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Evaluation of Induction of Drug-metabolizing Enzyme mRNAs in Primary Cultures
of Cryopreserved Human and Cynomolgus Monkey Hepatocytes
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We introduce a method for measuring drug-metabolizing enzymes and transporters using real-time one-step RT-

PCR with TagMan probes. This method has the advantages of high sensitivity, simplicity, and linearity of quantification
over a wide range of mRNA concentrations, making it particularly suitable for evaluating large numbers of samples, as
required in expression profile determinations. We also introduce the use of primary cultures of cryopreserved human and
cynomolgus monkey hepatocytes as an enzyme induction model. Furthermore, we introduce the combination of real-
time one-step RT-PCR and hepatocytes for evaluating the potency of various drugs in inducing drug-metabolizing en-

zymes and transporters. We discuss the usefulness of evaluating the gene induction of drug-metabolizing enzymes and
transporters following exposure to drugs in human and cynomolgus monkey hepatocytes. The combination of real-time
one-step RT-PCR and primary cultures of cryopreserved hepatocytes is useful for preclinical drug evaluation and for
screening to evaluate the induction potency of new drug candidates.

Key words——mRNA induction; primary culture; cryopreserved cynomolgus monkey hepatocyte; cryopreserved hu-

man hepatocyte; drug-metabolizing enzyme

1. FLsI(c

YRR, Y, BREY R ONREYE
ORBFCEAEGELTHBY, s OREERIIIFHCZ
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AKRFNE SRR 20 4 H A o v [ 0 [F] S BE I E
SHZLSL TR L DD TH 5.

HRERGF I N, BRSRE TG Iz MO
IR EE#Z R Z W, P450ICREINDE 1 HEY
RMBEERZIILD, ZOEMNRBEBERZEONT >
AR =4 —IZDWNT mRNA FEH L X)L TOFE &
EEZBE L TE/m DX D REEEFY OIS
ISEEREE D D2 WITEEY DNV BEIREE L
MiiZBAEMATED 20, £E 51, mRNA BHE
ZIRIEICT 52 ET, MOFEI O B TIAK
IR G EERE L. £, L OBEFEE
FANRDERITBWTHEMRIEICH 2 bFmE (EE R
ELTOFMMEORBYE) ©EMHICIE
dimethyl sulfoxide (DMSO) ZHWTW5 Z &
5, ki@ DMSO A mRNA 8l L X)L
MIETEEICONWTHHNZ, I 5T, EEMLFETE
TOFMBICHERANTEER, HARENIIBT 5 M
M OEAIIE SN TWD I ENS, BETHICE
MzitWwE s OfFfldicEB LAz, Ly
U, IV EEYAR T ORI B W TR
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M%<, E MIBWTEMRHBERDOFLE LG E
i Z 9 rifampicin (Rif) , dexamethasone (Dex) K&
U omeprazole (Ome) #Z[GPEXfHE L, h=V
AFINOHMEEERIIB T 2EYNRHEER
mRNA HHRICKIFTTHEE E MFMETORE
EHBHRE U2 W N OFHIIL S kSR EE TG
SNz E AW AT, ETEESHSA
L TWw3 TagMan 7' O —7 % ) /= mRNA F &%
WZOWTHRN L2, & MO ZERTO
#E LEE, DMSO OEEKR UL MEHZ VA Y
IV C OB RS T 2 AR—F — D
BRED HLIIC DWW TR B,

2. TagMan 7 O — 7 % F L\ 7- one-step @ RT-
PCRZE(CDWT

£H5513, BN SR L & total RNA % 15
k& LT, TagMan 7O — 7 ZHW5 U 7 )L & A
I @ one-step RT-PCR{EZEHHAL TWa, U7
%A 1D one-step RT-PCR %1%, RT Kt 2 BT
DRV ICHIER M O/ 0, JIERICITD
RT St b HIEREE D EH B T > TW A =D RM
BBEFZEEEZEAZTNWS, £/, RT-PCR 2175 &
XOTIAR—ETO—-TORER, ¥—7 v NE
GBFEHCRELTD2HENHSD. Lrl, BxDs
MTT I —ETO0—TDOREZR#HLL TWD
L, MIEOEREICE > TY—7 v NERT O
A5 EHEFEORO EZ 2 EDHEEE B AL RT-
PCR DS A T s R &R B KO R BFHE B E
C%. 27T, 7#7—K87J4<—1%300nM,
UN—RTF4<—13900nM, TagMan 7' O —7
13 200 nM O TRER S KIGT 5L 51T, T
TOT 4 —&T70—-T&FH5 L= ZO5MKF
T, UN=RAT 74X —DEEZ900nM &L, 7
AT —=RT T4 —D3FITHELZDIE, RT K
IMCBNWTUN—RXTIAX—2FHTEHI LN,
RT G2 HERIITO KD ICEEZEHDICHRTE L
OTHD., EZESIBE N DEHAZ AT
BI 2L OEMRBBEEC ST O AR—F =&
® mRNA ORFERZFET DITH0, FEFITH
KT, FRRENE L, EREPHAL WARE G
ZRAL, UFCHNA T 2HEERAEZEL TE
HELOBABHEITIGAL T b,

3. b MFHROMAEETRZ AV 7-EFHE

Bowen 53l b TR OAIREE B R E

AT P450 ® mRNA 58 L X)L T D58 % i ih
L7, £¥E 5D HAB BHSEERE D S h4G S 2 Ffit
s MR OREERE Y, (LEYOREET
@ P450 ® mRNA FH L X)L TO%E & [[1E 2 #H
HLZ W Lnl, Fiffse S ATNAE
WThHBZEME, FHEMNRFERIC K 2FMZETS
ZEMTERM Tz, £z, EREGBRICBITSE
ML D T L — k& OEEES, B RYE %
BEWTHEAELZMTS5HNTS, BRI
IR D ICRON T SHFMIIETH > I & nid, #E
BT 9 HETHERTERho7z. i THHS
N7z R — Rl TIREREN TR T E R0z D,
HEEOH D EFBREBVWRHTH 2. —
i, BAGHIRLZ A WZEHE T, FU R — O
flzfREL Tnb D, TOEEESHEESRED
SOk R U 72/ T, RMICEBRMNTE 5.
AT, EHFSOHMEE NFEOREERZ
FAWT, ZNF1 CYP3A %% Wi CYPIA %#HE
T 5 EM R TH % Rif & Ome % 1 T mRNA
HFEL N TOFEEREZRG L ZF 280
%19 Wil & UTAT L 28k b bR ik
DEFEEHIC#E L, 5X10%viable cells/cm? Tk
&, BEa% 24 B5#1%1213 hEGF P4 EZ & £/
WIEHIC A L /2. B8 A8 BRI L 0, BEHEHY
BT OREMEIETH 5 Rif H 20T Ome 25
R HIC AT L, 24, 48 BRI 1% £ T mRNA 3
TO#HEBL, 2O BRMBETOREZAZ.
MRS NT > XK —4%— O mRNA FE &
W, AN S i H U 7 total RNA % ABI
PRISMTM 7700 Sequence Detection System % ()
720 7 )L A 1D one-step RT-PCR %12 THIE L
7z,

HAEE MFRIE O ERITBWT, BHEEET
H D Rif X, 10uM OIEFEICT LD CYP3A4 O
mRNA Z 8 <iFE L, 7z CYP3AS IZEEKEFN
miEENA LN (Fig. 1).19 Ome Tld CYPIAL,
CYPIA2 OB EKFEMN2FE 28 L/~ (Fig.
D. 1D 25 ORI E /s b SO w5 &
REHWTIML TW5 Bowen 5P DG EDH K
<—HLTWws. ®H{Z, 25D mRNA L X)L T
DFEIY, MBRYEE S RN T 2 2 &
WWEOREMICHET S & 2R L - (Fig.
1)‘ 15)
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Fig. 1. Time course and effects on mRNA expression levels
following exposure to omeprazole or rifampicin

Human hepatocytes were exposed to the probe drug for 24 and 48 h.
The medium containing the probe drug was then replaced with fresh medi-
um, and the hepatocytes were cultured for an additional 24 and 48 h (72 and
96 h, respectively, in the figure) . The medium was changed daily. Data are
expressed as the ratio of the target mRNA to GAPDH mRNA and are then
shown as induction relative to controls at each time point. Experiments (in
cultured human hepatocytes) were performed in triplicate, and data are
shown as the mean value for three runs. CYP1A1 and CYP1A2, exposure to
omeprazole; CYP3A4 and CYP3AS, exposure to rifampicin. (Modified
from ref. 15.)

ZOXDIT, EFESIIHMEE Mz W=
BERTOHHEESE MR E FEORRNGES N
52 E%ERL, HiEe MFfIlaOEAEZRL 2.
WG e N RSO e T B & [R5 o AREsTE M 2
ALTWDEOHEOSHH D, BEHE DS
T, BHAGHEEHME RIS ND KDz,

4. HZHhrh DMSO OFE(CD>WT

KITHE T IZ < WR2EE R E T LIK LIE DMSO
WL C, BRAEOHMMERICHEAEINS. £
ZT, FEE 53K MR O W R R ICEE
35 DMSO BEDEEIZOWTHRHL . Fig.
2AY TIX, AR 48 KFRR KD, 0.1%, 0.5%H D
WX 2.5% DMSO % & OB 24 FFRE & L T
CYP1 & CYP3A @ mRNA BB EANDEE %2 &
7=, BEirh o> DMSO IBEMN 05% LT TIEZN 5
@ mRNA FHEDOZLIF /NS <, 0.1% T
ZEIZE I/ E Moz, DMSO DHEEN 2.5% T
¥ DMSO % & £ /2 Wi i & X T CYP1IB1 %
CYP3A4 TIIHMEARFEBEOEMA A SN, —T7,
CYP3AT DX D CHBENW DT LE20TFHDAS
N5 EHMELTWS, £/, CYPI (Fig. 2B)
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Fig. 2. Effects on mRNA expression levels following ex-
posure to DMSO (A) and following exposure to f-
naphthoflavone (B) or rifampicin (C) in the presence of
DMSO at concentrations of 0.1%, 0.5%, and 2.5%

Experiments (in cultured human hepatocytes) were performed in dupli-
cate, and data are shown as the mean value for two runs. Data are expressed
as the ratio of the target mRNA to S-actin mRNA. (A) Human hepatocytes

were exposed to DMSO at concentrations of 0.1%, 0.5%, and 2.5% for 24

h, Data are shown as the ratio to controls without DMSO. (B) Human

hepatocytes were exposed to 5 uM p-naphthoflavone for 24 h, Data are

shown as the ratio to controls at each DMSO concentration. (C) Human
hepatocytes were exposed to 10 uM rifampicin for 24 h, Data analysis was

the same as in experiment (B). (Modified from ref. 17.)

Tld B-naphthoflavone %, CYP3A (Fig. 2C) TIiZ
Rif ZBEE R E LT, 2N 5 DOBRBETOH LR
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OHEIZDWTHE L7z, HEERTIE, Wind
BRI 2 W, BTIEICOR U 2 BB I, B
# 48 WA &L D, CYP3A ORBELZBINSE 3
bk A & LT Rif & % W3 Dex, E /- CYP1A
DRBEZIEME TS5 MEGHE S LT Ome 25
OEEHICH L, 24 R OEMRBBERE N T
> AR—4% —® mRNA DFEYREZF Tz

5-1. CYPIA RU'CYP3A DFE H_-ro
H )L D CYP3A8 |3 Rif & Dex B2 THAHEN A5
N, FENY -3 bD CYP3A4 EHEBIL TN
7= (Fig. 3).20 £7=, W=7 A H¥ILD Ome BEFZ
ZBWT, EhEHZ T AHIEHIT CYPIAL O
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M7 CYPIA2 OB EIIH =7 A FIL TIIATE
mhole (Fig.3).2W Ln->7T, ehEAZIA
H)L1Z CYPIAL & CYP3A ICB W TEEE A M ITH
H L 72 mRNA FHEOEH O EANEM L Tnhs
ERbN.
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Fig. 3. Effects of exposure to drugs on the mRNA levels of
CYPI1A1, CYP1A2, and CYP3As in primary cultures of hu-
man and cynomolgus monkey hepatocytes

Data are expressed as the ratio of the target mRNA to f-actin mRNA.

Experiments (in cultured human and cynomolgus monkey hepatocytes) were

performed in triplicate using three livers each, and the values are shown as

mean+SD (n=3). The hepatocytes were exposed to the drugs at 48 h after
inoculation. The hepatocytes were exposed to Rif, Dex, or Ome (2, 10, and

50 uM each) for 24 h, The dotted line indicates the value for controls without

DMSO, which was assigned a value of 1. **p<{0.01 and ***p<C0.001 vs. con-

trols at 0.1% DMSO. (Modified from ref. 21.)
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Fig. 4. Effects of exposure to drugs on the mRNA levels of
SULTs and UGTI1As in primary cultures of human and
cynomolgus monkey hepatocytes

The hepatocytes were exposed to Rif, Dex, or Ome (2, 10, and 50 uM
each) for 24 h. Data are expressed as the ratio of the target mRNA to S-actin
mRNA. Experiments (in cultured human and cynomolgus monkey hepato-
cytes) were performed in triplicate using four or five livers each, and the
values are shown as mean®=SD for four humans or five cynomolgus
monkeys. The dotted line indicates the value for controls without DMSO,
which was assigned a value of 1. *p<{0.05, **p<0.01, and ***p<0.001 vs.

controls at 0.1% DMSO. (Modified from ref. 22.)
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Fig. 5. Effects of exposure to drugs on the mRNA levels of
MDRI1, MRP1, and MRP2 in primary cultures of human
and cynomolgus monkey hepatocytes

The hepatocytes were used for experiments at 48 h after inoculation.

The hepatocytes were exposed to Rif, Dex, or Ome (2, 10, and 50 uM each)

for 24 h. Data are expressed as the ratio of the target mRNA to S-actin

mRNA. Experiments (in cultured human and cynomolgus monkey hepato-
cytes) were performed in triplicate using five livers each, and the values are
shown as mean=+SD for five humans or five cynomolgus monkeys. The dot-

ted line indicates the value for controls without DMSO, which was assigned a

value of 1. *p<{0.05, **p<0.01, and ***p<0.001 vs. controls at 0.1%

DMSO. (Modified from ref. 23.)
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