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Abstract: Background: Genistein (5,7-Dihydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-4-one) is 
the most abundant isoflavone in soybean, which has been associated with a lower risk of development 
of cancer and cardiovascular diseases. Of particular interest regarding cancer preventive properties of 
flavonoids is their interaction with cytochrome P450 enzymes (CYPs). However, contradictory data 
report the effect of genistein on expression of СYPs enzymes. 

Objective: The aim of this study was to investigate the effects of genistein on cytochrome P450 (CYP) 
gene expression levels in human hepatocellular carcinoma (HepG2/C3A) and colon adenocarcinoma 
(HT29) cells. 

Methods: Real-time RT–PCR was used to examine the expression of genes families involved in xeno-
biotic metabolism, such as CYP1 (CYP1A1, CYP1B1), CYP2 (CYP2E1, CYP2D6), CYP3 
(CYP3A4); and of a family involved in the catabolism of the all-trans-retinoic acid (ATRA), CYP26 
(CYP26A1, CYP26B1). 

Results: RT-qPCR data analysis showed that after 12 h of exposure of HepG2/C3A cells to genistein 
(5 and 50 µM) there was an upregulation of CYP1A1 and CYP1B1 and downregulation of CYP2D6, 
CYP26A1 and CYP26B1 mRNA levels. There was no change in the mRNA levels of CYP P450 genes 
in HT29 cells. 

Conclusion: Our results suggest that treatment with genistein in non-toxic concentrations may impact 
the expression level of CYPs involved in the biotransformation of xenobiotics and drug metabolizing 
enzymes. Moreover, the downregulation of ATRA metabolism-related genes opens a new research 
path for the study of genistein as retinoic acid metabolism blocking agent for treating cancer and other 
pathologies. 

Keywords: Genistein, isoflavones, cytochrome P450, All-Trans-Retinoic Acid (ATRA), xenobiotics metabolism, hepatocellu-
lar carcinoma. 

1. INTRODUCTION 

Genistein (5,7-Dihydroxy-3-(4-hydroxyphenyl)-4H-1-
benzopyran-4-one), the most abundant isoflavone in soy-
bean, has been found to be associated with a lower risk of 
chronic diseases development such as cancer and cardiovas-
cular diseases [1]. Chemopreventive properties of genistein 
against cancer have emerged from epidemiological observa-
tions. The lower frequencies of breast and prostate cancer in  
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Asian population, compared to those from Western societies 
have been attributed to consumption of a relatively large 
amount of soy products, containing isoflavones [2]. For colo-
rectal and endometrial cancers, inverse correlation between 
soy products intake and tumor development has also been 
observed [3-5]. As reviewed by Spagnuolo et al., in vitro and 
in vivo studies also support that genistein has an important 
role in different types of cancer. It can intervene at multiple 
points of the carcinogenic process, altering apoptosis, cell 
cycle, angiogenesis and inhibiting metastasis [6].  

Of particular interest regarding cancer preventive proper-
ties of flavonoids is their interaction with cytochrome P450 
enzymes (CYPs). These enzymes are involved in metabolism  
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of a wide variety of endogenous and exogenous substrates, 
playing a significant physiological role in the detoxification 
of xenobiotics, and the biosynthesis/catabolism of endoge-
nous compounds [7, 8]. Although these enzymes have been 
targets historically for attempts to block early stages of tu-
morigenesis, emerging evidence supports that P450 enzymes 
may also be strategic targets in treating tumor progression, 
invasion, and metastasis [9].  

It has been suggested that flavonoids can act (i) as inhibi-
tors of the CYP1 family [10-15], blocking the mutagenic 
effects produced by the metabolism of cancerous environ-
mental substances and also (ii) as substrates for cytochrome 
P450 (particularly CYP1A1 and CYP1B1) that selectively 
metabolize dietary flavonoids to conversion products that 
inhibit cancer cell proliferation [16, 17]. Furthermore, fla-
vonoids can also affect CYP isoforms which in turn can alter 
drug responses including CYP3A4 and CYP2D6 which are 
responsible for the biotransformation of 70-80% of all drugs 
in clinical use [18]. Dietary compounds have been shown to 
interact with CYP3A4 and alter its expression and activity 
[19]. Therefore, because of the important role of the CYPs in 
the bioactivation and inactivation of carcinogens and their 
participation in the activation and inactivation of anticancer 
drugs, they play an important role both in the aetiology of 
cancer and as determinants of cancer therapy [20].  

Other isoforms of CYPs such as CYP26A1/B1 involved 
in the catabolism of retinoic acid (RA), the active metabolite 
of vitamin A (retinol) also offers a pathway for cancer ther-
apy. The isomer all-trans-RA (ATRA) is the biologically 
active isomer of RA and it was approved for use in acute 
promyelocytic leukemia (APL) treatment [21]. ATRA exerts 
inhibitory effects on cell proliferation, promotes differentia-
tion and induces apoptosis in a variety of cancer cells [22-
24]. Thus, pharmacological approaches to inhibiting of cyto-
chrome P450-dependent ATRA-4-hydroxylase enzymes 
(particularly CYP26) may extend the half-life of RA and 
could be useful clinically in the future. 

Contradictory data report the effect of genistein on the 
expression of СYPs enzymes. Genistein was found to in-
crease CYP1A1 expression in prostate adenocarcinoma 
(LNCaP and PC-3) [25]. Wei et al. (2015) reported that ge-
nistein (5 or 25 µM) increased the mRNA levels of CYP1B1 
in breast cancer cells (MCF-7) [26] while other reports 
showed that genistein significantly inhibited expression of 
CYP1B1 in Panc 1 cells at 10 µM [27]. The reasons for the 
different activities of genistein remain to be clarified. Fur-
thermore, interactions between flavonoids and cytochrome 
P450 CYP26A1/B1, a retinoic acid (RA)-metabolizing en-
zyme in humans, have not yet been reported.  

The aim of the present study was to investigate the ef-
fects at low and high concentrations of genistein (5 and 50 
µmol/L) on cytochrome P450 (CYP) gene expression levels 
in human hepatocellular carcinoma (HepG2/C3A) and colon 
adenocarcinoma (HT29) cells. The mRNA levels of families 
involved in xenobiotic metabolism, such as CYP1 (CYP1A1, 
CYP1B1), CYP2 (CYP2E1, CYP2D6), CYP3 (CYP3A4); and 
of a family involved in the catabolism of the all-trans-
retinoic acid (ATRA), CYP26 (CYP26A1, CYP26B1) were 
evaluated by qRT PCR. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

Genistein was purchased from Sigma-Aldrich (CAS 
Number 446-72-0) and diluted in dimethylsulfoxide (DMSO, 
Acros Organics). Upon use, the solution was diluted in Dul-
becco's Modified Eagle Medium (DMEM) (Gibco®, Life 
Technologies, USA) in experimental concentrations.  

2.2. Cell Culture 

Human hepatoma (HepG2/C3A) and colon adenocarci-
noma (HT-29) cell lines were obtained from the Rio de Ja-
neiro Cell Bank (RJCB - Brazil). Cells were cultured in 
DMEM supplemented with 10 % fetal bovine serum (FBS, 
Gibco) and 1% penicillin/streptomycin (Gibco®) and main-
tained in a humidified 5% CO2 incubator at 37°C. Under 
these conditions, the cell viability remained >90%.  

2.3. Cytotoxicity Assay  

Cytotoxicity of genistein in HepG2/C3A and HT-29 cells 
was determined by the MTT assay (3- [4, 5-dimethylthiazol-
2-yl] -2, 5-diphenyltetrazolium bromide), according to 
Mosmann [28] with some modifications. Briefly, cells were 
seeded in 96 well plates, at a density of 5.103 cells/well. Af-
ter 24 h of incubation, the culture medium was removed and 
replaced by a new DMEM without FBS, containing genistein 
at 0; 5; 50 and 100 µM. Positive control received 1µM 
doxorubicin (Doxolem, Zodiac laboratories). After 24 hours 
of treatment, 200 µL of MTT solution (0.5 mg/mL in 
DMEM) was added to each well and kept at 37°C for 4 h to 
form formazan crystals. After incubation, the supernatant 
was discarded, and formazan crystals were dissolved in 
200µL of DMSO per well. The absorbance was measured in 
a microplate spectrophotometer (TP Reader - Thermo Plate) 
at 550 nm. All experiments were performed in three repeti-
tions, and the relative cell viability (%) was expressed as a 
percentage relative to the untreated control cells. 

2.4.  Gene Expression Analysis by qRT- PCR 

 qRT-PCR was performed according to the Minimum In-
formation for Publication of Quantitative Real-Time PCR 
Experiments (MIQE) guidelines [29]. A total of 106 cells 
were seeded in 10 cm2 culture tubes. After 24h of incubation, 
genistein (5 or 50 µM) were added and remained in culture 
for 12 hours. Total RNA was isolated by MagNA Pure 
Compact RNA Isolation kit (Roche).  Concentration and 
purity of samples (260 and 280 nm ratio) were verified with 
BioDrop µlITE UV/VIS Spectrophotometer. RNA purity 
was considered satisfactory when the ratio of 260 and 280nm 
absorbance ranged between 1.9 and 2.1. The RNA integrity 
was assessed by electrophoresis on 1% agarose gel. cDNA 
synthesis was performed using reverse transcriptase MMLV 
(Invitrogen Life Technologies, USA) and total RNA using 
oligo (dT) primers (Invitrogen Life Technologies, USA) ac-
cording to the protocol of the manufacturer. After the syn-
thesis reaction, cDNA was stored under -80°C, until use in 
qRT-PCR assay. Real-time PCR reactions were carried out 
in CFX96 TOUCH thermocycler (Bio-Rad Laboratories), 
with SYBR Green qPCR Platinum Supermix reagent (Invi-
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trogen). Cycling conditions were: cDNA denaturation at 
50°C for 1 min, followed by 95°C for 3 minutes, 35 cycles at 
95°C for 20 seconds; primer annealing at 60°C for 30 sec-
onds; extension at 72°C for 20 seconds followed by 95°C for 
10 sec. and 40°C for 1 min. Melting curve analysis was per-
formed at the end of each reaction with the temperature rang-
ing from 50°C to 95°C every 0.5°C, for 5 sec. The obtained 
data were normalized to the endogenous glyceraldehyde 
phosphate dehydrogenase (GAPDH) gene, which was ampli-
fied in each set of PCR experiments. Relative differences 
between treated and control groups were calculated accord-
ing to the method described by Pfaffl (2001) [30]. All ex-
periments were performed with three independent biological 
repetitions and mechanical duplicates for each sample. The 
primers used were: CYP1A1 [31]; CYP1B1 [31]; CYP2D6 
[32]; CYP2E1 [33]; CYP3A4 [34]; CYP26A1 (designed in 
present study - AF005418.1*); CYP26B1 (designed in pre-
sent study - AF252297.1*) and GAPDH  [35]. *Design with 
PrimerQuest® program, IDT, 
http://www.idtdna.com/Scitools.  

2.5. Statistical Analysis 

The data from the MTT assay were subjected to analysis 
of variance (ANOVA), followed by Tukey post-test 
(p<0.05). Gene expression data obtained by qRT-PCR were 
normalized and analyzed according to Pffafl’s method [36].  
Additionally, statistical analysis was performed by 
REST2009 software, using Pair Wise Fixed Reallocation 
Randomisation Test. The reaction efficiency was determined 
by LinRegPCR software version 7.5 [37]. 

3. RESULTS 

3.1. Cytotoxicity Assay 

The effect of genistein (5 to 100µM) on cell viability af-
ter 24 hours of treatment was analyzed by MTT assay (Fig. 
1). There was no cell viability decrease after exposure of 
HepG2C3a or HT29 cells to genistein. Based on these re-
sults, two non-toxic concentrations of genistein were chosen 
for the qRT-PCR analysis: “low” (5 µM) and “high” (50 µM) 
doses. All of the genistein concentrations were based on their 
positive biological effects related to previous studies.  The 
concentration of 5 µM was chosen based on serum level 
achievable by diet or dietary supplementation in humans [38] 
and a concentration of 50 µM based on plausible intestinal 
concentration reached in the gut lumen after ingestion of a 
normal diet [39]. 
3.1.1.  Xenobiotic Metabolism Genes 

In HepG2/C3A cells, the result obtained by real-time 
PCR demonstrates that treatment with 5 and 50 µM of genis-
tein caused a significant decrease of 2.1 and 1.8-fold in 
CYP2D6 mRNA expression, respectively (Fig. 2A). In addi-
tion, the expression of CYP1A1 and CYP1B1 was upregu-
lated after treatment with 50 µM genistein (3,8- and 1,9-fold, 
respectively) (Fig. 2A). In HT-29 cells, genistein at 5 or 50 
µM did not alter the expression of genes involved in the 
xenobiotic metabolism (Fig. 2B). 

 

 
Fig. (1). Viability (MTT assay) of human hepatoma (HEPG2/C3A) 
and colon adenocarcinoma cells (HT-29) between treated cells in 
Genistein medium (5 to 100 µM) and untreated cells in control me-
dium (CTRL -) after 24 h exposure. Doxorubicin containing media 
was used as positive control (CTRL +). Data were expressed as 
mean ± standard deviation of 3 independent experiments with ten 
repetitions each.  Asterisks (*) indicate statistically significant dif-
ferences between the treated genistein groups and the control with-
out genistein group. 

 
Fig. (2A). Relative expression of genes involved in regulation of 
xenobiotic metabolism in HepG2/C3A cells after 12 hours of expo-
sure to genistein (5 or 50 µM). Values are the mean ± standard de-
viation of three independent experiments. Asterisks (*) indicate 
statistically significant differences (p<0.05); (**) indicate statisti-
cally significant differences (p<0.01) and (***) indicate statistically 
significant differences (p<0.001) between the treated genistein 
groups and the control without genistein group, according to the 
REST software 2009. Normalized data with GAPDH. 
 

 
Fig. (2B).  Relative expression of genes involved in regulation of 
xenobiotic metabolism in HT-29 cells after 12 hours of exposure to 
genistein (5 or 50 µM). Values are the mean ± standard deviation of 
three independent experiments. Asterisks (*) indicate statistically 
significant differences between the treated genistein groups and the 
control without genistein group, according to the REST software 
2009. Normalized data with GAPDH. 
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3.2.  ATRA Metabolism Genes 

In HepG2/C3A cells, the mRNA levels of CYP26A1 were 
downregulated after exposure to 5 µM genistein (1.8-fold) 
and to 50 µM genistein (1.6-fold). The concentration of 50 
µM genistein also caused a downregulation (2.3-fold) of 
CYP26B1 gene in this cell. No significant changes in mRNA 
levels of CYP26A1 or CYP26B1 were observed after expo-
sure of HT-29 cells to genistein (Fig. 3). 

4. DISCUSSION 

In the present study, we investigated the effects of genis-
tein (5,7-Dihydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-
4-one) on mRNA expression of cytochrome P450 en-
zymes involved in xenobiotic metabolism (CYP1, 2 and 3 
family), as well as of ATRA (CYP26A1/B1) metabolism in 
hepatocellular carcinoma (HepG2/C3A) and colon adenocar-
cinoma (HT-29). Basal expression of CYPs isoforms was 
detected of all tested cell lines. There was no toxicity in 
both HepG2/C3A and HT-29 cell lines after exposure to ge-
nistein (5 to 100 µM). Based on the MTT assay, low and 
high concentrations of genistein (5 µM and 50 µM, respec-
tively) were chosen for subsequent gene expression evalua-
tion.  

Exposure of HepG2/C3A cells to genistein resulted in 
upregulation of CYP1 family members, CYP1A1 and 
CYP1B1, and downregulation of CYP2D6, CYP26A1 and 
CYP26B1. In HT-29 cells, genistein did not alter the expres-
sion of evaluated genes. Differences in CYP450 expression 
response to genistein could be explained by numerous fac-
tors including genetic profile possibly related to the tumoral 
origin of the cell lines.  

In this study, both of the tested concentrations of genis-
tein caused an upregulation of CYP1A1 and CYP1B1 in 
HepG2/C3A cells. Consistent with our results, previous stud-
ies showed that genistein upregulates CYP1A1 basal expres-
sion in prostate cancer cells (LNCaP and PC-3) and Wistar 
rats [25, 40] and  CYP1B1 in breast cancer cells (MCF-7) at 
25 µM [41]. The induction of CYP1 is associated with the 
activation of many carcinogens and numerous compounds 

that exert their genotoxic and carcinogenic effects only after 
metabolic activation. Wei et al, showed that genistein (5 and 
25 µM) causes a synergistic effect on the CYP1B1 mRNA 
level induced by the environmental carcinogen 7,12-
dimethylbenz[a]anthracene (DMBA), suggesting a potential 
role of this flavonoid on the chemical carcinogenesis [26].  
In addition, CYP1B1 is commonly overexpressed in a wide 
range of human cancers [42] and has been shown to interact 
with several anticancer drugs including the taxanes [43] may 
affecting anticancer drug resistance [44]. Therefore, genis-
tein-mediated induction of CYP1A1/B1 mRNA may poten-
tially result in an increase in the toxicity and carcinogenicity 
of procarcinogens as well as induction of CYP1B1 may rep-
resent a mechanism of resistance, influencing the clinical 
outcome of chemotherapy.  

However, a contrast with the consensus that inducible 
CYP1A1 is deleterious to the human organism has recently 
been demonstrated in vivo with the generation of CYP1A1  
(- / -) knockout mice. Mice with the absence of the CYP1A1 
gene died within 30 days of treatment with benzo(a)pyrene 
(B[a]P) 125 mg/kg/day, while CYP1A1 (+/-) mice survived 
without obvious signs of toxicity [45]. These data showed 
for the first time that this enzyme is more important for the 
detoxification of B[a]P in the liver and intestine than for the 
metabolic activation of cancer products. Therefore, it is dif-
ficult to explain chemopreventive influence of genistein in 
the metabolism of procarcinogens and development of car-
cinogenesis. However, understanding these mechanisms of 
enzyme induction and inhibition is extremely important to 
give appropriate multiple drug therapy. Further investiga-
tions are needed to elucidate the role of genistein in carcino-
genesis through the regulation of CYP1A1/B1 gene expres-
sion. 

The plasma concentration of pharmaceutical drugs might 
be affected by the induction of CYP by flavonoids, resulting 
in loss of therapeutic effect or overdose [46]. The isoforms 
CYP3A4 and CYP2D6 are two particularly important be-
cause they are responsible for the metabolism of approxi-
mately 50% and 25%, respectively, of the currently known 
therapeutic drugs [47]. Our results showed an inhibitory ef-
fect of genistein on CYP2D6 expression in HepG2C3A cells, 

 
Fig. (3). Relative expression of genes involved in ATRA metabolism in HepG2/C3A cells and HT-29 after 12 hours of exposure to genistein 
at 5 or 50 µM. Values are the mean ± standard deviation of three independent experiments. Asterisks (*) indicate statistically significant 
differences (p<0.05); (**) indicate statistically significant differences (p<0.01) and (***) indicate statistically significant differences 
(p<0.005) between the treated genistein groups and the control without genistein group, according to the REST software 2009. Normalized 
data with GAPDH. 
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suggesting the existence of metabolic interactions between 
genistein and CYP2D6 substrates. CYP2D6 plays a crucial 
role in the metabolic activation of cytotoxic prodrugs such 
tamoxifen widely used to treat breast cancer [20]. When 
CYP2D6 inhibitors are coadministered with tamoxifen, the 
enzymatic activity is decreased causing tamoxifen accumula-
tion in plasma and leading to severe clinical consequences 
[48]. Data on metabolic interaction between genistein and 
tamoxifen is contradicting. It appears that the regulation of 
CYPs by herbal products is complex, depending on the herb 
type, their administration dose and rout, the target organ, and 
species  [47]. Genistein reverses the effect of tamoxifen on 
cell growth and cell cycle arrest in T47D breast cancer cells 
[49]; and blocked the antiproliferative effect of tamoxifen on 
human breast cancer (MCF-7) cells implanted in athymic 
mice [50]. In contrast, administration of genistein potentiated 
the anti-proliferative effect of tamoxifen in dysplastic breast 
cell lines (MCF-10th, MCF-ANeoT, MCF-T63B) and ma-
lignant cell lines (MCF-7, MDA-231 and MDA-435) [51, 
52].  

Other clinically relevant cytochrome P450 isoforms are 
CYP26A1/B1 involved in the metabolism of all-trans-retinoic 
acid (ATRA or retinol) [53]. ATRA is the most active me-
tabolite of retinoic acid, and exerts inhibitory effects on cell 
proliferation, induces cell cycle arrest and apoptosis in a va-
riety of cancer cells [22, 23, 54, 55]. In addition, retinoic 
acid receptors are not mutated in cancer cells, so ATRA 
could potentially exert its anticancer effects in many malig-
nancies [24, 55]. In a randomized phase II trial, patients with 
advanced non-small-cell lung cancer (NSCLC) that received 
chemotherapy coadministered with ATRA, presented im-
proved disease endpoints with an acceptable toxicity profile 
[56]. ATRA is already being used to treat acute promyelo-
cytic leukaemia (APL), with remission rates of around 80–
90% [57]. However, the therapeutic use of retinoic acid iso-
mers is limited due to side effects such as teratogenicity and 
acquired resistance to treatment [58]. Thereafter, a new re-
lated strategy consists in modulating or increasing the levels 
of endogenous ATRA through the inhibition of cytochrome 
P450-dependent ATRA-4-hydroxylase enzymes (particularly 
CYP26) responsible for its metabolism of ATRA [53]. Our 
data showed that genistein inhibited the basal expression of 
CYP26A1/B1 in human hepatocellular carcinoma cells 
(HepG2/C3A). The significance of these findings is that en-
dogenous RA concentrations will be increased in the pres-
ence of the genistein, thus, potentiating the activity of en-
dogenous RA in a cell-type specific manner. This is one of 
the first report demonstrating a natural product as CYP26 
inhibitor. Based on the growing evidence supporting the 
physiological and clinical importance of genistein and the 
observations presented herein, we hypothesize that down-
regulation CYP26A1/B1 by genistein could be of clinical 
importance and requires further investigation. 

CONCLUSION 

Our results suggest that in vitro effect of genistein on 
CYP450 mRNA is cell line-dependent. Genistein impacts 
CYP1A1, CYP1B1, CYP2D6 and CYP26A1/B1 expression in 
HepG2/C3A but not in HT-29 cell line. The results provide 
insights into the interactions of genistein with xenobiotic and 
drug-metabolizing enzymes. In addition, the significant de-

crease in CYP26A1/B1 expression, enzymes involved in the 
degradation of ATRA, opens a new path for genistein study 
as retinoic acid metabolism blocking agent.  
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