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known phenomenon of a poorer HRQoL with
advanced age. One possible explanation is that
our multidimensional approach cancelled the
positive and negative influences, rendering age an
insignificant contributing factor to the MQoL-HIV
index score in the present study.

Japan is considered to be a relatively homo-
genous and closed society, and hence the pre-
valence of prejudice towards AIDS patients can
easily become widespread. We speculate that such
prejudice influences the psychosocial status of the
AIDS patients, leading to a poor HRQoL. The
scores from the domains of physical health,
financial status and medical care were better for
those patients who kept their HIV infection a secret
from others. However, the interpretation of this
observation is complicated by the fact that more
support from others is generally needed for those
patients who require intensive medical treatments.
It is also confounded by the receipt of special
governmental medical aid as a result of handi-
capped status. Another possible reason is that in
circumstances where only professional medical
staffs are aware of the patient’s HIV infection
status, the patient generally receives consistent and
favourable mental care. In contrast, the HRQoL
tends to be better in the domains of social support
and partner intimacy in those patients who
disclosed their HIV infection to others. This
suggests the possibility of the patient maintaining
a good relationship with those to whom they have
chose to disclose, thus receiving aid and support.
There were no statistically significant differences in
the MQoL-HIV index score between those patients
who have disclosed and those who have not.
Therefore, the present study could not demonstrate
a correlation between HRQoL and the disclosure of
HIV infection to others.

There were no significant differences in the
MQoL-HIV index score attributable to route of
infection (sexual relations or blood product trans-
fusion). HIV/AIDS patients with haemophilia have
problems with physical functioning due to hepati-
tis C and joint defects caused by repeated
haemorrhage. We believe that this is the reason
why those patients who were infected through
sexual relations showed generally better scores in
the domains of physical functioning, social func-
tioning, and medical care. With respect to the
presence or absence of ongoing HIV treatment,
those patients who were not currently under
treatment showed a better score in the physical
health domain, whereas those who were currently
under treatment showed a better score in the social
functioning domain.

There are some limitations in the present study.
First, the Cronbach’s « coefficient, which indicates
internal consistency was found to be low in both
the physical functioning and sexual functioning
domains. A low value for this coefficient in the
sexual functioning domain has also been observed
in studies using the original version of the MQoL-

HIV in the USA. These results may indicate
difficulty in obtaining accurate answers regarding
sexual behaviour from the examinees. This is
probably not a problem specific to the design of
the questionnaire, but rather an issue that should
be recognized as a general phenomenon. Second,
the responsiveness, which is important to measure
outcome of intervention, was not examined in the
present study. Therefore, further examination
along this line is a subject for future studies.

In conclusion, the MQoL-HIV is reliable, and
may possess discriminative properties. However,
there were particularly low values in the physical
functioning and sexual functioning domains, leav-
ing these domains with uncertain reliability.
Among the factors that determined the score on
the MQoL-HIV, psychological factors clearly con-
tributed to the largest degree, and the contribution
of factors related to functional capacity and social
interaction was relatively minor. With 10 domains,
this instrument interacts with various contributing
factors in a complicated manner. These factors
could not predict the whole spectrum of the
HRQoL, and the contribution of these particular
factors to the HRQoL was limited. Therefore, the
HRQoL should be measured directly and results
should be based on the score of the instrument
rather than by estimating it from individual factors.
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The molecular mechanisms by which pathogen-asso-
ciated molecular patterns recognized by TLR2, such as
peptidoglycan (PGN), induce homotolerance are largely
unknown. It was recently reported that IRAK-M nega-
tively regulates TLR signaling. In this study, we eluci-
date the molecular mechanisms of tolerance induced by
PGN, with a focus on the role of IRAK-M, We demon-
strate that pretreatment of macrophage RAW264.7 cells
with a high concentration (30 pug/m!) of PGN for 16 h
effectively induces tolerance against following stimula-
tion with 30 ug/ml of PGN; while pretreatment with a
low concentration (1 pg/ml) of PGN does not. IRAK-M is
induced in cells treated with the high concentration of
PGN 4-24 h after PGN stimulation, but not in cells
treated with the low concentration of PGN up to 24 h
after stimulation. Phosphorylation of MAPKs and IxBa
isinhibited after the second PGN stimulation in tolerant
cells. Kinase activity of IRAK-1 and association between
IRAK-1 and MyD#88 are also suppressed in PGN-induced
tolerant cells. Furthermore, down-regulation of IRAK-M
expression by small interfering RNAs specific for
IRAK-M reinstates the production of TNF-a after PGN
restimulation. These results suggest that induction of
TRAK-M and inhibition of kinase activity of IRAK-1 are
crucial to PGN-induced tolerance in macrophages.

Essential components of the innate immune system are
TLRs,! which recognize microbial products termed pathogen-
associated molecular patterns (PAMPs). PAMP recognition
leads to activation of the innate immune system, which in turn
activates adaptive immunity (1). The cytoplasmie portion of
TLRs is very similar to that of the IL-1 receptor family and is
currently referred to as the Toll/IL-1 receptor (TIR) domain.
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The signaling pathway via the TLR family is highly homolo-
gous to that via the IL-1 receptor family. TLR interacts with
adaptor protein MyD88, which recruits IRAK (2, 3). IRAK
becomes activated and associates with TRAFS, leading to the
activation of several distinct signaling pathways, including
MAPKs and NF-«B (4),

Many reports have been published on the reduced capacity of
circulating leukocytes from septic patients to produce cytokines
as compared with those from healthy controls, a phenomenon
referred to as “endotoxin tolerance.” It is an adaptive host
response that may represent an essential regulatory mecha-
nism during Gram-negative bacterial infectien, but it may also
promote subsequent infection in survivors of septic shock (5-
11}, Monocytes from septic patients have a reduced capacity to
release TNF-¢, IL-18, IL-6, IL-10, and IL-12 (12-14). A defect
in the activation of transcription factor NF-«B also has been
reported in endotoxin tolerance (15). An understanding of the
molecular mechanisms of the septic shock syndrome is critical,
yet despite numerous studies little is known about these
mechanisms.

One of the main characteristics of endotoxin tolerance in
vitro is a change in the pattern of inflammatory gene expres-
sion in cells of myeloid lineage (16). Whereas inhibition of cell
surface expression of the TLR4/MD-2 complex has been sug-
gested to underlie LPS tolerance in mouse macrophages (17),
LPS induces tolerance in CHO cells without affecting cell sur-
face expression of transfected TLR4 and MD-2 (18). In addition,
LPS-tolerant cells exhibit significantly suppressed LPS-in-
duced activation and degradation of IRAK and diminished
TRAK-MyD88 association (19). These data imply that tolerance
induction may affect the expression and/or functions of intra-
cellular intermediates downstream of TLRs (20).

Induetion of an endotoxin-tolerant phenotype is not specific
to the initiating action of LPS, because engagement of TLR/
IL-1 receptor (IL-1R) family members other than TLR4, also
results in macrophage resistance to subsequent challenge with
respective ligands. However, the molecular mechanisms that
induce homotolerance by PAPMs recognized by TLR2, such as
PGN and LTA, are largely unknown. THP-1 cells with pro-
longed LTA treatment develop LTA homotolerance, Stimula-
tion of TLR2 by LTA, although activating IRAK, does not cause
IRAK degradation, indicating that molecular mechanism un-
derlying LTA-induced tolerance is clearly distinct from that of
LPS-induced tolerance (21). Furthermore, it is speculated that
disruption of unique TLR2 signaling components may oceur
upstream of MyD88/IRAK (21),

IRAK was originally described as a signal transducer for the
proinflammatory cytokine, IL-1, and was later implicated in
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signal transduction of other members of the TLR/IL-1R family.
To date, four different IRAK-like molecules have been identi-
fied: two active kinases, IRAK-1 and IRAK-4, and two inactive
kinases, IRAK-2 and IRAK-M. All IRAKs mediate activation of
NF-xB and MAPK pathways (22). Furthermore, all IRAKs
have been shown to act downstream of MyD88 and be capable
of binding to TRAF6 (23-26). Among four IRAKs, IRAK-M is
highly restricted to monocytes/macrophages, and initial reports
indicated that IRAK-M activates NF-«B when overexpressed in
293T cells and partially restores IL-1 signaling in IRAK-/-
cells (23, 27). However, recent reports state that innate immu-
nity was strongly enhanced in IRAK-M—/— mice, and IRAK-
M-/- cells have strikingly impaired endotoxin tolerance,
showing that IRAK-M negatively regulates TLR signaling (28).
Despite potential importance of IRAK-M in signaling via TLRs,
however, the relationship between IRAK-M and TLR-mediated
tolerance has been fully obscure. In this study we elucidate the
molecular mechanisms of homotolerance induced by PGN, with
a focus on the role of IRAK-M.

EXPERIMENTAL PROCEDURES

Reagents and Antibodies—Anti-extracellular-regulated kinase 1 and
2 (anti-ERK), anti-phospho-ERK1/2, anti-IRAK-1, and anti-MyD88 an-
tibodies were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Phosphospecific antibodies for p38, JNK, and IxBa were pur-
chased from Cell Signaling Technology (Beverly, MA). Anti-murine
TLRZ antibody was purchased from eBioscience (San Diego, CA).
IRAK-M antibody was purchased from Chemicon International
{Temecula, CA) (28). Antibody specific for S-actin was obtained from
Abcam. Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG and
HRP-conjugated anti-mouse IgG were obtained from Dako (Denmark).
Peptidoglycan from Staphylococeus aureus was purchased from Fluka,
and the endotoxin level in the peptidoglycan was less than 0.5 pg/ml in
culture medium as determined by a Limulus amehocyte lysate
(LAL) assay.

Cell Culture—RAW264.7, a murine macrophage-like cell line, was
obtained from the ATCC, and was maintained in Eagle’s modified
minimal essential medium (EMEM) supplemented with 2 mum gluta-
mine (Sigma), 100 units/ml penicillin, 100 mg/ml streptomycin (ICN,
Aurora, OH}), and 10% fetal bovine serum (Sigma). RAW264.7 cells were
stimulated with 1 or 30 pg/ml of peptidoglycan (PGN) at 37 °C. PGN
stimulation was stopped by addition of ice-cold phosphate-buffered
saline. The cells were then lysed for immunoprecipitation and
immunoblotting.

Immunoprecipitation and Immunoblotting—Immunoprecipitation
and immunoblotting were performed as previously reported (29).
Briefly, cells were lysed in ice-cold Nonidet P-40 lysis buffer containing
1% Nonidet P-40, 25 mM Tris-HCI (pH 7.5), 150 mM sodium chloride, 1
mM EDTA, 5 mM sodium fluoride, 1 mM sodium orthovanadate, 1 mm
leupeptin, and 1 mM phenylmethylsulfonyl fluoride, and cell membrane
fractions were prepared as reported previously (30). For immunopre-
cipitation studies, cell lysates were mixed with the indicated antibodies
for 1 h. Cell lysates were then mixed with protein G and coupled
Sepharose beads and rotated for 1 h at 4 °C. After the beads were
washed 3 times with ice-cold Nonidet P-40 lysis buffer, the precipitated
proteins were boiled for 5 min and eluted with sodium dodecy) sulfate,
polyacrylamide gel electrophoresis (SD3-PAGE) sample buffer. For the
precipitation of total-cell lysates, cells were lysed directly by addition of
SDS-PAGE sample buffer containing 2-mercaptoethanol. Immunepre-
cipitated proteins and total cell lysates were separated by SDS-PAGE
under reducing conditions and were electrically transferred to a poly-
vinylidene difluoride membrane. The membrane was blocked for 1 h at
room temperature with 1% bovine serum albumin in TBS (Tris-buffered
saline} buffer. The membrane was then incubated with the indicated
antibody, and the reactive bands were visualized with a horseradish
peroxidase-coupled secondary antibody via an enhanced chemilumines-
cence (ECL} detection system (Amersham Biosciences) according to the
manufacturer’s instructions.

Analysis of TNF-a Production—The production of TNF-a was ana-
lyzed using a commercial enzyme-linked immunosorbent assay (ELISA)
kit. RAW264.7 cells were seeded at a density of 10%/mlin 24-well plates,
and the supernatants collected 24 h after LPS stimulation. The concen-
tration of TNF-a was measured by ELISA according to the manufae-
turer's instructions (BIOSQURCE International, Camarillo, CA).

In Vitro IRAK-1 Kinase Assay—The IRAK-1 kinase assay was con-
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ducted as described previously (19, 20). Briefly, the immunoprecipi-
tated IRAK-1 complexes were washed four times with lysis buffer and
twice with kinase buffer (20 mm HEPES at pH 7.6, 20 mM MgCl,, 20 mM
glycerophosphate, 20 mM paranitrophenylphosphate, 1 mm EDTA, 1
mM sodium orthovanadate, and 1 mM benzamidine). Fifty microliters of
kinase buffer were then added to each sample, supplemented with 5 uM
ATP, 1 pg of myelin basic protein (MBP; Sigma), and 1 pl of [32P]ATP,
and incubated at 37 °C for 30 min. Ten microliters of SDS sample buffer
was added, and the samples incubated at 50 °C for 10 min and subjected
to SDS-PAGE analysis. The gel was dried and exposed to x-ray film.

Constructions end Transfection of Small Interfering RNAs (siRNAs)}—
The constructions of siRNA molecules were analyzed by B-Bridge Interna-
tional Inc. The oligonucleotide sequences used in the experiments were as
follows: 5'-TGGACATTCGAAACCAAGCATAT-3' (584-6086), 5'-TTCCAG-
TGCAAACATACTCTTGG-3" (921-943); 5-TAATGTCCCAAGTATTCCA-
GTAG-3' {1455-1477); 5'-AAGTCCTACTGTGATCAGTTT-3' (1701-1721).

They were synthesized by and purchased from Qiagen. The control
RNAs were obtained from Dharmacon. Cocktails of in vitro synthesized
siRNAs or control RNAs were transfected into RAW264.7 cells using
RNAifect transfection reagent {Qiagen). Cells were incubated in 10%
fetal bovine serum for 24-h post-transfection and then stimulated with
PGN as described above.

RESULTS

Tolerance Induced by Pretreatment with High Concentra-
tions of PGN—Fig. 1A shows the dose response curve of TNF-«
production by PGN. Levels of TNF-« in the supernatants in-
creased in a dose-dependent manner: a small amount of TNF-
production was observed in cells stimulated with less than 3
pg/ml PGN, while maximal TNF-a production was obtained by
stimulation with more than 30 pg/ml PGN. To determine the
threshold of tolerance induction by PGN, RAW264.7 cells were
pretreated with graded concentrations of PGN for 16 h and
then restimulated with 30 pug/ml PGN for additional 16 h.
TNF-a production was augmented in cells pretreated with less
than 3 pg/ml PGN, In contrast, prior exposure to more than 30
ug/ml PGN markedly suppressed the ability of cells to produce
TNF-« in respond to PGN (Fig. 1B). These data showed the
existence of threshold of PGN concentration in the tolerance
induction; pretreatment of cells with higher concentrations of
PGN (=30 pg/ml) for 16 h effectively induced PGN tolerance,
while pretreatment with lower concentrations of PGN (<3 pg/
ml} did not. In the subsequent experiments, we chose 1 ug/mt
and 30 ug/ml of PGN as the low and high concentration of
stimulation, respectively.

Phosphorylation of MAPKs and IxB-a Was Inhibited in PGN-
induced Tolerant Cells—In the next series of experiments, we
compared the time kinetics of phosphorylation of MAPKs
(ERK, p38, and JNK) and I«Ba between cells stimulated with
1 and 30 pg/ml PGN. As shown in Fig. 24, phosphorylation of
these molecules was observed in cells treated with 30 pg/ml
PGN 15-30 min after addition. PGN-induced phosphorylation
of the MAPXs and IxBa was also observed in cells treated with
1 pg/m! PGN, although the intensity of the phosphorylation
was much weaker in these cells. Fig. 2B shows time kineties of
PGN-induced phosphorylation of MAPKs and I«Ba in cells
pretreated for 16 h with 1 pg/ml PGN (PGN-non-tolerant cells}
and 30 pg/m! PGN (PGN-tolerant cells). Phosphorylation of
MAPKSs and IkBa was cbserved in non-tolerant cells after the
second stimulation with 30 pg/ml PGN, but hardly detected in
tolerant cells. These results demonstrate that activation of
intracellular signaling molecules such as MAPKs and IxBe is
exclusively inhibited after the second PGN stimulation in tol-
erant cells.

Surface Expression Levels of TLR2 Were Not Affected by PGN
Stimulation—We then compared the expression levels of TLR2
between cells treated with a low and high concentrations of
PGN. The expression levels of TLR2 in the membrane fraction
in cells stimulated with a high eoncentration of PGN were
similar to those in cells stimulated with a low concentration up
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Fig. 1. Stimulation by PGN induces TNF-a production in a
dose-dependent manner and pretreatment with high concentra-
tions of PGN induces homotolerance. A, RAW264.7 cells were stim-
ulated with graded concentrations of PGN, and supernatants were
collected in serum-free medium 24 h after stimulation, Samples were
analyzed for mouse TNF-a using a commercial ELISA kit (BIO-
SOURCE) according to the manufacturer’s protocol. B, RAW264.7 cells
were stimulated with graded coneentration of PGN, or medium (control}
for 16 h. Then the cells were restimulated with 30 pg/ml of PGN. The
amount of TNF-a was measured as described above. The data shown
are representatives of three independent experiments.

to 16 h after PGN stimulation (Fig. 3). These results indicated
that levels of TLR2 expression in the tolerant cells were not
different from those in the non-tolerant cells.

IRAK-1 Kinase Activity Was Inhibited in PGN-induced Tol-
erant Cells—By using the kinase assay, we examined IRAK-1
activation after PGN stimulation. As shown in Fig. 44, in
resting cells stimulation with both 1 and 30 pg/ml PGN in-
creased IRAK-1 kinase activity, which was markedly up-regu-
lated at 15 min and decreased at 60 min after stimulation.
However, kinase activity of IRAK-1 was much stronger in cells
treated with 30 ug/ml PGN than that in cells treated with 1
ug/ml PGN. We also examined whether IRAK-1 is phosphoryl-
ated by stimulation with each concentration of PGN. However,
TRAK-1 phosphorylation was not observed even in cells treated
with 30 pg/ml PGN {(date not shown). Fig. 4B exhibited the
induction of kinase activity of IRAK-1 in PGN-induced non-
tolerant and tolerant cells. We observed that kinase activity of
JRAK-1 was augmented in non-tolerant cells 15 min after sec-
ond PGN stimulation, but suppressed in PGN tolerant cells
(Fig. 4B). Phosphorylation of IRAK-1 was also examined, how-
ever, it was not observed for up to 60 min in both cells (date not
shown). These results demonstrate that activation of IRAK-1 is
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Fi1G. 2. Activation of intracellular signaling molecules is exclu-
sively inhibited in PGN-induced tolerant cells. A, RAW264.7 cells
were stimulated with 1 or 30 pg/ml of PGN for the indicated times, and
total cell lysates were blotted with a phosphospecific antibody (45} for
ERK, p38, JNK, or IxBa. To verify the amount of loaded protein, they
were also probed with anti-ERK1/2. B, RAW264.7 cells pretreated with
1 or 30 pg/ml PGN for 16 h were stimulated with 30 ug/ml PGN for the
indicated times. Total cell lysates were blotted with a phosphospecific
antibody (Ab) for ERK, p38, JNK, or IxBa. To verify the amount of
loaded protein, they were also probed with anti-ERK1/2.

titne (hours} 0 2 4 16 0 2 4 18

PGN(ug/mi) — 0 30 1

Fii. 3. Cell surface expression of TLR2 is not affected by PGN
treatment. RAW264.7 cells were stimulated with 1 or 30 pg/ml of PGN
for the indicated times. Total cell lysates in the membrane fraction were
blotted with an antibody specific for TLR2.

exclusively inhibited after the second PGN stimulation in tol-
erant cells.

Induction of IRAK-M and Inhibition of the Association be-
tween MyD88 and IRAK-1 in PGN Tolerant Cells—Previous
studies have reported that IRAK-M negatively regulates TLR
signaling (28); however, the role of IRAK-M in TLR-mediated
tolerance remains fully obscure. Therefore, we compared the
time kinetics of expression of IRAK-M in cells treated with 1
and 30 pg/ml PGN. As shown in Fig. 54, the bands correspond-
ing to IRAK-M were not observed in unstimulated cells, indi-
cating little constitutive expression of IRAK-M in resting cells.
TRAK-M expression was also not observed in cells stimulated
with a low concentration of PGN up to 24 h after stimulation.
However, weak but significant expression of IRAK-M was ob-
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Fic. 4. IRAK-1 kinase activity is inhibited in PGN tolerant
cells. 4, cells stimulated with PGN for the indicated times, Cell lysates
were immunoprecipitated with an antibody specific for IRAK-1. The
immunoprecipitated IRAK-1 complexes in kinase buffer were added to
each sample, supplemented with 5 uM ATP, 1 pg myelin basic protein,
and 1 ul of [**PJATP, and incubated at 37 °C for 30 min. Then the
samples were eluted in SDS-PAGE sample buffer and subjected to
SDS-PAGE analysis. The gel was dried and exposed to x-ray film. B,
cells pretreated with 1 or 30 pg/ml of PGN for 16 h were stimulated with
30 pg/ml of PGN for the indicated times, and the cell lysates were
immunoprecipitated with an antibody specific for IRAK-1. Kinase ac-
tivity of IRAK-1 was evaluated as described above.

served in cells treated with a high concentration of PGN 4 h
after stimulation. We speculate that the upper bands corre-
spond to phosphorylated IRAK-M. In cells treated with a high
concentration of PGN, apparent expression of phosphorylated
TRAK-M was observed after 16 h of stimulation, which were
slightly augmented 24 h after PGN stimulation (Fig. 5A). These
results suggested that IRAK-M expression was only slightly
induced, if any, in non-tolerant cells, while was apparently
induced in tolerant cells. The time course of IRAK-1 protein
expression was also studied by Western blotting in these cells.
However, we found no significant difference in the protein
levels of IRAK-1 between cells treated with 1 or 30 pg/ml PGN
during 24 h stimulation, although expression levels appeared
to decrease slightly in 2-4 h in both cells (Fig. 5A). These
results collectively indicated that I[RAK-1 was not degraded
after PGN stimulation. We finally examined the association
between IRAK-1 and MyD88 after restimulation with 30 pg/ml
PGN in tolerant and non-tolerant cells. Association between
IRAK-1 and MyD88 was clearly enhanced in PGN non-tolerant
cells after the second PGN stimulation, but was barely detected
in PGN tolerant cells (Fig. 5B), indicating that IRAK-1 is not
recruited to the receptor/MyD88 complexes in PGN-induced
tolerant cells.

Specific Down-regulation of IRAK-M Reinstated the Produc-
tion of TNF-a after PGN Restimulation—Finally, we examined
whether experimental modulation of IRAK-M expression
would alter PGN-induced tolerance. As shown in Fig. 64,
JRAK-M was induced 16-24 h after PGN stimulation in cells
transfected with control RNAs. However, its expression was
downregulated in cells transfected with a mixture of four spe-
cific siRNAs for IRAK-M (Fig. 6A4). The intensity of the bands of
IRAK-M in siRNA-transfected cells was about 30% of the con-
trols cells (24 h) as judged by a densitometric analysis. In
addition, TNF-a production was inhibited in eontrol cells pre-
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Fi1G. 5. IRAK-M is induced by stimulation with a high concen-
tration of PGN and the association between MyD88 and IRAK-1
is inhibited in PGN tolerant cells, A, RAW264.7 cells were stimu-
lated with 1 or 30 pg/ml of PGN for the indicated times. Total cell
lysates were blotted with an antibody specific for IRAK-M or IRAK-1.
To verify the amount of loaded protein, they were also probed with
anti-B-actin. B, cells pretreated with 1 or 30 pg/ml of PGN for 16 h were
stimulated with 30 pg/ml of PGN for the indicated times. Total cell
lysates were immunoprecipitated with an antibody specific for MyD83
and probed with anti-IRAK-1 (upper lane) or -MyD88 {(lower lane).

treated with and restimulated with 30 ug/ml of PGN, whereas
it was reinstated in cells transfected with IRAK-M siRNAs, in
a dose-dependent manner (Fig. 6B). These results collectively
indicated that down-regulation of IRAK-M expressicn altered
PGN-induced tolerance.

DISCUSSION

Multiple microbial stimulants can induce a wide array of
gene expressions through the TLRs. Activation of TLRs subse-
quently lead to common downstream signaling events, includ-
ing MyD88/TRAK kinase, MAPKs and NF-«B activation, which
contribute to the production of TNF-a. With regard to the
common signaling pathway that leads to TNF-a production,
prolonged treatment with microbial stimulants has been shown
to induce a state of tolerance characterized by decreased TNF-«
production upon subsequent challenge (31, 32), Despite numer-
ous studies, however, the molecular mechanism of endotoxin
tolerance still remains to be solved, which probably involves
down-regulation of multiple TLR signaling components, includ-
ing down-regulation of the TLR4 receptor, disruption and deg-
radation of IRAK, and reduced activation of MAPKs (17, 33).

Endotoxin tolerance is not limited to the potent TLR4 ago-
nist, but also targets signaling initialized by agonists recog-
nized by other members of the Toll/TL-1R family (18, 31, 34, 35).
Among PAMP-induced tolerance, LPS-mediated homo-toler-
ance has been most extensively studied. Although molecular
mechanisms of TLR4-mediated tolerance have still remained to
be fully clarified, numerous studies have revealed the involve-
ment of down-regulation of multiple TLR signaling compo-
nents, including down-regulation of TLR4 receptor expression,
disruption and degradation of IRAK, and reduced activation of
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RAW264.7 cells were transfected with
400 nM siRNAs for IRAK-M or control
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then stimulated with 30 pug/ml of PGN for
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were blotted with a specific antibody for
IRAK-M. B, RAW264.7 cells were trans-
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wug/ml PGN for 16 h were stimulated with
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MAPKs, in LPS-mediated homotolerance. On the other hand,
little information was available for TLR2-mediated homotoler-
ance. Previous reports state that prolonged LTA treatment of
murine monocytes/macrophages and human THP-I cells can
develop similar hyporesponsiveness in TNF-a production to
subsequent LTA stimulation (21, 31). In this study, we eluci-
dated the molecular mechanisms of PGN homotolerance. We
found that pretreatment with low concentrations of PGN (=3
pg/ml) for 16 h did not induce PGN homotolerance against
following addition of 30 pg/ml PGN as assessed by TNF-a
production (Fig. 1B). In fact, TNF-a production was rather
promoted in these cases. On the other hand, pretreatment with
high concentrations of PGN (=10 pg/ml) for 16 h did clearly
induce PGN tolerance (Fig. 1B). Furthermore, cells treated
with high concentrations of PGN (=10 pg/ml) for 4 h alse
became tolerant against subsequent PGN stimulation (date not
shown). When phosphorylation of intracellular signaling mol-
ecules was compared between non-tolerant and tolerant cells,
phosphorylation of MAPKs and IkBa was exclusively sup-
pressed in PGN-induced tolerant cells (Fig. 2B). These results
indicate that the intensity of phosphorylation of MAPKs and
IxBa is well correlated with TNF-a production, implying that
phosphorylation of these molecules is also a good indicator for
estimating the tolerant state,

LTA-tolerant THP-1 cells are not totally unresponsive to
subsequent LTA challenge. Instead, LTA-tolerant cells are ca-
pable of responding to further LTA treatment, indicating that
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the TLR2 receptor is still functional in LTA-tolerant cells (21).
It is speculated that the decreased expression of inflammatory
proteins such as TNF-« is likely due to disruption of intracel-
lular signaling components downstream of the TLR2 receptor
(21). We show that the expression level of TLR2 protein local-
ized in the membrane fraction in tolerant cells is similar to that
in non-tolerant cells (Fig. 3), indicating that the expression
levels of receptors do not account for the tolerant state,

A previous report showed that IRAK kinase activation and
TNF-« protein production were inhibited in LTA-tolerant cells
{31). LPS treatment induces rapid degradation as well as inac-
tivation of IRAK (19, 36). Reduced IRAK-1 kinase activity in
LPS-tolerant human and murine macrophages has been de-
scribed previously (17, 19). However, the IRAK protein level
does not decrease following prolonged LTA treatment (21). Our
presented results demonstrated that stimulation with a high
concentration of PGN induced strong IRAK-1 kinase activation
in resting cells (Fig. 4A4). However, the same stimulation causes
the suppression of kinase activity of IRAK-1 in PGN-induced
tolerant cells, while it was retained in non-tolerant cells (Fig.
4B). We examined protein levels of IRAK-1 after PGN stimu-
lation, and found that no significant differences occur in cells
treated with either a low or high concentration of PGN (Fig. 54),
suggesting that JRAK-1 is activated without degradation, results
that agree with previous reports on LTA-induced tolerance (21).

IRAK-M is preferentially expressed in monocytes/macro-
phages (23), and recent studies have reported that IRAK-M
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plays a critical negative regulatory role in signaling via TLRs
in these cells. IRAK-M~—/— macrophages stimulated with
known TLR agonists such as LPS or CpG DNA displayed in-
creased NF-kB and MAPK activation. IRAK-M-/- mice
showed increased inflammatory responses to bacterial infec-
tion (28). In the present study, we for the first time examined
IRAK-M in PGN tolerance. We showed that IRAK-M protein is
not detected in cells treated with a low concentration of PGN
before and up to 24 h after stimulation (Fig. 54), suggesting
that IRAK-M expression is very low. However, IRAK-M was
induced in cells treated with a high concentration of PGN 4-24
h after stimulation, implying that induction of IRAK-M is cor-
related with PGN-induced tolerance. Furthermore, down-reg-
ulation of IRAK-M expression by siRNAs specific for IRAK-M
reinstated the producticn of TNF-a (Fig. 6). These results sug-
gest that induction of IRAK-M is crucial to PGN-induced tol-
erance in macrophages.

MyD88 is essential for TNF-a secretion in response to TLR
agonists (37), and association of MyD88 with TLR has been
acknowledged as an essential step in signaling via various
TLRs. Although the role of MyD88 is fully unknown in TLR-2-
mediated tolerance, a recent report demonstrated that LPS-
induced tolerance is mediated a failure of MyD88 to associate
with TLR4 (20). In the present study, we found that the com-
plex between MyD88 and IRAK-1 is barely detectable after a
second PGN stimulation in tolerant cells, while the complex
between MyD&88 and IRAK-1 is augmented in nen-tolerant cells
(Fig. 5B). These results collectively indicate that interception of
recruitment of IRAK-1 to the TLR2/MyD88 complex is an im-
portant molecular mechanism of PGN-induced tolerance. One
possible scenario is that in tolerant cells, IRAK-M induced by a
high concentration of PGN inhibits the activation of IRAK-1
and interferes with the association between IRAK-1 and
MyD88. LPS/TLR4 signaling can recruit the specific adaptor
protein{s} that leads to IRAK phosphorylation and subsequent
degradation, whereas TLR2 signaling recruits adaptor(s) that
lead only to IRAK activation, but not phosphorylation/degra-
dation. LTA cannot induce IRAK phosphorylation because
IRAK phosphorylation is a prerequisite for subsequent degra-
dation (21). Our results that IRAK-1 is activated but not de-
graded in a PGN-induced tolerance model agree with the pre-
vious report of LTA tolerance. IRAK activation and
phosphorylation may be two independent events controlled by
distinct regulatory steps, as speculated by Jacinto et al. (21).

We have not elucidated the molecular mechanisms that reg-
ulate protein expression of JRAK-M and by which IRAK-M
regulates IRAK-4, because IRAK-M is reported to inhibit dis-
sociation of IRAK-1 and IRAK-4 from the TLR signaling com-
plex by either preventing phosphorylation of IRAK and IRAK-4
or stabilizing the TLR/MyD8&/IRAK complex (28). Neverthe-
less, our novel finding that IRAK-M is specifically induced in
PGN-mediated tolerant state may be important for under-
standing of the molecular mechanisms of tolerance. Prevention
of IRAK-1 activation is an important molecular mechanism of
PGN-induced tolerance. An understanding of the molecular
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mechanisms of tolerance may aid development of improved
treatments for inflammatory responses that lead to sepsis.
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article.
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INFECTION CONTROL AND HosPITAL EPIDEMIOLOGY

PREVALENCE OF MEASLES, RUBELLA, MUMPS, AND
VARICELLA ANTIBODIES AMONG HEALTHCARE
WORKERS IN JAPAN

Shuji Hatakeyama, MD: Kyoji Moriya, MD; Satoru Koyama, MD; Yoko Nukui, MD; Miheo Uchida, RN: Yoshizumi Shintani. MD;
Yuji Morisawa, MD; Satoshi Kimura, MD

ABSTRACT

OBJECTIVES: To evaluate the immune status of health-
care workers (HCWs) against measles, rubella, mumps, and vari-
cella in Japan, and to promote an adequate vaccination program
among HCWs.

SETTING: University of Tokyo Hospital.

PARTICIPANTS: Eight hundred seventy-seven HCWs,

DESIGN: Serologic screening for measles, rubella,
mumps., and varicella was performed on HCWs. Antihodies
against measles, rubella, and mumps were detected using
hemagglutination inhibition (HI} assay ($4.20 per test). If serum
was negative by HI assay, enzyme-linked immunosorbent assay
(EIA) was performed ($12.60 per test). Anti-varicella antibodies
were detected by EIA only. .

RESULTS: Among tested HCWs, 98.5%, 90.4%, 85.8%, and
97.2% had immunity to measles, rubella, mumps, and varicella,

respectively. All those born before 1970 were seropositive for
measles. However, individuals susceptible to rubella, mumps,
and varicella were present in all age groups. The sensitivities and
negative predictive values of HI assay compared with EIA were
86.6% and 11.3% for measles, 99.1% and 92.2% for rubella, and
47.8% and 24.1% for mumps, respectively. For measles and
mumps, prevaccination screening by HI assay in combination
with EIA led to significant savings compared with EIA only. In
contrast, it was estimated that prevaccination screening using
only HI assay would be more economical for rubella.

CONCLUSIONS: Aggressive screening and vaccination
of susceptible HCWs was essential regardless of age. Pre-
vaccination serologic screening using a combination of HI assay
and E1A was more economical for measles and mumps (Infect
Control Hosp Epidemiol 2004,25:591-594).

Immiunity to measles, rubella, mumps, and varicel-
la is an important part of infection control among health-
care workers (HCWs), especially as epidemics of
measles and rubella continue to occur in Japan. The
Immunization Law in Japan currently recommends sin-
gle-dose vaccination of children between 12 and 90
months of age against measles and rubella (preferably 12
to 24 months for measles and 12 to 36 months for rubel-
la).t The rate of vaccination against measles in Japan was
estimated to be only 81% in 2000,® and approximately 60%
of children had been vaccinated against rubella in 2001.3
Although few data are available, vaccine coverage for
mumps and varicella, which are non-mandatory vaccina-
tions, is thought to be low, In 1988, live attenuated
measles~mumps-rubella vaccine was approved in Japan.
However, use of this vaccine was stopped in 1993 due to
adverse reactions, mainly aseptic meningitis due to the
mumps vaccine component.!® Under these circum-
stances, morbidity from measles and rubella remains
high in Japan, with an estimated 100,000 to 200,000 cases
of measles each year.??

Susceptible HCWs are at high risk for acquiring and

transmitting measles, mumps, rubella, and varicella #1?
Therefore, their immunity to these vaccine-preventable
diseases is important. In general, however, HCWs in
Japan give little thought to vaccine-preventable diseases,
The purpose of this study was to evaluate the immune sta-
tus of HCWs against measles, rubella, mumps, and vari-
cella in Japan, and to promote an adequate vaccination
program among HCWs,

Because HCWs in Japan seem to have little knowl-
edge about their history of these diseases or whether they
have been vaccinated, prevaccination serologic screening
is essential to detect and vaccinate susceptible individuals
eificiently. This study also investigated the most econom-
ical approach to prevaccination screening for immunity to
measles, rubella, mumps, and varicella.

METHODS

The University of Tokyo Hospital is a 1,193-bed, ter-
tiary-care hospital with 2,100 employees. Between
September and October 2002, serologic testing for
measles, rubella, mumps, and varicella was recommend-
ed to HCWs who did not have any documentation of vac-
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TABLE 1 TABLE 2
CHARAUTERISTICS OF THE HEAITHCARE WORKERS TESTED SEROLOGIC RESULTS OF THE HEALTHCARE WORKERS
Characteristic No. No. of No. of Percentage
HCWs HCWs of HCWs
No. of HCWs 877 Disease Negative Tested Negative
No. tested for
Measles 860 MMeasles 13 860 15
Rubella 867 Rubella 83 867 a6
Mumps 867 BMumps 123 867 14.2
Varicella 854 Varicella 24 854 28
Gender
Male 256 (29‘2%) HCWs = licalthcare workers.
Female 621 {70.8%)
Age.y
2‘-(—62:: 45 ;21 :E;};; glutination inhibition assay Ff)mpared.with ElA assuming
610 45 145 (16.5% tha_t thF:'re were 1o fa]SE-POSItIVE‘ reactlt?rfs on hemaggluti-
nation inhibition assay (e, all sera positive on hemagglu-
#1055 100 (11.4%) tination inhibition assay were positive on EIA).1!
=56 50 5.7%) ination in \j p .

HOWs » healtheare workers,

cination, history of these diseases, or serologic evidence
of immunity, regardless of age.

Antibodies against measles, rubella, and mumps
were detected using hemagglutination inhibition assay. If
serum samples from HCWs were negative for antibody by
hemagglutination inhibition assay (titer less than 8),
enzyme-linked immunosorbent assay (EIA), which has a
greater sensitivity than hemagglutination inhibition assay,
was performed on the same samples.'? Anti-varicella
antibodies were detected by EIA only.

Antibody titers on hemagglutination inhibition
assay were measured by standard microtiter methods
using green monkey erythrocytes for measles, goose ery-
throcytes for rubella, and guinea pig erythrocytes for
mumps. We considered HCWs with a positive result on
either hemagglutination inhibition assay or EIA as having
evidence of immunity against these diseases, An antibody
titer of less than 8 on hemagglutination inhibition assay
was considered to be seronegative and a titer of 8 or
greater was considered to be seropositive. ElAs for
measles-, rubella-, mumps-, and varicella-specific IgG
were performed using commercial virus-specific IgG EIA
kits [Measles 1gG (1I}-EIA “SEIKEN,” Rubella IgG (II)-
ElA “SEIKEN,” Mumps IgG (II)-EIA “SEIKEN,” and
Varicela-zoster IgG (ID-EIA “SEIKEN,” Denka Seiken
Co., Ltd., Tokyo, Japan]. Optical density values were
indexed according to the manufacturer’s instructions. EIA
values of less than 4.0 were considered negative and val-
ues of 4.0 or greater were considered positive. Equivocal
values (values of 2.0 to 3.9) were considered negative.
Vaccination of susceptlible HCWs was recommended for
each vaccine-preventable disease. To save costs, not all
samples underwent both hemagglutination inhibition
assay and EIA, so we calculated the sensitivity of hemag-

RESULTS

Eight hundred seventy-seven HCWs (212 physi-
cians, 426 nurses, 45 pharmacists, 130 laboratory techni-
cians, and 64 clerical staff) were tested. Their ages ranged
from 20 to 65 years {mean + standard deviation, 34.4 &
10.3 years); 256 were men and 621 were wonten {Table 1),
Of 860 HCWs tested for antibodies to measles, 115 (13.4%)
were negative on hemagglutination inhibition assay.
These 115 HCWs were then tested for measles-specific
1gG by EIA. Because 102 of these HCWs were positive for
1gG on EIA, only 13 (1.5%) of the 860 HCWs were consid-
ered to be truly seronegative for measles (Table 2). Of 867
HCWs tested for antibodies to rubella, 90 (10.4%) were
negative on hemagglutination inhibition assay. Because 7
of these HCW's were positive for IgG on EIA, 83 (9.6%) of
the 867 HCWs were considered to be seronegative for
rubella (Table 2}. Of 867 HCWs tested for antibodies to
mumps, 511 (58.9%) were negative on hemagglutination
inhibition assay. Because 388 of these HCWs were posi-
tive for IgG on ElA, 123 (14.2%) of the 867 HCWs were
considered to be seronegative for mumps (Table 2). Of
the 854 HCWs tested for varicella antibodies by EIA. 24
(2.8%) were susceptible to varicella (Table 2).

On the basis of these results, the sensitivity of
hemagglutination inhibition assay compared with EIA for
measles, rubelta, and mumps antibodies was 86.6%., 99.1%,
and 47.8%, respectively, assuming that there were no false-
positive reactions on hemagglutination inhibition assay"
(Table 3}, The negative predictive value of hemagglutina-
tion inhibition assay compared with EIA for measles,
rubella, and mumps antibodies was 11.3%, 92.2%, and
24.1%, respectively. In this study, all HCWs susceptible to
measles were younger than 32 years; in other words, all of
the HCWs born before 1970 had immunity to measles. In
contrast, not all of the HCWs born before 1957 were
immune to rubella, mumps, or varicella (Table 4),

A single hemagglutination inhibition assay and EIA
cost approximately $4.20 and $12.60, respectively. A sin-
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TABLE 3
AGE DISTRIBUTION OF THE HEAITHCARE WORKERS SUSCEPTIBLE TO MEASLES, RUBELLA, MUMPS, AND VARICELLA

No. Susceptible/Total No.

Age (y) Measles Rubella Mumps Varlcella
=25 7/153 (4.6%) 13/154 (8.4%) 12/157 (7.6%) 7/150 (4.7%)
261035 6/417 (1.4%) 34/419 (8.1%) T1/417 (17.0%) 12/412 (29%)
351045 0/144 (0%) 24/145 (16.6%) 19/144 (13.2%) 1/144 (0.7%)
4610 55 0/97 (0%) 10/99 (20.1%) 17/100 (17.0%) 2/99 (2.0%)
=56 0/49 (0% 2750 (4.0%) 4/49 (8.2%) 2/49 {4.1%)
Total 13/860 83/867 123/867 24/854

gle vaccination for measles, mumps, or rubella costs
$25.10, whereas the cost for varicella is $39.90. The over-
all cost for prevaccination screening of the 877 HCWs was
approximately $30,828 and the cost for vaccination
(assuming all of the susceptible HCWs would receive vac-
cination) was approximately 85,498, for a total of $36,326.
Prevaccination screening by hemagglutination inhibition
assay in combination with EIA led to savings of approxi-
mately $12,838 compared with using EIA only. The use of
EIA alone for prevaccination screening is associated with
high sensitivity, but also high cost. Although hemaggluti-
nation inhibition assay is less expensive than EIA, screen-
ing by hemagglutination inhibition assay alone is expen-
sive because of the unnecessary vaccination due to
excessive false-negative results.

For measles and mumps, the most economical
approach to prevaccination screening was to use the less
sensitive, less expensive hemagglutination inhibition
assay first and then subsequently use the more sensitive
EIA for samples with a titer of less than 8 on hemaggluti-
nation inhibition assay, as there was a measurable differ-
ence in sensitivity between the two tests. In contrast, it
was determined that prevaccination screening using only
hemagglutination inhibition assay would be more eco-
nomical for rubella, as the two tests had approximately
the same sensitivity.

DISCUSSION

Although measles and rubella have been almost
eliminated from most industrialized countries due to the
development of an aggressive vaccination program,!415
epidemics of these diseases still occur regularly in Japan.
It is estimated that there are 100,000 to 200,000 cases of
measles each year in Japan.®” Vaccination coverage is sig-
nificantly lower in Japan than in the United States, which
has 91.4% coverage for measles, mumps, and rubella and
76% coverage for varicella,s

Of the HCWs examined, 98.5% were immune to
measles, 90.4% to rubella, 85.8% to mumps, and 97.2% to
varicella (Table 2). Immunization rates among HCWs in
our hospital for measles, mumps, and varicella were simi-
lar to those reported from other countries. In Italy, the
rate of seropositivity among HCWs for measles, rubella,
mumps, and varicella was reported to be 98.2%, 97.6%,

" ]
TABLE 4

RESULTS OF ENZYME-LINKED [MMUNOSORBENT ASSAY FOR THE
HEALTHCARE WORKERS WHO WERE NEGATIVE ON
HEMAGGLUTINATION INHIBITION ASSAY

Hl Assay EIA Rosults
Results Pos- MNog- Sens-
Disease (Neo.) Itive ative Rivity*t NPV
Measles  Positive (745)
86.6% 11.3%
Negative (115) 102 13
Rubella  Positive (777) - -
99.1% 92.2%
Negative (80) 7 83
Mumps  Positive (356)
47.8% 24.1%
Negative (511) 388 123

HI » hemagglutination inhibition; KIA = enzyme-linked iminunnsorbent assay; NPY = negative
predictive value,

*Estimate, assuming that there were no [alse-posilive reactions with H assay compared with
ElA

*Extimaled sensitivity of Hl assay compared with E1A,

NPV of HI assay compared with ELL

85.9%, and 97.9%, respectively.!'” In Australia, the rate of
seropositivity among HCWs for measles, rubella, and
mumps was reported to be 98.3%, 96.6%, and 83.0%,
respectively.'® As in other countries, there is concern that
a considerable proportion of HCWs in Japan lack immuni-
ty to mumps. The prevalence of antibodies to rubella is
considerably lower among HCWs in Japan compared with
those in other countries,

Although the Centers for Disease Control and
Prevention guidelines have considered birth before 1957
as acceptable evidence of immunity to measles, rubella
(except for women of childbearing age), and mumps,5®
this may vary from country to country. In our study, the
prevalence of measles antibodies in HCWs born before
1970 was 100%. According to the National Epidemiological
Surveillance of Vaccine-Preventable Diseases in 2000,
more than 99.5% of Japanese adults born before 1970 had
measles antibodies and 100% of those born before 1951
did.' On piecing these studies together, we find that
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almost all Japanese HCWs born before 1970 are consid-
ered to have immunity to measles. However, our data
showed that HCWs who were susceptible to rubella,
mumps, and varicella were present in all age groups
(Table 3). Therefore, in Japan, birth before 1957 should
not be regarded as evidence of immunity to rubella,
mumps, and varicella,

There is a general view that serologic screening
need not be done before vaccination of HCWs unless the
healthcare facility considers it cost-effective 8182021 Ip
Japan, however, prevaccination screening seems to be
essential to minimize unnecessary vaccination because
most Japanese HCWs seem to have little knowledge ahout
their history of these diseases or whether they have been
vaccinated. In such instances, special consideration has
been given to the differences in sensitivity and cost
between hemagglutination inhibition assay and EIA for
serologic screening. So that the results are not misinter-
preted, it must be kept in mind that there is a difference
in sensitivity between hemagglutination inhibition assay
and EIA for some diseases. .

The results of hemagglutination inhibition assay
were compared with those of EIA. Of the HCWs who were
negative for antibodies to measles, rubella, and mumps on
hemagglutination inhibition assay, 88.7%, 7.8%, and 75.9%
were positive on EIA, respectively. Hemagglutination inhi-
bition assay was less sensitive than EIA for measles and
mumps, but the two tests had similar sensitivity for rubel-
la (Table 3). The negative predictive value of hemaggluti-
nation inhibition assay compared with EIA for measles,
rubella, and mumps antibodies was 11.3%, 92.2%, and
24.1%, respectively (Table 3). Reparding measles and
mumps, vaccinating all subjects who are seronegative on
hemagglutination inhibition assay leads to a great deal of
unnecessary vaccination and a huge cost because of the
high false-negative rate of this test. There was a large dif-
ference in price between the two tests: EIA in a commer-
cial laboratory costs $12.60 per test and hemagglutination
inhibition assay cost $4.20 per test.

In this study, the most sensitive and least expensive
way to perform prevaccination serology for measles and
mumps was to use hemagglutination inhibition assay first
and then subsequently use EIA for samples with a titer of
less than 8 on hemagglutination inhibition assay. In con-
trast, it was determined that prevaccination screening
using hemagglutination inhibition assay alone rather than
hemagglutination inhibition assay in combination with
EIA would be inore economical for rubella, as the two
tests had approximately the same sensitivity.

In this study, the cost of screening 887 HCWs for
antibodies and then vaccinating those susceptible against
measles, rubella, mumps, and varicetla was $36,326 (je,
$30,828 for serologic testing and $5,498 for each single
vaccination). Serologic screening by hemagglutination
inhibition assay in combination with EIA led to savings of
approximately $12,838 compared with using EIA alone.

The most cost-effective approach to prevaccination
serologic screening will depend on the cost per hemag-

glutination inhibition assay or EIA and the total number of
individuals being tested at each institution. It may also be
necessary to consider minor geographic differences in
seroprevalence rates, Once these factors have been con-
sidered, the costs of serologic screening and vaccination
can be estimated and the most cost-effective combination
of tests can be determined.
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Abstract

Efavirenz (EFV) is metabolized by cytochrome P450 2B6 (CYP2B6) in the liver. We analyzed the genotypes of CYP2B6 and their
contribution to plasma EFV concentrations in 35 EFV-treated patients in International Medical Center of Japan. The mean plasma
EFV concentration of patients with CYP2B6 *6/*6 (Q172H and K262R) (25.4 £ 7.5 uM, £ SD, n = 2) was significantly higher than
that of patients with genotypes *6 heterozygote (9.9 £ 3.3 uM, n = 10) or without alleles *6 (8.0 2.6 uM, n = 23) (p < 0.0001). To
confirm our result, we further analyzed nine patients (three with high EFV concentrations and arbitrarily selected six with normal
EFV concentrations) treated in Osaka National Hospital, and it resulted that the only three patients with the high concentrations
were the *6/*6 holder. EFV dose could be decreased in those patients harboring the genotype to reduce toxicity with compromising
potency, representing the first step of the Tailor-Made therapy of HIV-1 infection.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Cytochrome P450; Genetic polymorphism; HIV-1; Efavirenz; Plasma concentration

Efavirenz (EFV) is a non-nucleoside reverse trans-
criptase inhibitor that shows potent inhibitory activity
against HIV-1 and is stated as a key drug of the first line
regimens in the HIV-1 treatment Guideline [1]. How-
ever, a number of patients treated with EFV develop
central nervous system symptoms including headache,
dizziness, insomnia, and fatigue. These side effects are
more frequent in patients with high plasma concentra-
tion of EFV [2,3] as well as worsen with long-term
therapy, and are the main reason for poor adherence or
interruption of therapy. EFV is reported to be metab-
olized by cytochrome P450 (CYP) 3A4 (CYP3A4) and
2B6 (CYP2Bo) to hydroxylated metabolites in the liver
{4]. The recent HIV-1 treatment Guideline stated that

* Corresponding author, Fax: +81-3-5273-5193.
E-mail address: oka@imcj.hosp.go.jp (8. Oka).

0006-291X/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2004.05.116

EFV is metabolized by CYP34 [1], whereas an in vitro
study indicated that EFV is mainly metabolized by
CYP2B6 [5]. Furthermore, a pharmacogenetic study
demonstrated the association of the homozygous vari-
ant of multidrug-resistance transporter (MDRI; gene
product P-glycoprotein) C3435T and good immune re-
covery in patients treated with EFV-containing regimens
[6]. In order to clarify the contribution of polymor-
phisms to plasma EFV concentration in vivo, we ana-
lyzed genotypes of CYP2B6, CYP3A4, and MDRI, and
their correlation with plasma EFV concentrations.

‘Materials and methods

Patients. A total of 60 HIV-1 patients who were treated with
EFV-containing regimens at the AIDS Clinical Center, International
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Medical Center of Japan (IMCJ), were examined for their allelic
variants of CYP2B6, CYP3A44, and MDRI. Among them, 35 patients
were on standard therapy of EFV-containing regimens (600mg EFV
once daily dosing with two nucleotide reverse transcriptase inhibitors)
and fully adhered to the regimens based on self-reports. Their plasma
EFV concentrations were measured and the corrclation between
variants and EFV concentrations was analyzed. We excluded those
patients who were taking other agents that could potentially interact
with plasma EFV concentration such as protease inhibitors and those
taking EFV twice daily from the analysis of the correlation. The mean
age and body weight of these 35 patients (34 males and 1 female) were
41,6+ 11.5 years and 63.4 £ 10.9 kg, respectively. The median latency
between commencement of treatment and analysis of EFV concen-
tration was 76.9 weeks {range, 4-200). The means = SD alanine ami-
notransferase level was 33.1+ 18.4 U/L. Blood samples were taken
between 10 and 14 h (mean, 12.0 h) after dosing. To confirm the results
of patients treated at the IMCIJ, we further analyzed the allclic variants
of nine patients who were treated at the Osaka National Hospital
{ONH) [three patients with high plasma EFV concentrations (one
patient was taking only 200mg EFV once daily due to severe side
effects) and six paticnts with normal EFV concentrations). The Ethics
Committee for the Study of Human Genome in each hospital
approved this study {IMCJ-H14-36, ONH-23) and all patients gave a
written infermed consent.

Genotyping. Genomic DNA was isolated from peripheral blood
using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Geno-
typing of allelic variants of CYP2B6 [7] [*] (wild type), *2 (C64T), *3
(CTT7A), *4 (A785G), *5 (Cl459T), *§ (GSI6T and A78B5G), *7
(G516T, A785G, and Cl459T), and *§ (A415G)), CYP3A4 [*/]
{C1088T; unstable form [8]), *12 (C1117T; has an altered testosterone
hydroxylase activity [8]), *I3 (CI1247T; lack of expression [8]), *I7
(T566C; exhibits lower turnover numbers for testosterone and chlor-
pyrifos [9]), and */8 (T878C; exhibits higher turnover numbers for
testosterone and chlorpyrifos) [9] and ADRI C3435T was carried out
using the allelic-specific fluorogenic 5’ nuclease chain reaction assay by
the ABI PRISM 7700 sequence detection system {Applied Biosystems,
Foster City, CA). Each 25l PCR mixture contained 20ng genomic
DNA, 900nM primers, 200nM TagMan minor groove binder (MGB)
probes, and 12.5ul TagMan universal PCR master mix {Applicd
Biosystems). The primers and TagMan MGB probes used in this study
are summarized in Table 1. The thermal cycler program was set up at
50°C for 2min and 95°C for 10 min, and then repeated 40 cycles with
95°C for 15s and 60°C for 1 min.

Plasma efavirenz concenration. Plasma was isolated by centrifu-
gation (10 min at 1800g) on the same day as blood sampling and stored
at —80°C until analysis. EFV concentration was measured by reverse-
phase high performance liquid chromatography (HPLC) method [10]
at BioMedical Laboratory {Saitama, Japan). HPLC was performed on
an Inertsil ODS-3 column (5 um, 250 x 4.6 mm; GL Sciences, Tokyo,
Japan) at a flow rate of 1.2 ml/min with ultraviolet-detection at 247 nm.
The mobile phase consisted of acetonitrile and water (65:35, viv).

Statistical analysis. StatView version 5.0 software (SAS Institute,
Cary, NC) was used for the comparison of different genotype groups,
If one-way analysis of variance (ANOVA) was significant (p < 0.03),
post hoc Scheffe’s F test was applied.

Results and discussion

Frequency of genotypic variants of CYP2B6, CYP3A4,
and MDRI

We first analyzed the frequency of genotypic variants
of the 60 patients seen at IMCJ, The CYP2B56 genotypes
were *//*] in 28 patients, *//*2 in 4, *I/*¢ in 5, *1/*6 in

Table |

Primers and TagMan MGB probes used in this study

6-FAM probe {mutant)
CTGGTTCAGTGCCACC
CACTCCGCTCTCCCAT
CTTCCATTCCATTACC
CCCCAGAGCCCCCA
CCCCAGGGACCTC
AGATCTGCTTCCTGC
AGCACATCATCTGGA
CGATCCGGAGCTC
CTGAGCATTTCATTCA
CCTCTCAAATCTC
CCTCCTTGAAAGGTA
CCTCACAATCTCTT

ACACTCCGCTTTCCCAT

VIC probe (wild-type)
TGGTTCAGCGCCACC
TTCCAGTCCATTACC
CCCAGCGCCCCCA
CCCCCAAGGACCTC
AGATCCGCTTCCTG
AGCACATCATTTGGA
CGATCTGGAGCTCG
TCTGAGCGTTTCATT
CCCTCTCAAGTCTC
TTCCTCCCTGAAAGG
CTCACGATCTCTTC

AGGCGGTCATGGGTGTTAG
CTGAGCCTCCTCCTGAATCC
GACGATGGAGCAGATGATGTTG
GAGCAGGTAGGTGTCGATGAG
TGGAGCAGGTAGGTGTCGAT
GAATGACCCTGGAATCCTTTGAC
TGGATTGTTGAGAGAGTCGATGTT
GOGTTTCATAGCCAGCAAAAATAAAG
CATCCCATTGATCTCAACATCTTTT
CATCCCATTGATCTCAACATCTTTT
GGAGGGCTCCCTTCCCA
ATGTATGTTGGCCTCCTTTGCT

Reverse primer

CTGTGACCACTATGAGGGACTTC
TGTGCTACAGATGGAGTATCTTGACA
TCTTGACATGGTGGTGAATGAAA
AAAGTACTGGACAGAGCCTGAGAAG

TCATGGACCCCACCTTCCT
CCCAGAAGACATCGATCTGACA

CCTCACAGGACTCTTGCTACTC
TGGAGAAGCACCGTGAAACC
TGGAGAAGCACCGTGAAACC
GGCCTACAGCATGGATGTGAT
TCTTTCCTCTCCTTTCAGCTCTGT

AACAGCCGGGTGGTGTCA

Forward primer

CYP286
C64T
A415G
G516T
C177A
A185G
Cl1459T
CYP3A4
T566C
T878C
C1088T
CHIIT
C1247T
MDRI
C3435T

MGB, minor groove binder; VIC, vasoactive intestinal contractor; 6-FAM: 6-carboxylluorescein.

Bold indicates the site of substitution,
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Table 2
Frequency of CYP2B6 alleles and genotypes in 60 HIV-1 patients at
IMCH

Frequency (%) 95v Cl
CYP2B5 allele
*} 78 (65) 56.5-73.5
*2 911.5) 3.8-14.2
*4 10 (8.3} 4.4-15.3
*5 2(1.7 0.3-6.0
" 21 (17.3) 10.7-24.3
CYP28B6 genotype
*i*] 28 (46.7) 33.7-60.0
w2 4(6.7) 1.8-16.2
1% 3(8.3 2.7-184
*i*6 13 (21.7) 12.1-34.2
*2*4 2133 04115
26 305.0 [.0-139
g 1 (L7 0.02-8.9
Tl 1 (1.7 0.02-8.9
*5is L(LT) 0.02-8.9
*6i*6 21(3.3) 0.4-11.5

95%, CI, 95% confidence intervals.
*IMCJ, International Medical Center of Japan.

13, ¥2/*¢in 2, *2/*6 in 3, M4 in |, *4/*6 in |, *5/*5 in
I, and *6/*6 in 2 (Table 2). The CYP3A44 polymor-
phisms were only shown in T878C T/C heterozygote in
three patients and other alleles were not found. MDR]
C3435T polymorphisms were C/C in 19 patients, C/T in
31, and T/T in 10.

Correlation between the genolypic variants and EFV
concentrations

Among the 35 patients who were on standard therapy
of EFV-containing regimens, two had significantly higher
plasma EFV concentrations (30.7 and 20.0 pM) than the
other patients. CYP2B6 genotype of the two patients was
*6/*6 homozygote. The mean plasma EFV concentra-
tions of patients with CVYP2B6 *6/*6 genotype
{25.4£7.5puM, n=2) were significantly higher than
those of patients with *§ heterozygous genotypes
(9.9 £3.3uM, »n = 10) and non-*6 alleles (8.0 2.6 pM,
n = 23) [one-way ANOVA (p < 0.0001) and post hoc
Schefle’s F test showed statistically significant difference
in plasma EFV concentration between *6/*6 genotype

K. Tsuchiya et al | Biochemical and Biophysical Research Communications 319 (2004 1322-1326

and *6 heterozygous genotypes {p < 0.0001), and non-*4
alleles (p < 0.0001)]. As shown in Table 3, the differences
of patients’ characteristics in each CYP2B6 genotype
were not significant, indicating that these characleristics
did not influence the difference of EFV concentrations
among the three genotypes. Then, we analyzed the addi-
tional nine samples (three with high EFV concentrations)
obtained from the ONH and found that CYP256 geno-
types of the three patients with high EFV concentration
were also *6/*6 genotype. Consequently, only five pa-
tients whose EFV concentrations were >20puM had
CYP2B6 *6/*6 genotype (Fig. 1A). There was a signifi-
cant correlation between CYP2B6 *6/*6 genotype and
high plasma EFV concentrations. In contrast, there was
no correlation between CYP2B6 *5, CYP3A44, MDRI
genotypes, and plasma EFV concentrations (Figs. 1B-D)
in our small number of patients examined in this study.

Homozygous variant of MDRI C3435T has been
shown to associate with responsiveness to EFV therapy
[6). However, no correlation was found between the
C3435T polymorphisms and plasma EFV concentration
in our study. Then, the plasma EFV concentration could
not explain the favorable clinical result. EFV is a non-
nucleoside reverse transcriptase inhibitor and, therefore,
plays an anti-HIV-1 activity within HIV-1 infected cells
but not in plasma. It remains to be elucidated whether
or not the C3435T polymorphisms correlate with high
intracellular EFV concentration.

Genetic polymorphism 15 known to be associated
with variable level of CYP2B6 expression in the liver.
Especially, the expression levels of CYP2BS *6/*6 ge-
notype are significantly lower than those of wild and
other genotypes [7,11]. The high plasma EFV concen-
tration may be explained by the low expression level of
this genotype. Based on our new finding, extremely high
plasma EFV concentration can be predicted by deter-
mining the genotype before commencement of EFV-
containing therapy. In such patients, the EFV dose
could be decreased to reduce the cost and more impor-
tantly the associated toxicity, without compromising its
potency. In fact, one patient was treated with 200mg
EFYV once daily due to severe side effects but had higher
EFV concentrations than other patients with other ge-
notypes. The frequency of the CYP2B6 *6/*6 genotype
in IMCIJ patients was 3.3% (2 in 60 patients), whereas

Table 3
Patients’ characteristics in cuch CYP2B6 genotype in 35 patients who were treated with standard EFV-containing therapy at IMC)*
Non-*6 genotypes *6 heterozygote genotypes *6/*6 genotype P
n 23 10 2
Male:female 230 %1 20 ns,
Age (years) (mean £SD) 388 +82 453+ 148 5535191 ns.
Weight (kg) (mean £ 5D} 643£ 115 58675 770+ 5.1 n.s.
Alunine aminotransferase level {U/L) Nox204 35.3+14.0 46,3+ 13 I.s.
{mecan £SD)

n.s.. not significant.
TIMCI, International Medical Center of Japan,
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Fig. 1. Correlation between CYP2B6 *6 genotypes (A). CYP2B6 *5/*5 genotype (B), CYP3A4 T878C genotype (C), MDR/I 3435 genotypes (D), and
plasma efavirenz concentrations. A total of 44 HIV-1 paticnts treated with standard EFV-containing regimens (35 from IMCJ and 9 from ONH} are
depicted. Only homozygous genotypes of CYP2B6 are represented in this figure [A (*6 genotypes) and B (*3/*5 genotype)). Non-*6 genotypes
(n = 26) include *I/*! (n=18), *1/*2 (n=2), *{/*4 (n=13). *2/*¢ (n = 2), and *5/*5 {n = 1). *6 heterozygote genotypes (n = 13) include *1/*§
(n=9), *2I*6 (n = 3), and *¢/*6 (n = ). Numbers of paticnts of AfDR! 3435 C/C. CIT, and T/T genotypes are 14, 23, and 7 patients. respectively.
Open circles: CYP2B6 *6/*6 genotype holders, closed circles: other CYP2B6 genotypes holders. Middle bar indicates mean, and upper and lower bars

SD. (#) Patient on 200mg EFV once daily.

the frequency was 6% in Caucasian population [7]. If
these patients could be treated with low dose EFV based
on genetic data of CYP2B6 *6/*6 genotype, it could
represent the first step of the Tailor-Made therapy of
HIV-1 infection.
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