Expression profiling of drug transporter, cytochrome P450 and nuclear receptor genes in Caco-2 cells using DTEx" microarrays
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Abstract

Adverse drug effects represent a significant public health problem, accounting
for more than 2,000,000 hospitalizations and 100,000deaths per year. The response
to drug treatment is influenced by genetic, environmental, pharmacokinetic and

pharmacodynamic factors. These factors contribute to variations in drug absorption,

distribution, metabolism and excretion between individuals and influence the
potential for drug:drug interactions and/or adverse drug effects.

We have developed a cDNA microarray which permits the expression profiling

of drug transporter (efflux and uptake), cytochrome P450 and nuclear receptor-
transcription factor genes (DTEx™). We have used this microarray to investigate
the modulation of gene expression levels in a Caco-2 cell line treated with various
drugs as a function of treatment duration. These compounds include beta-
napthoflavone [BNF], dexamethasone [DEX], phenobarbital [PBB], propranolol
[PRO] and rifampin [RIF].

Overall, the results of these investigations indicate that gene expression profiles
are distinct for different drugs and involve both induction and suppression of drug
transporter, cytochrome P450 and nuclear receptor-transcription factor gene
expression.

The results of the DTEx™ microarray analyses suggest that these gene expression
profiles could be employed as surrogate indicators of potential drug:drug
interaction 1n drug-treated cell lines, primary hepatocytes or tissue samples.

Methods

Caco-2 cells [2x10"/ml] were cultured in 100mm dishes and total RNA isolated
from cells treated with beta-napthflavone [10uM], dexamethasone [S0uM],
phenobarbital [400uM], propranolol [300uM ] and rifampin [ 10uM] for the

indicated times at 37°C.

Gene expression analysis was performed using DTEx™ microarrays. Total RNA
was labelled with CY5-random pentadecamers. Microarrays were hybridised for

18 hours at 37°C. Microarray images were acquired with ScanArray and image
analysis was performed with QuantArray. Matrix plots were generated 1n

GenelLinker Gold.

Results

1. Different drugs induce different levels of drug transporter, cytochrome P450
and nuclear receptor-transcription factor gene expression [Figure 1].

2. Different drugs induce different patterns of drug transporter, cytochrome P450
and nuclear receptor-transcription factor gene expression [Figure 2].

3. Different drugs induce different levels and patterns of cytochrome P450 gene
expression [Figure 3].

Conclusions

1. DTEx "microarrays can be used to assess both temporal and drug-associated
changes 1n drug efflux and uptake transporter gene expression levels.

2. DTEx ™"microarrays can be used to assess both temporal and drug-associated
changes cytochrome P450 gene expression levels.

3. DTEx "microarrays can be used to assess both temporal and drug-associated
changes 1n nuclear receptor-transcription factor gene expression levels.
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Figure 1. Drug transporter, cytochrome P450 and nuclear receptor-transcription factor gene expression profiles in drug-treated Caco-2 cell monolayers.

Total RNA isolated from untreated and drug-treated Caco-2 cells was labelled and hybridised to individual DTEX™ microarrays as described in the Methods. Log2-normalised fluorescence
intensity values from each microarray hybridisation were used to generate the matrix plots. Gene expression values represent the normalised, log2-transformed median value from 3 individual
microarray hybridisations [n=12 for each gene].

a0 -

Ao o
I
H BNl B =

a0 g
I

abhcc13
abrcich
cypl A

F+xFB
LxF
ahc10

abcis
abcBo
abc?
abcBY
abcBT
abicAs
abicD
abcBY
QT
abicka
abcid
abcB3
cyp 206
abccl
SrH
abiciEe
FARA
OATZ
abcic]2
abicAh
abicAl 3
abcB10
abcAl 2
abic[rd
abciGh
Rl B
abicAY
abicAs
OATPE
Cyp ] HAT
abicAh
OATPC
abicA1 1
abcE1l
abc3
abicG
abiciEd
abick
typZBG
abcd
Cyp2 BT
Cypd TAT
Cyp s
FrF
abci 7
abicB11
Cyp2sa
abciGd
abcc
abicAl
abichd

no drudg

bt

bt
- binta
no drudg
e
texd
texd
N drudg
Ptk
phbd
phba
no drudg
pros
prod
pros
N drudg
Fif
rif4
rifa

aoe-

a0 o
I

Ao
I

|L:||_|TLL|_|LJ__L.J|_I,III_I_|LJLJ__L.{L!J|LIJLJ__H#_L.TIL,J

105

Figure 2. Hierarchical clustering of drug transporter, cytochrome P450 and nuclear receptor-transcription factor gene expression values from drug-treated Caco-2 cell monolayers.

The normalised, log2-transformed median values were used to generate the clustering dendrograms. Hierarchical clustering was performed using GeneLinker Gold and indicates which genes
are most similar in the magnitude of their gene expression pattern across all the drug-treated samples tested.
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Figure 3. Induction of Cytochrome P450 gene expression in drug-treated Caco-2 cell monolayers.
Normalised cytochrome P450 gene expression values for each drug treatment were used to generate the histograms

[A= 10uM beta-napthoflavone, 2 hours; B= 400uM phenobarbital, 8 hours and C= 10uM rifampin, 8 hours].
The highest cytochrome P450 gene expression level(s) for each drug treatment 1s indicated by the coloured bar(s).
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