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FIG 5 Cleavage or knockdown of G3BP1 results in enhanced EMCV replication. (A) HeLa/G-G3BP1 and Hela/G-G3BP1Q325E cells were infected with EMCV.
(Top) Total RNA was harvested at 12 h postinfection, and EMCV RNA was quantified by gPCR. (Bottom) The culture supernatant was subjected to plaque
titration. (B) ITeLa cells were transfected with either control siRNA or siRNA that targeted G3BP1. (Top) After 48 h, G3BP1 was detected by Western blotting
(left) or by staining using anti-G3BP1 antibody (right). (Bottom, left) To investigate the effect of G3BP1 knockdown on viral replication, the cells were infected
with EMCV for 12 h, total RNA was extracted, and EMCV RNA was quantified by gPCR. (Right) The culture supernatant was analyzed to determine viral titers.

Tris-HCl [pH 9.0], 150 mM NaCl, 1 mM MgCl,, 66 pl of NBT [50 mg/
ml], and 33 ul of BCIP [50 mg/ml]).

Antibodies. The antibodies used in this study include mouse mono-
clonal anti-green luorescent protein (GFP) (1:1,000 dilution) (MBL),
goat polyclonal anti-G3BP1 (1:500) (catalog no. sc-70283; Santa Cruz),
mouse monoclonal anti-G3BP1 (1:1,000) (catalog no. sc-365338; Santa
Cruz), rabbit polyclonal anti-PKR (1:1,000) (catalog no. sc-709; Santa Cruz),
rabbit polyclonal anti-TIA-1/R (1:1,000) (catalog no. sc-48371; Santa Cruz),
goat polyclonal anti-TIAR (1:1,000) (catalog no. sc-1749; Santa Cruz), rabbit
polyclonal anti-HuR (1:1,000) (catalog no. sc-365816; Santa Cruz), and
propidium iodide (PI) (1:2,000 in PBST) (Miltenyi Biotec). The RIG-I
antibodies were generated by immunizing a rabbit with a synthetic pep-
tide corresponding to amino acids 793 to 807 of RIG-I and MDA5. Mouse
monoclonal anti-poly(A) binding protein (PABP) (1:1,000) (catalog
number ab6125; Abcam), rabbit monoclonal antiactin (1:5,000)
(Poly6221; BioLegend), mouse anti-FLAG (1:1,000) (Sigma-Aldrich),
and rabbit monoclonal anti-phospho-PKR pT446 (1:1,000) (Epitomics
Inc.) antibodies were also used. Anti-EMCV polyclonal antibody was ob-
tained by immunizing a rabbit with purified EMCV virions. Anti-MDAS
polyclonal antibody was obtained by immunizing a rat with recombinant
MDAS (produced in insect cells), which was preactivated with RNA li-
gands.

Quantification of the distribution pattern of virus-induced SGs. SG
formation was quantified visually by using eyesight counting. The total
number of cells displaying each unique distribulion pattern in each loca-
tion was recorded, and the percentage of each pattern was calculated. As
for the fixed cells, 10 pictures were taken randomly at different locations.
Cells displaying SG foci were quantified manually. Graphs display the
average percentages of replicates (at least 20 times).

RESULTS
Characterization of HelLa cells stably expressing an SG marker,
G3BP1. To monitor SGs in living cells, we generated HeLa/G-

G3BP cells (Fig. 1). Constitutive aggregation of intrinsic SG com-
ponents has been reported to lead to a severe stall in protein syn-
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thesis and eventual apoptosis (14, 20). All the HeLa/G-G3BP
clones displayed uniform and high-level GFP expression, and
their growth rate was comparable to that of parental cells (our
unpublished observations). It has been well documented that
G3BP1 accumulates in SG foci in response to arsenite treatment
(oxidative stress) and virus infection (12, 13). HeLa/G-G3BP
clone 12 was treated with arsenite or infected with Newcastle dis-
ease virus (NDV) or influenza A virus (IAV) with an NS1 deletion
(TAVANS1), and GFP localization was then examined by confocal
microscopy. As shown in Fig. 1A, a speckle-like localization of
GFP was induced by these stimuli. Other clones also exhibited
similar speckle formation after arsenite treatment or NDV infec-
tion (Fig. 1B and C). We confirmed that other SG components,
TIA-1, TIAR, HuR, and elF3, colocalized with the GFP speckles
(our unpublished observations). These results indicate that
EGFP-G3BP1 acts as a suitable probe for virus-induced SGs.
However, since transient overexpression of G3BP1 results in SG
formation without external stress (13), we tested if the HeLa/G-
G3BP clones would exhibit a normal antiviral response. As shown
in Fig. 1D, all clones exhibited induction of IFN- mRNA com-
parable to that exhibited by parental cells. We chose clone 18 for
further analyses.

G3BP1 exhibits three redistribution patterns after infection
with both RNA and DNA viruses. To examine the dynamics of
cytoplasmic SGs induced by viral infection, the cells were infected
with different viruses, as shown in Fig. 2, and monitored live for
distribution of GFP fluorescence (representative results are shown
in Movies S1 to S9 in the supplemental material). Cells infected
with SeV, IAV, VSV, and TMEV did not show SG formation (8).
Other viruses induced SGs, typically forming a large number of
small granules at around 5 h postinfection and gradually fusing to
each other. SG formation was quantified (Fig. 2A to K) and clas-
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FIG 6 Inhibition of G3BP1 in EMCV-infected cells results in sustained cytokine/chemokine mRNA accumulation. HelLa/G-G3BP1 and HeLa/G-G3BP1Q325E
cells were infected with EMCV. (A) Culture supernatant was subjected to an enzyme-linked immunosorbent assay for human IFN-B (hIFN-B). (B to E) Total
RNA was harvested at the indicated time points. mRNA Jevels for IFN-$ (B), CXCL10 (C), IL-6 (D), and RANTES (E) were determined by RT-qPCR. (T, left)
Both ITeLa/G-G3BP and Hel.a/G-G3BPQ325E cells were infected with IAVANSI, and the IFN-8 mRNA level was quantified as described above. (Right) Lysates
of IAVANS1-infected Hel.a/G-G3BP1 cells were examined for cleavage of G3BP1 by Western blotting. Data depicted are representative of two independent

experiments. (Error bars indicate standard deviations of duplicates.
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i, P < 0.005; *, P < 0.05.
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FIG 7 IEN production and cytokine gene activation in HeLa/G-G3BP and
HeLa/G-G3BPQ325E cells at the early phase. HeLa/G-G3BP1 and HeLa/G-
G3BP1Q325E cells were mock treated or infected with EMCV for the indicated
times. Total RNA was extracted, and mRNA levels for IFN-B (A), CXCL10 (B),
IL-6 (C), and RANTES (D) were quantified by RT-qPCR.

sified into three predominant patterns, stable formation (Fig. 2L),
transient formation (Fig. 2M), and alternating formation (Fig.
2N), within a single cell. NDV, IAVANSI, and adenovirus type 5
displayed stable formation of SGs (see Movies S1 to S3 in the
supplemental material). Whereas SINV, EMCV, and PolioV in-
duced foci at around 5 to 6 h postinfection, the foci disappeared
thereafter (transient formation) (Fig. 2D to F; sce also Movies S4
to S6 in the supplemental material). Interestingly, adenovirus type
5 with an E1A deletion exhibited multiple rounds of formation
and disappearance of SGs (alternate formation) in the majority of
cells (Fig. 2I; see also Movie S7 in the supplemental material). A
similar oscillation of SGs in cells infected with hepatitis C virus
(HCV) and treated with IFN was reported previously (21). Col-
lectively, these live-cell-imaging analyses demonstrated that viral
infections trigger host stress responses; however, different viruses
induce distinct response patterns, presumably through specific
underlying mechanisms. The observed SG formation patterns are
unlikely to be due to G3BP1 overexpression, because wt HeLa cells
exhibited transient SG formation upon EMCV infection when
endogenous G3BP1 was used as a marker (Fig. 20).

EMCYV infection results in the cleavage of G3BP1. We focused
on the mechanism of transient formation of SGs by EMCV be-
cause PolioV has been reported to inhibit SG formation by cleav-
age of G3BP1 (15). We examined if EGFP-G3BP1 is cleaved by
EMCV by Western blotting. The EGFP-G3BP1 fusion protein is
detected as a polypeptide of 96 kDa, and EMCV infection resulted
in the appearance of an 80-kDa GFP-containing protein at 6 h
postinfection, and nearly complete cleavage of EGFP-G3BP1 oc-
curred at 10 h postinfection (Fig. 3A). Because the fusion protein
contains an EGFP moiety at the N terminus of G3BP, the cleavage
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FIG 8 Knockdown of G3BP1 attenuates EMCV-induced cytokine/chemokine
gene activation. HeLa cells were transfected with either control siRNA or
siRNA that targeted G3BP1. After 48 h of incubation, cells were infected with
EMCV for 12 h, and total RNA was collected as indicated. mRNAs levels for
IFN-B (A), RANTES (B), CXCL10 (C), and IL-6 (D) were determined by
RT-qPCR. Data are representative of two independent experiments. (Error
bars indicate standard deviations of duplicates [n = 2].) #, P < 0.05.

of G3BP1 islikely to occur at the C-terminal region of G3BP1. We
verified the cleavage site by using an antibody detecting the C-ter-
minal epitope of G3BP1 (see Fig. S1A and S1B in the supplemental
material). Because the mapped cleavage site was close to that of
PolioV and cleavage by PolioV is prevented by an amino acid
substitution within G3BP1 (Q325E) (15), we therefore ecxamined
this mutant for cleavage by EMCV (Fig. 3B). We found that the
G3BP1 Q325E mutant was resistant to cleavage by EMCV, sug-
gesting a common cleavage mechanism. To examine whether the
disruption of SGs by EMCV is due solely to cleavage of G3BP1, we
examined other SG components, such as PABP, TIA-1/R, HuR,
and PKR, which are also essential for SG formation. Figure 3C
shows that the levels of SG components, with the exception of
G3BP1, did not change upon EMCV infection and that G3BP1
cleavage coincided with the detection of EMCV proteins. Expres-
sion of EMCV 3C protease but not leader protein by transfection
was sufficient to reproduce G3BP1 cleavage at Q325 (Fig. 3D),
strongly suggesting that the cleavage is mediated by 3C protease.
We next examined SG formation of HeLa/G-G3BPQ325E cells. In
sharp contrast to cells expressing wild-type G3BP1 (see Movie S6
in the supplemental material), HeLa/G-G3BPQ325E cells exhib-
ited stable formation of SGs, as judged by single-cell imaging (Fig.
4A and B; see also Movie S8 in the supplemental material) and
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FIG 9 EMCV infection recruits MDAS into SGs. HeLa cells were mock treated or infected with EMCV (MOI of 10) and fixed. The cells were stained for MDA5,

G3BP1, and PT (A) or MDAS5, TIAR, and PI (B).

quantification (Fig. 4C). These results suggest that EMCV disrupts
SGs by cleavage of G3BP1 through a mechanism similar to that of
PolioV.

G3BP1 negatively regulates EMCV replication. To examine
the impact of SG disruption on EMCV replication, we infected
both HeLa/G-G3BP and Hela/G-G3BPQ325E cells with EMCV
and analyzed viral replication by RT-qPCR (Fig. 5A). The EMCV
RNA level recovered from HeLa/G-G3BP cells was 6-fold higher
than that recovered from HeLa/G-G3BPQ325E cells. Similarly, a
significantly lower viral yield was observed for cells expressing
G3BP1 Q325E, suggesting that SG formation is critical for sup-
pressing EMCV replication. To further confirm the involvement
of G3BP1, we depleted endogenous G3BP1 by siRNA-mediated
knockdown (Fig. 5B) and examined its effect on EMCV replica-
tion. G3BP1 knockdown caused increased EMCV replication, as
judged by the approximately 5-fold augmentation of viral RNA
and viral yield (Fig. 5B). These results suggest that G3BP1 is in-
volved in the negative regulation of EMCV.

G3BP1 is critical for EMCV-induced interferon and cytokine
gene activation. Based on the above-described findings, we next
asked how G3BP1 exerts its antiviral role. The type I interferon
system constitutes major innate antiviral responses; therefore, we
examined EMCV-induced IFN-B gene activation in HeLa/G-
G3BP and Hela/G-G3BPQ325E cells (Fig. 6). In HeLa/G-G3BP
cells, IFN- mRNA accumulated at 4 h postinfection, followed by
a gradual decrease. However, IFN-3 mRNA levels persisted in

9518 jviasm.org

HeLa/G-G3BPQ325E cells after 8 h postinfection (Fig. 6B). In
agreement with these results, the amount of IFN-3 protein re-
leased into the culture medium at 24 h was significantly aug-
mented by the Q325E mutation (Fig. 6A). A similar enhancement
of cytokine mRNA was observed for CXCL10, interleukin-6 (IL-
6), and RANTES (Fig. 6C to E). We investigated gene activation at
early time points between 0 and 4 h and observed similar activa-
tion kinetics between HeLa/G-G3BP and HeLa/G-G3BPQ325E
cells (Fig. 7), suggesting that the reduced gene activation of HeLa/
G-G3BP cells is due to G3BP1 cleavage. The Q325E mutation did
not affect IFN-f gene induction in the case of IAVANSI, which
did not cause G3BP1 cleavage (Fig. 6F). Next, we examined the
effects of depletion of endogenous G3BP1 on cytokine gene acti-
vation. As expected, knockdown of endogenous G3BP1 attenu-
ated the expression of IFN-B and other cytokine genes (Fig. 8A to
D). These results strongly suggest that G3BP cleavage leads to
attenuation of antiviral cytokine induction.

It has been well documented that MDA5 senses EMCV in-
fection (22-25) and that virus- and oxidative stress-induced
SGs recruit RIG-I, MDAS, and LGP2 (12). Therefore, we hy-
pothesized that EMCV-induced SG regulates IFN-f3 gene acti-
vation by facilitating MDAS activation. We examined MDAS
localization in EMCV-infected HeLa cells by immunostaining.
MDAS5 displayed relocalization to speckle-like granules upon
EMCYV infection (Fig. 9A). The speckles also contained endog-
enous G3BP1 (Fig. 9A) and TIAR (Fig. 9B). Interestingly, PI, a
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FIG 10 Involvement of PKR in EMCV-induced SG and IFN-@ gene activation. (A) Knockdown of PKR expression results in reduced SGs. (Left) HeLa cells
transfected with siRNA targeting PKR for 48 h were examined for PKR expression by Western blotting. (Middle) The cells were infected with EMCV for 6 hand
stained for endogenous G3BP1. (Right) $G-containing cells were quantified. (B) HeLa cells infected with EMCV for 0, 4, and 12 h were analyzed for G3BP1,

phospho-PKR, EMCV proteins, and actin by immunoblotting. (C) HeLa cells transfected with siRNA targeting PKR for 48 h were mock treated, transfected with
poly(I-C), or infected with IAVANSI] or EMCV. After 12 h, IFN mRNA was quantified by RT-qPCR. %, P < 0.005; *, P < 0.05.

dye that binds to dsDNA and dsRNA, stains cytoplasmic speck-
les found only in virus-infected cells, and the dsRNA speckles
colocalized with G3BP1 and TIAR. These observations suggest
that EMCV infection induces SGs, which recruit SG compo-
nents, MDAS, and EMCV dsRNA.

PKR is essential for SG formation and IFN induction in
EMCYV infection. Various types of viruses were shown to induce
SG formation through PKR activation (26~28). We therefore
examined whether EMCV induces SG formation in a PKR-
dependent manner. Endogenous PKR expression was effi-
ciently downregulated by siRNA (Fig. 10A). Under these con-
ditions, SG formation by EMCV was decreased significantly
(Fig. 10A). We next asked whether cleavage of G3BP1 results in
PKR dephosphorylation. Immunoblot analyses showed that
PKR was autophosphorylated at 4 h postinfection; however, at
12 h, when G3BP1 cleavage was nearly complete, PKR phos-
phorylation was undetectable (Fig. 10B, lane 3), suggesting that
G3BP1 cleavage resulted in PKR dephosphorylation. Finally,
we examined whether the final outcome of signaling, IFN-f
gene expression, was dependent on PKR. In PKR knockdown
cells, the induction of IFN-B mRNA by EMCV was significantly
decreased compared to that in control cells (Fig. 10C). We
further confirmed previous reports that IFN induction by
poly(I-C) or IAVANSI infection was PKR dependent (12).
From the data presented above, we concluded that the loss of
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PKR impaired EMCV-induced SG formation, leading to a re-
duction of IFN-B gene activation.

DISCUSSION

Viral infection causes stress in host cells, resulting in SG forma-
tion. To date, both pro- and antiviral roles have been described for
virus-induced SGs (28-30), and this issue remains controversial.

In this study, we demonstrated that SGs are potentially involved in
mediating virus-triggered IFN responses. It was reported previously
that PolioV 3C protease cleaves G3BP1 at residue Q325, resulting in
the disruption of SGs (15). This observation indicates not only that
G3BP1isacomponent of SGs but also that its inactivation by cleavage
causes the disruption of SGs. Here, we show that EMCV shares G3BP
cleavage activity with specificity identical to that of PolioV 3C, requir-
ing intact Q325. Interestingly, coxsackievirus also disrupts SGs (31)
by a similar mechanism (G. Fung, C. S. Ng, J. Zhang, J. Shi, ]. Wong,
P. Piesik, L. Han, F. Chu, J. Jagdeo, E. Jan, T. Fujita, and H. Luo,
unpublished observation), suggesting that this strategy is shared by
some picornaviruses to evade immune responses. At the early phase
of EMCV infection, cleavage of G3BP1 was not evident. However, at
4 h postinfection, cleavage was detectable, and at 10 h, cleavage
reached completion, suggesting that the accumulation of 3C is nec-
essary for the disruption. We observed that stable expression of the
G3BP1 Q325F mutant blocked the disassembly of SGs as well as en-
hanced IEN-3 production at a late phase of infection. Furthermore,
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knockdown experiments showed that G3BP1 is necessary for efficient
activation of the IFN-f3 gene, particularly in the later stages of infec-
tion. Although it was reported previously that PolioV 3C cleaves
RIG-Iand MDAS5 (32) and that EMCV cleaves RIG-I (33), we did not
observe thesc cleavages, even under conditions in which G3BP1 was
cleaved by EMCV or PolioV (Fig. 11). Taken together, we conclude
that G3BP1 is a physiological regulator of IFN-$ gene induction
through the formation of SGs, which recruit the RNA sensor MDAS.
In addition, the persistent activation of the TFN-( gene at late time
points is likely due to the increase of the local concentrations of both
MDAS5 and its ligands within the condensed granules.

Collectively, the data presented above strongly suggest that 3C
protease of EMCYV acts as a critical factor for evading host IFN pro-
duction to ensure efficient replication. It was demonstrated previ-
ously that PKR plays a critical role in dsRNA- or IAVANS1-induced
SG formation and subsequent IFN-[3 gene activation (12). Our ob-
servation that PKR is required for efficient IFN gene activation by
EMCYV suggests that PKR is responsible for initiating SG formation
(Fig. 10).

Considering that the assembly of SGs is a part of the antiviral
response of the host, it is plausible that viruses evolve strategies to
block it. Indeed, IAV, SeV, and TMEV do not induce SG (Fig. 2),
and it was reported previously that leader RNA, NS1, and leader

9520 jviasm.org

protein are responsible for inhibition, respectively (8, 12, 34), Al-
though TMEV belongs to the Picornaviridae, its mechanism of SG
inhibition appeared to be distinct from those of EMCV and
PolioV. TMEV and mengovirus inhibit SG by the action of leader
protein (8, 31). We found that 3C but not the leader protein of
EMCV inhibits SG formation (Fig. 12). It is tempting to speculate
that leader proteins of TMEV and mengovirus inhibit IFN pro-
duction (35, 36) through the blockade of SG formation, where
RLR and viral RNA efficiently interact, as one of the mechanisms.
Interestingly, although the leader protein of EMCV did not affect
SGs, it inhibited IFN gene activation (Fig. 12), suggesting that
leaders of different cardioviruses are functionally equivalent (37,
38) but with distinct modes of action. Therefore, these viruses
encode multiple inhibitory proteins to efficiently manipulate host
immune responses. EMCV and SINV induced SGs at early time
points after infection, but SG formation was disrupted later. A
similar phenomenon was reported previously for West Nile and
dengue viruses by monitoring TIA-1/R as an SG marker (29). In
the case of EMCV and PolioV, G3BP1 cleavage by viral 3C pro-
tease is responsible for the disassembly of SGs. Therefore, active
mechanisms for the disruption of SGs by SINV, West Nile virus,
and dengue virus have been suggested, although the underlying
mechanisms remain to be determined. In addition to transient
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FIG 12 EMCV 3C but not leader inhibits SG. (A) HeLa/G-G3BP1 and I1eLa/G-G3BP1Q325E cells were transiently transfected with an empty vector or the
expression vector for leader or 3C for 48 h. Cells were treated with 0.5 mM sodium arsenite for 30 min, fixed, and stained for TIAR, an SG marker. (B) HeLa cells
were transiently transfected with and empty vector or the expression vector for leader or 3C (0 pg, 2 g, and 4 p.g) for 48 h. Cells were mock treated or transfected
with long poly(I-C) (2 pg/pl) for 12 h. Total RNA was collected, and the mRNA level for IFN-f was determined by RT-qPCR. Data are representative of three
independent experiments. (Error bars indicate standard deviations of duplicates 1 = 3].)

formation of SGs, some viruses exhibited alternating formations
of SGs; SGs were formed at an early stage and then disappeared
and re-formed at a later stage. This alternating pattern is also
dependent on the cell lines used (our unpublished observations),
suggesting that the pattern of SG formation is determined by a
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dynamic balance between the host antiviral response and the viral
inhibitory mechanism (21). Such a host mechanism could be a
therapeutic target to enhance host defense against viruses.

Here, we provide evidence that EMCV-induced SGs are in-
volved in regulating IFN-3 gene expression. Thus, virus-induced
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SGs might play dual roles: (i) suppressing viral replication
through an inhibition of viral protein synthesis and (ii) serving as
a platform to facilitate IFN-3 production.
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Abstract: We performed in vivo and in vitro studies to determine the induction of human
cytochrome P450 (CYP) using chimeric mice with humanized liver (PXB-mice®) and
human hepatocytes isolated from the PXB-mice (PXB-cells), which were derived from the
same donor. For the in vivo study, PXB-mice were injected with 3-methylcholanthrene
(3-MC, 2 or 20 mg/kg) or rifampicin (0.1 or 10 mg/kg) for four days. For the in vitro study,
PXB-cells were incubated with 3-MC (10, 50, or 250 ng/mL) or with rifampicin
(5 or 25 pg/mL). The CYPIAI and 142, and CYP344 mRNA expression levels increased
significantly in the PXB-mouse livers with 20 mg/kg of 3-MC (Cpax, 12.2 ng/mL), and
10 mg/kg rifampicin (Cpax, 6.9 pg/mL), respectively. The CYPIA1 mRNA expression level
increased significantly in PXB-cells with 250 ng/mL of 3-MC, indicating lower sensitivity
than in vivo. The CYPIA2 and CYP344 mRNA expression levels increased significantly
with 50 ng/mL of 3-MC, and 5 pg/mL of rifampicin, respectively, which indicated that the

 sensitivities were similar between in vivo and in vitro studies. In conclusion, PXB-mice
and PXB-cells provide a robust model as an intermediate between in vivo and in vitro
human metabolic enzyme induction studies.

= 231 =



Int. J. Mol. Sci. 2014, 15 59

Keywords: liver; P450 induction; humanized animal model; rifampicin; 3-methylcholanthrene

1. Introduction

Metabolic enzyme induction is a side effect of some drugs, and it can cause important problems in
drug metabolism and toxicity, such as a reduction in a drug’s effect and an increase in reactive
metabolites. It is, thus, necessary to evaluate the induction potential of drugs in humans during
preclinical drug development. However, such predictions are difficult to test because there are species
differences between humans and laboratory animals in metabolic enzyme inducibility. There is also
limited availability of donated human liver samples.

Previously, chimeric mice with humanized livers were generated by transplanting cryopreserved
human hepatocytes into the spleen of urokinase-type plasminogen activator (uPA)/severe combined
immunodeficient (SCID) mice [1,2]. In the liver of the chimeric mouse (PXB-mouse®) we developed,
mouse hepatocytes are largely repopulated with the transplanted human hepatocytes, which have been
demonstrated to express human cytochrome P450 (CYP) enzymes [3], phase II enzymes [4], and
transporters [5], and have the potential for CYP enzyme induction with inducers [2]. Recently, other
human liver chimeric mice were generated using Fah~ /Rag2” /I12rg”” mice and TK-NOG mice and
humanized livers from these mice expressed human CYP mRNA at similar levels as human
hepatocytes [6,7]. As treatment of the mice with inducers results in in vivo enzyme induction in the
humanized hepatocytes, the animals chimeric mice enable the evaluation of enzyme inducing effects
would be useful in predicting enzyme induction in humans.

In vitro enzyme induction studies are routinely conducted during drug development at
pharmaceutical companies, and very large numbers of human hepatocytes are used in such studies to
predict the potential for enzyme induction. Many of the human hepatocytes used in such in vitro
enzyme induction studies are supplied fresh, due to advantages in terms of cell function, primarily
plating efficiency in dishes, as compared with cryopreserved human hepatocytes. However, it is
difficult to obtain fresh human hepatocytes for in vitro studies, including enzyme induction studies,
due to their limited availability. Additionally, preparing fresh human hepatocytes ahead of time and
performing reproducible studies using the same donor cells are not possible.

In contrast, our chimeric mice possess live human hepatocytes in the liver and fresh human
hepatocytes from the chimeric mouse (PXB-cells) are thus considered to be a suitable model to be used
in place of fresh human hepatocytes for in vitro studies. The availability of cryopreserved human
hepatocytes isolated from the chimeric mice has been established in evaluating the induction of
hCYP1A2 and hCYP3A4 in previous studies [8,9] and a recent study demonstrated repeated and
on-demand availability of fresh chimeric human hepatocytes derived from the same donor using these
chimeric mice [10]. However, there have been no studies in which induction abilities of human
hepatocytes were directly compared between ir vivo and in vifro conditions.

In the present study, we investigated enzyme induction in vivo in the intact chimeric mice, and
in vitro using fresh chimeric human hepatocytes derived from the same donor. Our result demonstrates
that the unique in vivo/in vitro human hepatocyte model provides robust information to prove the
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