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FIG. 5. Killing activity of clone 1-#49 (A) against KWN-T4 target cells pulsed with fog-fold dilutions of peptide (top) and expressing native Nef
proteins containing wild-type sequences (—1I2YST), a Y-to-F substitution at the second position of the CTL epitope (—112F5T}. an I-to-T
substitution at the —1 flanking position (—1T2YST). double substitutions at the —1 and second positions (—1T2F5T), and double substitutions at
the second and fifth positions (—112F5C) (bottom). The effector-versus-target ratio was 1:1 (3) or 2.5:1 (#) in panel A and 1:1 (0) or 4:1 (B) in
panel B. Killing activity against KWN-T4 cells infected with control vector expressing green fluorescent protein (GFP) and mock infected (mock)
are also shown. (C) Western blot analysis of intracellular expression of various Nef mutants in KWN-T4 target cells. KWN-T4 target cells
expressing native Nef proteins containing wild-type sequences (—1I2YST), a Y-to-F substitution at the second position of the CTL epitope
(= 112F5T), an I-to-T substitution at the —1 flanking position (~1T2Y5T), double substitutions at the — 1 and second positions (—1T2F5T), and
double substitutions at the second and fifth positions (—112F5C) were examined. KWN-T4 cell lysates infected with control vector expressing GFP
and mock infected are also shown. An aliquot (3 wg) of the same KNW-T4 target cells used for the killer assay in the upper panel was used for

the Western blot. Symbols: 0, Nef138-10; @, Nefl138-10(2F).

prediction program, NetChop (23), suggested the possibility
that the Y-to-F substitution in the second position creates a
new cleavage site at the fifth T residue in the CTL epifope.
Proteolytic cleavage within the epitope could be the cause of
poor antigen presentation.

Although we could not show the process of positive selection
for Net138-10(2F), Nef138-10(2F5C), and Nefl38-10(5C), the
high prevalence of Nef138-10(2F) in A24-positive patients and
the reversion in A24-negative patients suggested that one point
mutant, Nef138-10(2F), was selected first, and then two or
three point mutants, Nef138-10(2F5C), evolved. Once the T-
to-C amino acid substitution at the fifth position is acquired,
the binding capacity of the CTL epitope to the HLA-A¥2402
heavy chain is abolished (Fig. 3), and the Y-to-F substitution at
the second position may become dispensable even in the pres-
ence of HLA-A*2402.

In our cohort of patients, Nef138-10(2F) accompanied a
—1T substitution in the flanking region very frequently. We
observed sequential reversion in the CTL epitope and flanking

region at least in one patient with an A24-negative back-
ground. As of 11 October 2003, the HIV-1 sequence database
showed that the 2F substitution (74 sequences) accompanied
the — 1T substitution frequently (64.9%) but accompanied the
wild-type residue (I) only rarely (9.5%). On the other hand, the
wild-type residue (Y) in the second position of the CTL
epitope (195 sequences) accompanied wild-type (I) residue
more frequently (57.4%) than the —1T substitution (20.5%).
Although the function of the region surrounding Nef138-10
has not been elucidated, there seems to be a compensation
between these two residues.

In simian immunaodeficiency virus infection, CTLs with high
functional avidity select for escape variants (29). However, we
found CTLs with high functional avidity not only against the
wild type but also against Nef138-10(2F) in five patients stud-
ied. It is not known how these CTLs against Nef138-10(2I) are
maintained in vivo. Very recently, new insights into the exog-
enous pathway lor antigen presentation to CTLs have been
elucidated (15, 17). Cross presentation by professional antigen-
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presenting cells such as dendritic cells may be responsible. Our
study underlines the difficulties in evaluating the effective CTL
responses in vivo by CTL assays in which peptides are used,
such as ELISPOT.

For example, a CTL escape variant of Epstein-Barr virus was
demonstrated in a highly All-positive population in New
Guinea (9). HLA-restricted CTL responses appear to be driv-
ing HIV-1 evolution at a population level (20). As far as we
know, this is the first direct demonstration of horizontal trans-
mission of CTL escape mutants of HIV-1 at a population level.
We previously reported stereotypic amino acid substitutions in
HIV-1 at some CTL epitopes restricted by HLA-B35 (21).
Stereotypically selected HIV-1 may become dominant through
transmission where certain HLA types are highly prevalent.
Recently, a rare HLA supertype was shown to have a selective
advantage for the prognosis of HIV-1 infection (34). In a
population with less diverse HLLA types, such as that of Japan,
HLA types may have a large impact on HIV-1 evolution and
escape. Our study may prove to have important implications
for understanding viral pathogenesis and vaccine development.
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Protease inhibitors (Pls) such as nelfinavir (NFV) suppress
HIV replication. Pls are substrates of P-glycoprotein
(P-gp). the product of the multidrug-resistance-1 (MDR1)
gene. Three single-nucleotide polymorphisms (SNPs) are
present in exons of the MDR1 gene: MDR1 1236, MDR1
2677 and MDR1 3435. We speculated that these genetic
polymorphisms affected Pl concentration in the cell. To
verify this hypothesis, we first genotyped these SNPs in
79 Japanese patients by the SNaPshot method and found
incomplete linkage disequilibrium between the SNPs.
Because the SNP at MDRT 3435 has been reported to be
associated with P-gp expression, we evaluated the effect
of that SNP on the export of NFV from HIV-positive
patients’ lymphoblastoid cell lines by measuring time-
dependent decrease in the amount of intracellular NFV by

high-performance tiquid chromatography. We found the
intracellular concentration of NFV in lymphoblastoid cell
lines {LCLs) with the homozygous T/T genotype at MDR1
3435 were higher than that with C/C genotype with
statistical significance. This suggests that the activity of
P-gp in patients’ LCL cells with the MDR1 3435 T/T geno-
type was lower. In a retrospective study we evaluated the
effect of the SNPs on CD4 cell count recovery in response
to antiretroviral treatment with Pls, and obtained statis-
tically significant evidence that suggested marginal
association of the SNP at MDR1 1236 but not at MDR1
2677 or MDR1 3435. As in vitro results were not consis-
tent with the clinical evaluation, clinical importance of
MDR1 genotyping for antiretroviral therapy remains to
be investigated in a larger, case-controlled study.

Introduction

Antiretroviral therapy with HIV protease inhibitors
(PIs) in combination with reverse transcriptase
inhibitors dramatically improved the prognosis of
patients infected with HIV-1. However, some patients
fail to achieve the maximal virological suppression. We
speculate that such failure is partly because PIs do not
accumulate in lymphocytes in their active free forms in
a concentration high enough to inhibit viral replication
[1,2], although the intracellular active PI levels have, to
the best of our knowledge, not yet been determined.
The activity of P-glycoprotein (P-gp), the product of the
multidrug resistance-1 (MDR1) gene, appears to affect
intracellular PI concentration, because Pls such as nelfi-
navir (NFV) are substrates of P-gp [2]. P-gp is a
glycosylated membrane protein belonging to the ATP-
binding cassette superfamily of membrane transporters.

©2004 International Medical Press 1359-6535/02/$17.00

P-gp is expressed in many tissues and cell types
including intestinal epithelial cells and lymphocytes,
where it acts as an energy-dependent exporter [3-9].
The MDRT is polymorphic and at least three single-
nucleotide polymorphisms (SNPs) have been identified
in the exons in a healthy Japanese population [10] as
well as in other ethnic groups [6]. MDR1 1236 and
MDRI 3435 are silent mutations in exons 12 and 26
[3,11], respectively, whereas MDR1 2677 is a substitu-
tion mutation in exon 21 [11]. Reportedly, the SNP at
MDR1 3435 is associated with the amount and activity
of P-gp protein both in vitro and in vivo [3,12]. In
addition, individuals with the T/T genotype at MDR1
3435 were found to express less P-gp in lymphocytes
and in intestinal epithelial cells [3,13] and showed
lower efflux of rhodamine from natural killer (NK)
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cells than those with the C/C genotype [13]. According
to these observations, MDRT polymorphisms seem to
affect the intracellular PI concentration and the
outcome of antiretroviral treatment. However, the role
of MDR1 3435 SNP in the response to antiretroviral
therapy is still controversial [12,14].

The objective of this study was to evaluate the effect
of three MDR1 SNPs on the intracellular concentra-
tions of NF and to evaluate the impact of those SNPs
on virological and immunological response to anti-
retroviral treatment, including NFV and PIs. We
genotyped the SNPs in 79 Japanese patients and
compared the velocity of NFV efflux among selected
patients’ lymphoblastoid cell lines (LCLs) with
different MDR1 3435 genotypes. We also analysed the
viral loads and CD4 cell counts after initiation of anti-
retroviral treatment with prescriptions with Pls
including NFV in 21 patients.

Materials and methods

Patients

A total of 79 HIV-positive Japanese patients were
enrolled in this study. These patients attended a
hospital AIDS clinic at the Institute of Medical Science,
University of Tokyo (IMSUT). The patients provided
their written informed consent to participate in the
study and to supply blood samples for DNA analysis
and cell culture. Of the 79 patients, 21 receiving highly
active antiretroviral therapy (HAART) including Pls
were divided into three groups: 11 patients receiving
HAART with NFV, four patients receiving HAART
with indinavir (IDV) and six patients receiving
HAART with saquinavir (SQV) or lopinavir/ritonavir
(LPV/RTV). CD4 cell counts and HIV-RNA of plasma
were analysed for 9 months after the initiation of the
antiretroviral treatment. The study has been approved
by the ethics committee of IMSUT.

Single-nucleotide polymorphisms

We typed three single-nucleotide polymorphisms
(SNPs) at MDR1 1236 (exon 12), MDR1 2677 {exon
21) and MDR1 3435 (exon 26) by polymerase chain
reaction (PCR) followed by ABI PRISM SNaPshot
Multiplex Kit (PE Biosystems, Foster City, Calif., USA)
{15]. Information on primers and conditions for PCR
was obtained at http://snp.ims.u-tokyo.ac.jp [10].

Cells and determination of uptake and efflux of NFV
Peripheral blood mononuclear cells (PBMCs) were
separated from patients’ whole blood with Ficoll-
Conray gradient centrifugation. LCLs were obtained
by transforming PBMCs with Epstein-Barr virus
(EBV), which was obtained from cell-free supernatants
of EBV-producing B95-8 cell lines [16]. LCLs were
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maintained in RPMI 1640 medium (Sigma-Aldrich, St.
Louis, Mo., USA) supplemented with 10% heat-inacti-
vated fetal calf serum.

To determine the time course of NFV uptake into
LCL cells, LCL cells (1x10%10 ml, counted with a
haematocytometer) were incubated at 37°C in a
medium containing 10 uM NFV. Cells were harvested
by centrifugation at 1500 xg for S min at
4°C and immediately frozen at -80°C until high-
performance liquid chromatography (HPLC) analysis.
To determine the velocity of NFV efflux from LCL
cells, these patients’ LCL cells were incubated at 37°C
in a medium containing 10 pM NFV for 3 h. The cells
were then quickly washed twice with 10 ml ice-cold
phosphate-buffered saline and cultured in 10 ml NFV-
free medium for up to 3 h. After an interval, aliquot
cells were harvested by centrifugation at 1500 xg for §
min at 4°C and immediately frozen at -80°C until
HPLC analysis.

Reverse transcription-PCR (RT-PCR)

For quantification of MDR1 transcript, RNA from
1x107 LCL cells was isolated using Trizol reagents
(Invitrogen Corp, Carlsbad, Calif., USA). First strand
cDNA was obtained by using ReverTra Ace (Toyobo,
QOsaka, Japan) with 1 pg of total RNA. ¢cDNA was
subjected to PCR. Information on primers and condi-
tions for PCR was obtained as previously described
[17]. We used human glyceraldehyde 3-phosphate
dehydrogenase mRNA as a positive control.

Determination of intracellular concentration of NFV
by HPLC

The patients® frozen LCL cells were extracted with
1.5 ml of ethanol. The extracts were then clarified by
centrifugation at 2050 xg for 10 min at 4°C. The
ethanol extracts were evaporated at 30°C and dissolved
in 180 ul of mobile phase, which was a mixture of phos-
phate buffer (containing 50 mM KH,PO, and 50 mM
Na,HPO,; pH 5.63) and acetonitrile (1:1, v:v) {18]. The
amounts of NFV were measured using a Sensyu Pack
ODS Cy; column (5 wm particle size; 150x4.6 mm,
Sensyu Scientific Co, Tokyo, Japan) at a flow rate of
1.5 ml/min by HPLC (Shimadzu Co, Tokyo, Japan).
The UV detection wave length was 220 nm and
efavirenz (EFV) was used as an internal standard. The
lower limits of detection and quantification were 20 ng
(30.1 pmole)/10°® cells, and the calibration range was
20-2000 ng (30.1-3010 pmole/10° cells).

Results

We typed the three SNPs at MDR1 1236 (exon 12),
MDR1 2677 (exon 21) and MDR1 3435 (exon 26) in
DNA samples from 79 HIV-positive Japanese patients

2004 International Medica! Press



(Figure 1). We found that it was consistent with the
Hardy-Weinberg principle (Tables 1 and 2).
Furthermore, in all possible two-way comparisons of

Figure 1. Frequency of SNPs in MDR1

MDR1 Genotypes
(%) n=79
T T/C c/C
Exon 26 MDR13435 928 494 278
Exon 21 MDR12677 AIA  G/G T
3.8 215 203
G/IA  G/T T/A
10.1 253 19.0
T TC c/C
Exon 12 MDR11236 M7 430 153

The SNPs at MDR1 1236, MDR1 2677 and MDR1 3435 were typed by the
SNaPshot method. Genotype frequencies at each site are shown as percentage
amaong 79 HIV-infected Japanese patients. The thin vertical line at left repre-
sents the MDR1 gene on human chromosome 7. The closed boxes represent
exons 12, 21 and 26.

Table 1. Hardy-Weinberg principle at MDR1 1236 (n=79)

T T/c ¢/

Observed number of patients 33 34 12
Expected number of patients 31.7* 3670 106"
33x2+34

p: Frequency for the T allele

=0.633

q: Frequency for the C allele 1-p=0.367
*79xp?=31.7

t79x2pg=36.7

*9xq?=10.6

Table 2. Hardy-Weinberg principle at MDR1 3435 (n=79)
T T/C c/c

Observed number of patients 18 39 22
Expected number of patients 17.8* 394" 218
p: Frequency for the T allele %@—=0.475

q: Frequency for the C allele 1-p=0.525
*79xp’=17.8

t79x2pg=39.4

*79xq’=21.8

Antiviral Therapy 9:6

SNPs in MDR1 and HIV protease inhibitors

the three SNPs at MDR1 1236 (exon 12), MDRI1
2677 (exon 21, excluding the genotypes containing G)
and MDRI 3435 (exon 26), we found significant
linkage disequilibrium between MDRI 2677 A (T)
and MDR! 1236 C (T), MDR1 2677 A (T) and
MDR1 3435 C (T), and MDR1 1236 C (T) and
MDR1 3435 C (T), respectively.

Reportedly, MDR1 3435 T/T genotype was associ-
ated with lower expression of P-gp in leukocytes [13]
so we hypothesized that the genotype was also associ-
ated with slower cellular export of NFV in patients’
lymphocytes. To investigate this, we first established
LCLs by immobilizing selected patients’ PBMCs with
EBV. We selected eight patients’ LCLs with MDR1
3435 C/C (n=4) and T/T (n=4) and verified similar
levels of MDR1 in these LCLs by RT-PCR (Figure 2).
We observed little variation in MDRI transcripts.

We found that uptake of NFV was rapid into LCLs
reaching a steady-state within 5 mins (Figure 3). We
studied four patients’ LCLs with MDR1 3435 T/T and
MDR1 3435 C/C to compare the steady-state
intracellular concentration of NFV after 3 h incubation
in a medium containing 10 uM NFV. The intracellular
concentrations of NFV in LCLs with MDR1 3435 T/T
and C/C genotypes were 2593 uM and 2411 uM,
respectively (n=4), with no statistical difference. We
calculated these values by hypothesizing that the LCLs
are ideal spheres (10 pm diameter) and that NFV
distributes uniformly in the cell.

We then compared NFV efflux from those LCLs
with different genotypes at MDR1 3435. Before
measuring export of NFV, LCLs were cultured with
NFV to a saturated level. These NFV-loaded cells were
transferred to NFV-free medium and cultured for 3 h
with intermittent sampling of cell aliquots. We
compared the efflux of NFV from the eight patients’
LCLs with MDRI1 3435 T/T and C/C (n=4 each),
which had been verified to express MDR1 mRNA by

Figure 2. MDR1 mRNA expression in LCLs

123 45678

We selected eight patients’ LCLs with MDR7T 3435 C/C (lanes 1-4) and T/T
{lanes 5-8) and measured the expression of MDR? mRNA. Total cellular RNA
from LCLs was subjected to RT-PCR with primer sets for MDRT and G3PDH
transcripts. Aliquots were subjected to agarose gel electrophoresis. The geno-
types at MDR1 1236, 2677 and 3435: lanes 1 and 2, (T/1, G/G, C/C); lane 3, (T/C,
G/A, C/C); lane 4 (C/C GJA C/C); lane 5 (T/T, G/T, T/T); and lanes 6-8 (T/T, T/T, T/T.
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RT-PCR (Figure 2). The concentration of intracellular
NFEV_in LCLs with the homozygous T/T genotype at
MDR1 3435 was higher than in those with C/C geno-
type at 120 mins and 180 mins. This difference was
statistically significant (P=0.04 and 0.02, respectively,
Mann-Whitney U-test, Figure 4). This meant the NFV
efflux in patients’ LCL cells with the MDR1 3435 T/T

Figure 3. A typical time course of NFV uptake

1.5+
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Z % 14
- O
8o
ENS
83
® £ 054
EC
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0 20 40 60 80 100 120 140 160 180

Incubation, mins

LCL cells (1 x10%/10 ml) were incubated in medium containing 10 uM of NFV.
Cells were harvested at 0, 5, 60, 120 and 180 mins and assayed for intracellufar
NFV by HPLC. The horizontal axis shows the incubation time in mins. The
vertical axis shows the intracellular amount of NFV per 10° cells. The error bars
represent the standard deviations,

Figure 4. NFV efflux from patients’ LCLs

O MDR1 3435 T/T (n=4)
@ MDR13435 C/C (n=4)

—_
|

Intraceliular NFV, nmol/10° cells

P=0.04 P=0.02
4] 60 120 180

Incubation, mins

LCL cells were incubated in medium containing 10 uM of NFV for 3 h. Cells
were then washed and cultured in NFV-free medium. Intracellufar concentra-
tion of NFV was determined at 0, 60, 120 and 180 mins by HPLC. The
horizontal axis shows the incubation time in mins. The vertical axis shows the
intracellular amount of NFV per 10° cells. We selected eight patients (described
in the legend to Figure 2) and examined the velocity of NFV efflux from those
cells. The intracellular concentration of NFV was measured several times in all
patients’ LCLs, and data were similar in every test. The error bars represent the
standard deviations.
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genotype was slower than that with C/C genotype.
Thus, we suspect the activity of P-gp in patients’ LCLs
with the MDR1 3435 T/T genotype is lower than that
with the C/C genotype.

To examine the influence of MDRI 3435 genotypes
on the response to treatment, we assessed increase in
CD4 cell counts and viral suppression in 21 patients
after initiation of HAART. At first, we hoped to
analyse data obtained from a group of patients
receiving NFV alone as a PI, but could not, due to the
small number of NFV-receiving patients. Thus, we
carried out the analysis in those patients recetving Pls
including NFV (n=11), indinavir (#=4) and
saquinavir/lopinavir/ritonavir (#=6). CD4 cell counts
before treatment were similar among patients with
various genotypes. Patients with various genotypes at
MDR1 3435 showed similar changes in CD4 cell
counts (Figure SA) and viral suppression (Figure 6A)
during 9 months of HAART. We found patients with
the MDR1 1236 T/T showed higher increase in CD4
cell counts at 1 month (148 cells/ul) and 9 months (264
cells/pl) after initiation of therapy than those with
MDR1 1236 C/C (20 cells/ul and 34 cells/ul, respec-
tively) (Figure SC). We suspected that MDR1 1236 T/T
was associated with a higher rate of recovery of CD4
cell counts for patients receiving HAART with PL. We
did not find differences in rates of viral suppression
among the patients with various MDRI 1236 geno-
types (Figure 6C). We did not observe a statistical
difference in CD4 cell counts or viral loads among
patients with different MDR1 2677 genotypes (Figures
5B and 6B).

Discussion

In this study, we genotyped three SNPs at MDR1 1236
{exon 12), MDR1 2677 (exon 21) and MDR1 3435
(exon 26) (Figure 1) in 79 HIV-positive Japanese
patients and found incomplete linkage disequilibrium —
as has also been reported in other ethnic groups [6]. We
found that genotype frequencies of the SNPs at MDR1
1236 (exon 12) and MDR1 3435 (exon 26) in this
population were in Hardy—Weinberg equilibrium. This
suggested that the studied population was precisely
genotyped and unbiased in terms of the MDR1 gene.
We compared the activity of P-gp among patients’
LCLs with different MDR1 3435 genotypes by
measuring NFV efflux from the cultured LCL cells by
HPLC. We found that the intracellular concentration
of NFV in LCLs with the homozygous T/T genotype at
MDR1 3435 was higher than in those with the C/C
genotype at 120 mins and 180 mins. This difference
was statistically significant (P=0.04 and 0.02, respec-
tively; Mann-Whitney U-test; Figure 4). In contrast, in
the retrospective evaluation of 21 HIV-positive patients

©3004 International Medical Press



Figure 5. Increase in CD4 cell count among patients with the
various genotypes of MDR1T during antiretroviral treatment

SNPs in MDR1 and HIV protease inhibitors

Figure 6. Suppression of viraemia among patients with
various genotypes of MDR1 after antiretroviral treatment
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recciving Pls, we failed to observe a statistical differ-
ence in CD4 cell counts and viral suppression among
patients with different MDR1I 3435 SNPs (Figures SA
and 6A). Furthermore, we found that patients with the
MDR1 1236 T/T genotype showed a greater increase
in the CD4 cell counts during HAART therapy with PI
at months 1 and 9 than patients with the MDR1 1236
C/C genotype (Figure SC). The contribution of genetic
variations in the MDR1 gene to the patients’ clinical
characteristics, if any, seems very complicated and thus
is difficult to evaluate in a straightforward manner.

As the steady-state intracellular concentration of
NFV was about 250 times higher than that in the
medium (10 uM), the uptake of NFV seems active rather
than passive. However, these i vitro data depart from
what has been observed in i vivo measurements of NFV
in patients [19,20] presumably due to the presence of
alpha(1)-acid glycoprotein to which NFV binds in
plasma [21]. Furthermore, this discrepancy may also be
due to the differential distribution of NFV among tissues
rather than in free artificial medium. Therefore, our in
vitro data should be considered as such, that is, in vivo
lymphocytes may be unlikely to have this high intracel-
fular to extracellular concentration ratio (250:1).

We observed an association of slower efflux of NFV
in vitro with the T/T genotype at MDR1I 3435. In fact,
P-gp has been found to export Pls from lymphocytes
and reduce their anti-HIV activity in vitro, and its low
activity has been found to be associated with the T/T
genotype at MDR1 3435 [13]. As the SNP at MDR1
3435 is a silent mutation, one possible explanation for
this association is that the T/T genotype at MDRI
3435 renders MDRI mRNA unstable in the cell.
Another possible explanation for the association is that
MDRI1 3435 SNP is in linkage disequilibrium with the
SNPs at MDRI 1236 (exon 12) and MDRI1 2677
(exon 21), the latter of which is a substitution muta-
tion. This amino acid substitution from the MDRI
2677 SNP may be responsible for the observed differ-
ence (Figure 4) [11]. Another possible explanation is
that MDR1 3435 SNPs are in linkage disequilibrium
with a polymorphism(s) elsewhere in the genome that
modifies MDR1 expression or function [3,12].

Although an in vitro study showed that the velocity
of NFV efflux in patients’ LCLs with the MDRI 3435
T/T genotype was slower than that with the C/C geno-
type, we failed to observe a statistical difference in
CD4 cell counts and viral suppression among patients
with different MDR1 3435 genotypes (Figures 5A and
6A). Four equally possible accounts scem to explain
this discrepancy. Firstly, since the C/C genotype at
MDRI1 3435 is also correlated with higher expression
of P-gp in intestinal epithelial cells that adsorb Pls, the
MDR1 3435 C/C is likely to be associated with higher
absorption of Pls and higher PI concentration in
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plasma [12,22]. The higher plasma levels of NFV in
3435 C/C patients in one study [12] is puzzling and as
yet not fully understood. Secondly, the sample size
(7=21) in this study may be too small to evaluate CD4
cell counts or viral suppression in a statistical way.
Thirdly, since the enrolled patients received different
treatment combinations of PIs and reverse transcrip-
tion inhibitors during antiretroviral therapy, the
clinical evaluation was not normalized. Finally,
because LCLs — immobilized B cells — but not CD4+
T cells were used in this study, the function of P-gp in
a setting of HIV-1 infection may not have been accu-
rately tested. In contrast to the MDRIT 3435, we
observed a marginal but statistically significant associ-
ation of the MDR1 1236 SNP with the CD4 cell count
increase although this SNP is a silent mutation. To our
knowledge, this clinical association of MDR1 1236
with statistical significance is unprecedented, although
its clinical significance remains to be investigated. In
conclusion, a large-scale and case-controlled study
would be required to test whether SNPs of MDR1
affect the clinical course during antiretroviral therapy
with PIs and the prognosis of infected patients.
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Unrelated cord blood transplantation for a
human immunodeficiency virus-1-seropositive
patient with acute lymphoblastic leukemia

Bone Marrow Transplantation (2005) 36, 261-262.
doi:10.1038/sj.bmt.1705028; published online 23 May 2005

The concurrent use of highly active antiretroviral therapy
(HAART) improves results of high-dose chemotherapy
with autologous stem cell transplantation (SCT) for human
immunodeficiency virus-1 (HIV)-associated lymphomas.!
Recently, successful allogeneic SCT from HLA-matched
sibling donors was reported in HIV-infected patients.>™
Here, we describe the first case of an HIV-infected patient
with acute lymphoblastic leukemia (ALL) who underwent
umbilical cord blood transplantation (CBT).

In July 1996, a 23-year-old Japanese woman presented
with fever and genital herpes. She was confirmed as
seropositive for HIV, probably transmitted from her
boyfriend. In March 2001, a real-time quantitative poly-
merase chain reaction (PCR) analysis showed that the
HIV-RNA level was elevated to 25000 copies/ml (lower
limit of detection, 50). The CD4 count decreased to 28/ul.

Bone Marrow Transplantation (2005) 36, 261-262
© 2005 Nature Publishing Group ~ All rights reserved 0268-3369/05 $30.00

www.nature.com/bmt

Therefore, HAART consisting of 60 mg stavudine, 300 mg
lamivudine, and 600 mg efavirenz was initiated. In July
2001, the HIV-RNA level decreased to 220 copies/m!, and
the CD4 count increased to 129/ul. In May 2003, her
complete blood count tests showed a white blood cell count
(WBC) of 3990/ul with 29% lymphoblasts. Bone marrow
(BM) examination showed hypercellularity with 96%
lymphoblasts, which were positive for CD4, CDI0,
CDI13, CDI19, CD33, CD34, and HLA-DR. Cytogenetic
analysis disclosed the presence of t(9;22)(q34;q11) in 12 of
20 metaphases. The p1905®**BL transcript was shown by a
reverse transcriptase (RT)-PCR analysis. She was diag-
nosed as Philadelphia chromosome-positive ALL. She
achieved hematological complete remission after two
courses of chemotherapy. She has been taking HAART
during and after the chemotherapy and her HIV-RNA level
continued to be below detectable levels. She was negative
for hepatitis B virus surface antigen and anti-hepatitis C
virus antibody, and positive for anti-cytomegalovirus
antibody. As she had no HLA-matched related or
unrelated BM donors, the patient underwent CBT from
an unrelated donor with mismatches at two loci (HLA-B
and DR) in September 2003 (Figure 1). The numbers of
total nucleated cells and CD34-positive cells in the cord
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Figure 1  Clinical course of the patient.
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blood (CB) unit were 2.9x 107/kg and 0.76 x 10°/kg,
respectively. The conditioning regimen included 12 Gy
total body irradiation and 120mg/kg cyclophosphamide.
Graft-versus-host disease (GVHD) prophylaxis consisted
of cyclosporine and methotrexate. The patient tolerated the
procedure well with minimal regimen-related toxicity.
Owing to possible myelosuppression, HAART was dis-
continued on day +28. On day + 33, her WBC remained
below 100/¢d and all of the BM cells were shown to be
derived from the recipient. At 40 days after the first CBT,
second CBT was performed from an unrelated donor with a
one-locus mismatch at HLA-DR. The numbers of total
nucleated cells and CD34-positive cells in the CB unit were
2.1 x 107/kg and 0.46 x 10°/kg, respectively. The condition-
ing regimen included 40mg/m? fludarabine for 3 days.
Cyclosporine was administered for GVHD prophylaxis. A
neutrophil count consistently greater than 500/ul was
achieved on day +27. Full donor chimerism of BM cells
was shown on day +28. The HIV-RNA level increased to
3 x 10° copies/ml on day + 31. After the administration of
HAART from day -+ 38, the HIV-RNA levels returned to
below detectable levels from day + 195, and the CD4 count
increased to above 300/ul from day + 170. No bacterial or
fungal infections were documented during the first and
second CBT processes and cytomegalovirus reactivation
was successfully treated with ganciclovir and foscarnet.
Grade I acute GVHD occurred, but resolved without any
additional immunosuppressants. No chronic GVHD was
observed. An RT-PCR analysis showed continuous nega-
tive test results for the p190B“R-ABL transcript until the last
follow-up evaluation at 15 months post-CBT.

CBT for adults has been associated with a high rate of
early transplantation-related mortality (TRM).>¢ However,
our single-institution experience showed a 1-year TRM of
9% and 2-year disease-free survival of 74% in 68 adults
after CBT.” Both CB donors and the patient in the present
study were Japanese. The lesser genetic diversity in a single
ethnic population in our studies might be associated with
the favorable outcomes of CBT, such as the lower rates of
severe acute GVHD. Although our results suggest that
CBT is feasible for HIV-infected patients on HAART,
the safety and efficacy should be further examined by
prospective studies.
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Introduction

Most toxoplasmic encephalitis is opportunistic in-
fection complicated with the acquired immunode-
ficiency syndrome (AIDS) and immunosuppressive
conditions. The diagnosis of this disease is difficult

* Corresponding author. International Research Center for
Infectious Diseases, The Institute of Medicat Science, The Uni-
versity of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo
108-8639, Japan. Tel: +81 3 5449 5338; fax: +81 3 5449 5427.

E-mail address: tmaeda@ims.u-tokyo.ac.jp (T. Maeda).

because of the incompetence of the serological
examination for the immunocompromised pa-
tients.” Although the direct detection method for
the pathogen by polymerase chain reaction (PCR)
using the cerebrospinal fluid (CSF) has high speci-
ficity, the sensitivity of this method is insufficient
for definitive diagnosis.2 We, therefore, have to
synthetically diagnose with clinical symptoms,
signs, laboratory data, neuroradiological images
and the response to anti-toxoplasmosis therapy.
We report here our experience of a unique MR
imaging finding of toxoplasmic encephalitis in an

0163-4453/$30 ©® 2005 The British Infection Society. Published by Elsevier Ltd. Al rights reserved.
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AIDS patient and emphasize the hyperintense foci
on T1-weighted MR images that can be one of the
pathognomonic MR images of this disease.

Case report

A 44-year-old man with disturbance of conscious-
ness and respiratory insufficiency was admitted to
our hospital in April 2005. His consciousness had
been rapidly deteriorated and he developed coma
2—3 days before hospitalization. Serological tests
of HIV antibodies and Toxoplasma gondii 1gG anti-
body were positive, but the T. gondii IgM antibody
was not detected. The concentration of HIV RNA in
plasma was 120,000 copies/ml and the CD 4 cell
count was 8 mm*. The chest X-ray showed bilat-
eral ground glass shadow and Pneumocystis jiro-
veci (carinii) was detected from bronchoalveolar
lavage (BAL) ftuid. CSF showed mild elevated pro-
tein level of 65mg/dl and pleocytosis, and the
opening pressure was over 300 mmH;0. No malig-
nant cells or microorganisms were detected.
T. gondii B1-gene fragment was detected by PCR
using CSF, therefore, the diagnosis of an AIDS
case with toxoplasmic encephalitis was made.?

MRI of the brain showed multiple high intensity
lesions on T2-weighted image (Fig. 1a) and the cor-
responding T1-wighted image showed low intensity
lesions. Contrast enhanced T1-weighted images
showed multiple nodular and ring enhancement
lesions.

The chemotherapy with trimethoprim/sulfame-
thoxazole (TMP/SMX) was very effective and the
patient’s consciousness level was improved gradu-
ally. P. jiroveci pneumonia was also cured. MR im-
aging after 4 weeks of treatment demonstrated
that the multiple nodular lesions on T1 and T2-
weighted images had significantly been reduced.
After 8 weeks of treatment, the contrast enhanced
T1-weighted images showed only residual small
lesions without contrast enhancement. Interest-
ingly, the hypersignal intensity foci appeared at
bilateral basal ganglia obviously after 2 weeks of
treatment on the non-enhanced T1-weighted
images (Fig. 1b). Corresponding computed tomog-
raphy (CT) image did not show hemorrhagic or cal-
cified densities (Fig. 1c). These T1 hypersignal
intensity foci regressed gradually along with anti-
toxoplasmic chemotherapy in proportion to other
mass lesions. The T2* (star)-weighted image,
which can detect the hemosiderin deposition as
hypointensity lesion, operated after 12 weeks of
treatment showed no hypointensity at correspond-
ing Tt hypersignal intensity foci on basal ganglia
(Fig. 1d).* We concluded that the toxoplasmic

encephalitis showed the hypersignal intensity foci
on T1-weighted MR imaging without hemorrhage
or calcification.

Discussion

Toxoplasmic encephalitis progresses rapidly and
is life threatening to immunocompromised pa-
tients. Therefore, we often have to start the anti-
toxoplasmosis therapy when this encephalitis is
suspected on the neuroradiologic images and
laboratory data. Typically, the toxoplasmic en-
cephalitis lesions on MRI studies appear as T2
hypersignal intensity foci and T1 hypo-isosignal
intensity foci, and reveal a rim of enhancement
surrounding the edema on contrast enhanced
T1-weighted images. Nevertheless, even charac-
teristic foci on these MR imagings are not patho-
gnomonic. Since the differential diagnosis of
toxoplasmic encephalitis from other infections or
CNS lymphoma is difficult, improvement in the
diagnostic methods is an urgent necessity.

In our case, the toxoplasmic encephalitis was
diagnosed with the highly specific PCR and con-
firmed by the response to anti-toxoplasmosis ther-
apy. Brain MRl revealed unusual findings, T1
hypersignal intensity foci, accompanied by typical
multiple high intense lesions on T2-weighted image
during the treatment. These unique MR findings
have been reported on only a few cases of non-HIV/
AlDS-related toxoplasmic encephalitis. Terada
et al.” reported a case of toxoplasmic encephalitis
after stem cell transplantation with T1 hypersignat
intensity foci. Autopsy revealed the disseminated
toxoplasmosis, and coagulative necrosis without
hemorrhage or calcification was revealed at corre-
sponding T1 hypersignal intensity foci by neuro-
pathological study. In another post-bone marrow
transplantation case, inflammatory and vascular
changes without hemorrhage appeared to be the
cause of iso or hypersignal intensity rings by the ste-
reotactic biopsy of T1 hypersignal intensity foci.®
On the other hand, Navia et al.” demonstrated
that the T1 hypersignal intensity foci were cased
by coagulative necrosis with lipid-laden macro-
phages. The pathophysiological and neuroradiolog-
ical mechanisms to create these MRI findings are far
from clear yet. The reason why the T1 hypersignal
intensity foci tend to localize in the basal ganglia
is not clear either.>®

CNS lymphoma, which is important for the
distinction from toxoplasmic encephalitis, shows
T1 hypo-isosignal intensity foci and never shows
T1 hypersignal intensity foci except subacute
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The unique MRI findings of toxoplasmic encephalitis

Figure 1

(a) The T2-weighted magnetic resonance image presented multiple high intense lesions. (b) Non-enhanced

T1-weighted image showed hypersignal intensity foci at bilateral basal ganglia. {c) The corresponding CT image
showed non-hemorrhagic or non-calcified density. (d) The T2* (star)-weighted image showed non-hemorrhagic obser-

vations at basal ganglia.

hemorrhage with hypervascular CNS lymphoma.®?
However, the CT imaging and T2* (star)-weighted
MR imaging can simply distinguish it from the toxo-
plasmic T1 hypersignal intensity foci without hem-
orrhage or calcification.

We reported here the unique MRI findings, T1
hypersignal intensity foci, without hemorrhage
or calcification on HIV/AIDS-related toxoplasmic
encephalitis. It will be helpfut for the diagnosis
of toxoplasmic encephalitis and may be a patho-
gnomonic finding. Unfortunately, we have not
experienced another case of toxoplasmic enceph-
alitis after this case, but we would like to
continue to explore this unique MRI finding of
this disease.
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To better understand the metabolism of sulfur-con-
taining amino acids, which likely plays a key role in a
variety of cell functions, in Entamoeba histolytica, we
searched the genome data base for genes encoding pu-
tative orthologs of enzymes known to be involved in the
metabolism. The search revealed that E. histolytica pos-
sesses only incomplete cysteine-methionine conversion
pathways in both directions. Instead, this parasite pos-
sesses genes encoding two isoenzymes of methionine
v-lyase (EC 4.4.1.11, EhMGL1/2), which has been impli-
cated in the degradation of sulfur-containing amino ac-
ids. The two amebic MGL isoenzymes, showing 69% iden-
tity to each other, encode 389- and 392-amino acid
polypeptides with predicted molecular masses of 42.3
and 42.7 kDa and pls of 6.01 and 6.63, respectively.
Amino acid comparison and phylogenetic analysis sug-
gested that these amebic MGLs are likely to have been
horizontally transferred from the Archaea, whereas an
MGL from another anaerobic protist Trichomonas vagi-
nalis has MGL isotypes that share a common ancestor
with bacteria. Enzymological and immunoblot analyses
of the partially purified native amebic MGL confirmed
that both of the MGL isotypes are expressed in a com-
parable amount predominantly in the cytosol and form a
homotetramer. Recombinant EhMGL1 and 2 proteins
catalyzed degradation of L-methionine, DL-homocys-
teine, L-cysteine, and O-acetyl-L-serine to form a-keto
acid, ammonia, and hydrogen sulfide or methanethiol,
whereas activity toward cystathionine was negligible.
These two isoenzymes showed notable differences in
substrate specificity and pH optimum. In addition, we
showed that ERMGL is an ideal target for the develop-
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ment of new chemotherapeutic agents against amebia-
sis by demonstrating an amebicidal effect of the methi-
onine analog trifluoromethionine on trophozoites in
culture (IC;, 18 pum) and that this effect of trifluorome-
thionine was completely abolished by the addition of the
MGL-specific inhibitor pL-propargylglycine.

Entamoeba histolytica is a causative agent of amebiasis,
which annually affects an estimated 48 million people and
results in 70,000 deaths (1). The most common clinical presen-
tation of amebiasis is amebic dysentery and colitis; extraintes-
tinal abscesses, i.e. hepatic, pulmonary, and cerebral, however,
are also common and often lethal. This microaerophilic anaer-
obe has been considered to be a unique eukaryotic organism
because it apparently lacks organelles typical of eukaryotic
organisms such as mitochondria, the rough endoplasmic retic-
ulum, and the Golgi apparatus (2). However, a recent demon-
stration of genes encoding mitochondrial proteins, i.e. ¢cpn60
and pyridine nucleotide transhydrogenase (3), together with
electron micrographic demonstration of the rough endoplasmic
reticulum and the Golgi apparatus (4), suggested the presence
of a residual organelle of mitochondria (called crypton or mito-
some) (5, 54) and also indicated that this group of parasitic
protists possess a unique organelle organization. This parasite
also reveals numerous unusual aspects in its metabolism (6),
highlighted by the lack of the tricarboxylic acid cycle (7) and
glutathione metabolism (8). In addition, recent studies suggest-
ing the horizontal transfer of genes encoding a variety of fer-
mentation enzymes from bacteria (9), and genes encoding malic
enzyme and acetyl-CoA synthase from the Archaea (10) have
placed this protozoan organism at a unique position in eukary-
otic evolution.

One of these unique metabolic pathways found in this para-
site is the biosynthetic and degradative pathway of sulfur-
containing amino acids, especially cysteine, which has been
demonstrated to be essential for the growth and various cellu-
lar activities of amoebae (11, 12). Sulfur-containing amino acid
metabolism varies among organisms (Fig. 1, also reviewed in
Ref. 13). In mammals, cysteine is produced solely from incor-
porated methionine and serine via S-adenosylmethionine,
homocysteine, and cystathionine in a pathway called the re-
verse trans-sulfuration pathway. In contrast, plants, fungi, and
some bacteria have a so-called sulfur assimilation pathway to
fix inorganic sulfur onto a serine derivative (O-acetylserine,
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Fic. 1. A schematic representation of sulfur-containing amino
acid metabolism in general (4) and in Entamoeba (B). Only en-
zymes that belong to the y-subfamily of PLP-dependent enzymes are
shown (in bold), together with CS and CBS, which belong to the 8-fam-
ily, and SAT. Biochemical steps involved in both forward and reverse
trans-sulfuration reactions are indicated by filled and open arrows,
respectively. Genes encoding the first three steps of the reverse trans-
sulfuration pathway have been identified in the E. histolytica genome
data base (data not shown). Gray arrows indicate reactions catalyzed by
MGLs and hatched arrows indicate sulfur assimilatory steps we previ-
ously reported (14, 15).
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0AS)?! to synthesize cysteine. These organisms are also capable
of converting cysteine into methionine via a trans-sulfuration
sequence in the opposite orientation (also called the methionine
biosynthetic pathway). We previously demonstrated that
E. histolytica possesses the sulfur assimilatory cysteine biosyn-
thetic pathway, and is capable of producing cysteine de novo
(14, 15). We have also demonstrated (15) that major enzymes in
this pathway, serine acetyltransferase (SAT) and cysteine syn-
thase (CS), play a central role in the control of the intracellular
cysteine concentrations, and in the antioxidative stress defense
mechanism of this gluthathione-lacking parasite (8).

One important question remaining about the sulfur-contain-
ing amino acid metabolism in this parasite, and also in anaer-
obic protists in general, is how these parasites degrade toxic
sulfur-containing amino acids since they possess apparently
incomplete trans-sulfuration pathways in both the forward and
reverse orientation (data not shown, see the present study).
Thus, in order to better understand the metabolism, particu-
larly degradation, of these sulfur-containing amino acids in
E. histolytica, we attempted to isolate other essential genes
encoding proteins involved in sulfur amino acid metabolism.

! The abbreviations used are: OAS, O-acetylserine; TFMET, triflu-
oromethionine; TIGR, The Institute for Genomic Research; SAT, serine
acetyltransferase; CS, cysteine synthase; MGL, methionine y-lyase;
PPG, pL-propargylglycine; PLP, pyridoxal 5'-phosphate; CGL, cystathi-
onine v-lyase; CGS, cystathionine y-synthase; CBL, cystathionine
B-lyase; CBS, cystathionine B-synthase; ORF, open reading frame;
GST, glutathione S-transferase; rERMGL, recombinant EhMGL; NJ,
Neighbor-Joining; MP, maximum parsimony; ML, maximum likelihood;
- MOPS, 4-morpholinepropanesulfonic acid; MES, 4-morpholineethane-
sulfonic acid.

MGL from E. histolytica

We identified and characterized two isotypes of the unique
enzyme, methionine y-lyase (MGL; EC 4.4.1.11) and their en-
coding genes, which, we propose, function in the degradation of
sulfur amino acids in this parasite. We show a line of evidence
suggesting that the MGL genes and their proteins were likely
derived from the Archaea by horizontal transfer as shown for
other metabolic enzymes in this parasite (10). In addition, we
also demonstrate that the methionine analog trifluoromethi-
onine (TFMET) has a cytotoxic effect on amebic trophozoites
that is abolished by a specific inhibitor of MGL, indicating that
MGL is exploitable as an attractive target for the development
of new amebicidal compounds.

EXPERIMENTAL PROCEDURES

Chemicals and Reagents—L-methionine, L-cysteine, DL-homocys-
teine, OAS, O-succinyl-L-homocysteine, O-acetyl-L-homoserine, DL-
propargylglycine (PPG), 3-methyl-2-benzothiazolinone hydrazon hydro-
chloride, trichloroacetic acid, pyridoxal 5'-phosphate (PLP), and other
chemicals were commercial products of the highest purity available
unless otherwise stated. TFMET was a gift from Dr. Cyrus J. Bacchi
(Haskins Laboratories and Department of Biology, Pace University,
New York).

Microorganisms and Cultivation—Trophozoites of E. histolytica
strain HM-1:IMSS cl-6 (16) were maintained axenically in Diamond's
BI-S-33 medium (11) at 35.5 °C. Trophozoites were harvested at the
late-logarithmic growth phase 2-3 days after inoculation of one-twelfth
to one-sixth of a total culture volume. After the cultures were chilled on
ice for 5 min, trophozoites were collected by centrifugation at 500 X g
for 10 min at 4 °C and washed twice with ice-cold phosphate-buffered
saline, pH 7.4, Cell pellets were stored at ~80 °C until use.

Search of the Genome Data Base of E. histolytica—The E. histolytica
genome data base at the Institute for Genomic Research (TIGR, //fww-
w.tigr.org/tdb/) was searched using the TBLASTN algorithm with pro-
tein sequences corresponding to the PLP-attachment site of cysteine-
and methionine-metabolizing enzymes (PROSITE access number
PS500868). This motif is conserved among the y—subfamily (a-family) of
PLP enzymes (for the classification of PLP enzymes used in this study,
see Ref. 17), i.e. cystathionine y-lyase (CGL), cystathionine y-synthase
(CGS), and cystathionine B-lyase (CBL) from a variety of organisms. We
also searched for amebic orthologs that belong to the B-family of PLP
enzymes using the PLP-attachment site from CS of E. histolytica and
cystathionine B-synthase (CBS) from yeast and mammals.

Cloning of E. histolytica MGL1 and MGL2 and Production of their
Recombinant Proteins—Based on nucleotide sequences of the protein-
encoding region of the two putative amebic MGL genes (ERMGLI and
ERMGL2), two sets of primers, shown below, were designed to amplify
the open reading frames (ORF) of ExMGLI and to construct plasmids to
produce glutathione S-transferase (GST)-EhMGL fusion proteins. The
two sense and two antisense primers contained the Smal restriction
site (underlined) either prior to the translation initiation site or next to
the stop codon (bold), respectively. The primers used are: EAMGLI
(sense), 5'-CATCCCGGGGATGACTGCTCAAGATATTACTACTAC-
T-3' (37-mer); ERMGL1 (antisense), 5'-TAGCCCGGGATTACCAAAG-
CTCTAATGCTTGTTTTAA-3' (37-mer); ERMGL2 (sense), 5'-CATCCC-
GGGTATGTCTCAATTGAAGGATTTACAAACA-3' (37-mer); ERMGL2
(antisense), 5'-TAGCCCGGGATTAGCATTGTTCAAGAGCTTGTTTT-
AA-3' (37-mer).

The ¢cDNA library of E. histolytica trophozoites constructed in a
lambda phage (14) was used as the template for polymerase chain
reaction (PCR) using the following parameters. An initial step for
denaturation and »Taq (Takara Bio Inc., Shiga, Japan) activation at
94 °C for 15 min was followed by 35 cycles of denaturation at 94 °C for
30 s, annealing at 45 °C for 30 s, and extension at 72 °C for 1 min. A
final step at 72 °C for 10 min was used to complete the extension.
Approximately 1.1-kb PCR fragments were obtained and cloned into the
Smal site of a pGEX-6P-1 expression vector (Amersham Biosciences
K.K., Tokyo, Japan). The final constructs were designated as pGEX6PL/
MGL1 and pGEX6P1/MGLZ2, respectively.

Nucleotide sequences were confirmed by using appropriate synthetic
sequencing primers, a BigDye Terminator Cycle Sequencing Ready
Reaction Kit, and an ABI PRISM 310 genetic analyzer (Applied Biosys-
tems Japan Ltd., Tokyo, Japan), according to the manufacturer’s pro-
tocol. To express the recombinant proteins in Escherichia coli,
pGEX6PI/MGLI and pGEX6P1/MGL2 were introduced into BL21
(DE3) (Novagen Inc., Madison, WI) host cells. Expression of the GST-
MGL1 and GST-MGL2 fusien proteins was induced with 1 mum isopro-
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