cell division (RND) efflux pumps, such as MexAB-OprM,
can contribute to multiple-drug resistance.” Although efflux
pumps have been shown to exist in P. putida, their role in
clinical isolates of this species has been unclear due to a lack
of data.

Therefore we conducted the present study with the aim
of supplementing our knowledge in this regard, since
more data is needed to assess the risks stemming from
the increasing antibiotic resistance of P putida.*™'® In
this study, we examined the genetic mechanisms of carbap-
enem and fluoroquinolone resistance in clinical isolates
of P putida obtained from the University of Tokyo
Hospital.

Materials and methods
Bacterial strains

The bacterial strains used in this study were 27 clinical
isolates of P putida (consisting of 11 carbapenem- and
ciprofloxacin (CIP)-resistant strains, 13 carbapenem-
resistant and CIP-susceptible strains, and 3 carbapenem-
and CIP-susceptible strains) recovered from different
patients at the University of Tokyo Hospital, from Novem-
ber 2002 through to September 2005. All isolates were iden-
tified by the Vitek I system (bioMerieux Japan, Tokyo), the
gelatin hydrolysis test, and the acylamidase test. Bacteria
were stored at —80°C in trypticase soy broth (TSB, Becton
Dickinson, Franklin Lakes, NJ, USA) containing 20% glyc-
erol. Subsequently, bacteria were inoculated on Trypticase
Soy Agar (Becton Dickinson) and incubated at 37°C
overnight.

Antimicrobial agents

The antimicrobial agents used for susceptibility testing were
as follows: imipenem (IPM, Banyu Pharmaceutical, Tokyo,
Japan); meropenem (MEM, Dainippon Sumitomo Pharma-
ceutical, Osaka, Japan); doripenem (DRM, Shionogi Phar-
maceutical, Osaka, Japan); tetracycline (TET, Pola Pharma,
Tokyo, Japan); chloramphenicol (CHL, Sankyo, Tokyo,
Japan); ciprofloxacin and amikacin (CIP, AMK, Meiji Seika
Kaisha, Tokyo, Japan); ceftazidime (CAZ, Nippon-Glaxo-
SmithKline, Tokyo, Japan); aztreonam (ATM, Eisai, Tokyo,
Japan); piperacillin (PIPC, Toyama Chemical, Tokyo,
Japan).

Susceptibility testing

Susceptibility testing was carried out using the broth micro-
dilution method as described by the Clinical and Labora-
tory Standards Institute (CLSI)" with Mueller Hinton broth
(MHB, Becton Dickinson). Quality control for the minimal
inhibitory concentrations (MICs) was performed using the
following reference strains: Staphylococcus aureus ATCC
21293, Escherichia coli ATCC 25922, and Pseudomonas
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aeruginosa ATCC 27853. Susceptibility break-points were
defined according to CLSI recommendations.

Pulsed-ficld gel electrophoresis (PFGE)

Pulsed-field gel electrophoresis (PFGE) was carried out
after digestion of the bacterial DNA with 20U of the
restriction cndonuclcase Spel (New England Biolabs,
Ipswich, MA, USA) in 1% pulsed field certified agarose
(Bio-Rad, Tokyo, Japan) in 0.5xtris-borate+EDTA (TBE)
buffer with a CHEF-DR II apparatus (Bio-Rad) for the
analysis of genomic DNA macrorestriction patterns. BioN-
umerics software (version 4.0, Applied Maths, Kortrijk,
Belgium) was used to analyze the DNA restriction patterns
and determine their similarity, based on calculation of the
Dice similarity coefficient and using the unweighted pair-
group method using arithmetic averages (UPGMA) algo-
rithm. Isolates were considered to be a cluster if the
similarity value was more than 0.80.

Detection of MBL and integrase genes

Detection of MBL and integrase genes was performed by
polymecrasc chain rcaction (PCR) amplification. Genomic
DNA of P putida isolates was extracted as previously
described.* PCR amplification for MBL (blang.;, blapg.,
blaypg, and blayyy,) and integrase (intl-1 and intl-3) genes
was performed with specific primer sets according to a
method described previously (Table 1),” and was carried out
using Premix Tug enzyme (Takara Bio, Shiga, Japan)
according to the manufacturer’s instructions.

Analysis of oprD gene expression by RT-PCR

The transcription of the porin gene (oprD) was analyzed
with reverse transcriptase-PCR (RT-PCR). Mid-logarith-
mic phase cultures in TSB were pelleted by centrifugation
at 13 000 g, and RNA was isolated using ISOGEN (Nippon
Gene, Tokyo, Japan) according to the manufacturer’s
instructions. Total RNA, 1 pg, was reverse transcribed into
single-stranded ¢DNA using a SuperScript III First-Strand
Synthesis Supermix Kit (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. PCR amplifi-
cation of ¢cDNA was performed using oprD gene-specific
primer sets designed using the primer3 program available
at  hitp://ffrodo.wimit.edu/cgi-bin/primer3/primer3_www.
cgi. The number of PCR cycles used came within the linear-
ity range for PCR amplification, and constitutive expression
of 16S rRNA assessed from the same cDNA preparation
was used as a standard. Ten-microliter samples of each PCR
product were separated by electrophoresis in 2.0% agarose
and visualized by ethidium bromide staining. This experi-
ment was repeated at least twice. The bands of the oprD
gene were quantitated using image-scanning software (Scion
Image, Scion Corporation, MD, USA) and results were
standardized with the 16S rRNA band density.
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Table 1. Primer used for sequencing and RT-PCR

Study and gene Primer name

5’-sequence-3’

Reference or GenBank
accession no.

PCR of MBL and integrase genes

blapp, F1

blapgp, 11-321
blayyg, R%z
blaypy.. Ed?
intl-1 ]Sé
inil-3 IES:

5-ACCGCAGCAGAGTCTTTGCC-3"
5-ACAACCAGTTTTGCCTTACC-3
Y-GTTTTATGTGTATGCTTCC-3
5-AGCCTGTTCCCATGTAC-3
S-AGTGGTGAGTATCCGACAG-3
5-ATGAAAGTGCGTGGAGAC-3’

S-ATGTTCAAACTTTTGAGTAAG-3

5-CTACTCAACGACTGAGCG-3’
5-GCATCCTCGGTTTTCTGG-3
5-GGTGTGGCGGGCTTCGTG-3
5-ATCTGCCAAACCTGACTG-¥
5-CGAATGCCCCAACAACTC-3

PCR and sequencing of QRDRs of gyrA, gyrB. parC and parE genes

ayrA gyrA-F
gyrA-R
gyrB ’ gyrB-F
gyrB-R
parC parC-F
parC-R
parE parE-F
parE-R
RT-PCR of oprD gene expression
oprD oprD-F
oprD-R
16S rRNA 16S8-F
168-R

5-CGGTGACGTGATCGGTAAGT-3
5-GAAGTGCGCATGACCAAACT-3’
5-TACCTGGTGGAGGGTGACTC-3
5-AACGCAGTTTGTCGATGTTG-3’
5-CGAACAGGCCTACCTCAACT-3
5-ATGATCCGAAGTCGTTCGC-Y
5-TCAAGGCCAGCAAGAAGGT-3
5-CTTCGTCGAGGGCGTAGTAG-3

5-ACAATCAAGGCCTGGTGTTC-3
5-GACGTCACGTTCCCATTCTT-3
5-AAGCAACGCGAAGAACCTTA-3
5-CGGACTACGATCGGTTITTGT-3

NP_743923.1
NP_742183.1
NP_747015

NP_747018

NP_743366.1

AE015451

PCR and sequencing of QRDRs of gyrA, gyrB, parC, and
parE genes

Chromosomal DNA was extracted from P. putida isolates
as previously described.® The QRDRSs of the gyrA, gyrB,
parC,and parE genes were amplified using primers designed
using the primer3 program (Table 1). Amplification was
carried out using Premix 7ag enzyme (Takara Bio) as rec-
ommended by the manufacturer with an annealing tem-
perature of 57°C. PCR products were sequenced using a
BigDye Terminator v1.1 Cycle Sequence Kit (Applied Bio-
systems, Foster City, CA, USA) and an automated DNA
sequencing system (ABI PRISM 3130xl, Applied Biosys-
tems). A similarity search for the amino acid sequences
deduced against DDBJ/EMBL/GenBank sequence data-
bases was conducted using the BLAST program at the
DNA Databank of Japan (Shizuoka, Japan).

Effects of efflux pump inhibitor

Susceptibility testing of IPM and CIP by microbroth dilu-
tion was performed in the presence and absence of the
efflux pump inhibitor (EPI), L-phenylalanine-arginine-N-
naphthylamide (PABN, Sigma-Aldrich, St. Louis, MI,
USA)." The EPI was incorporated in MHB at a concentra-
tion of 25 mg/l. When comparing MICs in the presence and
absence of the EPI, a > 2-fold decrease in MICs for each
antibiotic was indicated as a significant change. This experi-
ment was repeated at least twice.

Nucleotide sequence accession number

The partial DNA sequence of the parC gene in Ppl2 iso-
lates has been assigned to the DDBJ/EMBL/GenBank
database under the accession number AB361291.

Resuits
Susceptibility testing

The results of susceptibility testing are given in Table 2. All
of the 24 carbapcncm-resistant strains were also resistant
or intermediate-resistant to the antibiotics CAZ, ATM, and
CHL. Several strains showed resistance to PIPC, AMK, and
TET. Three carbapenem- and CIP-susceptible strains were
susceptible to the antibiotics IPM, MEM, DRM, CIP, CAZ,
AMK, and TET.

PFGE

The genetic backgrounds of 27 P, putida strains were ana-
lyzed by PFGE. Two carbapenem- and CIP-resistant strains
(Pp7 and Ppl7) showed gel patterns with a similarity of
higher than 0.80 (80%). However, the other strains showed
different PFGE patterns with a low similarity (data not
shown).
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Table 2. Profiles of Pseudomonas putida stains in this study

Strain Type of genes mRNA Mutations® MICs (mg/L)
expression”

B-Lactamase  Integrase OprD GyrA ParC IPM MEM DRM cIp CAZ ATM PIPC AMK TET CHL
Carbapenem and ciprofloxacin-resistant strains (n=11)
Ppl blang., intl-1 2.26 Thr831le - 512 256 >256 64 >64 >64 64 >128 128 256
Pp7 blayp. intl-1, intl-3 0.12 Thr83Ilc - 128 16 128 128 >64 32 64 >128 4 128
Pp8 blayy., intl-1, intl-3 0.1 Thr831le - 128 256 128 128 >64 32 64 >128 8 >512
Pp9 blayy., intl-1, intl-3 0.09 Thr83Ile - 128 32 256 128 >04 16 64 >128 4 512
Ppl12 blapg., intl-1 0.53 Thr831le Ser87Len 128 64 >256 512 >64 32 32 64 64 512
Ppl4 blayg., intl-1, intl-3 0.12 Thr831le - 128 256 256 128 >64 >64 128 >128 4 512
Ppl6 blapgp., intl-1, intl-3 0.49 Thr831le - 64 64 128 64 >04 32 32 >128 2 512
Pp17 blapg. intl-1, intl-3 0.08 Thr83lle - 64 32 128 64 >64 16 16 >128 4 128
Pp18 blaym., intl-1 0.04 Thr83Ile - 64 128 256 512 >64 >64 >256 16 32 512
Pp22 blayy., ind-1, intl-3 0.10 Thr831le - 32 256 64 128 >64 32 32 >128 8 512
Pp24 blapg., intl-1, intl-3 0.44 Thr83lle - 16 128 128 64 >64 32 32 >128 2 512
Carbapenem-resistant and ciprofloxacin-susceptible strains (n=13) ’
Pp2 blaym. intl-1 023 - - 512 256 >256 <=0.5 >64 + >04 64 32 32 512
Pp3 blayp., intl-1 1.77 - - 256 64 256 <=0.5 >64 32 32 <= 2 128
Pp4 blayp. intl-1 0.39 - - 256 32 >256 <=0.5 >64 >64 16 16 4 128
Pps blayp., intl-1 126 - - 256 32 >256 <=0.5 >64 32 32 32 2 256
Pp6 Dlagy. intl-1 0.07 - - 128 128 256 <=0.5 >64 >64 32 <=2 16 512
Pp10 blapgp.s intl-1 0.86 - - 128 64 256 <=0.5 >64 32 16 64 4 128
Ppll blaygp.y intl-1 0.10 - - 128 32 256 <=0.5 >64 32 32 >128 8 >512
Ppi13 blayp., intl-1 0.34 - - 128 64 >256 <=0.5 >64 >64 >256 >128 64 >512
Ppl5 blayp., intl-1 0.36 - - 128 64 256 <=0.5 >64 16 16 16 8 256
Ppl9 blayy.s intl-1 0.11 - - o4 128 256 <=0.5 >64 32 16 >[28 8 >512
Pp20 lapp., intl-1 0.44 - - 64 2 256 <=0.5 >04 >64 32 64 8 256
Pp21 blayy., intl-1 032 - - 64 32 256 <=0.5 >04 32 16 16 § 256
Pp23 blayp., intl-1 0.52 - - 32 128 64 <=0.5 >64 16 64 4 2 256
Carbapenem and ciprofloxacin-susceptible strains
Pp1487 ND ND 0.84 - - 2 4 2 <=0.5 <=1 16 16 <=2 0.5 8
Pp928 ND ND 0.90 - - 1 4 2 <=0.5 <=1 16 8 <=2 0.5 32
Pp1035 ND ND 1.00 - - 1 1 <=0.5 <=05 <=1 32 <=4 <=2 1 4

TPM, imipenem; MEM, meropenem; DRM, doripenem; CIP, ciprofloxacin; CAZ, ceftazidime; AMK, amikacin; ATM, aztreonam; PIPC, piperacillin; TET, tetracycline; CHL, chloramphenicol;
ND, not detected
“The bands of the oprD gene by RT-PCR were quantitated using image-scanning software, and the results were standardized with the 16S rRNA band density
» Amino acid mutations were identified compared with the sequences of P putida KT2440. —, no amino acid mutations

“
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OprD

16S rRNA

Fig. 1. Expression of oprD gene and 16S rRNA in clinical isolates of
P, putida was analyzed with RT-PCR. Lanes 1 and 2, carbapenem- and
ciprofloxacin-resistant strains (Pp1, 7; IMP MIC of 512, 128 mg/l); lanes
3 and 4, carbapenem-resistant and ciprofloxacin-susceptible strains
(Pp2, 3; IMP MIC of 512, 256 mg/l); lane 5, carbapenem- and CIP-sus-
ceptible strains (Pp1035; IMP MIC of 1 mg/l)

MBL and integron genes

Irrespective of the levels of carbapenem resistance, all of
the 24 carbapenem-resistant strains possessed blagymp,
(Table 2). The MBL genes blayp.s, blayny.,, and blayy,., were
not amplified by PCR. All carbapenem-resistant strains
possessed inil-1 integrase genes, and 8 carbapenem- and
CIP-resistant strains had both in¢/-7 and intl-3 genes.

Analysis of oprD gene expression by RT-PCR

Semiquantitative analysis of oprD gene expression was
conducted by RT-PCR. Representative electrophoresis of
RT-PCR product of the oprD gene and 168 rRNA is shown
in Fig. 1. The expression of the oprD gene in isolates Pp2
and Pp7 (IPM MIC of 512 and 128 mg/l, respectively) was
decreased compared with that of the isolate Pp1035 (IPM
MIC of 1 mg/l). On the other hand, those in isolates Ppl
and Pp3 (IPM MIC of 512 and 256 mg/l, respectively) was
increased compared with Pp1035. The band density of the
oprD gene indicated that 21 carbapenem-resistant strains
were considered to have decreased expression of this gene
(Table 2). The Pearson correlation coefficient (r value) was
0.43 for oprD expression levels compared with MICs for
IPM, for which there was a low correlation.

Mutations in QRDRs of gyrA, gyrB, parC,
and parE genes

The nucleotide sequences and derived amino acid sequences
in the QRDRs of gyrA, gyrB, parC, and parE genes for each
P. putida strain were compared with those of the control
strain P, putida KT2440" (Table 2). In all of the 11 CIP-
resistant strains (CIP MICs of > 64 mg/l), Thr831le substitu-
tions were detected in GyrA. One strain (Pp12 having CIP
MIC of 512 mg/l) had double substitutions of Thr831Ile in
GyrA and Ser87Leu in ParC. None of the isolates had sub-
stitution in GyrB and ParE.

Effects of efflux pump inhibitor

The change in MIC for IPM and CIP was cxamined with
and without the addition of EPI at a final concentration of

Table 3. Effects of efflux pump inhibitors in clinical isolates of Pseu-
domonas putida

Strain MIC (mg/L)*

Ciprofloxacin Imipenem

Alone +EPT® Alone +EPI
Carbapenem and ciprofloxacin-resistant strains (n=11)
Ppl 64 16 512 256
Pp7 128 32 128 128
Pp8 128 32 128 64
Pp9 128 - 32 128 64
Ppi2 512 128 128 8
Ppl4 128 16 128 64
Ppl6 64 16 64 16
Ppl7 64 8 64 32
Pp18 512 32 64 128
Pp22 128 64 32 32
Pp24 64 8 16 16
Carbapenem-resistant and ciprofloxacin-susceptible strains (n=13)
Pp2 <=0.3 <=0.5 512 256
Pp3 <=0.5 <=0.5 256 128
Pp4 <=0.5 <=0.5 256 128
Pp5 <=0.5 <=0.5 256 64
Pp6 <=0.5 <=0.5 128 512
Pp10 <=0.5 <=0.5 128 256
Ppill <=0.5 <=0.5 128 64
Pp13 <=0.5 <=0.5 128 128
Ppl5 <=0.5 <=0.5 128 128
Pp19 <=0.5 <=0.5 64 64
Pp20 <=0.5 <=0.5 64 32
Pp21 <=0.5 <=0.5 64 32
Pp23 <=0.5 <=0.5 32 32
Carbapenem and ciprofloxacin-susceptible strains
Pp1487 <=0.5 <=0.5 2 1
Pp928 <=0.5 <=0.5 1 <=0.5
Pp1035 <=0.5 <=0.5

<=0.5 1

*>2-fold MIC changes are in bold face
°Final concentration of additional EPI was 25 mg/l

25 mg/l (Table 3). All of the 11 carbapenem- and CIP-resis-
tant strains were affected by the EPI, and in 10 of them,

‘there was a > 2-fold decrease in CIP MICs in the presence

of the EPI compared with those in the absence of the EPI.
In 3 strains (Pp5, Ppl2, and Ppl6) of the 24 carbapenem-
resistant strains, there was a > 2-fold decrease in IMP MICs
with the EPT as compared with those without it.

Discussion

In this study, all the 24 carbapenem-resistant strains pro-
duced IMP-1 type MBL. Moreover, 16 of these strains con-
tained the intl-I gene and 8 strains contained both the intJ-7
and inil-3 integrons. These results suggested that intl-7 was
possibly linked with blay,p., but it remains to be discovered
whether int/-3 was closely linked with blagy ;. These find-
ings were in agreement with the report of Shibata et al.” The
class 1 integron is the most common type detected among
Gram-negative organisms in Japan. There were a few
reports of Gram-negative bacteria which possess class 3
integrons, such as Serratia marcescens {Genbank accession
no. AB070224) and Klebsiella pneumoniae (Genbank acces-
sion no. AY219651). Furthermore, the strains that possess
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both class 1 and class 3 integrons have rarely been reported
in clinical isolates of P. putida,” and their functional associa-
tion is not clear.

The PFGE patterns of Pp7 and Ppl7 strains suggested
that these P. putida strains shared a common lineage. As
for the other strains, since there was no great degree of
similarity among them, there were unlikely to be a common
source of infection.

The OprD protein allows the entry of carbapencms, and
its reduced expression is {requently noted in carbapenem-
resistant isolates of P. aeruginosa and P. putida.” We mea-
sured the expression of the oprD gene by semiquantitative
RT-PCR. The expression was decreased in 21 carbapenem-
resistant strains, which included 18 strains with relative
oprD expression of 50%, or less than those of Ppl035.
Although we did not confirm the role of OprD by inactivat-
ing the oprD gene via genetic means, these results sug-
gested that the OprD expression might contribute to the
carbapenem resistance.

Previous studies have demonstrated that multiple muta-
tions in the QRDRs of DNA gyrase and topoisomerase IV
are required for high-level fluoroquinolone resistance in P
aeruginosa and P, putida.™° In this study, all isolates having
CIP MICs of > 32 mg/l had a single substitution (Thr831le)
in GyrA, and one strain (Pp12 having a CIP MIC of 512 mg/
1) had double substitutions in GyrA (Thr83Ile) and ParC
(Ser87Leu). As we describe the effects of the EPI later, CIP
resistance was not fully affected by the EPI in the strain
Pp12 (Table 3). It was thought that these double mutations
mainly contributed to this resistance. This was the first time
that a substitution of Ser87Leu in ParC has been detected
in P, putida. In the present study, we did not find a clear
rclationship between the degree of CIP resistance and the
number of substitutions in GyrA and ParC in P pusida.
However, such a relationship might have been found if a
larger number of isolates had been examined.

Several antibiotic efflux systems contributing to multi-
drug resistance (including resistance to carbapenems and
fluoroquinolones) have been characterized in P aerugi-
nosa.* Although the existence of efflux pumps in P, putida
has been confirmed,'*" their role in clinical isolates of P
putida remains unclear. In this regard, we found that IPM
MICs decreased > 2-fold more with the EPI than without it
in only 3 of the 24 carbapenem-resistant strains. Further-
more, we performed a similar experiment against MEM
using PABN or carbonyl cyanide m-chlorophenylhydrazone
(CCCP, Sigma-Aldrich), but there was not a > 2-fold
decrease of MICs with EPI (data not shown). This suggests
that while overproduction of the efflux pump may in part
contribute to the acquisition of resistance to carbapenems,
production of MBL plays a major role in resistance to car-
bapenems in clinical isolates of P putida in this study.
Although a report has demonstrated that increasing efflux
pump activity as a mechanism giving IPM resistance may
be more important and/or occur frequently in Acinetobacter
baumannii,” we could not clarify the reason why IPM MICs
decreased with EPI in this study. ’

Efflux systems are also believed to be involved in reduc-
ing susceptibility to fluoroquinolones. Recently, DNA
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gyrase and topoisomerase IV mutations and efflux pumps
were found to act synergistically in relation to the MICs of
fluoroquinolones for F. coli, Campylobacter species, and
P mirabilis.””*"* We found that all the 11 CIP-resistant
strains were affected by it, and in 10 of these the presence
of the EPI reduced MIC levels by more than 2-fold as com-
pared with those in the absence of the EPI, although the
level of the MICs with the EPI was still above the break-
point of resistance. In this cxperiment, we increased the EPI
concentration to 30mg/l to see if the dose of the EPI
affected the results, but this had very little effect (data not
shown).

In contrast to the strain Pp12 described earlier, the strain
Pp18, which had the same CIP MIC (512 mg/l) as the strain
Ppl12 but a single substitution (Thr83Ile) in GyrA, the CIP
MIC was greatly reduced to 32 mg/l in the presence of the
EPI. Therefore, it was thought that this resistance was
mainly due to the efflux pump systems. These data indicate
that mutations in DNA gyrase (and topoisomerase IV) and
overproduction of efflux systems synergistically contributed
to the acquisition of a high level of CIP resistance in our
clinical isolates of P. putida.

Overall, our results showed that the production of IMP-1
MBL was largely responsible for developing a high level of
resistance to carbapenems. In the case of CIP, our results
indicate that mutation in DNA gyrase (and topoisomerase
IV) and overproduction of the efflux pump synergistically
contributed to a high level of resistance in the clinical iso-
lates of P, putida.
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Chronic hepatitis C in patients co-infected with human
immunodeficiency virus in Japan: a retrospective

multicenter analysis
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Aim: A nationwide survey in Japan revealed that neatly one-
fifth of human immunodeficiency virus (HIV)-positive patients
are co-infected with hepatitis C virus (HCV). We conducted a
study to further analyze the features of liver disease in HIV~
HCV co-infected patients.

Methods: We analyzed 297 patients from eight hospitals
belonging to the HIV/AIDS Network of lapan.

Results: HCV genotypes 1, 2, 3, 4 and mixed genotypes were
detected in.55.2, 13.7, 18.9, 0.9 and 11.3% of patients, respec-
tively, in contrast to the fact that only genotypes 1 and 2 are
detected in HCV mono-infected patients in Japan. This is com-
patibie with the transmission of HCV through imported blood
products contaminated by HCV. Sixteen of 297 HIV-HCV
co-infected patients had advanced liver disease accompanied
by ascites, hepatic encephalopathy or hepatocellular carci-
noma. The average age of such patients was 41.1 = 14.0 years,

which was much younger than that of HCV mono-infected
patients with the same complications. The progression speed
of liver disease estimated from the changes in the levels of
serum albumin, bilirubin, or platelet was slower in patients
who achieved sustained virological response with interferon
treatment than in those who did not receive it. The overall
sustained virological response rate to interferon treatment
was 43.3%.

Conclusions: Our findings suggest that liver disease is more
advanced in HIV-=HCV co-infected patients than in HCV mono-
infected patients, and interferon treatment may retard the
progression of liver disease in such patients.

Key words: acquired immunodeficiency syndrome, chronic
liver disease, genotype, interferon therapy

INTRODUCTION

HE PROGNOSIS OF human immunodeficiency
virus (HIV) infection has markedly improved since
the introduction of hyperactive anti-retroviral therapy
(HAART)."? Opportunistic infection has been pre-
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vented or properly managed, resulting in lower mortal-
ity rates. Liver disease, in particular related to hepatitis
C virus (HCV) infection, has now become the main
cause of mortality among HIV-infected patients on
HAART in Western countries.®* A national survey
among Japanese HIV-infected patients with coagulation
disorders has shown that the mortality rate related to
HCV-related liver disease after 1997 was twofold that
before 1997.° In Japan, therefore, HCV infection may
also be a major cause of death in HIV-HCV co-infected
patients. However, there has been no extensive analysis
of liver disease in HIV-HCV co-infected patients in
Japan.
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Interferon (IFN) treatment in combination with rib-
avirin administration, which is now the first choice for
HCV mono-infected patients,® is also a standard treat-
ment for chronic hepatitis in HIV-HCV co-infected
patients. Eradication of HCV is assumed to improve
liver function, and normalization of serum aminotrans-
ferase (ALT) levels by IFN treatment may retard the
progression of liver disease in HIV-HCV co-infected
patients, even if they are on HAART. However, in
general, the response rate to IFN treatment is lower in
HIV-HCV co-infected patients than in HCV mono-
infected patients.” The effects of IFN treatment on liver
function and prognosis in HIV-HCV co-infected pa-
tients in Japan are yet undefined.

In 2004, we conducted a nationwide survey to deter-
mine the prevalence of HCV infection in HIV-infected
patients by distributing a questionnaire to the hospitals
in the HIV/AIDS Network of Japan, which revealed that
935 (19.2%) of 4877 HIV-positive patients were also
positive for anti-HCV antibody.® In this study, we ana-
lyzed the progression of liver diseases and the impact of
IFN treatment on the parameters of liver function in
HIV-HCV co-infected patients in a multicenter retro-
spective study.

METHODS

Registry of patients with HIV-HCV
co-infection

HE QUESTIONNAIRE REGARDING the current

state of HIV-HCV co-infection was sent to the 366
hospitals in the HIV/AIDS Network of Japan in 2004,
sponsored by the Japanese Ministry of Health, Labour
and Welfare. One hundred seventy-six hospitals
(48.1%) responded. The results, already published,”
showed that HIV-HCV co-infected patients are concen-
trated in particular hospitals in big cities around Japan.
Among these hospitals, we chose three hospitals in the
Tokyo metropolitan area, and one each in the Hok-
kaido, Chubu, Osaka, Chugoku and Kyushu areas.
These eight hospitals belong to the HIV/AIDS Network
and had more HIV-HCV co-infected patients than other
hospitals.

In the study, the following information was obtained
from the hospitals regarding each HIV-HCV co-infected
patient who visited the hospitals at least once between
January and December in 2004: (1) age and sex of HIV-
positive patients with anti-HCV; (2) possible transmis-
sion routes of HIV; (3) history of habitual alcohol
intake; (4) date of the first and last visits; (5) counts of

© 2009 The Japan Society of Hepatology
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white blood cells, CD4-positive lymphocytes and plate-

" lets at the first and last visits; (6) levels of serum

albumin and bilirubin at the first and last visits; (7)
levels of HIV-RNA and HCV-RNA at the first and last
visits; (8) history of IFN treatment with or without rib-
avirin; (9) history of HAART; and (10) history of jaun-
dice, ascites, hepatic encephalopathy and hepatocellular
carcinoma (HCC). The study sheets were completed by
the physicians in charge and sent to the Department of
Internal Medicine, University of Tokyo.

Ethical issues

The protocol of the current survey was approved by
the ethical committee of each institution, and written
informed consent was obtained from each patient.

Statistical analysis

The collected data were analyzed using Mann-
Whitney’s U-test whenever appropriate. P-values less
than 0.05 were regarded as statistically significant.

RESULTS

Clinical backgrounds of registered patients

ROM THE EIGHT hospitals, 297 patients were reg-

istered. The number, age, sex, estimated transmis-
sion routes and history of habitual alcohol intake are
shown in Table 1. Two hundred and ninety (97.6%)
were male patients. The mean age of the patients was
37.9+£10.3.

HCV genotype was determined in 212 patients. One
hundred seventeen (55.2%) patients were infected by
genotype 1 HCV. Infection by genotypes 2, 3 or 4 HCV
was found in 29 (13.7%), 40 (18.9%) and 2 (0.9%)
patients, respectively. Twenty-four (11.3%) patients
were infected by HCV of mixed genotypes. In the

-remaining 85 patients, the genotype was indeterminable

or undetermined. The mean ages of patients infected by
different HCV genotypes were similar (Table 1).

In 259 (87.2%) of 297 registered patients, HIV was
most probably transmitted through the administration
of blood products. Other transmission routes were
sexual contacts among men who have sex with men
(MSM) (4.0%), heterosexual contacts (3.0%) and intra-
venous drug use (IDU) (0.3%). Habitual alcohol con-
sumption was noted in only one patient with genotype
1 HCV (0.6%).

Outcomes of IFN treatment in HIV-HCV
co-infected patients

Serum HCV-RNA levels were available both at the first
visit and registry to the study (i.e. the end of observa-
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tion) in 158 patients. Of these 158, 60 patients (38.0%)
received IFN treatment for HCV, and 35 of these 60
patients did it in combination with ribavirin. Those
who did not complete the scheduled treatment were
excluded from the current analysis.

As shown in Table 2, 26 (43.3%), 11 (18.4%) and
23 (38.3%) of the treated patients achieved sustained
virological response (SVR), end-of-treatment virological
response (ETR) and no virological response (NR),
respectively. The SVR rate in patients with each genotype
is shown in Table 2. The SVR rate in the patients who
underwent IFN treatment in combination with ribavirin
was 31.4% in total. The SVR rate in patients with each
genotype who underwent IFN/ribavirin combination
therapy is shown in Table 2.

All of the 26 patients who achieved SVR remained
negative for serum HCV-RNA in the further follow-up
periods. In contrast, none of the patients with ETR or NR
became negative for serum HCV-RNA in the follow-up
periods. In five patients who did not receive IFN treat-
ment, HCV-RNA was negative at the end of the obser-
vation period, although it was positive at least twice
before the registry. The profiles of the five patients are
shown in Table 3.

Others

IDU

Transmission route
Hetero-
sexual

MSM
7
1
0
0
0
4

24
38
24
69

259 (87.2%) 12 (4.0%) 9 (3.0%) 1 (0.3%) 16 (5.5%)

Transfusion

102

Sex
(Male :
Female)
29:0
40:0
2:0
24:0
81:4

383+104 114:3
37.9+10.3 290:7

39.8+95
36.1+£8.9
385+2.1
-38.7%£8.7
36.2+11.5

Changes in liver function and associated
complications (Table 4)

As mentioned above, the data on liver function and
serum HCV-RNA positivity were available both at the
first visit and registry (end of observation) in 158 of the
297 registered patients. The mean observation period
was 9.5+5.0 and 8.2+ 8.2years in the IFN-treated
and IFN-untreated patients, respectively. Unfortunately,
few, if any, patients underwent liver biopsy, because
most HIV-HCV co-infected patients had coagulation
disorders.

The annual change in the serum albumin concentra-
tion was +0.05 + 0.42 g/dL in the IFN-treated patients,
and —0.80 + 0.82 g/dL in the non-IFN-treated patients.
The annual change in the serum bilirubin concentration
was +0.08 £0.38 mg/dL in the IFN-treated patients,
while it was +0.15 £ 0.15 mg/dL in the non-IFN-treated
patients. Among the IFN-treated patients, the serum
bilirubin concentration decreased by 0.02 £ 0.08 mg/dL
in the patients who achieved SVR, which was signifi-
cantly larger than that in the non-IFN-treated patients
at the end of the observation (P < 0.05). The annual
changes in platelet counts were +0.06 £ 1.13 (x10%/ul)
in the IEN-treated patients and —0.94 + 0.95 (x10*/pl) in
the non-IFN-treated patients. The change in platelet

5:5
2

Viral loadt Age
(High :
Low)
12:
2:0
11:0
6:1
67:19

HCV sub-genotypes
Undetermined 85

4a 2

2 (0.9)
24 (11.3) 2a+3a 6, 1b+3a 3, others 15

117 (55.2) 1a 31, 1b 43, la+1b 31, undetermined 12 31:11

29 (13.7) 2a 16, 2b 11, undetermined 2

40 (18.9) 3a 40

85

Number
297

1Viral loads are available in only a subset of patients. High viral load: more than 1 Meg/mL by branched DNA-probe assay or more than 100 KIU/mL by Amplicor monitor

assay.
HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, intravenous drug users; MSM, men who have sex with men.

Table 1 Demography, transmission route and HCV genotypes in HIV-HCV co-infected patients

genotype (%)
1

2

3

4

Mixed

Others

Total

CHCV

© 2009 The Japan Society of Hepatology
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Table 2 Virological response to interferon treatment in HIV-HCV co-infected patients

Genotype Viral load (High : Low)t Response Total
SVR ETR NR
(a) Response to interferon treatment in total (with or without ribavirin)
1 9:6 7 (33.3%) 1 13 21
2 5:3 4 (40.0%) 2 4 10
3 5:1 5 (62.5%) 1 2 8
4 1:0 0 1 0 1
Mixed 5:1 2 (33.3%) 3 1 6
Others 6:2 8 (57.1%) 3 3 14
Total 31:13 26 (43.4%) 1 23 60
(b) Response to ribavirin/interferon combination therapy including peginterferon
1 8:2 2 (15.3%) 0 11 13
2 1:2 1 (25.0%) 0 3 4
3 4:1 4 (66.7%) 1 1 6
4 1:0 0 1 0 1
Mixed 4:1 1 (20.0%) 3 1 5
Others 3:0 3 (50.0%) 1 2 6
Total 21:6 11 (31.4%) 6 18 35

1Viral loads are available in only a subset of patients. High viral load: more than 1 Meg/mL by Branched DNA-probe assay or more

than 100 KIU/mL by Amplicor monitor assay.

ETR, end of treatment virological response; NR, no virological response; SVR, sustained virological response.

counts in the patients who achieved SVR was signifi-
cantly larger than that in the non-IFN-treated patients
(P<0.05, Table 4).

No symptoms of hepatic failure (ascites or hepatic
encephalopathy) were observed in the 60 IFN-treated
patients while they were observed in six of the 98 non-
IFN-treated patients. HCC was found in one IFN-treated
patient after SVR, while it was found in two non-IEN-
treated patients (Table 4).

Impact of HAART on liver function and
associated complications (Table 5)

Information on HAART was available in 292 patients.
The mean observation periods were 8.4+ 4.2 years
in 234 patients on HAART, and 9.8 + 6.0 years in 58
patients not on HAART. Changes in the levels of
albumin, bilirubin or platelet were similar between the
two groups (statistically not significant}. The morbidities
of hepatic decompensation symptoms (ascites and
hepatic encephalopathy) and HCC were not significantly
different between the two groups. In total, nine patients
had hepatic decompensation and seven had HCC, and
the average age of such patients was 41.1 & 14.0 years,
which was much younger than that of HCV mono-
infected patients with the same complications.’

© 2009 The Japan Society of Hepatology

DISCUSSION

N THE CURRENT study, the features of liver disease

in HIV-HCV co-infected patients in Japan were ana-
lyzed. The determination of HCV genotypes revealed
that genotype 3 or 4, which is rarely seen in HCV mono-
infected patients in Japan,'® was found in a substantial
fraction of HIV-infected patients. In addition, some of
these patients were infected with HCV ¢f mixed geno-
types. These results are compatible with the fact that
HCV is transmitted through imported blood products
that were contaminated by HCV, as is the case with HIV
infection.! Infection by HCV of mixed genotypes may
reflect frequent administrations of blood products of
different lots.

We evaluated the response rate to IFN treatment in
HIV-HCV co-infected patients in Japan. Because the [FN
treatment protocol varied between facilities, it was not
easy to evaluate the effects of the treatments including
IFN in this cohort. However, the regimen of ribavirin/
[FN combination therapy was similar between the hos-
pitals: the treatment period was 24 weeks in patients

- with HCV genotypes 2 and 3, and 48 weeks in those

with HCV of other genotypes when either pegylated or
standard IFN in combination with ribavirin was used."”
Therefore, it may be possible to estimate the effect
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Table 3 Clinical backgrounds of patients who spontaneously cleared HCV in HIV-infected patients

Patient no. Age Sex  Transmission  Observation [HCV-RNA  HCV HIV-RNA WBC  CD4+T Platelets ALT HAART
route period (years)  (KIU/mL)  genotype  (x10*mL)  (/uL)  cells (/uL)  (x10%mL)  (U/L)

1 33 M Transfusion 8.8 290 ND 200 000 4500 5 26.3 21 Yes

2 31 M MSM 2.3 Positivet ND 13 000 5760 931 22.7 29 Yes

3 27 M Transfusion 9.3 >850 3a 180 000 4000 51 10.1 84 Yes

4 53 M Transfusion 4.5 Positivet la 20 000 4800 296 354 24 No

5 22 M Transfusion 7.8 220 ND 990 5500 125 33.1 44 Yes

+Positive: HCV-RNA was positive by qualitative PCR, but was not quantitatively determined.
ALT, aminotransferase; HAART, highly active anti-retroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MSM, men who have sex with men; ND,
not determined; WBC, white blood cells.

Table 4 Changes in clinical parameters and IFN treatment in HIV-HCV co-infected patients

Outcome of Number  Observation AAlbumint ABilirubin# APlatelet§ Ascites/ HCC
IFN treatment period (years) encephalopathy
IFN-treated patients 60 9.5+5.0 0.05+0.42 0.08 £0.38* 0.06+1.13 0 1
SVR 26 9.1+4.4 0.13£0.59 (=) 0.02£0.08* 0.14+0.76* 0 1
ETR 11 14.6£7.0 (=) 0.07x0.14 051%+1.04 0.07 £1.50 0 0
NR 23 74+2.0 0.01£0.30 0.09 £0.30 (-) 0.18+£0.32 0 0
Non-IFN-treated patients 98 8.2+82 (=) 0.80 £0.82 0.15+0.15 (=) 0.94%095 6 2
All 158 8.7+4.7 (=) 0.45+2.93 0.13+0.52 (-)059%3.78 6 3

*P < 0.05 versus patients without IFN treatment.
+AAlbumin: changes in albumin concentration (g/dL)/observation period (years).

+4Bilirubin: changes in bilirubin concentration (mg/dL)/observation period (years).
§APlatelet: changes in platelet count (x10*/pL)/observation period (years).
ETR, end of treatment virological response; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IEN, interferon; NR, no virological
response; SVR, sustained virological response.
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of ribavirin/IFN combination therapy in HIV-HCV
co-infected patients in this study.

The response rate to ribavirin/IFN combination
therapy was 31.4% in total, and 15.3% in patients with
HCV genotype 1, which are comparable rates to those
achieved in previous studies on HIV-HCV co-infected
patients in Western countries.” The low response rate
in HIV-HCV co-infected patients compared with HCV
mono-infected patients'?> may be attributed to several
factors: impaired immune response, high HCV loads
and viral quasi-species caused by frequent chances of
transmission. Of these, high viral loads may be essen-
tial, because Table 2 shows that patients with genotype
1 HCV achieved SVR even by IFN monotherapy if their
viral loads were low. In the era of IFN monotherapy,
patients with favorable conditions were treated first of
all: pretreatment viral loads in patients who received
IFN monotherapy were lower than those who received
PEG-IFN-ribavirin combination therapy. This may be
the reason why the efficacy of PEG-IFN-ribavirin com-
bination therapy was lower than that with IFN mono-
therapy in this study.

The serum bilirubin concentrations and platelet
counts were improved in the patients who achieved SVR
by IFN treatment. Although the response rate to IFN
treatment is lower in HIV-HCV co-infected patients
than in HCV mono-infected patients, the overall benefit
of IFN treatment on liver function may be similarly
expected in the patients who achieved SVR. HAART
showed no impact on the liver function in HIV-HCV
co-infected patients. Improvement of liver function can
be expected only in IFN-treated patients, although there
is a possibility that only patients with preserved liver
function were able to receive IFN treatment. Given that
liver disease is the major life-threatening factor in HIV-
infected patients, IFN treatment should be considered in
the early stage of HIV-HCV co-infection.

It should be noted that nine patients had hepatic
decompensation and seven had HCC, and the average
age of such patients was much younger than that of HCV
mono-infected patients with the same complications.’
This finding is compatible with reports from Western
countries showing a faster progression of fibrosis' and
earlier development of HCC.'* A possibly interesting
finding is that five patients (approximately 3% of
patients whose serum HCV-RNA level was serially deter-
mined) cleared HCV-RNA from the serum without IFN
treatment. Previous reports showed that some HIV-
infected patients could spontaneously clear HCV-
RNA."**7 The clearance of HCV among patients with
chronic HCV infection is rare, although it has been
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reported in Japan.'® Three of the five patients had high
HCV loads and low CD4* T-lymphocyte counts, which
are generally thought to be unfavorable for spontaneous
HCV clearance. A difference in immune status of HIV-
infected patients from HCV mono-infected patients may
be involved in such an observation, although further
studies are awaited.

In summary, our study demonstrated that approxi-
mately 20% of HIV-infected patients are co-infected
with HCV. Some of the HIV-HCV co-infected patients
had advanced liver disease such as ascites, encephalopa-
thy or HCC at a younger age than HCV mono-infected
patients, suggesting that the progression of liver disease
may be more rapid in HIV-HCV co-infected patients
than in HCV-mono-infected ones. Treatments with regi-
mens including IFN, which may improve liver function
and decrease liver-related death, should be considered
in HIV-HCYV co-infected patients. '
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This study investigated the relationship of plasmid-mediated quinolone resistance (PMQR) and aminogly-
coside resistance among oxyimino-cephalosporin-resistant Escherichia coli (n=46) and Klebsiella oxytoca
(n=28) clinical isolates in Japan. Seventy-three isolates appeared to produce an extended-spectrum f3-
lactamase (ESBL) and one K. oxytoca isolate produced IMP-1 metallo-B-lactamase (MBL). Polymerase
chain reaction (PCR) and sequencing confirmed that eight CT X-M-9/SHV-12-producing isolates, one IMP-
1-producing K. oxytoca isolate, and six ESBL-positive E. coli isolates respectively possessed PMQR genes
qnrA1, qnrB6, and aac(6' )-Ib-cr. All gnr-positive isolates also carried either aac(6')-Ib or aac(6')-Illc amino-
glycoside acetyltransferase genes. Resistance determinants to {3-lactams, quinolones and aminoglycosides
were co-transferred with a plasmid of ca. 140Kkb. The gnrA7 gene was located downstream of insertion
sequence ISCRT in complex class 1 integrons. A novel gnrA1-carrying class 1 integron with the cassette
arrangement aac(6')-llc-aadA2 as well as a unique class 1 integron with blapp_; —aac(6' )-Ilc cassettes on
the plasmid carrying gnrB6 were found in K. oxytoca isolates. We describe the identification of qnrB6 and
aac(6')-Ib-cr and the close association of gnr with aac(6')-Ib and aac( 6')-Ilc for the first time in clinical
isolates producing ESBL or MBL in Japan.

© 2009 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction metallo-B-lactamases (MBLs) [1,3,4,6,7]. gnrA is often located in

complex class 1 integrons between common region 1 (CR1), com-
prising orf513 recombinase and a second copy of the 3/ conserved
segment (3'-CS2), together with other resistance gene cassettes
such as trimethoprim and aminoglycoside resistance cassettes {11
However, little has been reported on the genetic context of gnr in
Japan. ,

Quinolone resistance is usually caused by chromosomal muta-
tions, however the plasmid-mediated quinolone resistance (PMQR)
determinants QnrA, QnrB, QnrS and AAC(6')-Ib-cr have been
described [1]. Although these PMQR determinants result in low-
level quinolone resistance, such reduced susceptibility is important

because it facilitates the selection of mutants with higher-level
resistance. In Japan, although gnrS was first found in Shigella flexneri
[2] and gnrA was also described in Enterobacteriaceae clinical
isolates [3,4], the presence of clinical strains harbouring gnrB or
aac(6')-Ib-cr has not been reported. Furthermore, a recent preva-
lence study of gnr and the gepA plasmid-mediated efflux pump gene
suggested a low prevalence of Escherichia coli harbouring gepA or
gnrin Japan [5].

Many studies have shown that most gnrA-positive enter-
obacterial isclates are associated with plasmid-mediated AmpC-
type B-lactamases, extended-spectrum B-lactamases (ESBLs) and

* Corresponding author. Tel.: +81 3 5803 4515; fax: +81 3 5803 5375.
E-mail addresses: takashi.ode.mt@gmail.com, takashi.0630@jcom.home.ne jp
(T. Ode).

The present study was conducted to investigate the genetic rela-
tionship of the PMQR genes gnr and aac(6')-Ib-cr as well as the
6'-N-aminoglycoside acetyltransferase [AAC(6')] genes aac(6')-Ib
and aac(6')-llc among oxyimino-cephalosporin-resistant E, coli and
Klebsiella oxytoca clinical isolates in Japan and to determine the
structure of class 1 integrons, including the insertion sequence CR1
(ISCR1) element associated with gnr.

2. Materials and methods
2.1. Bacterial strains

Atotal of 46 E. coli and 28 K. oxytoca clinical isolates resistant to
one or more of cefotaxime, ceftazidime and aztreonam, collected at
the University of Tokyo Hospital (Tokyo, Japan) between November
2005 and October 2006, were examined in this study.

0924-8579/$ - see front matter © 2009 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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2.2. Susceptibility testing

ESBL and MBL production was confirmed by double-disk syn-
ergy tests using clavulanic acid and ethylene diamine tetra-acetic
acid (EDTA) as B-lactamase inhibitors, respectively. Minimum
inhibitory concentrations (MICs) of amikacin, aztreonam, cefazolin,
cefoperazone, cefotaxime, ceftazidime, ciprofloxacin, gentamicin,
imipenem, levofloxacin and meropenem were determined.by the
broth microdilution method according to the Clinical and Labora-
tory Standards Institute [8]. Etest (AB BIODISK, Solna, Sweden) was
used to detect low-level reduction in ciprofloxacin and levofloxacin
susceptibility. Quality control for the MICs was performed using
the reference strains Staphylococcus aureus ATCC 21293, E. coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853.

2.3. Polymerase chain reaction (PCR) and sequencing

PCR amplification was performed with Premix Tag enzyme
(Takara Bio, Shiga, Japan) according to the manufacturer’s instruc-
tions. Both strands of the purified PCR fragments were sequenced
with an ABI PRISM 3130 DNA sequencer (Applied Biosystems, Fos-
ter City, CA) and a similarity search was conducted using the BLAST
program (DDBJ, Shizuoka, Japan).

2.4. Characterisation of B-lactamases

The blargu, blasny and blacrx.m genes were amplified using the
published primers [9,10]. The presence of MBL genes blapp and
blaypg was tested with type-specific primers described previously
[11]. For all gnr-positive isolates, the nucleotide sequences of the
bla genes were determined by sequencing.

2.5. Detection of the plasmid-mediated quinolone resistance
determinants and the AAC(6') genes

Screening for gnrA, gnrB and gnrS was carried out by multiplex
PCR amplification as described previously [12]. Sequences of gnrA

and gnrB were determined by PCR sequencing with primers 5-
TTGATAAAGTTTTTCAGCAA and 5-CTAATCCGGCAGCACTATTA
for gnrAl and primers 5-ATGACGCCATTACTGTAT and 5'-
CTAACCAATCACCGCGAT for gnrB6, designed to amplify a 647-bp
fragment and a 681-bp fragment, respectively. The presence
of aac(6')-Ib and aac(6')-Ib-cr variant was determined by PCR
sequencing using a common primer pair [13]. The primer pair
used for detection of aac(6')-Ilc was 5'-CCAACAATGCCGCAATAGTT
and 5'-ATGACCACTTCCCCTTGATT, amplifying a 573-bp fragment,
designed in the present study.

2.6. Conjugation experiments and extraction of plasmids

Conjugation experiments were performed in Luria-Bertani
broth with nine gnr-positive clinical isolates as donors and an
E. coli C600 strain as recipient. Transconjugant clones were
selected on Drigalski agar (BTB agar) plates containing 100 mg/L
rifampicin and 4 mg/L cefotaxime (or 0.03 mg/L ciprofloxacinin the
absence of transfer with cefotaxime). Plasmid DNA was extracted
from donors and transconjugants using a NucleoBond® Xtra Midi
(Macherey-Nagel, Diiren, Germany) according to the manufac-
turer’s instructions and was subjected to electrophoresis on 0.7%
(w/v) agarose (Takara Bio) gel with ethidium bromide at 50V for
3 h. The size of transferred plasmids was estimated by adding up
EcoRI and Notl restriction fragments.

2.7. Analysis of the genetic environment of gnr and class 1
integron structures

The genetic context of the gnr genes was investigated by PCR
mapping and subsequent sequencing as described previously [14].
The content and order of the gene cassettes inserted between
the 5 conserved segment (5-CS) and 3’-CS1 were determined
by sequencing as described previously [15]. Finally, the regions
between intl1 in 5’-CS and a second copy of qacEA1 in 3/-CS2 were
sequenced using a primer walking strategy.

Table 1

Antibiotic resistance genes and susceptibility proﬁles in donors (an—pos:tlve isolates), the Escherichia coli recipient and transconjugants.

Strain © ‘Genotype of - o " Cassette array? MIC(mg/L) - = A RS

Qnr :'B-Lactamase AAC(E") P VXK. - CFZ CFP CIX. CAZ ~ATM' IPM MEM GEN = AMK

Eschenchlacoll (donors) S ‘ o e o LT .
ES gnrAl bl(l'rEM_j b!acerg aac(6’) ;b [aadB—aadAZ] >64 . 32 >128 >128 16 <12 Sl >128 032
E15 gnrAl blagwaz - aac(6)-Ib  [dfr16-aadA2)] <05 <05 >128. 32 - 32 364 36 gl k28
E18 ; . qnrAT - bldsiviz aac(6')-Ib- . [dfr16=aadA2} <05 .05 ‘>‘1z‘s 16 8 >64 >64 <1 <1 <2 3

Klebszella oxytoca (donors) o : ; S
K5 - qnrA1  blaren-r: bldcrxes aac(6')-llc [aadB—-aadAZ] <05 <05‘ ; ,>128 064 B sl 40<1 =1 8 <2
K7 - gniAl:. blacrx-m-g caac(6)-Ib : <05 <05 - >128 ' >128 - 8. 2 >64 <1<l 8 8
K9 gnrA1  blatem-t, bldcrxmes -Ie ¢ <05 2 >128 64 8 2. 8 <1 =l T8 <2
K10 qnrAl  blamest, Blacxve aac <0.5 2. 5128 64 % =l 4=l o=l 4 <2
K16 qnrAl blaym.1,blam_Mg dac(6')-lic <05 2 >128 64 4 <t 4-s<1 < 8 <2
i:<27‘ : anBG \blamp. b aac(S’)-ch 1 2 5128 ©>128 93200564 < L2 4 <12
E. coli CGOO(reClplent) — 0016 - 0032 <2 <8 =1 <1 <t =1 =<1 <1 <2

Transconjugants® ‘ Sy 43
ESTC-cip gnrAl blarem-1, blacrxoms Vaac(s')-z‘b 025 025 NT 64 32
E15TC=cip gnrAl blasv-1a - aac(6)-1b . 025025 NT. <1 16
E18TC-c1p gnrAl - bldsuv-12 aac(S’)-lb ) 0.125 G <1 ‘8
K5TC-ctx ND."  blafet, blacrems aac(G’)-Hc ND. 0.016 - 0016 >32- >3 )
KOTC-ctx qnrAl. blarew.s, blacrxrs dac(6')-Iic {aac(6’)-Hc-aadA2] 025 025 »32 >8 <2
K10TC-ctx gntAl  blaema, bldcixems - aac(6')-lc [aadB-aadA2] 0.25 0.125 >32 4 <2
K16TC-ctx ND. _ blamwe, blacxms N.D: - ND. 0016  0.016 >32 <1 <2
K16TC-cip - gnrAT . blarew1, blocrxves - aac(6)-llc [dadB-aadA2] 025 025 NI L. 8 4
,K27TC-ctx; ) anBE;' blﬂ]Mp. 13 aac(E')~IIc’J [blamp.1-aac(6’)—llc] 0.125. 0. 25 NT N >16° >64 4 <1 2

MIC, minimum mhxbltory concentration; CIP, c1proﬂoxacm LVX, levofloxacin; CFZ, cefazolin; CFP, cefoperazone; CTX, cefotaxime; CAZ, ceftazndxme ATM, aztreonam; IPM,
imipenem; MEM, meropenem; GEN, gentamicin; AMK, amikacin; N.T,, not tested; N.D,, not detected

a Gene cassette array in class 1 integrons.
b Genes carried as cassettes by the class 1 integrons.

¢ cip, transconjugants selected by ciprofloxacin; ctx, transconjugants selected by cefotaxime.
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2.8. Nucleotide sequence accession numbers

Nucleotide sequence data of integrons InK9AT and InK27AT are
available in the DDBJ/EMBL/GenBank databases under the acces-
sion numbers AB469045 and AB469046, respectively.

3. Results and discussion

The phenotypic tests revealed that 46 E. coli and 27 K. oxytoca
oxyimino-cephalosporin-resistant clinical isolates produced ESBLs.
Only one K. oxytoca isolate appeared to produce an MBL. Of these
B-lactamase producers, 28 E. coli and 16 K. oxytoca isolates showed
resistance to ciprofloxacin and 18 E. coli and 12 K. oxytoca isolates
showed susceptibility to ciprofloxacin.

The blacrx.m gene was amplified by PCR in 60 (82.2%) of the 73
ESBL producers, including the combination of blatgy and blacrx-m
in E. coli isolates (43.5%; 20/46) and the combination of blasyy and
blactxm in K. oxytoca isolates (44.4%; 12/27). The blapp gene was
detected in one MBL-producing K. oxytoca isolate. The blayyy gene
was not observed, and no bla genes were detected in five E. coli
isolates.

For the PMQR genes, gnrA was detected in 3 (6.5%) of 46 E. coli
and 5 (18.5%) of 27 K. oxytoca isolates that produced ESBLs, and gnrB
was detected in 1 K. oxytoca isolate producing MBL. The presence of
gnrSwas not observed. The sequences of gnrA and gnrB were identi-
caltothose of gnrA1 and gnrB6, respectively. Of the nine gnr-positive
isolates, one E. coli isolate E5 demonstrated higher resistance to
ciprofloxacin (MIC> 64 mg/L), whereas the other eight isolates were
susceptible to ciprofloxacin (MIC < 0.5 or 1 mg/L) (Table 1).

The aac(6’)-Ib-cr gene was detected in 6 E. coli isolates (13.0%)
that were resistant to ciprofloxacin (MIC>64mg/L), but was not
detected in any K. oxytoca isolate. These six isolates were positive
for blactx-m; including two isolates also positive for blatgy, and this
is the first report of aac(6')-Ib-cr identified from the clinical setting
in Japan. Noisolates possessing gnr and aac(6’)-Ib-crin combination
were present, suggesting that these two genes have no relation-
ship as described previously in Enterobacteriaceae from the USA
[13}.

The presence of the aac(6’)-1b gene, responsible for resistance to
amikacin, was confirmed in 4 of 9 gnr-positive isolates and 1 of 65
gnr-negative isolates (amikacin MIC range 8-32 mg/L). The aac(6')-
IIc gene, responsible for resistance to gentamicin, was detected in
6 K. oxytoca isolates (gentamicin MIC range 4-8 mg/L, except for
<1 mg/L in isolate K27), comprising 5 of 9 gnr-positive isolates and
1 of 65 gnr-negative isolates. In the present study, the observation of
the aac(6')-Iic cassette prompted us to screen all the isolates for this
gene. The results demonstrated that the aac(6')-Ilc gene was more
prevalent among gnr-positive K. oxytoca isolates than among all
gnr-negative isolates (5 of 6 isolates versus 1 of 65 isolates), whilst
the aac(6')-Iic gene has been uncommon worldwide, especially in
Asia.

All gnr-positive isolates possessed combinations of three or
more antibiotic resistance genes responsible for resistance to (3-
lactams, quinolones or aminoglycosides. (Table 1). Six isolates
carried the blactx-m-9 ESBL gene, of which five isolates also carried
blatgm.1 encoding narrow-spectrum $-lactamase (cefotaxime MIC
range 4-16 mg/L). Two E. coli isolates harboured the blasyy.12 ESBL
gene (ceftazidime MIC > 64 mg/L). The blapp allele detected in one
phenotypically MBL-positive isolate was identified as blapp.1, con-
ferring reduced susceptibility to imipenem and meropenem (MICs
2mg/L and 4 mg/L, respectively).

The gnr genes were transferred from seven clinical isolates (E5,
E15, E18, K9, K10, K16, and K27) to their transconjugants (Table 1).
The gnr-containing transconjugants (K9TC-ctx, K10TC-ctx and
K27TC-ctx selected by cefotaxime, and E5TC-cip, E15TC-cip, E18TC-
cip and K16TC-cip selected by ciprofloxacin) conferred decreased

susceptibility to ciprofloxacin (MIC range 0.125-0.25mg/L) and
levofloxacin (MIC range 0.125-0.25 mg/L), representing 8-16-fold
and 4-8-fold increases compared with those of the recipient
(MICs of 0.016 mg/L and 0.032mg/L), respectively. Resistance or
reduced susceptibility to -lactams and aminoglycosides was co-
transferred with the bla genes and the aac(6’) genes carried
by donors, respectively. Two gnr-negative transconjugants were
selected using cefotaxime; blatgm-1, blacrx-m-g and aac(6’)-Ilc were
transferred to K5TC-ctx, and blargm.1 and blacryx-m.s were trans-
ferred to K16TC-ctx. Single plasmids were transferred with or
without gnr to all transconjugants and their sizes were esti-
mated to be ca. 140kb. Of these, two representative plasmids
in K9TC-ctx and K27TC-ctx were designated pK9AT and pK27AT,
respectively.

In the present study, B-lactamase producers frequently pos-
sessed the PMQR determinants (20.3%), the AAC(6’) genes (14.9%)
or both (12.2%). Further striking features of the present study are
the first findings showing that gnrB6 was carried by an IMP-1
MBL-producing K. oxytoca isolate on the same plasmid, and that
gnr-positive isolates also carried either aac(6')-Ib or aac(6')-lic on
the same plasmid. On the other hand, the linkage of IMP-1 and
gnrB2 in Taiwan [6] and the linkage of VIM-1, gnrS1 and aac(6')-
Ib in Italy [7] have been reported. Our results demonstrating that
aac(6')-Ib and aac(6')-Ilc were predominant in gnr-positive isolates
(100%; 9/9) compared with gnr-negative isolates (3.1%; 2/65) sug-
gest the genetically close association of quinolone resistance with
aminoglycoside resistance.

gnr-positive isolates and their transconjugants carried several
types of gene cassettes between 5-CS and 3/-CS1 (Table 1), and
gnrA1 was located between orf513 and ampR. The complex class 1
integron structure on the plasmids from two E. coli isolates was
identical to that of In36 (GenBank accession no. AY259085) con-
taining the dfr16 cassette followed by the aadA2 cassette.

The structure containing the aadB cassette located upstream of
the aadA2 cassette, observed on plasmids from one E. coli and four K.
oxytoca isolates, was similar to that of InKp760 (GenBank accession
no. AjJ971341), with the replacement of ampC with gnrA1.

Furthermore, two unique class 1 integrons were found on pK9AT
and pK27AT, designated InK9AT and InK27AT, respectively. InKOAT
was a novel complex class 1 integron that contained the aac(6')-
IIc cassette followed by the aadAZ2 cassette, whose structure was
also similar to In36 with the replacement of the dfr16 cassette with
the aac(6')-lic cassette. On the other hand, the blapp.1 cassette was
inserted upstream of the aac(6’)-Ilc cassette in InK27AT. This struc-
ture was similar to In87 (GenBank accession no. AY648125) carrying
the blayny-1 cassette followed by the aac(6')-IIc cassette. The INKSAT
cassette arrangement is described for the first time in the present
study and we have shown the first identification of the InK27AT cas-
sette arrangement from a K. oxytoca clinical isolate and its linkage
of gnrB6 on a single plasmid.

From two unique integrons, two versions of the P. pro-
moter (formerly Pane or P1) responsible for expression of cassette
genes were found in 5-CS, which were the strong version of
Pc (TTGACA-17 bp-TAAACT) found in InK9AT and the weak ver-
sion of Pc (TGGACA-17 bp-TAAGCT) found in InK27AT. A potential
secondary promoter P2 was inactive (TTGTTA-14 bp-TACAGT) in
both integrons, although P2 potentially becomes a strong pro-
moter due to insertion of 3bp into the spacer region. These
observations strongly suggest that the different levels of resistance
to gentamicin in our transconjugant strains carrying pK9AT and
pK27AT (MIC>8 mg/L for pK9AT versus MIC < 1 mg/L for pK27AT)
are affected by different levels of aac(6' )-lic expression owing to the
different versions of P. promoters or the position of the cassette.

The genetic context of gnrA1 (orf513-gnrA1-ampR-qacEAT)was
conserved among all gnrAl-carrying plasmids and was identical
to that of In36 and that described in Japan {3}, although repeated
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attempts to amplify the surrounding regions of gnrB6 on pK27AT
were unsuccessful. In contrast, the cassette content and order
within the variable region between 5-CS and 3’-CS1 on all gnr-
carrying plasmids have variety. These observations suggest that
gnr-carrying plasmids have been disseminated with the conserved
ISCR1 element and have acquired genetic variety by Intl1-mediated
mobilisation of the gene cassettes.

In conclusion, the present study demonstrated the relatively
high prevalence of PMQR determinants among ESBL- or MBL-
producing isolates in Japan, and two unique integrons were
identified on the plasmid carrying the gnr genes. Moreover, iden-
tification of gnrB6 and aac(6')-Ib-cr, and close association of gnr
with aac(6')-1b and aac(6')-Ilc, are described for the first time in
clinical isolates producing ESBL or MBL in Japan. The emergence of
integrons with novel gene cassettes and plasmid-mediated resis-
tance genes as well as the spread of ISCRI elements are serious
considerations in further dissemination of various resistance genes.
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Proteomics Analysis of Mitochondrial Proteins Reveals
Overexpression of a Mitochondrial Protein Chaperon,
Prohibitin, in Cells Expressing Hepatitis C Virus Core

Protein

Takeya Tsutsumi,' Mami Matsuda,? Hideki Aizaki,? Kyoji Moriya,' Hideyuki Miyoshi,' Hajime Fujie,'
Yoshizumi Shintani,! Hiroshi Yotsuyanagi,! Tatsuo Miyamura,? Tetsuro Suzuki,” and Kazuhiko Koike!

The hepatitis C virus (HCV) core protein is involved in viral pathogenesis such as oxidative
stress induction and lipid metabolism disturbance, and is primarily located in the cytoplasm
and endoplasmic reticulum in association with lipid droplets as well as in the mitochondria.
To clarify the impact of the core protein on mitochondria, we analyzed the expression
pattern of mitochondrial proteins in core protein-expressing cells by two-dimensional poly-
acrylamide gel electrophoresis. Several proteins related to the mitochondrial respiratory
chain or protein chaperons were identified by mass spectrometry. Among the identified
proteins with consistently different expressions, prohibitin, a mitochondrial protein chap-
eron, was up-regulated not only in core-expressing cells but also in full-genomic replicon
cells and livers of core-gene transgenic mice. The stability of prohibitin was increased
through interaction with the core protein. Further analysis demonstrated that interaction of
prohibitin with mitochondrial DNA-encoded subunits of cytochrome c oxidase (COX) was
disturbed by the core protein, resulting in a significant decrease in COX activity. Conclusion:
The HCV core protein affects the steady-state levels of a subset of mitochondrial proteins
including prohibitin, which may lead to an impaired function of the mitochondrial respi-

ratory chain with the overproduction of oxidative stress. (HEPATOLOGY 2009550:378-386.)

Abbreviations: 2D-PAGE, two-dimensional polyacrylanide gel electrophovesis;
COX, cytochrome ¢ oxidase; ER, endoplasmic reticulum; Lrol, IR protein endo-
plasmic oxidoreduction-1: HCC, hepatocellular carcinoma; HCV, hepatitis C vi-
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he hepatitis C virus (HCV) is a causative agent of
chronic hepatitis, which often leads to cirrhosis
and, eventually, to the development of hepatocel-
lular carcinoma (HCC). However, the mechanism of
hepatocarcinogenesis in HCV infection is not yec fully
elucidated. The HCV core protein forms the viral nucleo-
capsid protein and has various properties that modulate
cellular processes in numerous ways. The core protein

‘binds to cellular proteins, suppresses or enhances apopto-

sis, and modulates the transcription of some host genes.’
In addition, transgenic mice expressing the core protein
develop HCC,? indicating a direct contribution of the
core protein to the pathogenesis of hepatitis C.

The core protein is mostly localized to the endoplasmic
reticulum (ER), but we and other groups have shown its
localization to the mitochondria in cultured cells and
transgenic mice.>>¢ In addition, the double structure of
mitochondrial membranes is disrupted in hepatocytes of
core-gene transgenic mice.># Evidence suggests that the
core protein modulates some mitochondrial functions,
including fatty acid B-oxidation, the impairment of
which may induce lipid abnormalities and hepatic steato-
sis. In addition, the mitochondrion is an important source
of reactive oxygen species (ROS). In livers of transgenic
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mice harboring the core gene, increased ROS production
has been observed.”? A recent study found, by the pro-
teomic profiling of biopsy specimens, that an impairment
in key mitochondrial processes, including fatty acid oxi-
dation and oxidative phosphorylation, and in the re-
sponse to oxidative stress occurs in HCV-infected human
liver with advanced fibrosis.!® Therefore, it is probable
that the HCV core protein affects mitochondrial func-
tions because such pathogenesis is observed in both HCV
core-transgenic mice and HCV-infected patients.''-13

The recent progress in proteomics has opened new ave-
nues for disease-related biomarker discovery. Among pro-
teomics approaches, two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) is a technique for the separation
and identification of proteins in a sample by displacementin
two dimensions oriented at right angles to one another. This
method is generally used as a component of proteomics and
is the step used for the isolation of proteins for further char-
acterization by mass spectrometry. 2D-PAGE is particularly
useful when comparing two related samples such as healthy
and diseased tissue. For example, proteins that are more
abundant in diseased tissue may represent novel drug targets
or diagnostic markers. In fact, several candidate biomarkers
for many human cancers have been identified by this ap-
proach.'* There are, however, tens of thousands of proteins
in a cell, differing in abundance over six orders of magnitude.
2D-PAGE is not sensitive enough to detect rare proteins,
and hence many proteins are not resolved. Therefore, split-
ting a sample into different fractions is often necessary to
reduce the complexity of protein mixtures prior to 2D-
PAGE. For this advantage, Lescuyer et al.!> performed a
2D-PAGE of human mitochondrial proteins derived from
the placenta and identified proteins mainly by peptide mass
fingerprinting.

In this scudy, we performed a 2D-PAGE of mitochon-
dria isolated from HepG2 cells stably expressing the HCV
core protein and identified several proteins of different
expressions when compared with control HepG2 cells.
Among up-regulated proteins in the core-expressing cells,
we focused on prohibitin, which functions as a mitochon-
drial protein chaperon, and found that the core protein
interacts with prohibitin and represses the interaction be-
tween prohibitin and subunit proteins of cytochrome ¢
oxidase (COX), which may lead to decreases in the ex-
pression level of the proteins and in COX activity. These
results may explain the pathogenesis of liver disease in
HCV infection including ROS induction.

Materials and Methods

Cells and Purification of Mitochondria. Hep39
cells,'¢ which stably express the HCV core protein, and
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control HepG2 cells (Hepswx) were grown in Dulbecco’s
modified Eagle medium (DMEM) containing 10% fetal
bovine serum and 1 mg/mL G418. Mitochondria were
purified using Nycodenz (Nycomed Pharma, Ziirich,
Switzerland) according to the protocols reported by
Okado-Matsumorto et al.'” For transient transfection ex-
periments, HepG2 cells were transfected with a core-ex-
pression plasmid using TransIT-LT1 (Mirus Bio,
Madison, WI). Huh7 cells harboring HCV genotype 1b
full-genomic (RCYM1)'8 or subgenomic replicon (5-15),
and livers of 3-month-old core-gene transgenic mice?
were also used for the analysis.

2D-PAGE. Gel electrophoresis in the first dimension
was performed using an immobilized pH gradient gel (Im-
mobiline Dry Strip gel, pH 4-7 linear, 13 cm; GE Health-
care, Uppsala, Sweden). The two-dimensional separation
was performed on 12.5%, 14 X 16 cm?, SDS polyacryl-
amide gels. After the electrophoresis, gels were silver-stained
using a silver staining kit (GE Healtheare) according to the
manufacturer’s protocols. The stained gels were scanned and
electronic images of the gels were analyzed using ImageMas-
ter 2D Elite software (GE Healthcare).

In-Gel Digestion and Matrix-Assisted Laser De-
sorption lonization, Time-of Flight Mass Spectrome-
try (MALDI-TOF-MS). Protein spots on the gels were
excised and a “control” piece was cut from a blank region
of the gel and processed in parallel with the sample. In-gel
digestion with trypsin was performed as reported.!® The
resulting peptides were concentrated using Zip-Tip C18
(Millipore, Bedford, MA). The peptide mixtures were -
eluted from Zip-Tip with 75% acetonitrile in 0.1% trif-
luoroacetic acid (TFA). The martrix (a-cyano-4-hydroxy-
cinnamic acid dissolved in 50% acetonitrile, 0.1% TFA)
was deposited on a dried sample target. Then 0.5-uL
aliquots of the analyte solution were deposited onto ma-
trix surfaces and the solvent was allowed to evaporate at
ambient temperature. The digests were analyzed with a
TOF mass spectrometer, PE Biosystems Voyager DE
STR MALDI (Foster City, CA).

Database Analysis. For protein identification the
measured monoisotopic masses of the peptides were ana- |
lyzed using MS-Fit provided by UCSF (http://prospector.
ucsf.edu/ucsthtml3.2/msfic.htm).

Immunoblotting and Immunoprecipitation. Puri-
fied mitochondria were lysed and sonicated in RIPA
buffer, then centrifuged at 16,000 rpm for 10 minutes.
Protein concentration was determined using a BCA Pro-
tein Assay Reagent Kit (Pierce Biotechnology, Rockford,
IL). The samples were separated by sodium dodecyl sul-
fate (SDS)-PAGE and clectrotransferred onto a polyvi-
nylidene fluoride membrane (Immobilon; Millipore,

Japan), then blocked with BlockAce (Snow Brand, To-
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kyo, Japan). The membrane was subsequently incubated
with specific primary antibodies followed by horseradish
peroxidase-conjugated secondary antibodies and visual-
ized using SuperSignal West Pico Chemiluminescent
Substrate (Pierce). Antibodies against the core protein
(Anogen, Mississauga, Canada), manganese superoxide
dismutase (MnSOD) (BD Biosciences, San Jose, CA),
prohibitin (Neomarkers, Fremont, CA), oligosaccharyl-
transferase-48 (OST48), heat shock protein (HSP) 60
(Santa-Cruz Biotechnology, Santa Cruz, CA), pyruvate
dehydrogenase (PDH), ubiquinol-cytochrome ¢ oxi-
doreducrase, COX (Molecular Probes, Eugene, OR), pro-
tein disulfide isomerase (PDI), ER protein endoplasmic
oxidoreduction-1 (Erol)-Le, and IkBa (Cell Signaling
Technology, Danvers, MA), were used as primary anti-
bodies. For immunoprecipitation experiments, cells were
lysed in NET-N buffer (20 mM Tris-HCI [pH 8.0], 100
mM NaCl, 1 mM EDTA, 0.5% Nonidet P-40) and the
lysates were incubated with anti-prohibitin overnight fol-
lowed by the addition of protein Sepharose 4B (GE
Healthcare), then washed with the same buffer five times.
Immunoprecipitates were subjected to SDS-PAGE fol-
lowed by immunoblotting with specific antibodies.

Determination of COX Activity. COX activity was
determined with a MitoProfile Rapid Microplate Assay
Kit (MitoSciences, Eugene, OR) using 10 ug of purified
mitochondria. The assay was performed three times inde-
pendently. '

Statistical Analysis. Results are expressed as means =
SE. The significance of the difference in means was deter-
mined by Student’s # test or Mann-Whitney’s J test.

Results

Presence of HCV Core Protein in Purified Mito-
chondria. Increasing evidence suggests that the HCV

Fig. 1. 2D-PAGE of mitochondria purified from
core-expressing cells. (A) Whole-cell lysates (WCL)
and purified mitochondria (mito) derived from
core-expressing cells were subjected to SDS-PAGE
and immunoblotted with anti-core, anti-subunit of
complex | (mitochondrial protein), or anti-OST48,
PDI, Erolla (ER proteins) antibodies. {B) Purified
mitochondria of core-expressing cells were sub-
jected to 2D-PAGE and the gel was stained with
silver. The numbers shown on the right are molec-
ular weights. (C) Purified mitochondria of core-
expressing and control cells were subjected to
SDS-PAGE and blotted with an anti-E1 3 subunit of
PDH (PDH E1B), anti-MnSOD, or anti-HSP60O an-
tibody.
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core protein is localized to mitochondria as well as to ER
and the nucleus. Therefore, we first investigated whether
the core protein is expressed in the mitochondria of core-
expressing (Hep39) cells used in this study. We used Ny-
codenz discontinuous gradients to extract mitochondria
as described.'” In the mitochondria derived from core-
expressing HepG2 cells, the core protein was detected by
immunoblotting, whereas ER resident proteins such as an
ER-specific type I transmembrane protein OST48, ER-
resident molecular chaperon PDI, and ER membrane-
associated N-glycoprotein Erol-La, were not (Fig. 1A).
In this fraction, reduced nicotinamide adenine dinucle-
otide (NADH)-ubiquinone oxidoreductase, complex I of
mitochondrial oxidative phosphorylation system, was
more strongly expressed than that in the whole cell. These
results indicate that the purified mitochondria fraction
was free of ER, and that a portion of the core protein was
localized to the mitochondria in core-expressing cells.
Proteomics Analysis of Mitochondria by 2D-PAGE.
For proteomics analysis, purified mitochondrial proteins
derived from core-expressing cells were subjected to 2D-
PAGE followed by silver-staining of the gel. In this study
we analyzed only acidic proteins using IPG strips covering
pH 4 to pH 7 because the analysis of acidic proteins by
2D-PAGE is relatively easy. The mitochondrial fraction
was also extracted from Hepswx, a control cell line resis-
tant to G418 but does not express the core protein, then
similarly subjected to 2D-PAGE and used for comparing
the expression pattern. We repeated the above procedure
(purification of mitochondria, 2D-PAGE, and silver-
staining) five times, and confirmed a similar expression
pattern in core-expressing cells. The representative gel im-
age is shown in Fig. 1B. ImageMaster 2D Elite software
detected about 1100 spots on the silver-stained acidic gel,
i.e., at pH 4-7 and Mrs of 20-100 kDa. The number of
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