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(5'-tgtettatgtccagaatget-3'), were used for the nested-PCR.
PCR products of 615 bp were labeled with an ABI Prism dye
terminator sequencing kit and were directly sequenced using
an ABI Prism 310 genetic analyzer (Applied Biosystems,
Tokyo, Japan).

The nucleotide sequences of subtype B HIV-1 from
eight patients undergoing HAART were determined and
deposited in DDBJ Genbank under accession numbers
ABI112051 to AB112058. The forward primer GF4 (5'-
atggtacatcaggccatatcaccta-3’) and the reverse primer GR4
(5'-tgctatgteactteccecttggtt-3') for pré-quantitation PCR were
designed to have a melting temperature of approximately
50°C in the highly conserved region.

2.1.2. Nested real-time PCR

The pre-quantitation PCR mixture (200 ul total volume)
contained 10 mM Tris—HCI, pH 8.3, 1.5 mM MgCl,, 50 mM
KCl, 200 nM of each 4dNTP, 500 nM each of GF4 and GR4
primers, 2.5 Units of Taq DNA polymerase (Roche Diagnos-
tics, Tokyo, Japan), and 50 ! of purified total cellular DNA.
To perform a precise quantitation, it is essential to use the
total volume of DNA extract rather than aliquot (see Section
2.1.4). The thermal cycler (MiniCycler; MJ Japan, Tokyo,
Japan) was programmed to perform denaturation at 94 °C for
1 min, followed by 20 cycles of denaturation at 94 °C for
30s, annealing at 55 °C for 30s, and extension at 70 °C for
1 min.

Conventional real-time PCR was successively performed
using a LC fast start DNA master mix hybridization probe
kit (Roche Diagnostics, Tokyo, Japan) according to the man-
ufacturer’s instructions. The conditions were as follows:
denaturation at 95 °C for 10 min, followed by 45 cycles of
denaturation at 95 °C for 10 s and annealing and extension at
60 °C for 30s. Each PCR mixture (20 ul total volume) con-
tained 2 pl of 10x DNA master mix, 4 mM MgCly, 500 nM
each of HIV-1 Gagl and Gag2 primers, and 400 nM Tag-
Man probe. Amplification, data acquisition, and analysis
were performed using the LightCycler system. The speci-
ficities of Gagl, Gag2, and the TagMan probe (Gag86T)
were fully described in our previous report (Wada et al.,
2004).

2.1.3. Preparation of the standard plasmid

The HIV-1 standard plasmid (pUC-IIIB) was constructed
by inserting HIV-1 IIIB DNA without LTR into the pUC-118
vector (TaKaRa, Shiga, Japan). The 32M standard plasmid
(pGEM-32M) was constructed by inserting the B2M exon2
whole sequence into the pPGEM-T vector (Invitrogen, Tokyo,
Japan). The concentration of these standard plasmids was
determined by absorbance at 260 nm.

2.1.4. DNA extraction and determination of cell number
DNA extraction was performed using the QIAamp DNA

blood mini kit (Qiagen, Tokyo, Japan) according to the man-

ufacturer’s instructions. DNA was recovered in 50 pl of

diethylpyrocarbonate-treated water. The DNA concentration
was determined by absorbance at 260 nm. Cell numbers in the
assayed samples were calculated by determining the f2M
copy numbers based on the fact that one cell contains two
copies of the B2M gene and that there are no pseudogenes
(Beillard et al., 2002). In addition, we verified this point by
comparing the DNA concentration to the $2M copy num-
bers assuming that one cell contains 6 pg DNA. Quantita-
tion of B2M was carried out under the same conditions as
HIV-1 quantitation and using the forward primer B2M-F2
(5'-cagcaaggactggtctttctatctet-3'), the reverse primer B2M-
R (5'-accccacttaactatcttgg-3"), and a TagMan B2M probe
(5'-FAM-cactgaaaaagatgagtatgcctgecgtgt-TAMRA-3'). The
primers and TagMan probe were designed to correspond to
exon? of the 32M gene.

2.2. Cell lines

MOLT4 and ACH2 cells were used as negative and posi-
tive controls, respectively. ACH2 cells are known to possess
one HIV-1 provirus per cell (Folks et al., 1989). ACH2 and
MOLT4 cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal calf serum in a 5% CO, incubator at
37°C.

2.3. Patients

Thirty patients receiving HAART were enrolled in this
study. HIV-1 DNA was quantified after obtaining informed
consent.

2.3.1. Quantitation of plasma HIV-1 RNA

Plasma HIV-1 RNA load was measured by an Amplicor
HIV-1 Monitor, version 1.5 (Roche Diagnostics Systems,
Tokyo, Japan).

2.3.2. Purification of CD4-positive T lymphocytes

CD4-positive T lymphocytes were purified from whole
blood by StemSep column chromatography (Stem Cell
technologies, Vancouver, BC, Canada). Collected cells
were washed and then resuspended in phosphate-buffered
saline (pH 7.4). The CD4-positive T lymphocytes were
more than 98% pure as estimated by flow-cytometry, and
1-5 x 10° cells were usually used for subsequent DNA
purification.

3. Results

3.1. Determination of the optimum cycle number for
pre-quantitation PCR

Pre-quantitation PCR should be performed under condi-
tions where there is a linear relationship between the amount
of PCR product and the number of PCR cycles because the
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Fig. 3. Analysis of ultra-low levels of HIV-1 DNA in samples P27, P28, P29, and P30. (a) Fluorograms of real-time PCR in these samples. (b) Nucleotide
sequences including the region flanking the primer sites used in the pre-quantitation PCR. B-cons, base sequence of HXB2 used as a mother sequence.

amplification rate determined in this step is used to the cal-
culate HIV-1 copy number. We found that the generation of
products increased linearly for up to 30 cycles of PCR when
10-10* equivalent copies of ACH2 HIV-1 DNA were used.
When we used 10° copies, the generation of products in-
creased linearly for up to 20 cycles, but, thereafter, there was
a decreased rate of PCR product synthesis (data not shown).
For this reason, we adopted 20 cycles for the pre-quantitation
PCR.

3.1.1. Validation of method 1

To validate our method for low HIV-1 DNA con-
centrations, we prepared authentic samples by mixing a
quantity of ACH2 DNA equivalent to 100, 50, 10, or
5 cells with an amount of MOLT4 DNA equivalent to
10° cells (Table 1). Cell numbers were estimated from
the B2M copy number and the assumption that two
B2M genes correspond to one cell. For samples includ-

ing 100, 50, 10, and 5 copies of HIV-1 DNA, the aver-
age inter-assay copy numbers (average £ S.D.) were 98 13
(CV=13.0%), 44+ 6 (CV=12.8%), 9+0.7 (CV=7.8%),
and4 + 0.4 (CV = 11.4%), respectively (Table 1). The accura-
cies (%) of the corresponding experiments were 97.7 £ 12.7,
88.3+11.3,87.2 £ 6.8, and 72.4 £ 8.3%, respectively. Simi-
larresults were obtained comparing the inter-assay variability
(Table 1).

3.1.2. Validation of method 2

For samples including 100, 50, 10, or 5 copies of
HIV-1 DNA, the average intra-assay copy numbers (aver-
age £S.D.) were 99+ 5 (CV=5.3%), 48+3 (CV=6.6%),
9+1.2 (CV=12.9%), and 5 £ 0.5 copies (CV =11.4%), re-
spectively. The accuracies (%) of the corresponding ex-
periments were 98.74+5.2, 95.7+6.3, 923+£11.9, and
93.9 4 10.7%, respectively. Method 2 has the benefit that de-
termination of the amplification rate is not necessary.
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Table 1
The validation of the highly sensitive real-time PCR method
HIV-1 DNA
Intra-assay (n=5) Inter-assay (n=15)
Average £+ S8.D. CV (%) - Accuracy (%) Average = S.D. CV (%) Accuracy (%)

Method 1* ACH2 (cells/assay)

100 98 £+ 12.7 13.0 97.7 + 12.7 97 + 129 13.2 974 + 129
50 44 + 5.7 12.8 88.3 £ 11.3 46 + 6.3 13.7 91.7 + 12,6
10 9+07 .18 87.2 £ 6.8 9+ 1.0 11.0 86.6 £ 9.5

5 4+04 1.4 724 + 8.3 4407 16.9 80.7 £ 13.6

Method 2° ACH2 (cells/assay)

100 99+ 5 5.3 98.7 £ 5.2 96 + 6.5 6.8 96.3 4 6.5
50 48 + 3 6.6 95.7 £ 6.3 47 £ 3.6 7.6 948 £ 7.2
10 9+ 12 12.9 923 + 119 9+ 13 14.0 90.3 + 12.6

5 5+0.5 11.4 93.9 4+ 10.7 5407 16.0 91.5 + 14.7

2 Gene amplification rate during pre-quantitation PCR.

b The standard curve between HIV-1 standard plasmid and PCR crossing points was used to calculate the HIV-1 DNA copy numbers as described in Section

2.
Table 2
Application 1: amounts of HIV-1 DNA in CD4-positive T lymphocytes from patients responding well to HAART
No. HIV-1 DNA copies/ 10° CD4 Sex CD4 (cells/pl) Months® Monthsd
Conventional® Hs?
i 5960 M 333 43 26
2 3400 M 219 17 7
3 2950 M 280 63 12
4 1510 M 838 17 1
5 1490 M 956 45 6
6 1350 M 1142 21 15
7 1230 M 219 26 23
8 1210 M 280 63 12
9 960 F 283 63 I
10 940 M 602 37 12
11 920 M 383 22 1
12 890 M 1273 48 27
13 830 M 857 26 24
14 770 M 496 27 25
15 750 M 369 10 6
16 640 M 596 39 28
17 630 M 891 47 20
18 560 F 373 43 43
19 <dI° 487 M 354 i4 7
20 <dl 412 M 171 3 2
21 <d! 224 M 570 51 42
22 <dl 109 M 547 10 3
23 <dl 46 M 847 24 24
24 <dl 28 M 260 51 42
25 <dl 28 F 233 63 1
26 <dl 7 M 505 48 4
27 <dl 4 M 216 7 3
28 <dl 3 M 1260 76 43
29 <dl 3 M 1090 61 27
30 <dl 2 M 398 27 10

2 Conventional real-time PCR.

b Highly sensitive real-time PCR.

¢ Duration after the first examination.

4 Duration after VL was suppressed below the detection limit.
¢ Less than detection limit (500 copies/106 cells).
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Fig. 4. Changes in the HIV-1 DNA levels in WBC and the plasma viral load after the onset of HAART. Nucleoside reverse transcriptase inhibitors (3TC and
d4T) and the protease inhibitor (NFV) were administrated for HAART. The red dotted line represents the detection limit (50 copies/ml) of HIV-1 RNA.

3.1.3. Application 1: determination of the amount of
HIV-1 DNA in CD4-positive T lymphocytes from patients
responding well to HAART

Table 2 shows the amounts of HIV-1 DNA in CD4-positive
T lymphocytes determined for 30 patients responding well to
HAART. Method 1 was used to estimate HIV-1 DNA copy
numbers. The amounts of HIV-1 DNA in 18 of 30 patients
(60%) could be estimated by conventional real-time PCR,
and they varied from 560 to 5960 copies/10° cells. Because
the HIV-1 DNA copy numbers of the remaining 12 patients
were under the detection level of the conventional real-time
PCR (<500 copies/10° cells), they were subsequently mea-
sured using our highly sensitive assay. The HIV-1 DNA copy
number from all patients could be quantified, and they ranged
from 2 to 487 copies/10° cells. We were concerned that the
copy numbers found in patients 27, 28, 29, and 30 were artifi-
cially low, although the fluorograms obtained from real-time
PCR showed good sigmoidal curves (Fig. 3a). To eliminate
the possibility that mismatches of primers or TagMan probe
occurred in these cases, the HI'V-1 DNA region used for real-
time PCR was amplified and sequenced. As shown in Fig. 3b,

Table 3
Application 2: amounts of HIV-1 DNA in whole blood

there were no significant mutations that would interfere with
real-time PCR, suggesting that the results of the real-time
PCR were not artificial. Finally, all 30 cases were positive
for HIV-1 DNA. The amount of HIV-1 DNA could be quan-
tified in all cases by using highly sensitive real-time PCR, and
they ranged from 2 to as many as 5960 copies/10° cells with
a median of 830 copies/10° cells. There was no correlation
between HIV-1 DNA levels and CD4-positive T lymphocyte
counts, duration after the first examination, or duration after
viral load (VL) suppression (Table 2).

3.1.4. Application 2: HIV-1 DNA levels in whole blood
samples

HIV-1DNA was quantified using two different volumes of
whole blood from five patients receiving HAART. Although
HIV-1 DNA could not be quantified by conventional real-
time PCR, HIV-1 DNA was successfully quantified in 100 pl
of whole blood using our highly sensitive method, even in a
sample containing less than 10 copies/10° white blood cells
(WBC) (Table 3). Finally, very similar results were obtained
using methods 1 and 2.

Patient Copies/10® WBC? Copies/10% WBCP
Conventional Highly sensitive Conventional Highly sensitive
Method 1 Method 2 Method 1 Method 2

1 <dl* 8 7 <dl <di¢ <dl

2 <dl 262 280 <dl 241 249

3 <dl 54 57 <dl 42 48

4 <dl 9 12 <dl <dl <dl

5 <d! 133 139 <dl 93 107

2 DNA extracted from 100 pl volume of whole blood.
b DNA extracted from 50 ] volume of whole blood.

¢ Detection limit of conventional real-time PCR was 500 copies/10° cells.
d Detection limit of highly sensitive real-time PCR was 5 copies/106 cells.
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3.1.5. Application 3: retrospective analysis of HIV-1
DNA levels during HAART

Fig. 4 shows a retrospective analysis of intracellular HIV-
1 DNA levels in patient samples collected during 3 years of
HAART. Buffy coat samples that had been frozen for more
than 3 years at —80°C were analyzed by highly sensitive
real-time PCR using method 1. The VL and amounts of HI'V-
1 DNA before the start of HAART were 230,000 copies/ml
and 1310 copies/10° WBC, respectively. WBC numbers in
buffy coat cells were estimated using the $2M copy num-
ber. Eight months after HAART, the viral load decreased be-
low detection levels (<50 copies/ml), and the levels of HIV-1
DNA decreased to 478 copies/10° cells. Although the viral
load was consistently under the detection level for the next 2
years of HAART, the levels of HIV-1 DNA remained at 450
copies/106 cells.

4. Discussion

In this study, we developed a new estimation method
for quantifying intracellular HIV-1 DNA by introducing a
pre-quantitation PCR prior to conventional real-time PCR.
We developed two methods to quantify HIV-1 DNA with
, this technique: method 1 utilizes the rate of B2M gene am-
“plification during the pre-quantitation PCR; and method 2
utilizes a calibration curve based on the crossing point of
real-time PCR and standard HIV-1 plasmid concentrations
as described previously (O’Doherty et al., 2002). Using ei-
ther method, we could reproducibly and accurately measure
as few as two copies of HIV-1 DNA/10° cells of HIV-1 DNA.
We applied these methods to three trials: (1) quantitation
of HIV-1 DNA levels in purified CD4-positive T lympho-
cytes from patients responding well to HAART; (2) deter-
mination of the necessary amount of whole blood needed
to quantify HIV-1 DNA; and (3) longitudinal analysis of
HIV-1 DNA levels during HAART using frozen buffy coat
samples.

In the first of these applications, we measured the level
of HIV-1 DNA in the peripheral CD4-positive T lympho-
cytes of 30 patients responding well to HAART. In all 30
cases, the cells were positive for HIV-1 DNA. There was a
wide distribution of HIV-1 DNA copy number, from 2 to
5960 copies/10° cells. This distribution was quite similar to
previous reports (Andreoni et al., 2000; Chun et al., 1997,
2003; Désiré et al., 2001). In four patients (27, 28, 29, and
30), the level of HIV-1 DNA was quite low. However, based
on nested-PCR sequencing and real-time PCR fluorograms,
these were clearly not artificially low. In this study, HIV-
1 DNA could be quantified in all of the samples using our
highly sensitive method, whereas the conventional method
could quantify HIV-1 DNA levels in 60% of the samples.
Thus, our highly sensitive method using the new estimation
technique is an improvement over the conventional method.

In the second application, we determined the amount of
whole blood needed to quantify HIV-1 DNA using our highly

sensitive method. We found that 100 .l whole blood is suffi-
cient.

In the third application, we retrospectively examined the
change in intracellular HIV-1 DNA levels during 3 years of
HAART by using frozen buffy coat samples. The level of
HIV-1 DNA before HAART was 1310 copies/10° WBC. Af-
ter 8 months of HAART, when the plasma viral load was sup-
pressed below the detection levels (50 copies/ml), the HIV-
1 DNA level was 478 copies/10°® WBC. During the next 2
years of HAART, the viral load was maintained under the
detection level, and the HIV-1 DNA level remained close to
450 copies/10® WBC. The decline of HIV-1 DNA in the first
phase was 0.45 log. Although this was much less than the
decline in plasma viral load, this result was similar to previ-
ous reports (Désiré et al., 2001; Ibanez et al., 1999; Izopet
et al., 1998; Ngo-Giang-Huong et al., 2001; Perelson et al.,
1997; Riva et al., 2001). Finally, we were able to determine
the level as copy numbers of HIV-1 DNA/10% WBC by si-
multaneously measuring the $2M copy numbers in the mea-
sured samples. Taken together, the new estimation method for
highly sensitive quantitation of HIV-1 DNA developed here
is useful for estimating the HIV-1 reservoirs in peripheral
CD4-positive T lymphocytes of patients responding well to
HAART.
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DB, EDDLUPIEREZOMAHIEII X Y Z DRI
KICKERPERZI LIPS TH A, HIVD
e R e IR L, TR EPIT %25 2 THPIIX
WM EEELER T 08" E Ly, LrLigds,
TH, MR - W, ¥, SRIESORIERL BEYE
WHIRT 2 2 Lo, PloMPEENE 21T, HL0

il

RECRELRGBEZRET 5 I LWEETH S, Yt
VY —TRERIOEL DY FFEN, U NFEN, 2N
T4 FEN, 4P FELDOEPIO M EERE % s
Wik~ 777 4 —(AF, HPLO W& BHEER
ELTTHTWw3BY, iz, ERISFCRaEFENL, Y
FFEN, 77 EVvYYO3KIEBIESREYZHEL,
BERKCIGAL Tw S, S, HILWPITHET ¥
FEN (BT, ATV) 2w THPLCIKE & % i@ 7 4
SR R PR L - O THE T B,
5 B ~

1. m4EaRIR

0.1, 0.5, 1.0, 4.0, 10.0ug/mLOATVIZEHRE R /A 7

MEFEERL, o OMmI0. 5mLiz NEEHEE (B

t BB HETR X Z0MN4-1-1 ; 4-1-1 Sannomaru, Naka-ku, Nagoya-shi, Aichi, 460-0001 Japan
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mL, BXT0.5mol/LKEEF b VY AEER 1 mLEMZ

B, HUSHLUEBBE Y ATy Lk, B

FHO. ImLIc R L 25 L2 HPLCICHEA L THIE Lz,
ISz, (6S, 8S, 10S, 11S) -9-hydroxy-2-cyclopropyl-

5- (1-methylethyl) -1-[2- (1-methylethyl) -4-thiazoyl] -

3, 6-dioxo-8, 11-bis(phenyl-methyl)-2, 4, 7, 12-

tetraazatridecan-13-oic acid, 5-thiazolylmethyl ester

Huwiz,

2. HPLCZ#

R ¥ 7 Waters 515 HPLC Pump

B H 2% Waters 2487 Dual 1 Absorbance Detec-
tor

: Waters Radial-Pak™ Cartridge type

8NVC18 4u

1.8mL/min

30°C

205nm

CH.CN : CH,0OH : 0.025mol / L Phos-

phate Buffer (pH3.0) = (45:10:50 v/v/v)
TEVIRES I NEEEE 120 4 5 ¥ — 7 EREHD & R

7z,

R

B 1 ic@ATV R S 7 BHEIEE, b) > b 2 —)L s
SOHIVBRBEMED 7a~ 75 ARR LI ATV
BAREFRFR 12453, ISIZHI290 T LT ATV A S
A 7 IR¥EMEE, HIVERRBH ML i fllET, ATV
DE—7iF—lglEER LIz, —J, avbro—nmiEo
HWETIHATVRISOBEH Y — 7 N § 2 HEEEFN o
HBCRET - 3D NZr o, 0.1, 0.5,
1.0, 4.0, 10.0ug/mLOBATV A /34 7 FEHEMEE % K
TfiE T, AREHRE (CV%) 32h7hl10.8, 1.9,
1.1, 0.9, 1.8, HHEZ#EFEH (CVR%) XZnZhl10.5,
2.3, 1.6, 0.8, 1.4TH-7 (1), 7, FFEMEWD
WTHEHHBERAT v &4 T100~104%, HE7 v ¥4 T9~

/B PN
ik =
AT AR
oot B R
B ® e

Absorbance at 205nm (V)

Peak Area Ratio
e =
-3 o

g
>

0.4

0.0 4

8
=

e
)
A

0.0

(a)
18
ATV
g
0 20 40
(b)
0 20 40
(¢)
186

] ATV

0

20

Retention Time (Minutes)

@ATVIEREZ N1 7 M8, b)a > b o—i, @
HIV- 1B E N OHPLC 7 u< 75 A

40

00

2,0

40

6.0

ATV Concentration ( gtg/mL)

8.0

102% DEFENTH 72, 0.1~10. 0pg/mL O ¥ EEHF 2 0.1~10.0pg/mLOBEFFHIC BT 5
BB ATV QBB O W T I2AE 7 I YT EN ORER
BAREN . 00 T RIF R EMPE S Lz ®1 TYTFENVHEOHAS L UH B L ErE
(B 2), KicHIVBZBEMmE 3 M TIFEFEN Intraday assay (n=5) Interday assay (n—15)
I DOWTHPLCI THIE LI & 2 Expected Measured | CV | Accuracy Measured | CV | Accuracy
e, . (ug/mL) (ug/mL) (%) (%) (ug/mL) | (%) (%)
A, HETTO. L,
fﬁﬁﬂ%ﬁ'm 0.79ug/m iﬁﬁé{% 0.1 0.100.01 {10.8 | 104.2+11.3 | 0.10+0.01 |10.5| 99.8+10.5
2 WF T 3.08ug/mL, 5 KifE T 0.5 0.5040.01 | 1.9 | 100.1+ 1.9 | 0.5040.01 | 2.3] 100.5+2.3
3.13ug/mLoENE NIz, 2D 1.0 1.0320.01 | 1.1 | 102.6% 1.1 | 1.024+0.02 | 1.6| 101.6+1.7
DEREEIZaw 757 - BES 4.0 4.02+0.04 | 0.9 | 100.5% 0.9 | 4.01+0.03 | 0.8 100.3+0.8
10.0 10.03+0.18 | 1.8 | 100.3+ 1.8 | 9.94+0.14 | 1.4| 99.4+1.4
732
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4084
3504 305
Samplo Nams: “S Pre” » 3.004
)
Calculated Goncentration | z 25e4
: 0.86 ug/pl é 2004
T 1504
1,084
§000.0
0.0 593.67~ 4. 09
1 2 3 4
Time, min
1.6e5
1.465 3.04
1.265
Seplo Hema: “S 2h"
8 1.0e5
Calculated Concentration | =
= 8.0e4
* 3.00 pe/m E 6008
4.004
2.004
00
1 2 3 4
Time, min
1.6e5
1.4¢5 3.06
1.265
Sample Neme: “N Gh™ w
| 8 1008
Calculated Concentration |32
s 8004
1 3.2 2
2ue/il = 6.004
4.0e4
2.0e4
0.0
1 2 3 4
Time, min
3 HIVERBFIMHE 3 HRAEDOLC-MSF — %

gt (BAF, LC-MS) i CTH—#k 2l U -k 5R & 9k
LS~z (RS, £2), HEE TRATVOILLE
HFIRE 2 HIE L HIVBSEE D > 5, ATV300mg + U
b EALI00mg 2G5 S Nl 7R M EHI26HE] & PL
U TATVA00mg % B 5 & LIz fER 8 Bz D w» T
AR I D PRI & A hIBE » OB 2R 4 07 5
R LTz, HRA 3 ~ SEFDHIERREA B L, U
FFENIZEBATVO 7 — 2 ' SIBE2EMH T D 2
BHER T & 7z,

E ®

ATVIZHEENICBWT20044E 1 H 6 HicHilR s 1
TeELFH LOHIVu 77 —YHERITHD, 1H1E
BEZRAODBHMEL TS, 2079, OPLI~
TEWT P72 v AR S h, HIVEYYE O Bk
THBHHAARTOZEIRE D 1 2L ULTHBEINL T
59, BIERIBL T, FRERBHoN T 228047
W I EPENDOBERRR TR EN T WA, PLIcKEE
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733

%2 HPLCLLC MSEDF—% OHl
ATVBE (ug/mL)
FH (h
B | R () [
S Pre 0 0.86 0.79
S 2h 2 3.09 3.08
N 5h 5 3.22 3.13

5 @ ATV300mg+RTV100mg (n=26)
O ATV400mg (n=8)

ATVBRE(ye/mL)

] 5 10 15 20 25
MR FEEERE (k)
4 THHFFEN0mg+ Y FF ENI00mgi HEE (@)

&7 YT ENA0mg 5 EBE (O) OEFRARO
BRIMAEH] & IMAThis R & O BR

BEREREE, SIS OREARHREsIATw S,
ATVOIMFREZHET S Z Lk, 7 4 VA OBGEES)
RENCHEH U BRI EEE 2 E 2o, Zh s ORWEH
DOHBEFT 5 L TEETH 5,

—RERNZPHIAKICIE & A ST iz e, JEE RN
RHPED, ZOFHEESRECS TN EHSYZ
DAHERZE SR L X D RINRICA X R B8 Z, BE
fil2 THFBEWKE RNV F2H2 1 >OER L
BToTnb, ZORERET 2OATVIRHBE L 32
ZETHREE EIFS L5 TRENTW3Y, SEHATV
DHPLCHUESRMZHEL T 2 i blc> T, 0+ EN, )
FFEN, 277 EV Y0 3HIRBREERY L UK
#HECH,CN : CH,OH :0.02mol/L tetramethyl-ammo-
nium perchlorate in 0.2% trifluoroacetic acid= (45 :
5:50v/v/V) EWTHIE LI 2%, ATVIZCI8H F
LB EAERIEENE DT, 2D, BEHHO A
EAVNVBETHLANT 4 ENVEHOBEHCH,
CN : CH;0H : 0.025mol/1. Phosphate Buffer (pH3.0)
=(45:10:50 v/v/V)VCEE LTz, FORE, ATVE
ISERC184 7 Al fhEF &, ATVIZH124, ISIXH29%
THHE NIz, &, a v b a—VIEHIE CRE N
£ DWATV, ISOE RIS 2 ©— 2 2R H
S ole Zeps, METOELZ OWE R X 505E



RO HRIZEZ VLD LTHEL, SEI D%
2 ATVOHPLCRIE R4 L LU THEE LTz,

ATV EE L, SHEAHIVERREERE 2R E L
SEMBHE I B T EHE TCmax»3.15+2.23ug/mL,
CminA30.27+0.30ug/mL L REXI N TV 3, SH, KL
DFETI30.1~10.0pg/mLOBEEFEFHIC BV TEERMYE
BIUEREENE L ICE L, £HEBEREL1.00 RIF
BEEBEOA TS Z L6, HPLCI X 3ATVOM
TEEAER YT TH L L EbN S, EBE, HIVE
B MeEo 3R B TIRBERN C0.79¢g/mL, IR
1% 2 B ©3.08ug/mL, 5 BFREIT3.13ug/mLO{EDS
Boh, —HRUCHEEEAVIZLC-MSOF—% 37 h
Zh0.86ug/mL, 3.094g/mL, 3.22ug/mLTH D,
HPLCO#ER LI EHIC X { —BL Twiz,

ATVIZDOWTiE, HAEAOBRERERE B WT 1 H300
mgk VY FFENI0mg L OFERBRE T, 77— A PRI
L D BEF00mgi 585 ¥ b AUCH238%14mL, b
T 1R ER T EBEEShTWwE, 22
THEE TCOREERD LM T, ATV300mg+ Y ++E
N100mg D 7 — A b EFI266] & ATV400mg D #5451 8
FhC D TR L MM EE L OB ERE L,
ATVAOmg 2 5 LI E ki, 7—X MEfITIE
-7 VRV OMPRENE L THEmBSALN, T —
A M BRRBEETE . L LN SHAEAHIV
BYPBECBY D7 —A MEGIOEDEET —52L b
BT3LE—2 v VBIRIREICTH S, FI7 71~
VDWW TIHEAER TR 1 pg/mL% TEH 2 BEHL
%L B b, Balhhns, ERPHERBELVRLIE
BCRATHZERTERWEYD, 5B S CHERY
BRL Tnl &b BEEL BT 5 EMEE L BT
LT BEBHDBEHEZ D,

BEETOL 5, ATVIEDOWTIZZF DERBOBED
SENI BT 2HERKERESATES T, BERAKE
TAEMESEN T A —F, EMREEERSED T —
i Ll wKETH S, Sk, MHBEE, V1 VAE,
TR LR, BHEAS 2=V LTIhsD
F— & BRENCERL, ATVER - HWIERT
BRI IES BRI LT L PEELETH S
EE 25,

734

i
LC-MS#ll&E % L T\> 72 72> 7z Bristol-Myers Squibb#t,
B2 AT RETT AT B & UNSRENE R 2Rt L T
Wiz k- Abbotti i B it L B E 4,

51 A 3Tk

1) HIVEELFENIES HIVRYYE [BR0FS | & £
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Evaluation of the Lopinavir Plasma Concentrations and Lipid Levels in HIV-1-
infected Patients Treated by the KALETRA™-Containing Regimens

Masaaki Takahashi*'™? Masao Yoshida', Tsuyoshi Oki', Naoya Okumura’,
Tatsuo Suzuki', Tsuguhiro Kaneda®

Department of Pharmacy'!, Clinical Research Center?, National Hospital Organization Nagoya Medical Center

(%17 : 2005F2R8H 53E : 2005F4F19H)

HIVEBIYERIRE TH 2 7u s 7 —YHEFAI V 7™, o+ EAL LT, LPV) /U b ELOESEIT, HHIVEMRSS
BWORHE, BEORELZIRT L EER L LTEBMEZEZ I LTV, 50, M TEEREARDRESHE LT BEER ¥ —
TAHV S ™MEBEEREINTWAHIVERRBRE ERIZ, LPVIC & 2MEHOREDOE & 7 OMpiEE QT > W THHN LT,
MIAVAFO— HIZRES 4~ 8 BEB T ELR LS, 20848E: CEFEFHEOGHNTHRE L, — K, ‘N7 Ve
T4 FEZHRES 4~ 8 EBICENLEICERL, Z0ORI2~32EIZ1.2~1. 45~ B Uiz, 6B THUL.66%, 48ETL.TE
~NEERH U, 7, HIVRBHEAE208OLPVEYIMPBEMIZT.91+3.42ug/mLTH 5 Tz, HRICB W TLPV OIS 2 #l

ETDILE, 7Pe7 7 A0HR L REMESORIFRTH LI BRAr 0B TH S,

== F—HlV, OEFEN, VY ESAF, ALZFO—I, MERE

W E

HIVRESE OB, PIHIVEORRK L Zh o O XK
& B HFIpERER (BT, HAART : highly active
antiretroviral therapy) 12 & > TA & RS EZE T T
3, EEE, Bl oI TY A VA OBETE L
X HERE (CDARGME ) >/ ER) OBEEEMGI$ 25 = &z X
v, AIDSE:&EHFRBIEFREDOHEBIFEL SR L,
ZRRFEWAIDSIZ L AR HR LB L TETWE, #
DO, HAART ORIANEREIC & 2 RIEAPE Y 4
WADHIBBECOAMEE > TETWS, ZHTH T
77 —YHEH (UTF, PI) HAESK - TRNER
BEEZITR L, EFERGEEE, BSIEmE, S
FORWER b BEECREET 5 I NS TV,
B, HAARTOHRPITHAH v b ™G, EN
(LUF, LPV) /YU b F ELOBREFIT, HHIVIEMH

WK, REOFEEZIRTL, BfFHE LTHeE
IBIMEZEI LRIV EEbRTWS, #ZT4E, M
MATBEAE VRSB RER Y vy — (LT, M
vy —) THV P ITMEBEREISN T/ EHIVERY
B ENSRIC, LPVIC X 31T OIRE 0 &b % B
HIT S E L b, LPVIFEE ORI D TRET L
DTHET b,

NEE LU FHE

2003 9 H~2004F12H iz ¥ —4keZ2 L,
AV IMEBEREISHICHIV-IBREEEDS b, R56
BRI OEFREMO H 5 3152 R IFE OFIEN
(P ZVE2IA4F, BRavAFa—-MIZOoWTH
BHLI, WRELSIBIFIOBEERERI1ITRLE,

SEERIE37. 1, O bEMBUFITH - 2, BRI
B > CD4HR fa #8501 T #9213.2 4239 Tcells / mm3, HIV

T EHRLERT PR Z0M4-1-1; 4-1-1 Sannomaru, Naka-ku, Nagoya-shi, Aichi, 460-0001 Japan
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®#1 BELGR (n=31)

T (5

B (%)

CD4ffagk (cells/mm?®)

HIV RNA (copies/mL plasma)

37.1+9.8 (23~59)

77.4 (n=24)
213.2+239.7 (12~1,078)
264,428 494,240
(50BLF~2.3%10%)

WavX7u—n (mg/dL) 174.3+31.9 (119~249)

>220mg/dL o BB [n(%)] 2 (6.4)
FUZYVEF4F (mg/dL) 163.5+79.5 (73~434)

>150mg/dL D BEH n(%)] 16 (51.6)
PHIVEO#AEHE (HAART)

+AZT+3TCn [(%)] 10 (32.3)
+AZT+ddin [(%)] 1(3.2)
+ddi+ABCn [(%)] 2 (6.5
+ddi+TDF [n(%)] 1(3.2)
+ABC+TD [Fn(%)] 1(3.2
+3TC+d4T [n(%)] 6 (19.4)
+ddi+NVP [n(%)] 1(3.2)
+3TC+TDF [n(%)] 1(3.2)
+AZT+TDF [n(%)] 1(3.2)
+d4T+NVP [n(%)] 1(3.2)
+d4T+TDF+EFV [n(%)] 1(3.2
+AZT+3TC+ddi [n(%)] 1(3.2)
+AZT+3TC+ABC [n(%)] 1(3.2)
+3TC+ABC+TDF [n(%)] 1(3.2)
+AZT+3TC+EFV [n(%)] 1(3.2
+%2 U [n(%)] 1(3.2)

F— & BEHEELSD, () 13, WFE, %, EOETRT
AZT P FTY Y, 3TC: 5379y, ddi: ¥¥ /v

ABC: 784N, TDF . 7/ KEN, 4T : =7 v
EFV:xz77E1v vy, NVP: &EIE

RNAIZ¥34264,428 +494, 240copies/mL plasma T -
2o TV AT 0 — VEIZFEE174.3+31.9 mg/dLT,
316U 2 BUASIER EHE N D220mg/dL 22 Tniz, %
7o, MUY T4 FEIZFE63.5479.5mg/dL T, 31
B 16BIDSIEH D LR TH % 150mg/dL 2B 2 Tz,
HAARTZDWTHE, 141%E 30808 1 1R L7 2
~ 3FEEOYETERHES 2V F 7 ™MLEAEDYE
THREI TV,

Kiz, ZD3NPDS bBEOREBERE 2228 >
WT, LPVOIIHBEZREIE Lz, &8, LPVorntiE
BRI I 3E & D FEDIC TIT 5 7,

R

M OREE ORI OIEEE LT, MHLin b
3SIFHZ DT, AV b I™MOBESEED S48E F TOM
AVATa—), MIZVET4 FOEEPBEELE (B
D) VAT a— N Ei3EE 4 ~ 88tk ChtART M
EHARTHL MG ER U8, 4888 F TIRIRIFE H#fH
(120~220mg/dL) DEFAN CHE LIz, —H, V7Y
¥4 FE (ERE35~150mg/dL) k5 4 ~ 8 Bk
EBAMART O L LTI 6f5Ic 2 T ER L, Z0D#%12
~3201F1.2~1. MEN LB LIS, 36 THUL. 665,
ABETL. BN E LR Ulze Kz, M lE o RIELS

874

22
2
i 10
4
18
14 o
/T Nt
12 y — v
T s e P .
0 48 88 128 168 208 248 328 568 488
BEAEY
Bt rYVZTVEFAR(TG) eIV AT a—(TC)D

RS (n=31)

s

~

s

©

o

Lopinavir Plasma Levels {gg/mL)}
£

[

0
01 2 3 45 6 7 8 8 101112 13 1415 16 17 18 18 20 21 22

Patients
A v S ™MBRAHIVEREED
v ENMHPREREE (n=22)
Bohi-280BEDOLPVO M BEE O % 5 2
Wik Uz, BRI 220 2 D BE F >/ 3—, iz LPV
DMFBREMETD 5, FEBEIERD 2 BHE L, N
M, MPBRERHIE L 2 L 2RLTw 3,
2%/ L 6 FOBEDOMPBEBEMIIMERAUT TIFIZO
Tholze &7z, 2L 6 FZER L2000 LPVER M
BEEIX7.914£3.42(1.79~15.57) ug/mLTH - 7z,

E &

BAEE T, PIOREGIHEI RMER T42bb, VAEY
A ra7 41—, BIRME, B 0-s2EERO
ABZXLFZ LS bhosTwRwn, EDbliF, Plick 3
IR L LMEBERED Y R 7 2K X TS H D
EEPLETHDZ EEDN TS HEHAART T
AN TwBPIORIT, H V5™ 35S IS IE %
BILRTWIEBHMONTEY, BAOWEIIZB L
T, BE5RMG 4GB THETIOBE LR TRV AT u—
WHHGLE, NIV T4 R 1ELBcryY 2
Ve74 FOREE LRESEDONTWE, 4H, Hx

2
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VI —THIFIFRAKOBRBESh, YLV I™MOBE
BAfh 4 ~ 8B T, MavXFu—N L EL T b
V)54 FOREE LAPRD sz, Thd Dl
ERERFHNC BTN OG-V IC BV T b, B 5 FA12:E
TRV 7V T4 FBHL.4~1.66% 48HEHTY
LIM3ME LRI E3NTED, Bery —ToORE
EEIZ—HL w3, ft> CTHRAAHIVEBRERZE I L
THHEA LR, v b7 ™MEGEARNIC 3R R,
Fcb Y 27 254 Fo LR L CEMKREREZTT
I Y OFEBBLEEEZ L, ULrLkss, FHEHIRE
BB THIGBAE TLER-THBD, 5%, R 2EHRN
BIRE VA VORENLETH S,
BEETOEZ S, HAARTWHEET 2 I8 MEI &
L EEIREEPEIRFEILOHFE T LA LR, bk
12DAD Study Group®iz & 0, HAARTIZ & U DlEF(E
RNANAFWDY A7 DBWU% LR T2 EMESIH T
LDHTHD, HAARTHIEE > T o £ 210F b -
TRV ERHRBEVNERIITE N Eh b, 41
HAARTRER$ 2 BlgMES O RSB HEED 2 > b
U—HPEEE G > TL ZAREENE W EE L O5ND,
BAE, SGERE L T A HIVEREZ L, Yoy —
BPHBICZZLBN2TT>TwWa, BV b7 ™R AR
WZ1H2ME, #-YBBREOBS L E25THEY, Yk
¥ ¥ — ONRBEOIMPEE ORI A A > 13 3EHIHR
5~6MFHiBEMEENS, RASPDEEHAARS
YTATWEBLPVOEYEED 7—% T, Tmax
(h) =5.6+2.0rWMEEXNTED, KETH5.6+1.4%
EIZREORRBEOSNT VB Z e s, HRBHDER
MEFOLPVOIMAEE IR — 7 EHIIZITENE#E 2 5
Nb, AP Ea—T3—AE2EHV ™M LR
20, 3~4BMKbVBRELUBESOHIVEREE
DOLPVIDH & X, Cmax=9.58+4.41pg/mL, Cmin=
3.83+3.44ug/mLTH D, I LB B Ry X
0. 9ug/mL B HEEENTWE, 22 THE 2 0220
DEFOLPVIIHBEREMON G EH B L, 2H/EL6
FEOBREBFERLPVOMAPBENE — 7 VRS EIF
0THY, HWEKHEEMPBESHEEISLTOLENLT
EBbhL, 2O EMS, TOBRESIZLPVEREEL
TWRW», TRbbL7 FE7 7 AMEGARERE
ENb, COXIBEHEFL L, ARTORENE
EHET 5 ENEBEEEbNS, 2, 6FLUSAD204
OLPV I 133797 .91+3.42 (1.79~15.57) ug/
mLTHo7, LOLEYS, BIMARA > b EH ETH
-2V THY, NT 7B TS ELE
0. 9ug/mLEBZTHENE S HIFFRETH B, o,

875
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VANVADEREZMHEIT 50 LER b T 7 LRV
K E5.7ug/mLEALE & T 2WHOWEDS B, 7 4 LA
OItHESEE2FHT 25 2TH b I 7~ ToOMhis
BOWAPROEEELEZ S, Lrl, ERCHRBRE
KBWTE—2 b7 70WAZHET 2 Z L RERT
BEEL VY, ZOROERIIRICHE O THIVIEREE D
EECIRERBICMPEES 1 DOEEE T 28508
BEThHdEVES, i, LPVEIASEZSOBE L 2T
FTLMNT7HEDNTY FBREDIEBHSNT VB,
S, ¥ry—TOREBIZBLTHE—F L~
S, ZOMPBEBEIZBEAMONT Y FhskEL, F—
ATHoTHAER I &L > TEEI RV EL S Tni,
iz, LPVOINFBE & BIEIE & ORI I3FERE S b 3
EVIREIO D DD, BRBBOLBLDE —27 v~ub
TOT—FTIENTYENKREL, MPBEBEE Y Y
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