Significant difference compared with all the 
other treatment groups without the addition 
of α-NF (P<0.05). #Significant difference 
compared with the same chemical treatment 
without the addition of α-NF (P<0.05). 

of DEN treated cells was not significantly different 
from that in the control group, while the Cyp2a5 
expression in TCDD treated cells was significantly 
higher than that in the control and DEN groups 
(P<0.05). Interestingly, when cells were co-treated 
by DEN and TCDD, the Cyp2a5 mRNA level was 
reduced dramatically to about 50% of that in the 
TCDD treatment group and was significantly lower 
than that in either the control or the DEN treatment 
group. When α-NF was present, the Cyp2a5 mRNA 
levels in the control, DEN and TCDD treated groups 
were all down-regulated, but no further reduction 
was observed in the DEN plus TCDD treatment group 
in comparison to the level without α-NF. 

Induction of Cyp1a1 mRNA Expression by DEN, 
TCDD, and α-NF 

Induction of Cyp1a1 mRNA expression by DEN, 
TCDD and α-NF was also investigated (Figure 6). The 
results were similar with those in the Cyp2a5 
expression study above. The up-regulation of Cyp1a1 
mRNA expression as a result of application of TCDD 
alone was significantly lowered when the cells were 
treated by both DEN and TCDD. The Cyp1a1 mRNA 
levels in the control and TCDD treated groups were 
significantly down-regulated when the cells were 
treated additionally with α-NF (P<0.05), but no 
significant changes were observed in the DEN plus 
TCDD treatment groups. 
 

 

Figure 6. Induction of Cyp1a1 mRNA 
expression in Balb/c 3T3 cells after treatment 
with 100 μmol/L DEN alone, 0.01 mg/L TCDD 
alone, or 100 μmol/L DEN plus 0.01 mg/L 
TCDD, and with 7.0 μmol/L α-NF (NF+) or 
without α-NF (NF-) treatment for each  
group. *Significant difference compared with 
all the other treatment groups without the 
addition of α-NF (P<0.05). #Significant 
difference compared with the same chemical 
treatment without the addition of α-NF 
(P<0.05). 
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DISCUSSION 

Synergistic Effect of DEN and TCDD on Inducing 
Malignant Transformation of Balb/c 3T3 Cells 

The cell transformation assay showed that DEN 
alone significantly induced malignant transformation 
of the Balb/c 3T3 cells. This result is consistent with 
findings of other studies, in which some nitrosamine 
compounds, such as N-Methyl-N’-nitro-N-nitrosogu- 
anidine, N-methyl-N-nitrosourea, and N-ethyl-N- 
nitrosourea, had been tested and all had exhibited 
positive outcomes in Balb/c 3T3 cell transformation 
tests[22-25]. TCDD was shown to exert effects as a 
tumor promoter in a study using an improved 
two-stage Balb/c 3T3 cell transformation model[26]. 
However, such a tumorigenic effect was not 
observed in our assay. One possible reason for the 
phenomenon could be that the cell transformation 
protocol used in this study was designed to find out 
combined tumorigenic effects of the two chemicals 
instead of distinguishing the tumor promoter from 
the initiator according to the two-stage model. 
However, our results showed that there was a strong 
synergistic tumorigenic effect of TCDD and DEN 
when cells were treated by TCDD and DEN together, 
and such effect might be explained in part by the 
role of TCDD as a tumor promoter in the 
carcinogenic process, as observed by other 
researchers adopting the DEN-initiated two-stage 
experimental animal model[27-28]. 

Other than the two-stage model, the combined 
effect of DEN and TCDD had not been well studied. 
One study showed that the combination of TCDD 
and 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butan- 
one (NNK), a kind of nitrosamine usually found in 
tobacco, significantly increased the lung tumor 
incidence in female A/J mice when compared to 
groups treated with TCDD or NNK alone[29]. Findings 
of the present study using the in vitro cell assay 
further demonstrated the synergistic effect of the 
combination of nitrosamine compounds and TCDD 
quantitatively. 

Role of Cyp1a1 and Cyp2a5 in the Synergistic 
Tumorigenic Effect of DEN and TCDD 

CYP1A1, known as aryl hydrocarbon hydroxylase 
(AHH), is a major extra hepatic CYP enzyme involved 
in metabolic activation of many carcinogens, 
especially poly aryl hydrocarbons (PAHs). Moreover, 
PAHs, such as benzo[a]pyrene, can induce 
expression of Cyp1a1 gene by binding with AhR[30]. 
Thus, it is commonly known that Cyp1a1 plays an 

important role in cancers induced by xenobiotics. 
However, a recent study showed that Cyp1a1 might 
play an essential protective role in benzo[a]pyrene- 
induced carcinogenesis in Cyp1a1 knockout mice[31]. 
Our results revealed that TCDD as a powerful AhR 
agonist could effectively induce the expression of 
Cyp1a1 gene, which was consistent with the 
common understanding on the toxic and 
tumorigenic mechanism of TCDD. Nevertheless, 
when TCDD was used together with DEN, the 
expression level of Cyp1a1 was decreased 
significantly compared with that in the TCDD 
treatment group, but the decrease was not 
statistically significant as compared with the control 
and DEN treatment group, which suggested blocking 
of the up-regulation effect of TCDD in the presence 
of DEN. These results indicate that Cyp1a1 may exert 
an inhibitive effect on the process of carcinogenesis. 
Our findings support the conclusions of the study on 
Cyp1a1 gene knockout mice.  

Similar results were demonstrated in the Cyp2a5 
expression study. The expression of Cyp2a5 was 
down-regulated significantly compared with that in 
the TCDD, DEN and control groups. CYP2A5 enzyme 
is involved in metabolism of many carcinogens, such 
as N-nitrosamine compounds and aflatoxin. High 
expression of CYP2A5 can be found in hepatic cells 
as it is a hepatic enzyme[32]. The regulation of Cyp2a5 
is complex and also different from that of other 
Cytochrome P450 genes. The expression of Cyp2a5 
gene is inducible by a number of chemicals and 
pathophydiological conditions that usually inhibit 
expression of other Cyp genes. Cyp2a5 can be 
induced by some liver toxic substances, including 
TCDD, phenobarbital and heavy metals. The increase 
of the Cyp2a5 mRNA level was observed in 
chemical-induced hepatoma cells[20,32-33]. Studies also 
showed that CYP2A5 was a metabolic activating 
enzyme of DEN and could enhance the carcinogenic 
activity of DEN[34-35]. However, the down-regulation 
of Cyp2a5 found in the TCDD and DEN co-treated 
group indicated that the synergetic tumorigenic 
effect of DEN and TCDD was not realized by TCDD 
enhancing the metabolic activation process of DEN.  

Possible Mechanisms of the Synergetic Tumorigenic 
Effect of DEN and TCDD 

TCDD is a well-known toxin which damages the 
liver, skin and immune system, causes reproductive 
and developmental abnormality and thus induces 
cancers. Although a host of studies have 
demonstrated that diverse toxicities of TCDD are 
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related to AhR[36], they have failed to explain the 
tumor promoting effects of TCDD and whether there 
are mechanistic relations between Cyp genes 
induction and TCDD toxicity or not[2,37-38]. AhR is a 
cytosolic transcription factor with basic 
helix-loop-helix structure. Upon binding to TCDD, 
AhR will get its structure changed, get translocated 
into the nucleus and dimerized with the AhR nuclear 
translocator (ARNT). After that, the dimer further 
binds to the xenobiotic responsive element (XRE) 
sequences in the promoter regions of the target 
genes to regulate their expression[39-40]. 

Alpha-naphthoflavone is a kind of flavone 
derivative with a molecular structure similar to that 
of TCDD. It inhibits the biological effect of TCDD by 
binding competitively to AhR[41]. The possible 
inhibitory effect of α-NF on synergism between 
TCDD and DEN was investigated in this study. The 
results showed that α-NF could inhibit TCDD from 
inducing the expression of Cyp1a1 and Cyp2a5 genes, 
but it failed to inhibit the synergetic effect of TCDD 
and DEN, which indicated that the synergetic 
tumorigenic effect was not achieved through the 
AhR pathway. The roles of AhR and subsequent 
induction of the Cypla family in tumorigenesis were 
studied by using mouse strains differing in AhR 
phenotype and hepatocarcinogen sensitivity[28]. It 
can be concluded that whereas AhR is required for 
liver tumor promotion, “the degree of activation as 
measured by induction of Cypla is not directly 
related to the degree of tumor-promoting capability. 
Other genetic factors must play a role in mediating 
the final tumor outcome.” Meanwhile, another study 
has found that the down-regulation of nuclear P16 
partially contributes to synergistic effects of TCDD 
and NNK in lung tumorigenesis[29]. 

Therefore, the synergetic tumorigenic effect of 
TCDD in combination with DEN is not achieved 
simply by TCDD up-regulating the expression of CYP 
enzymes to enhance the carcinogenic potential of 
DEN. It is well known that the cell transformation 
consists of at least four stages: (1) a block in cellular 
differentiation; (2) acquisition of immortality; (3) 
acquisition of tumorigenicity; and (4) full malignancy 
including metastasis. The malignant transformation 
of Balb/c 3T3 is a conversion from the immortal and 
non-tumorigenic stage to the tumorigenic 
phenotype stage. This conversion occurs following 
either the activation of oncogenes or the inactivation 
of tumor suppressing genes[42], which involves a 
series of complex regulation processes. It is possible 
that TCDD interacts with DEN through another 
pathway during this process. Studies have shown 

that TCDD can enhance the activity of NF-kB, an 
inhibitory factor for expression of CYP mRNA. In 
addition, the NF-kB signal pathway is related to the 
health effects of xenobiotics and the interaction 
between NF-kB and AhR signal pathways is found to 
be a potential mechanism of dioxin toxicity[43-45]. 
Therefore, the synergetic effect of DEN and TCDD 
may involve interactions among some molecular 
signal pathways and gene regulation mechanisms. 
The down-regulation of the expression of Cyp1a1 
and Cyp2a5 genes is only an indirect representation 
of the interaction between DEN and TCDD at the 
molecular level. To clarify the synergetic effect of 
TCDD in combination with DEN is helpful to 
understand the role of TCDD in human cancers and 
the process of cancer occurrence and development.  
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