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CYP3A gene variability and cancer cells response to the treatment
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Abstract. The treatment of cancer depends on the activity of the cytochrome P450 enzyme family, 
which is essentially carried out by the CYP3A4 and CYP3A5 enzymes. The aim of our study was to 
investigate whether the CYP3A4 polymorphism could contribute to protein activity and their influ-
ence to the response of cancer cells to treatment. The variability of CYP3A4 cDNA profiles between 
the cancer cell lines parental HT-29 and resistant HT-29-OxR adenocarcinoma was detected using 
denaturing gradient gel electrophoresis (DGGE). Subsequently, sequence analysis of CYP3A family 
members (CYP3A4, CYP3A5) confirmed polymorphism of the CYP3A4 gene in studied cancer cell 
lines. Variations at the gene expression level, the protein level and the activity of CYP3A4 protein in 
12 cancer cell lines were observed, also different response to drug treatments between cell line HT-29 
and oxaliplatin-resistant cell line HT-29-OxR. The variability of CYP3A might affect the efficiency 
of anti-cancer drugs in general and have an impact on metabolism.
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Introduction 

The most accepted argument for resistance to anti-cancer 
drugs is the expression of transporters that identify and ban-
ish anti-cancer drugs from cells and the activation of drug-
detoxifying system (Gottesman 2002; Fletcher et al. 2010; 
Cascorbi 2012; Sun et al. 2012; Avril et al. 2017). The human 
CYP superfamily consists of a family, subfamilies, and indi-
vidual members consisting of 57 functional genes, the most 
important group of phase I drug metabolizing enzymes, and 
58 pseudogenes cooperate on inactivation of carcinogens 
and anticancer drugs (Huttunen et al. 2008), with important 
roles in cancer diagnosis and as determinants of treatment.
Therefore the diverse P450 (CYP) enzyme superfamily is the 
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most important complex involved in the biotransformation 
of many drugs, toxins or cancer-causing agents (Oyama et 
al. 2004). Drug metabolism steps are divided into funcional 
state, conjunction and transport of proteins, significantly 
carried out by CYP3A4 (Xu et al. 2005). The effect of vari-
ations in the DNA sequence of specific genes affect the drug 
response studies of pharmacogenetics. Polymorphisms in 
the CYP family can have largest impact on the designation of 
therapeutic drugs. CYP2D6, 2C19 and 2C9 polymorphisms 
were reported for highest frequent variations in metabolism 
of drugs. Large polymorphism also appear in the CYP1A1, 
2A6, 2A13, 2C8, 3A4 and 3A5 genes, which may contribute 
to the variable sensibility to carcinogenesis. The spreading 
of the frequent variant alleles of CYP genes also differs be-
tween various ethnic populations (Zhou et al. 2009). Many 
variation analyses of genes associated with cancer have been 
carrying out (Pharoah et al. 2007). 

Denaturing gradient gel electrophoresis (DGGE) analy-
sis is used for separation based on the lower electropho-
retic mobility of a partially melted double-stranded DNA 
molecule, but also, well-separated bands can be extracted 
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from the gel to be sequenced and identified. Previously was 
used DGGE method, based on differences in GC content 
for describing the MSH2 mutation of the HNPCC gene 
(Wijnen et al. 1994), BRCA1 exons (Hoya et al. 1999), 
TP53 gene mutations in human lung cancer (Holmila et 
al. 2006), oncogene mutations (Guldberg et al. 2002) and 
phospholipase D in non-small cell lung cancer (NSCLC) 
(Ahn et al. 2012). At first here was DGGE analysis used 
for distinguishing CYP3A4 mRNA alternative transcripts 
in different cancer cell lines, because we assumed that dif-
ferent cancer cell lines could contain CYP3A4 transcript 
variants. Otherwise, all isolates from different cancer 
cell lines produced multiband profiles, though the band 
number does not correlate directly with the transcript 
variants. The sequences from separated CYP3A4-DGGE 
fragments from cell line HT-29-OxR were compared to 
the available transcript variants of the CYP3A4 gene from 
GenBank. Moreover, CYP3A4 protein level was evaluated 
between cancer cell lines using Western blot, followed 
by luminometric analysis of protein activity. Our study 
contains selected cancer cell-line models of Caucasians, 
because distribution of the common variant alleles of the 
CYP genes varies among ethnic populations.

Therefore, as described previously (Semelakova et al. 
2012), we focused on the study of photodynamic therapy 
processes after treatment for various cancer diseases, using 
two bioactive drugs isolated from Hypericum sp. (St. John’s 
wort): hypericin (HYP), which demonstrated photocytotoxic 
activity in vitro and in vivo (Agostinis et al. 2000), and the 
study of hyperforin (HP) (Erdelmeier 1998). Based the results, 
we decided that transcriptional variants of CYP3A4 may have 
an impact on the efficiency of anti-cancer drugs through their 
effects on the activity of CYP3A4 proteins. A new perspective 
on approaches to the analysis of transcripts of different genes 
and their impact on the activity of proteins we recommend 
through the study of transcription variants.

Materials and Methods

Cell cultures

Human cell lines were cultured in RPMI-1640 supplement-
ed with 10% fetal calf serum and antibiotics (streptomycin 
100 μg/ml, penicillin 100 U/ml, Invitrogen Co., Carlsbad, 
CA, USA). Cells were cultivated at 37°C in a humidified 5% 
CO2 atmosphere. The HUVEC cell line (human umbilical 
vein endothelial cells, from umbilical vein, isolated from 
newborn, adherent cell culture) was kindly provided by 
Department of Pharmacology (P. J. Šafárik University) 
(Varinska et al. 2018); the human colon adenocarcinoma 
cell line HT-29 (human caucasian colon adenocarcinoma, 
adherent cells, isolated from a primary tumour in 44 year 

old caucasian female) was purchased from American Tissue 
Culture Collection (ATCC, Rockville, MD, USA); HT-29-
OxR (oxaliplatin resistant) kindly provided by Institute of 
Biophysics, Brno, Czech Republic (Strakova et al. 2013), 
an in vitro model of the CRC chemoresistance cell line was 
prepared by chronic exposure of human CRCs (HT-29) to 
increasing doses of oxaliplatin. Oxaliplatin is the first com-
pound in the colorectal carcinoma treatment and resistance 
to oxaliplatin is multifactorial, and includes low-efficient 
cellular drug uptake and accumulation. The following cell 
lines were used: human ovarian carcinoma A2780 (ATCC, 
Rockville, MD, USA); CDDP-resistant subline A2780cis, 
cytostatic-drug resistant, cisplatine resistant A2780 ovar-
ian cancer cell line (Kozubík et al. 2008) kindly provided 
by Institute of Biophysics, Brno, Czech Republic (Sigma 
93112517); HL60 human caucasian acute promyelocytic 
leukemia (American Tissue Culture Collection (ATCC), 
Rockville, MD, USA); HL60+MRP1 (ABCC1-overex-
pressing subclone) (Szatmari et al. 2006), HL60+MRP1 
human promyelocytic leukemia cells overexpressing 
ABC transporters related to MDR (HL60-MDR1, HL60-
MRP1, and PLB-BCRP) kindly provided by prof. Sarkadi 
(Membrane Research Group, Hungarian Academy of 
Sciences, Budapest, Hungary). The cell lines lung epithe-
lial adenocarcinoma A549 (adenocarcinomic  caucasian 
human alveolar basal epithelial cells) (ATCC, CCL-185), 
acute myeloid leukemia UT7 (established from the bone 
marrow of a 64-year-old man with acute myeloid leuke-
mia AML M7, ACC137), colorectal carcinoma HCT116 
(human colon carcinoma, malignant cells isolated from 
a male, ATCC, CCL-247™), renal adenocarcinoma 769P 
(caucasian female adherent cells, ATCC®  CRL-1933™), 
breast adenocarcinoma MCF7 (epitelial mammary gland, 
breast, caucasian female, ATCC, HTB-22) and mammary 
gland carcinoma T47D (adherent female ductal carcinoma, 
ATCC HTB-133), Jurkat cells (human blood, leukemic 
T-cell lymphoblast (ATCC®  TIB-152™), cervical cancer 
HeLa cells (ATCC® CCL-2) were purchased from ATCC 
(Rockville, MD, USA).

RNA and DNA isolation, reverse transcription and PCR 
analysis

Total RNA was isolated from the specified cell lines using 
TRIzol® reagent (Invitrogen) according to the manufac-
turer’s instructions. Total RNA concentration and purity 
(OD 260/280 ratio and OD 260/230 ratio) were spectro-
photometrically evaluated (BioSpec-nano Shimadzu) (Life 
Science). Reverse transcription (RT) was performed at 
37°C in a 20 μl volume using 1 μg of the total RNA, 10 mM 
random hexamer primer and 200U M-MLV reverse tran-
scriptase (Invitrogen) according to the manufacturer’s 
instructions. The most variable sequence of the complete 
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CYP3A4 gene (AF182273) in the range from 661 up to 
960 nucleotides (Chromosome 7/ map=”7q22.1”) was 
selected for analysis. The PCR for CYP3A4 with primers 
CYP4-For: 5’-TCAGCCTGGTGCTCCTCTAT-3‘, and 
CYP4MS-Rev: 5‘-AGGAATGGAAAGACTGTTATTGA-
GA-3‘with GC clamp was performed in the C1000 Touch 
thermal cycler (BioRad, Hercules, CA, USA). The analysis 
of CYP3A5*1 and *3 and CYP3A4*11 was performed 
from DNA templates, with primers CYP3A4*11 (Lee et al. 
2005), with primers for the CYP3A5 gene CYP5MS-For: 
5’-CATCTTTGGGGCCTACAGCA-3‘, CYP5MS-Rev: 
CCACCATTGACCCTTTGGGA, primers for CYP3A5*1 
and CYP3A5*3 (Westlind-Johnsson et al. 2003) in 25 μl 
reaction volume containing: 1× PCR Master Mix (Thermo 
Fisher Scientific), 0.5 mM forward and reverse primer and 
50 ng of reverse transcribed RNA/cDNA. The PCR reaction 
conditions were as follows: 7 min at 95°C, 40 cycles of 30 s at 
94°C, 30  s  at 57°C (for CYP3A4) or 61°C (for CYP3A5), 
30 s at 72°C and 5 min at 72°C. The successful amplification 
of cDNA was confirmed by electrophoresis on 0.8% agarose 
gel in TAE buffer (Thermo Fisher Scientific) and visualised 
with 0.5 µg/ml GelRed™ (Biotium Inc.). 

qRT-PCR analysis

Quantitative real-time PCR analysis for CYP3A4 and ß-actin 
was performed in triplicate using an iCycler iQ Real-Time 
PCR Detection System (BioRad, USA) in a 25 ml reaction 
volume containing: 1 × iQTM Sybr1Green Supermix (Bio-
Rad), 0.5 mM forward and reverse primers and 50 ng of 
reverse transcribed RNA/cDNA. The reaction conditions 
were as follows: 7 min at 95°C, 40 cycles of 30 s at 94°C, 30 s at 
57°C (ß-actin, CYP3A4), 30 s at 72°C and 5 min at 72°C fol-
lowed by melting curve analysis to confirm amplification of 
the specific product. Relative quantification was used with 
the comparative CT method, and data were normalised to 
the housekeeping gene ß-actin.

Denaturing gradient gel electrophoresis (DGGE)

DGGE was performed on the DCodeTM Universal Muta-
tion Detection system (16 cm system; Bio-Rad, Hempstead, 
UK). DGGE parallel gradient gel ranged from 30 to 40% (6% 
37.5:1 40%(w/v)acrylamide), run at 50 V, 200 mA, 250 W for 
20 h at 60°C. DNA was visualized by staining with SYBR 
Gold nucleic acid gel stain (Molecular Probes, Eugene OR, 
USA). The PCR products of CYP3A4 mRNA transcripts of 
the tested cell lines were compared.

DNA sequencing and sequence analyses 

The fragments A to D were extracted from the DGGE gel 
and reamplified using the same primer pair. Other tested 

fragments were identified by reciprocal PCR analysis as 
artefacts and thus excluded from analysis. The PCR prod-
ucts were purified using the GeneJET PCR Purification 
Kit (Thermo Fisher Scientific), ligated into the vector 
pTZ57R/T and cloned into Escherichia coli (strain HB101), 
following the protocol of the Thermoscientific InsTA Clone 
PCR Cloning Kit (Thermo Fisher Scientific). Plasmids were 
isolated from recombinant colonies and checked for inserts. 
Those with inserts were sequenced in both directions on 
a Beckmann DNA Sequencer, and the inserts were verified 
as being CYP3A4 genes by DNA sequence analysis using 
BLASTN. 

PCR amplicons were purified and sequenced using the 
same primers as for PCR amplification with the ABI 3730 
capillary sequencer. The available sequences of CYP3A4, 
CYP3A5, CYP3A43 and CYP3A7 from the CYP3A family 
in GenBank were aligned using the ClustalW algorithm 
implemented in MEGA  6 software (Tamura 2013), and 
relationship trees were constructed using the Maximum 
Likelihood (ML) reconstruction method of analysis avail-
able in this software. 

Western blot analysis

For Western blot analysis, cells were collected and lysed 
in lysis buffer (100 mM Tris-HCl, pH 7.4; 1% SDS, 10% 
glycerol) supplemented with a protease inhibitor cocktail 
(P2714, Sigma-Aldrich) for 10 min on ice. The cell lysates 
were sonicated for 30 s at 30% power of the Bandelin So-
nopuls HD2070 (Bandelin electronic, Berlin, Germany) 
on ice and centrifuged for 10 min/13.000 ×  g  at 4°C. 
Protein concentration was determined using a detergent-
compatible protein assay (Bio-Rad Laboratories, Hercules, 
CA, USA). Equal protein amounts (30 μg) supplemented 
with 0.01% bromphenol blue, 1% 2-mercaptoethanol, 
0.4% SDS and 5% glycerol were then separated with 10% 
SDS-polyacrylamide gel (Acrylamide/Bis Solution, 37.5:1) 
and transferred (wet transfer, 80 min) onto a PVDF mem-
brane (Bio-Rad Laboratories) in a transfer buffer (192 mM 
glycine, 25 mM Tris and 10% methanol). After 1  h  of 
membrane blocking at RT in 5% non-fat milk (20 mM 
Tris-HCl, pH 7.6, 150 mM NaCl, 0.05% TWEEN 20, pH 
7.4), the PVDF membrane blots were incubated overnight 
at 4°C with primary CYP3A4 antibody (mouse monoclonal 
HL3: sc-53850). After 20 min washing in wash buffer, the 
membranes were incubated with appropriate horseradish 
peroxidase-conjugated secondary antibody for 1 h at RT 
(anti-mouse IgG- HRP, sc-516102, 1:5000, Santa Cruz). 
Detection of antibody reactivity was performed using 
a Pierce ECL Western Blotting Substrate (Pierce) and visu-
alized on X-ray films (Agfa Healthcare NV, Belgium). Equal 
sample loading was verified by immunodetection of β-actin 
(A5441, 1:6000, Sigma-Aldrich). The densitometry of the 
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CYP3A4 proteins was evaluated using ImageJ software and 
normalized to β-actin protein levels.

Luminometric analysis of CYP3A4 activity 

Finally, the aim was to investigate whether the CYP3A4 
polymorphism contributes to the variability in CYP3A 
activity and the response to treatment of cancer cells. The 
analysis of protein CYP3A4 activity was performed on two 
cell lines, HT-29 and resistant HT-29-OxR. CYP3A4 meta-
bolic activity was evaluated in cells after drug treatment on 
the HT-29 and HT-29-OxR cell lines using the Promega 
CYP3A4/Luciferin-IPA P450-Glo™ Assay (Promega Cat 
No. V9001) with Luciferin-IPA, a  luminogenic CYP3A4-
specific substrate. 

The treatment protocol followed the principles of photo-
dynamic therapy (PDT), concentrations and types of drugs 
and doses of light (Semelakova et al. 2012). Nonlytic Assays 
were performed according to protocol in a 96-well plate for-
mat. The 20×103 cells/well in the 96-well plate were incubated 
for 24 h in the dark, then treated with 100 nM HYP (CAS No. 
548-04-9; HPLC grade, AppliChem GmbH, Germany) and 
then 20 µM HP (CAS 110 79-53-1; AppliChem, Germany) 
for the next 20 h. The groups treated by PDT followed the 
procedure of cell photosensitization on the diffuser glass of 
the irradiating device in sequence and were exposed to ir-
radiation for specific time periods to reach 3.15 J/cm2. Our 
irradiation device consisted of L18W/30 (Osram, Berlin, 
Germany) fluorescent tubes with maximum emission in 

the range of λ = 530–620 nm, which covers HYP maximum 
absorbance (590–600 nm) (see Supplementary Material, 
Fig. S1). The irradiator fluence rate was measured at the 
diffuser surface. The experiment was performed following 
the protocol of CYP3A4/Luciferin-IPA P450-Glo™ Assays, 
and the emitted luminescence was finally measured using 
a luminometer FLUOStar Optima (BMG Labtechnologies 
GmbH, Germany) according to the experimental scheme. 
The activity of CYP3A4 was evaluated as the luminiscence 
ratio of each experimental group to the untreated group. 
The luminiscence content was quantified as the ratio of 
experimental groups treated with HYP or HP alone to the 
untreated control.

Statistical analysis

Data were processed as means ± SD from three independ-
ent experiments. Results were analyzed using one-way 
ANOVA with Tukey’s post-hoc test at three statistical 
levels: p < 0.001, p < 0.01 and p < 0.05. Groups treated 
with HYP or HP were compared with the control and the 
experimental groups. 

Results

The gene products CYP3A4 analysed by DGGE 

The PCR products of transcripts of CYP3A4 mRNA were 
compared in different cell lines using DGGE. Cell lines 
HT-29 and HT-29-OxR showed a profiles, differed in the 
intensity of individual fragments (Fig. 1). Set of fragments 
was detected in all tested cell lines (HT-29, HT-29-OxR, 
Acis, A2780, HL60, HL60+MRP1, A549, UT7) (data not 
shown). Similarly, ovarian carcinoma A2780 and ovarian 
carcinoma resistant line Acis exhibited a similar number of 
bands, differed by the intensity of one of fragments. Lung 
adenocarcinoma A549 and acute myeloid leukemia UT7 
also showed a similar fragments profile. The DGGE analysis 
was able to distinguish the profiles of all sets of CYP3A4 
products in individual cell lines. Every cell line presented the 
fragments A of CYP3A4, cell line HL60 expressed the same 
concentration of fragment A as HT-29 and its resistant form 
HT-29-OxR. Moreover, the cell line A549 and UT7 proved 
the fragment C of CYP3A4 as HT-29 and HT-29-OxR. The 
DGGE profiles of the CYP3A4 gene in the other cell lines 
compared were different. 

Sequence and Maximum Likelihood analysis 

The sequence analysis was used to assign function to genes 
and proteins by the study of the similarities between the 
compared sequences. Selected CYP3A4 and CYP3A5 PCR 

Figure 1. Denaturing gradient gel electrophoresis (DGGE) analyses 
of the gene products CYP3A4. DGGE parallel gradient gel ranged 
from 30 to 40% (6% 37.5:1 40% (w/v)) acrylamide. The PCR prod-
ucts of CYP3A4 mRNA transcripts of the tested cell lines: HT-29, 
HT-29-OxR. The fragments A to E were isolated and sequenced. 
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amplicons were cloned, completely sequenced and aligned, 
and the evolutionary distances were computed using the 
Maximum Composite Likelihood method in the unit of 
number of base substitutions per site (Fig. 2). 

The sequence comparisons confirmed polymorphism of 
the CYP3A4 but showed any variability of CYP3A5 gene. 
While partial HT-29 CYP3A4 aminoacid sequence is identi-
cal to the wild type of human CYP3A4, oxaliplatin resistant 
variant HT-29-OxR differs by single mutation, lung adeno-
carcinoma A549 differs by multiple mutation in analysed 
CYP3A4 region. Polymorphism of the CYP3A4 gene led 
to the production of a slightly modify protein with several 
mutations (Fig. 3) influenced CYP3A4 activity.

Western blot determination of the CYP3A4 protein level 

A different level of CYP3A4 protein [51 kDa] was detected 
in presented cell lines HT-29, HT-29-OxR, HCT116, A549, 
UT7, 769P, and T47D using Western blot analysis (Fig. 4). 
The three groups of protein level were distinguished based 
on the level of protein by comparing the levels of all cell 
lines with each other. The first group, with a  low level 
of protein was detected in cell lines A2780cis, myeloid 
leukemia UT7, lung adenocarcinoma A549, renal adeno-
carcinoma 769-P, HL60 and Jurkat. The second group, 
with a  medium level of protein, included the cell lines 
HCT116, A2780, breast adenocarcinoma MCF7, mam-
mary gland carcinoma T47D and HeLa cells. The third 
group, with a  high level of CYP3A4 protein, included 
HUVEC, colorectal adenocarcinoma HT-29, HT-29-
OxR and acute promyelocytic leukemia HL60+MRP1 
(ABCC1-overexpressing subclone). Western blot method 

showed the content of CYP3A4 protein, while OD show 
the protein level CYP3A4 to level of β-actin calculated by 
ImageJ analysis (CYP3A4/β actin).

qRT-PCR analysis of CYP3A4 

Different levels of CYP3A4 gene expression were dem-
onstrated in tested cancer cell lines by qRT-PCR analysis 
(Fig. 5), while the analysis monitored the expression level 
of gene in cell lines, each cell line was compared to the 
expression of its own β actin. High level of CYP3A4 expres-
sion was detected in the cell lines of colorectal carcinoma 
HCT116, HT-29, HT-29-OxR and myeloid leukemia UT7 
compared to the cell lines lung adenocarcinoma A549, 
ovarian carcinoma A2780, ovarian carcinoma CDDP-
resistant subline A2780cis and mammary gland carcinoma 
T47D. Relative expression level of CYP3A4 by qRT-PCR 
analysis in the HT-29, HT-29-OxR, HCT116, A2780, 
A2780cis, A49, UT7 and T47D cell lines. Relative quanti-
fication was used with the comparative CT method, and 
data were normalised to the housekeeping gene ß-actin. 

Figure 2. Sequence analysis (Maximum 
Likelihood (ML) analysis) of the relationship 
between genes for enzymes of the CYP3A 
group of CYP3A4, CYP3A5, CYP3A7, 
CYP3A43 isoenzymes were aligned using the 
available sequences from the CYP3A family 
in GenBank, constructed by the ClustalW 
algorithm in MEGA6 software. 

Figure 3. Comparison of deduced partial CYP3A4 sequences of 
selected cell lines HT-29, HT-29-OxR, A549. As a wild type an ami-
noacid sequence of human CYP3A4 protein (GenBank Accession 
number NP_059488) was used. Dots indicate identical aminoacid.
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Results were analyzed using one-way ANOVA with Tukey’s 
post-hoc test at three statistical levels: *** p < 0.001, ** p < 
0.01 and * p < 0.05. The cell lines were compared mutu-
ally with either cell line alone. The comparison of relative 
gene expression levels was significant between each cell 
line, with the exception of levels between the two cell lines 
HT-29 and HT-29-OxR, as well as between cell lines A2780 
and T47D. Surprisingly the expression of CYP3A4 gene in 
cell line A2780 and its resistant form to cisplatin A2780cis 
was significant different. 

Analysis of CYP3A4 activity under hypericin treatment

The CYP3A4/Luciferin-IPA P450-Glo™ Assay was used 
to verify whether HYP, HYP-PDT or HP could affect 
CYP3A4 activity in both parental HT-29 cell line and its 
resistant form HT-29-OxR (Fig. 6). Interestingly, HYP 
treatment of HT-29 cells significantly decreased CYP3A4 
activity in dark conditions, while HYP-PDT significantly 

increased CYP3A4 activity. The HYP treatment of HT-
29-OxR cells significantly decreased CYP3A4 activity in 
dark conditions as well as after HYP-PDT, and therefore 
the resistant cell line was less sensitive to light-activated 
HYP. In the case of HP, both cell lines responded simi-
larly to treatment and increased CYP3A4 activity, while 
HT-29-OxR significantly increased CYP3A4 activity 
after light activation of HP. We can thus conclude that 
both cell lines responded to the same drugs differently. 
Although, the CYP activity in both cell lines depends on 
treatment and type of drugs, both parental and resistant 
cell lines responded differently to treatment in specific 
light-activated conditions (Fig. S2). 

Discussion

Drugs metabolism is very important for cancer treatment 
and the selection of an appropriate combination of drugs. 

Figure 4. Western blot analysis of CYP3A4. The 
cell lines: HUVEC, HT-29, HT-29-OxR, HCT116, 
A2780, A2780cis, A549, UT7, 769-P, MCF7, T47D, 
HL-60, HL-60/MRP1, Hela, Jurkat. The densitometry 
of the CYP3A4 proteins was evaluated using ImageJ 
software and normalized to β-actin protein levels. 
The optical density is described above each sample.

Figure 5. Relative expression level of CYP3A4 
by qRT-PCR analysis in the HT-29, HT-29-OxR, 
HCT116, A2780, A2780cis, A49, UT7 and T47D cell 
lines. Relative quantification was used with the com-
parative CT method, and data were normalised to the 
housekeeping gene ß-actin. Data were processed as 
means ± SD from three independent experiments. 
Results were analyzed using one-way ANOVA with 
Tukey’s post hoc test at three statistical levels: *** p < 
0.001. The cell lines were compared mutually with 
either cell line alone: *** for HT-29 and HT-29-OxR, 
●●● for HCT116, ▲▲▲ for A2780, □□□ for A2780cis, 
◊◊◊ for A549, ### for UT7, ■■■ for T47D. 



55CYP3A gene variability

The CYP3A4 enzyme is highly inducible by many drugs 
and dietary chemicals. The principal focus of study was 
an analysis of CYP3A4 polymorphism and its influence 
to variable activity of CYP3A4 proteins and his different 
effect on the response of HT-29 adenocarcinoma and HT-
29-OxR-resistant cancer line to experimental treatment. 
Moreover, the different level of protein between individual 
types of cancer cell lines was observed. However, a relation-
ship between the activity of the CYP3A4 protein and the 
transcription profiles of the CYP3A4 gene of the parental 
oxaliplatin-resistant HT-29-OxR cell lines compared was 
found. For the first time, various cancer cell lines were 
divided using DGGE CYP3A4 transcript profiles. Finally, 
we found out that DGGE was not sufficient method for 
study of transcript variants, nevertheless, we can distin-
guish cell lines based on the CYP3A4 profile, probably as 
variant alleles. 

Subsequently, sequencing analysis of fragments originated 
from one isolate confirmed that DGGE fragments of HT-
29 had identical sequences, which leads to the hypothesis 
that the multiband pattern resulted from variant amplicon, 
similarly as the results of Neilson et al. (2013) and in oppo-
sition to the results of Saarikoski et al. (2004), who found 
different variant alleles of CYP2S1 using DGGE analysis. 
Maximum Likelihood (ML) sequences analysis of CYP3A 
family members, individually CYP3A4, CYP3A5, CYP3A43 
and CYP3A7, showed the close genetic relation of CYP3A4 to 
CYP3A5. Surprisingly, a comparison of the same overlapping 
areas of CYP3A4 and CYP3A5 sequences showed variability 
between tested cell lines. 

All our tested cell lines originated from Caucasian eth-
nicity due to the fact that some CYPs could have different 
frequency of variant alleles, as for example, the frequency 
of variant alleles shows differences between ethnic popula-
tions with the wild-type CYP3A5*1 allele more common in 

Africans than Caucasians and Asians (Bangsi et al. 2006). 
More than 46 modifications have been identified in the 
CYP3A4 gene (http://www.cypalleles.ki.se). Currently, 
different CYP3A4 variant proteins have been described 
in the Allele Nomenclature Database, with decreased 
(*8,*11,*12,*13,*16A,*16B,*17), none (*20, *26) or increased 
activity (*18A) of the allele in vitro, whereas an in vivo 
study describes a decrease in two alleles only (*18A,*22). 
Although there is considerable interindividual variation 
in the expression and activity of CYP3A4 protein, genetic 
polymorphisms alone do not provide a satisfactory expla-
nation (Rodríguez-Antona et al. 2005). However, their low 
frequency cannot explain the common interindividual dif-
ferences in CYP3A4 activity (Bozina et al. 2009). Recently, 
the results of Zastrozhin et al. (2020) showed the effect of 
CYP3A4 genetic polymorphisms on alprazolam’s efficacy, 
where the level of CYP3A4 expression correlates with the 
encoded isoenzyme’s activity.

A sequence comparison of amplified CYP3A4 and 
CYP3A5 amplicons with all members of one CYP3A family 
available from GenBank, specifically CYP3A4, CYP3A5, 
CYP3A43 and CYP3A7, showed the close genetic relation 
of CYP3A4 to CYP3A5 and CYP3A7. The comparison 
confirmed the polymorphism of CYP3A4 but not CYP3A5 
within the tested cell lines. Single nucleotide polymor-
phisms (SNPs) represent the most substantial form of 
genetic variation in humans, which represents more than 
90% of all dissimilarities between unrelated individuals. 
SNP patterns are likely to affect many human phenotypes; 
thus, extensive studies based on SNP genotyping are await 
to help identify genes that influence responses to drugs. In 
addition, the analysis of SNPs may also help adapt drugs 
to appropriate genotypes, the elementary principle of phar-
macogenomics (Wang et al. 2011). More than 30 SNPs were 
identified in the CYP3A4 gene. The most common variant 

Figure 6. CYP3A4/Luciferin-IPA P450-Glo™ As-
says analysis of CYP3A4 activity on HT-29 and 
HT-29-OxR. The results of experimental groups 
were analyzed using one-way ANOVA with Tukey’s 
post-hoc test. Groups treated with Hypericin or 
Hyperforin were compared with the control and the 
experimental groups. The luminiscence content was 
quantified as the ratio of experimental groups treated 
with Hypericin and Hyperforin alone compared with 
control (non affected cells). * p < 0.05, *** p < 0.001 
vs. control; ∆ p < 0.05, ∆∆∆ p < 0.001 vs. Hypericin. 
The luminescence in controls is shown by dotted line.
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of CYP3A4 is CYP3A4*1B (this is a newly reported SNP in 
CYP3A4 intron 7 that has been associated in a sex-specific 
manner with CYP3A4 expression and enzymatic activity 
in vitro). The studies on pharmacogenetics of drugs were 
focused on the accesion of the enzyme CYP3A and the 
drug transporter P-glycoprotein during transplantation of 
organs. Enzymes and transporters are examined to be the 
main markers of the pharmacokinetics of currently used 
immunosuppressive drugs (Yu et al. 2006; Uesugi et al. 
2006). Genetic forms attent on polymorphisms in transcrip-
tion factors (Lamba et al. 2010), different splice variants 
in transcription factors (He et al. 2005) and differences in 
regulation of RNA (Pan et al. 2009) have been explained 
amount of inter-individual variability in CYP3A4 expres-
sion or activity. However, how polymorphisms in CYP3A4 
improve variability between individuals in CYP3A4 expres-
sion persist unclear (Wang et al. 2009). Due to the genetic 
polymorphism of CYP3A4*1B was the tacrolimus dose in 
European (Caucasian) patients characterised as critical (Pan 
et al. 2009). CYP3A4*22 establish a danger factor for DGF 
(delayed graft function) and worsen creatinine clearance 
in patients after CsA-based immunosuppressive treatment. 
Therefore, genotyping for the CYP3A4*22 allele can help 
identify patients at risk of DGF and low renal function when 
treated with CsA (Wang et al. 2009). Previous results on the 
impact of the cytochrome P450 oxidoreductase (POR) as 
well as other relevant genes (CYP3A4, CYP3A5, ABCB1) 
on variability of tacrolimus pharmacokinetics showed that 
the POR*28 C>T mutation could reduce the dose-adjusted 
trough concentrations (C0/D) of tacrolimus in renal re-
cipients (Shi et al. 2015). The recent study of Srinivas et al. 
(2020) investigated the association of CYP3A5, CYP3A4 
and ABCB1 gene polymorphisms and their interactions 
with dose-adjusted tacrolimus trough concentration in 
blood. The drug-induced showed adverse effects in South 
Indian renal transplant recipients. The findings of inter-
ethnic differences in allele frequencies of drug metabolizer 
and transporter gene contributes to the need to consider 
population-specific genetic backgrounds when performing 
pharmacogenetic analyses and clinical trials. 

Several cytochrome P450 (CYP) CYP3A polymorphisms 
were associated with reduced enzyme function. The study of 
influence CYP3A4 mutated allele carriers showed association 
with diminished drug metabolism capacity. The effect in sub-
jects carrying CYP3A4 double mutations might be relevant 
due to the majority of subjects lacking the CYP3A5 enzyme. 
In heterozygous humans, the result might be less visible due 
to the high potential inducible CYP3A4 (Saiz-Rodríguez 

et al. 2020). The relationship between polymorphic loci of 
CYP3A genes (CYP3A4 (rs2740574), CYP3A5 (rs776746) 
and CYP3A7 (rs2257401) was identified as accompanied to 
development of chronic mercury intoxication (Chernyak 
and Merinova 2020). 

Polymorphism of DNA was accompanied by low vari-
ation at the level of CYP3A4 transcription, when relative 
expression varied less than 2-fold in tested cell lines. How-
ever, a different level of CYP3A4 transcripts was detected 
in the HT-29 and HT-29-OxR cell lines. Much higher vari-
ability was observed on the CYP3A4 protein level, where 
protein levels varied in the tested cell lines. A very similar 
high level of CYP3A4 protein was detected in the HUVEC, 
HT-29-OxR and HL60/MRP-1 cell lines. Interestingly, the 
level of protein was reduced in resistant form HT-29-OxR 
compared to its wild type of cell line HT-29 and also in 
a  resistant form A2780cis compared to cell line A2780. 
The expression of mRNA showed the same conclusions as 
protein level for A2780 line. All tested cell lines expressed 
mRNA of CYP3A4 (Fig. 5) in accordance with their protein 
level (Fig. 4).

The content of CYP3A4 protein and his activity showed 
inter-individual variability (Elens et al. 2012), influencing 
drug response and toxicity. Although the expression of 
CYP3A4 can be affected by non-genetic factors, genetic 
factors appears to be associate to inter-individual differ-
ences in CYP3A4 activity (Zhang et al. 2015). Genetic 
factors acting in polymorphisms in transcription factors, 
different splice variants in transcription factors (Lamba et 
al. 2002) and differences in RNA regulation (Shimada et al. 
1994) reported to account for a portion of interindividual 
variability in CYP3A4 expression or activity (Ozdemir et 
al. 2000). 

Drug resistance is a major problem for the treatment of 
colon cancer, and resistance to oxaliplatin is multifactorial. 
Many genes have been found to be associated with oxaliplatin 
resistance (Hector et al. 2001; Boyer et al. 2006). In addition, 
drug accumulation is also related to resistance, when drug 
resistance mechanisms include unefficient cellular drug ac-
cumulation and uptake (Plasencia et al. 2006) and activation 
of the antioxidant‘s system for detoxification (Landriscina et 
al. 2009; Sau et al. 2010). 

Finally, the effect of CYP3A4 protein level between two 
adenocarcinoma cell lines parental and resistant to oxalipl-
atin (HT-29 and HT-29-OxR) was evaluated in response to 
drugs treatment, and different activity of CYP3A4 protein 
was observed, in which the protein level of CYP3A4 in cell 
line HT-29 was higher compared to that in resistant HT-29-
OxR. Two groups of profiles were identified based on the 
protein level, and thus the cell lines could be distinguished. 
Similarly, Zhou et al. (2009) recently described that the resist-
ant HT-29 and HCT116 cell lines showed cross-resistance 
to other chemotherapeutic agents, and changes in cell me-
tabolism were involved in the development of resistance to 
oxaliplatin in metastatic colorectal cancer cells. This study of 
protein activity showed a decreased level in cell line HT-29-
OxR adenocarcinoma resistant to oxaliplatin and A2780cis 
resistant cell line compared to its wild type. Therefore, given 
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the different CYP3A4 protein levels between the cell lines, 
proteins might affect the efficiency of anti-cancer drugs 
through their effects on the activity of CYP3A4 and could 
thus have an impact on metabolism and also resistance to 
chemotherapy.

Our study shows differences of CYP3A4 protein level 
among different cancer cell lines, and CYP3A4 sequences 
presented different profiles. Moreover, the CYP3A5 se-
quences showed variability of the tested cell lines. Finally, 
HYP and HP treatments demonstrated different CYP3A4 
protein activity between the compared cell lines, the pa-
rental HT-29 and resistant HT-29-OxR. These results could 
contribute to evaluation of the activity of cytochrome P450 
gene products regarding to their impact on individual 
cancer therapy.
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Figure S 2. The effect of the bioactive drugs HYP and HP on the modification of CYP3A4 activity in HT-29 and HT-29-OxR cell lines 
in the treatment of cancer, and mutations in CYP3A4 genes, different mRNA expression and protein levels between different cancer cell 
lines were identified.

Figure S 1. PDT treatment scheme. HT-29 
and HT-29-OxR cells were incubated for 24 
h before treatment with non-activated HYP 
or HP. Cells were treated with PDT (3.15 J/
cm2) at 16 h after treatment. Analyses were 
performed at time 6 h after PDT. 


